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Diabetes has been with us since ancient times, 
and the first mention of an illness that could be 
diabetes was recorded in an Egyptian papyrus of 
1500 BC. A simplistic definition of diabetes is 
that of a disease typified by excessively high 
blood glucose concentrations, but this conceals 
the true nature of diabetes as a complex bio-
chemical disorder affecting carbohydrate, fat 
and protein metabolism. Treatment of diabetes is 
multifactorial and aims to reduce both short‐ and 
long‐term complications of the disease while 
maintaining quality of life. Diabetes belongs to the 
group of diseases that cannot be managed by med-
ication alone, and lifestyle factors, including diet 
and physical activity, are fundamental to success-
ful management. Dietary advice has been subject 
to various fashions over the years from low to high 
carbohydrate (and back) and each new approach 
has been greeted with almost equal amounts of 
enthusiasm and criticism. The fundamental ques-
tion for all health professionals concerned with the 
management of diabetes is – what is the best diet 
for diabetes?

Evidence‐based medicine (and lifestyle 
advice) is the cornerstone of successful man-
agement, and although there are numerous 
randomised controlled trials indicating the effi-
cacy and safety of most medications used to treat 
diabetes, this is not always true of lifestyle inter-
ventions. Many studies designed to investigate 
the effects of lifestyle and dietary interventions 
are not well‐designed and there are issues with 
small numbers of subjects, lack of comparison 
or control groups, study design and intervention, 

data quality, data reporting and target popula-
tions. It  is impossible to conduct randomised, 
 controlled trials in free‐living populations over 
the periods of time required for unambiguous 
results, and in many cases short‐term trials 
using surrogate end‐points are the only evidence 
 available. Despite this, many national and 
 international diabetes associations now publish 
 evidence‐based guidelines and recommendations 
for the dietary management of diabetes, although 
most of these guidelines identify areas where 
there is little  evidence and recommendations are 
made based on consensus opinion.

This book is designed to offer both evidence 
for and the practical aspects of the nutritional 
management of diabetes, and offers a global 
view of the lifestyle interventions for the pre-
vention and management of diabetes, including 
management of complications and special 
groups. Recognised authorities from around the 
world have shared their expertise in areas such 
as the management of diabetes in older people, 
the glycaemic index, public health and preven-
tion and formulating nutritional guidelines. The 
book is divided into nine different  sections, each 
addressing a particular aspect of  diabetes and 
each providing a critical review of key literature 
in the area with an emphasis on translating evi-
dence into practice. The epidemiology, aetiol-
ogy and clinical management of diabetes are 
addressed, with an emphasis on  lifestyle man-
agement, and specifically diet and nutrition, in 
all areas of the treatment and  prevention of 
diabetes.

Preface



viii Preface

This book is aimed at those who work at an 
advanced level in diabetes, including clinicians, 
researchers and educators, and is intended for 
the multi‐disciplinary team, including specialist 
dietitians, diabetes specialist nurses, physicians 
and psychologists. It will also appeal to general 
dietitians who wish to learn more about diabetes, 
and to those undertaking Masters degrees in 
dietetics, nutrition, medicine or nursing with a 
specific diabetes component. It is a useful refer-
ence and resource for those teaching diabetes at 
any level.

Louise Goff PhD RD
Senior Lecturer in Nutritional Sciences

King’s College London

Pamela Dyson PhD RD
Research Dietitian

University of Oxford
Editors

Advanced Nutrition and Dietetics in Diabetes

This book is the second title in a series commis-
sioned as part of a major initiative between the 
British Dietetic Association and the publishers 
Wiley. Each book in the series provides a com-
prehensive and critical review of the key litera-
ture in a clinical area. Each book is edited by one 
or more experts who have themselves under-
taken extensive research and published widely in 
the relevant topic area. Each book chapter is 
written by experts drawn from an international 
audience and from a variety of disciplines as 
required of the relevant chapter (e.g. dietetics, 
medicine, public health, basic sciences). Future 
titles in the series will cover areas including obe-
sity and nutritional support.

The book editors and I are proud to present 
the second title in the series: Advanced Nutrition 
and Dietetics in Diabetes. We hope that it 
impacts on health professionals’ understanding 
and application of nutrition and dietetics in the 
prevention and management of diabetes and 
improves outcomes and reduces complications 
for such patients.

Kevin Whelan PhD RD
Professor of Dietetics

King’s College London
Series Editor

Advanced Nutrition and Dietetics Book Series



Diabetes management is complex and requires a 
multidisciplinary team approach, including a 
wide range of healthcare professionals as well as 
people with diabetes and their carers. Diet and 
lifestyle advice form the cornerstone of diabetes 
self‐management, education and counselling, 
and for most patients with diabetes, this is one of 
their main concerns. It is therefore crucial that 
all healthcare professionals, not just dietitians, 
involved in diabetes care have a good knowledge 
of the role of diet and skills in advising patients 
about their lifestyle.

This book is a comprehensive text and reviews 
concisely and succinctly the literature relating to 
diabetes pathophysiology and aetiology and the 
latest evidence on the role of diet in the preven-
tion and management of the many different 
types and presentations of diabetes.

This book has contributions from leading cli-
nicians, dietitians and researchers in the field of 
diabetes and covers diabetes in more depth and 

breadth than other diet‐oriented texts; included 
are sections on diabetes in older adults, diabetes 
in ethnic minority groups, diabetes in pregnancy, 
diabetes and coeliac disease, cystic fibrosis‐
related diabetes and gastroparesis as well, focus-
ing clearly on both type 1 and type 2 diabetes.

I would recommend Advanced Nutrition and 
Dietetics in Diabetes as essential reading for 
not only dietitians but also physicians, nurses 
and scientists who want to – and indeed need 
to – know about the role of diet in diabetes 
management.

Professor Sir George Alberti
Emeritus Professor of Medicine,  

University of Newcastle
Senior Research Investigator,  

Endocrinology & Metabolism Group, 
Imperial College London

Visiting Professor, Division of Diabetes & 
Nutritional Sciences, King’s College London

Foreword
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1.1.1 Prevalence

Globally, diabetes is one of the most common 
non‐communicable diseases (NCD), affecting 
an estimated 371 million people (8.3% of the 
adult population) worldwide in 2012 [1]. 
Type 2 diabetes accounts for 85–90% of global 
diabetes, and conservative estimates by the 
International Diabetes Federation (IDF) predict 
that diabetes will increase to 776 million by 
2035 (9% of the population), and that over 80% 
of those with diabetes will live in low and middle‐ 
income countries (LMIC) [2]. The predicted 
increase in diabetes is largely due to type 2 
diabetes and is strongly associated with lifestyle 
factors, including obesity, physical inactivity and 
unhealthy diet. The rising incidence of diabetes 
is not confined to one part of the world and the 
IDF reports a wide geographic spread. Table 1.1.1 
shows the rising pandemic, split by world region. 
It illustrates that the diabetes epidemic, although 
well established in high‐income countries, will 
be much more prominent as an increasing prob
lem in LMIC. For example, it is predicted that 
the number of people with diabetes will double 
in Africa and the Middle East and North Africa 
between 2010 and 2030.

Approximately 80–90% of those with diag
nosed diabetes have type 2 diabetes and 10–20% 
have type 1 diabetes. Different countries exhibit 
different rates of diabetes with a range from 
<5% in parts of Africa to >30% amongst adults 
in Narau. In the United Kingdom (UK), prevalence 

rates were  estimated at 4.26% (2.8 million adults) 
in 2010 based upon data from the Qualities and 
Outcomes Framework [3] although this may be 
an underestimate as a more recent study reported 
that the prevalence amongst adults in the UK 
was 3.1 million (7.4%) in 2011 [4].

The global statistics for the prevalence of diabe
tes refer only to those who have received a diagno
sis but population‐based studies have reported a 
high prevalence of undiagnosed diabetes. Globally, 
approximately 175 million people may be una
ware of their diabetes [2] and in the UK, for 
example, it has been estimated that 850 000 people 
are living with undiagnosed diabetes [5]. There 
are large differences between countries for the 
prevalence of undiagnosed diabetes, with rates 
of 90% reported in some African countries and 
much lower rates in high‐income countries. As 
with diagnosed diabetes, over 80% of people with 
undiagnosed diabetes live in LMIC.

1.1.2 Pre‐diabetes

Pre‐diabetes or impaired glucose tolerance 
(IGT) is characterized by elevated blood glucose 
levels, and is considered a risk factor for the 
development of type 2 diabetes and for cardio
vascular disease. Approximately 316 million 
people in the world were estimated to have IGT 
in 2013, and 70% of these live in LMIC. By 
2035, the numbers with IGT are projected to 
increase to 471 million, meaning that over one 
billion people, or approximately 20% of the 

Prevalence, public health aspects 
and prevention of diabetes
Pamela Dyson
University of Oxford, Oxford Centre for Diabetes, Endocrinology and Metabolism, Churchill Hospital, Oxford, UK

Chapter 1.1



4 SECTION 1: Background

adult population, will be living with diabetes or 
pre‐diabetes by 2035 [2].

1.1.3 Public health aspects

Diabetes, in common with other NCDs, is 
regarded as a clinical disease and is tradition
ally managed by application of the acute medi
cal model to the individual with diabetes. As 
type 2 diabetes prevalence has increased, it 
has become a public health concern requiring 
a broad, multidisciplinary approach that targets 
individuals, families, communities and societies. 
Diabetes requires more than the traditional 
approach of medical management of each indi
vidual, and effective treatment and prevention 
will entail a population‐based public health 
approach.

Public health includes the concepts of surveil
lance for assessment and monitoring, prevention 
strategies and policy implications. Surveillance 
can provide data about the prevalence of diabe
tes and associated risk factors, including health 
behaviour and obesity. These data can be used 
to  define and ultimately reduce the burden of 
diabetes by targeting services and prevention 
strategies at relevant populations. Many coun
tries do not maintain national diabetes registers 

and do not have systems to assess risk factors, 
and uncertainties about prevalence in the general 
population and in high‐risk groups prevent 
instigation of effective public heath strategies 
to prevent and manage diabetes.

Public policies for prevention and manage
ment of diabetes can be introduced at local, 
state and national levels. Management of dia
betes can be improved by policies at a national 
level e.g. the UK retinal screening programme 
and at a local level e.g. school policies for the 
management of children with type 1 diabetes. 
Health care policies are an important factor for 
the management of diabetes, and integration of 
health care (whether provided by the state or 
through private insurance) with public policy 
is essential.

Economic impact of diabetes

Diabetes affects quality of life, general health and 
well‐being and is responsible for the loss of 
healthy years of life (disability‐adjusted life years 
or DALYs). The premature mortality associated 
with diabetes is preceded by years of disability. 
Apart from the human consequences of the mor
bidity and mortality associated with diabetes, 
the economic impact is enormous and is related 
to both the direct medical costs of treatment and 

2013 2035

Region

Population 
(20–79 y) 
(millions)

No. of people 
with DM 
(millions)

Diabetes 
prevalence 
(%)

Population 
(20–79 y) 
(millions)

No. of people 
with DM 
(millions)

Diabetes 
prevalence 
(%)

NAC 325 36.7 9.6 405 50.4  9.9

MENA 375 34.6 10.9 584 67.9 11.3

SEA 883 72.1 8.7 1217 123.0  9.4

EUR 659 56.3 6.8 669 68.9  7.1

SACA 301 24.1 8.2 394 38.5  8.2

WP 1613 138.2 8.1 1818 201.8  8.4

AFR 408 19.8 5.7 776 41.5  5.3

Total 4564 381.7 8.3 5863 592.9  8.8

Source: Diabetes Atlas 6th edition.
Key: NAC North America and Caribbean, MENA Middle East and North Africa, SEA South East Asia, 
EUR Europe, SACA South and Central America, WP Western Pacific, AFR Africa

Table 1.1.1 Regional estimates for diabetes (20–79 age group), 2010 and 2030
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the indirect costs of labour units lost. Type 2 
diabetes in particular is now affecting people at 
a younger age during their prime economically 
productive years and it has been estimated that the 
global economic impact could total US $490 
billion over the next 20 years [2]. The estimated 
global cost of diabetes alone was US $471 billion 
in 2012, accounting for 11–12% of total health
care expenditure in the world. Diabetes is forecast 
to have substantial negative effects on individual, 
national and international economic well‐being 
over the next 20 years, and this will have particu
lar effect in newly emerging economies.

1.1.4 Prevention

Type 1 diabetes

The aetiology of type 1 diabetes remains poorly 
understood and there is no evidence for effective 
prevention; studies in high‐risk groups have 
used strategies including insulin therapy [6] and 
nicotinamide supplementation [7] without suc
cess. A more recent randomised controlled trial 
is investigating early exposure to complex die
tary proteins in high‐risk infants and has shown 
a reduction of approximately 50% in diabetes‐
associated antibodies in those weaned to a highly 
hydrolysed formula. Whether this translates to 
diabetes prevention will be clear at the study’s 
end in 2017 [8].

Type 2 diabetes

Risk factors for type 2 diabetes include both 
non‐modifiable (age, genetic predisposition, 
ethnicity) and modifiable (obesity, physical 
inactivity, diet) factors. There is strong evidence 
for type 2 diabetes prevention from studies in 
high‐risk individuals from different ethnic 
groups, using both pharmacological and lifestyle 
interventions [9–13]. The most effective inter
vention is that of lifestyle change, incorporating 
weight loss, dietary modification and increased 
physical activity; this combination can reduce 
the risk of diabetes by 28–59% [14,15]. In 
addition, three studies have reported long‐
term reductions in progression to diabetes in 
lifestyle intervention groups at 7–20 years 

after completion of the study – the so‐called 
legacy effect [16–18].

Components of lifestyle interventions

The main components of lifestyle interven
tions for diabetes prevention were similar in all 
published studies. The Diabetes Prevention 
Programme (DPP) achieved 7% weight loss 
amongst participants by recommending an energy 
deficit of 500–1000 kcal/day, reduction of fat 
intake to 25% total energy intake and promoting 
150 minutes of moderate activity per week [9]. 
The Finnish Diabetes Prevention Study (DPS) 
recommended ≥5% weight loss, a reduction in 
total fat intake to <30% and saturated fat to 
<10% total energy, an increase in fibre intake to 
≥15 g/1000 kcal and 30 minutes of moderate 
physical activity daily [10]. The Indian diabetes 
prevention study included energy restriction, fat 
reduction, avoidance of sugar and increased die
tary fibre. In addition, participants were asked to 
take > 30 minutes of moderate exercise daily 
[11]. The Japanese prevention trial promoted 
weight loss by a 10% reduction in portion size 
for all foods except vegetables, low fat intake 
(<50 g/day) and low alcohol intake (<50 g/day) 
with 30–40 minutes of moderate exercise per day 
[12]. The Chinese study attempted to define the 
relative effects of physical activity, diet and a 
combination of the two by adopting block ran
domisation, although specific details of each 
intervention are not described [13].

Weight loss

The most dominant predictor for diabetes pre
vention is weight loss; every kilogram lost is 
associated with a 16% reduction in risk [14]. 
Although all the published data support the use 
of a low fat, increased fibre, moderate energy 
reduction diet, there are no head to head trials 
assessing the most effective strategy for weight 
loss and diabetes prevention [19]. There is limited 
evidence that alternative approaches, including 
the Mediterranean diet [20], meal replacements 
[21] and low carbohydrate diets [22] may be 
effective for weight loss and diabetes prevention 
in high‐risk individuals.
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Dietary components

Epidemiological studies have shown that specific 
foods may have a role in diabetes prevention, 
including higher intakes of low fat dairy products 
[23,24] dark yellow [25] and green leafy vegeta
bles [26] and coffee [27]. Moderate intakes of 
alcohol also protect against diabetes [28]. Some 
foods are associated with a higher risk of diabe
tes and these include red and processed meat 
[29] and fried potato products [30].

In addition, there are also specific vitamins and 
minerals that have been associated with a lower 
incidence of diabetes, although these are usually 
taken as supplements rather than obtained from 
food. Epidemiological evidence suggests that 
high intakes of Vitamin D and calcium [31] and 
magnesium [32] may reduce risk, but the effect of 
chromium remains uncertain[ 33].

Physical activity

Increased physical activity reduces the risk of dia
betes, and at least 30 minutes per day of moderate 
activity has been recommended by most studies.

Guidelines for diabetes prevention

European evidence‐based guidelines for diabetes 
prevention have recently been published [34], and 
the American Diabetes Association and Diabetes 
UK have included lifestyle‐specific guidelines in 
their latest recommendations for the prevention 
and management of diabetes [35,36]. These 
guidelines recommend:

 • Intensive lifestyle interventions incorporating 
low fat, high fibre diets and increased physical 
activity should be used to prevent diabetes in 
adults.

 • Weight reduction is an essential component of 
prevention, and long‐term losses of 5–7% are 
effective.

 • At least 30 minutes of moderate physical 
activity should be taken daily.

One of the most challenging aspects of diabetes 
prevention remains the application of positive 
results from clinical trials into routine clinical 
use. There are on‐going studies investigating 
 different strategies in the community [37–39] 

but at present these trials are aimed at high‐risk 
individuals [40] and there is little evidence of 
translation of the success of randomised con
trolled trials to public health and, as a result, 
global diabetes prevalence continues to rise.

References

1. WHO. World Health Statistics 2012. Geneva: World 
Health Organization, 2012.

2. International Diabetes Federation. Diabetes Atlas, 
6th  edn, Brusssels, Belgium: International Diabetes 
Federation, 2013.

3. NHS. Quality and Outcomes Framework. Online GP 
practice results database, 2010.

4. Holman N, Forouhi NG, Goyder E, Wild SH. The 
Association of Public Health Observatories (APHO) 
Diabetes Prevalence Model: estimates of total diabe
tes prevalence for England, 2010–2030. Diabet Med  
2011; 28(5): 575–82.

5. Diabetes UK. State of the Nation: England 2012. Lon
don: Diabetes UK, 2012.

6. Diabetes Prevention Trial ‐ Type 1 Diabetes Study 
Group. Effects of insulin in relatives of people with 
type 1 diabetes mellitus. N Eng J Med 2002; 346: 
1685–1691.

7. Gale EA, Bingley PJ, Emmett CL, Collier T; European 
Nicotinamide Diabetes Intervention Trial (ENDIT) 
Group. European Nicotinamide Diabetes Interven
tion Trial (ENDIT): a randomised controlled trial of 
intervention before the onset of type 1 diabetes. Lancet 
2004; 363(9413): 925–931.

Key points

 • Diabetes affected 8.3% of the global adult 
population in 2013, with 80% of those living 
in low / middle income countries.

 • Significant numbers are either undiagnosed or 
have pre‐diabetes.

 • Prevalence of type 2 diabetes is increasing 
due to ageing, physical inactivity and 
increasing obesity.

 • There is no evidence for prevention of type 1 
diabetes.

 • There is strong evidence for the role of 
lifestyle in the prevention of type 2 diabetes 
in high‐risk individuals.

 • A healthy lifestyle, including weight loss and 
increased physical activity, is the cornerstone 
of diabetes prevention.
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1.2.1 Diagnostic criteria

Diabetes

The diagnostic criteria for diabetes have been 
developed and revised by the World Health 
Organisation (WHO) [1] and use the occurrence of 
diabetes‐specific complications to derive diagnos-
tic cut‐points for diabetes. A diagnosis of diabetes 
can be made under the following circumstances:

 • fasting plasma glucose > 7.0 mmol/l (126 mg/dl)
 • or 2‐hour glucose > 11.1 mmol/l (200 mg/dl) 
after ingestion of a 75 g oral glucose load (oral 
glucose tolerance test – OGTT)

Glycaemia is commonly assessed by a test known 
as HbA1c, a simple blood test measuring levels 
of glycated haemoglobin, and both the WHO 
and American Diabetes Association (ADA) now 
support its use as a suitable test for the diagnosis 
of diabetes [2,3]. HbA1c can be used for the diag-
nosis of diabetes, but only if the assays are stand-
ardised to international reference levels and if 
stringent quality assurance is in place. The cut‐off 
point is 48 mmol/mol (6.5%), although a value 
<48 mmol/mol does not exclude diabetes if it 
has been previously diagnosed based upon blood 
 glucose measurements. The advantage of using 
HbA1c as a diagnostic test is that it uses a non-
fasting sample and does not require the dietary 
preparation necessary for an OGTT. The disad-
vantages of HbA1c are that it is relatively expen-
sive, not widely available in low and middle‐income 

countries (LMIC) and the result may be affected 
by a variety of factors including haemoglobi-
nopathies. In addition, the WHO states that a 
diagnosis of diabetes should not be made based 
upon a single abnormal HbA1c value in the 
absence of symptoms, and that at  least one 
additional test of HbA1c, or plasma glucose 
levels (fasting or 2‐hour following OGTT) 
should be taken to confirm the diagnosis.

Impaired glucose tolerance and 
increased fasting glucose

Both impaired glucose tolerance (IGT) and 
increased fasting glucose (IFG) have been iden-
tified as risk factors for developing diabetes, and 
IGT as a risk factor for cardiovascular disease. 
The diagnostic criteria for IGT and IFG are:

 • Impaired Glucose Tolerance: fasting plasma 
glucose < 7.0 mmol/l (126 mg/dl) and 2‐hour 
plasma glucose > 7.8 and <11.1 mmol/l (140 and 
200 mg/dl) after OGTT

 • Increased Fasting Glucose: fasting plasma 
glucose 6.1 – 6.9 mmol/l (110 – 125 mg/dl) 
and (if measured) 2‐hour glucose < 7.8 mmol/l 
(142 mg/dl)

Gestational diabetes

There is no agreed international standard for the 
screening and diagnosis of gestational diabetes 
(GDM), although there is consensus that the 
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 diagnosis of diabetes during pregnancy should 
use similar criteria to those for adults generally 
[4,5]. A more recent report has caused some con-
troversy by recommending changes to the diagno-
sis of GDM and advocating screening for women 
with risk factors in early pregnancy, with screen-
ing for all other women at 24–28 weeks of preg-
nancy [6]. A 75 g OGTT is recommended as the 
test for GDM and a diagnosis should be made if 
any one glucose level reaches a specified level of:

 • Fasting > 5.1 mmol/l
 • 1‐hour > 10.0 mmol/l
 • 2‐hour > 8.5 mmol/l

There is concern that these new diagnostic crite-
ria will increase the diagnosis of GDM and will 
have a large impact on resources without proven 
benefit [7].

1.2.2 Classification

There are two broad categories of diabetes: type 1 
and type 2, although other rarer categories do exist.

Type 1 diabetes

Type 1 diabetes is an autoimmune condition 
characterised by pancreatic β‐cell failure leading 
to complete insulin deficiency and susceptibility 
to ketoacidosis. It is usually characterised by 
the  presence of anti‐GAD, islet cell or insulin 
antibodies, although these may not be present in 
certain cases and this type of diabetes is referred to 
as ‘idiopathic type 1’. The cause of type 1 diabetes 
remains unknown, although genetic factors and 
certain viruses may play a part. Type 1 diabetes 
usually presents in children and young adults, 
although it can be diagnosed at any age. Type 1 
diabetes accounts for approximately 10–20% of 
diabetes and is treated by a combination of insu-
lin replacement by injection or pump therapy 
and lifestyle modification.

Type 2 diabetes

Type 2 diabetes is characterised by defects in 
insulin secretion, usually accompanied by resist-
ance to the action of insulin. Type 2 diabetes 
accounts for 80–90% of diabetes and has a 

strong genetic propensity to run in families, but 
is also associated with lifestyle factors and is 
more common in societies with high levels of 
obesity and low levels of physical activity. The 
risk factors for type 2 diabetes include non‐ 
modifiable (age, race and genetic predisposition) 
and modifiable (obesity, physical inactivity and 
unhealthy diet). Approximately 80–90% of peo-
ple with type 2 diabetes are overweight or obese, 
and a recent European study has shown that 
nearly 50% of people with diabetes are obese 
(BMI >30 kg/m2), twice the prevalence in the 
background population [8]. It is most frequently 
diagnosed in the middle‐aged and elderly popu-
lation, typically in people over the age of 40, 
although it is now increasingly diagnosed in 
obese children and adolescents. Traditionally, over 
95% of diabetes in children is categorised as type 
1, but in the United States (US), among older 
children, the proportion of type 2 diabetes ranges 
from 6% in non‐hispanic white adolescents to 76% 
in American Indians [9]. Despite reports from 
around the world of an increase in the incidence of 
type 2 diabetes in children and adolescents, the 
true prevalence is largely unknown, although it is 
estimated that the prevalence in the United States 
(US) is approximately 12 per 100 000 [10]. 
The majority of type 2 diabetes is found in 
ethnic groups, including African‐Americans, 
Hispanic, Pacific Islanders, with the highest 
prevalence reported in Pima Indian adolescents 
(22.3 per 1000) [11]. It has been estimated that 
as many as 1400 children in the United Kingdom 
(UK) had type 2 diabetes [12] in 2004, but recent 
evidence based on prescription of anti‐diabetic 
medication suggests that the prevalence may be 
as high as 1.9 per 100 000 [13]. Type 2 diabetes is 
treated by a combination of diet, physical activity, 
oral medications and, increasingly, injectable 
therapies, including GLP‐1 agonists and insulin.

Other types of diabetes

 • Genetic defects in β‐cell function (maturity 
onset diabetes in the young – MODY)

 • Genetic defects in insulin action
 • Diseases of the exocrine pancreas, including can-

cer, acute and chronic pancreatitis, cystic fibrosis
 • Drug‐induced diabetes e.g. glucocorticoids, 
thyroid hormone, thiazide diuretics.
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Key points

 • Diabetes can be diagnosed by three different 
means; fasting glucose, 2‐hour glucose after 
an oral glucose tolerance test or HbA1c levels.

 • IFG and IGT are risk factors for type 2 
diabetes.

 • There is no consensus for the diagnosis of 
gestational diabetes.

 • There are two main types of diabetes; type 1 
and type 2.
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The nutritional management of diabetes has 
been subject to much change over the years due 
to factors such as economic forces, changes in 
staple foods and eating patterns, new medica
tions and insulin formulations (Table 2.1.1). 
Since the first published guidelines by the British 
Diabetic Association in 1982 [1], the availability 
of evidence‐based research and knowledge in 
science and medicine has improved greatly. This 
evolution is likely to continue and nutritional 
recommendations in the future may once again 
be substantially different from those of today.

2.1.1 From early times to the 
seventeenthth century

In 1000 BC traditional Indian medicine noted 
two types of diabetes. One that occurred in thin 
young individuals and one that was common in 
the overweight [2].

The earliest known record of diabetes was 
mentioned in a Third Dynasty Egyptian papy
rus in 1552 BC by the physician Hesy‐Ra and 
describes polyuria as a symptom [2,3].

The Greeks were the first to advocate diet and 
lifestyle management. In the first century AD, 
diabetes was described by Arateus as the ‘melt
ing down of flesh and limbs into urine’. He gave 
it the name diabetes which means ‘siphon’. 
Aetius prescribed a ‘cooling diet of diluted wine 

and cooling applications to the loins’. Avicenna 
directed that all diuretic foods and drugs be 
avoided and that patients engage in exercise 
(preferably on horseback). In the later stages 
of  diabetes he recommended ‘tepid baths and 
 fragrant wines’ [2–4].

In the seventeenthth century a London Phy
sician, Dr Thomas Willis, used urine sampling/
tasting to diagnose diabetes ‘mellitus’ (Latin for 
honey). This method of monitoring remained 
unchanged till the twentieth century [2–4].

2.1.2 Eighteenth and 
nineteenth centuries

There were many significant developments in 
the nineteenth century with key individuals con
tributing to the understanding and management 
of diabetes, often with some unusual and uncon
ventional diet and lifestyle measures.

John Rollo, an army surgeon, was interested 
in the physiology and source of glycosuria. He 
proposed that sugar may be formed in the 
stomach from fruit and vegetables and recom
mended that a diet consisting predominantly 
of animal foods was appropriate [2–4]. An 
example of a daily regimen from his 1797 
book consisted of:

Breakfast: 1½ pints of milk and a half a pint of 
lime water mixed together, bread and butter.

Historical perspectives of dietary 
recommendations for diabetes
Maeve Gacquin
Galway Clinic, Doughiska, Ireland
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Date Progress achieved

1000 BC Traditional Indian medicine noted two types of diabetes: one that occurred in thin 
young individuals; one that was common in the overweight

150 BC The Egyptians were writing about diabetes in the papyrus scrolls

45–117 AD Ancient Greeks were the first to advocate diet and lifestyle management for 
individuals with diabetes

18th century Mathew Dobson and John Rollo observed that there was sugar in the urine and blood 
of individuals with diabetes

1813 Claude Bernard linked diabetes with glycogen metabolism

1816 L. Taube related the intake of carbohydrate and its digestion to increased amounts 
of sugar in urine

1850 French physician, Priory, advised patients with diabetes to eat extra large quantities 
of sugar to treat their diabetes

1870 French physician, Bouchardat, noticed the disappearance of glycosuria in his diabetic 
patients during the rationing of food in Paris while under siege by Germany during the 
Franco‐Prussian war

Late 19th century Italian diabetes specialist, Catoni, isolated his patients under lock and key in order to 
get them to adhere to their diets

1900+ ‘Fad diets’ included the ‘oat cure’ the ‘milk diet’, the ‘rice cure’, ‘potato therapy’ and 
even the use of opiates

1919 Frederick Allen (US diabetes specialist) published the ‘Total Dietary Regulation in the 
Treatment of Diabetes’.

1920s R.D. Lawrence empowers people with diabetes with education and dietary guidelines

1921 The discovery and isolation of insulin radically reduced death rates in type 1 diabetes

1940s A link was made between diabetes and long‐term complications (eye and kidney)

1940–1955 Oral medications were developed to help lower blood glucose levels

1959 Two major types of diabetes were recognised; ‘type 1’ – insulin‐dependent diabetes – 
and ‘type 2’ – non‐insulin‐dependent diabetes

1970 Blood glucose meters and insulin pumps were developed

1993 The findings of the Diabetes Control and Complications Trial were published

1998 The findings of the UK Prospective Diabetes Study were published

2000 The Diabetes and Nutrition Study Group of the European Association for the Study 
of Diabetes (2000) published its recommendations for the nutritional management of 
people with diabetes mellitus

2002 The ADA (2002) published a position statement on evidence‐based nutrition 
principles and recommendations for the treatment and prevention of diabetes and 
related complications

2003 The Nutrition Sub‐Committee of the Diabetes Care Advisory Committee of Diabetes 
UK published a paper on ‘The implementation of nutritional advice for individuals 
with diabetes’

2005 IDF published global guidelines for management of type 2 Diabetes

2008 The ADA produced a position statement, ‘Nutrition Recommendations and 
Interventions for Diabetes’

2009 ISPAD published 3rd edition

2011 Diabetes UK published evidence‐based nutrition guidelines for the prevention and 
management of diabetes

Table 2.1.1 Historical changes in the nutritional management of diabetes (Sanders, 2001 [4]; 
Canadian Diabetic Association, 2008 ADA, 2008 [16]; Diabetes UK, 2011 [18]; Tattersall, 2009 [2])
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Lunch: Plain blood puddings, made of blood 
and suet only.

Dinner: Game or old meats which have been 
long kept, and as far as the stomach may bear, fat 
and rancid old meats.

This type of diet provides 600 kcal a day 
from carbohydrate and approximately 1200 kcal 
from fat.

The importance of Rollo’s diet, although seem
ingly unfavourable for cardiovascular health, was 
that it was an attempt to treat diabetes rationally 
by preventing the formation of glucose.

When Dr John Camplin developed the symp
toms of diabetes in 1844, he was advised by his 
colleagues William Prout (1785–1850) and 
Henry Bence Jones (1814–1873) to adopt a high 
protein and fat diet [2–4] and, on complaining of 
‘great biliary derangement’ and irregular bowel 
function, Prout introduced him to bran cake. It 
was also common for physicians of that time to 
prescribe generous amounts of purgatives such 
as rhubarb, aloes, senna, magnesium sulfate and 
castor oil with these high protein, low carbohy
drate diets.

One diet that was made popular for a short 
period by a French physician, Dr Pierre Priory 
(1794–1879) in the 1850s was sugar feeding 
[2–4]. His concern was for the amount of sugar 
lost through urine and he felt that replacing this 
sugar from dietary sources may restore strength.

In 1870, during the siege of Paris in the Franco‐
Prussian war, French physician Bourchardat 
(1806–1886) noticed that, as a result of starva
tion, the urine of some of his patients was sugar 
free. Furthermore, incidence rates and mortality 
rates of type 2 diabetes were shown to decrease 
during all wars. Bourcardat subsequently advi
sed ‘mangez le moins possible’ (eat as little 
as  possible). Italian Born physician Guelpa 
(1850–1930) showed that fasting and saline ene
mas made people with diabetes ‘sugar free’ in 
three days [2–4].

One feature that has changed very little over 
the years is that of dietary adherence. At this time 
many physicians complained of the lack of 
patient compliance with dietary advice stating 
that many patients either could not or would not 
follow the diet. Some ensured dietary compliance 
with extreme measures. The Italian physician, 

Catoni kept his patients under lock and key to 
ensure adherence. Many with diabetes longed for 
a drug to replace restrictive diets [2].

2.1.3 Twentieth century

By the beginning of the twentieth century many 
physicians promoted ‘dietary cures’ based on 
specific foods. These included Donkins skim‐
milk (1784), Mosse’s potato (1902) and Von 
Noordens oatmeal cure (1903). The oatmeal 
diet, for example, consisted of 8 oz of oatmeal 
and 8 oz of butter daily. These diets included 
periods of semi‐starvation before the introduc
tion of the specific ‘curative’ food [2–4].

During the twentieth century onwards, great 
emphasis was placed on patient education and 
diet as the key elements in controlling diabetes. 
Classes were popular in the United States (US) 
and Germany while one‐to‐one education was 
more common in the United Kingdom (UK). 
Although well meaning, the teachers had not 
been taught how to teach and many lesson plans 
were described as overly scientific and negative 
or dictatorial.

The author of a 1920 article about diabetes 
education commented: “there is no use talking 
in the language of the laboratory to a patient that 
understands only the language of the kitchen. 
We must either teach them the new language or 
translate our Greek into understandable English” 
[2]. Unfortunately, this advice was ignored in 
most diabetes units for the next 60 years and 
compliance and understanding of diet and life
style management of diabetes remained poor.

In 1919 Frederick Allen, a US diabetes physi
cian, published ‘The total regulation of diabetes’. 
This publication advised the combination of star
vation diets with bed rest, often allowing only 
450 kcal a day. Although he had some limited 
success with this approach, many people died of 
ketoacidosis or undernutrition related illnesses.

The discovery of insulin in 1921 extended 
the lives of those who were able to obtain a sup
ply, but had little immediate effect on dietary 
prescrip tions. In 1923, for example, the diet 
remained extremely restrictive; essentially a 
low carbohydrate intake meant a lower dose of 
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insulin. At the end of the 1920s, some physicians 
in America and Canada introduced higher carbo
hydrate diets with the rationale that this type of 
diet was more palatable, less expensive, achieved 
greater compliance and, contrary to general expec
tations, led to a reduction in insulin requirements 
in many with diabetes. However, many physi
cians continued to advise low carbohydrate diets 
due to an ingrained belief that carbohydrate was 
bad for those with diabetes [2,4].

In 1923, R.D. Lawrence was appointed chief 
biochemist in King’s College Hospital London. 
He had been diagnosed with diabetes in 1920 at 
the age of 28 and developed a strong interest in 
the management of diabetes. He set up a ‘diet 
kitchen’ where patients could be taught as out‐
patients about management of diabetes, includ
ing diet and insulin injections. He believed 
ardently that people with diabetes should be 
given the opportunity to take control of their 
own treatment and that this would also improve 
their quality of life. This was predominantly 
focused at managing type 1 diabetes.

To aid this he devised several influential diet 
schemes, such as the Line‐Ration Diet, now 
called the Lawrence Weighed diet, and the 
Lawrence Unweighed Diabetic Diet, providing 
simple, accurate methods of measuring and reg
ulating dietary intake.

In deriving his diet schemes he aimed to fulfil 
three main criteria; that each diet should:

 • Contain sufficient carbohydrate to prevent 
ketosis.

 • Satisfy the patient in quantity and quality as 
far as possible.

 • Be accurate, simple to calculate, and varied.

In 1925 he published the first edition of ‘The 
Diabetic Life’ and in 1929 he published the first 
edition of ‘The Diabetic ABC’, which he 
described as a “short practical book for patients 
and nurses”. The Lawrence line diet of 1929 
aimed to restrict carbohydrate and provide simi
lar amounts of protein, fat and carbohydrate from 
day to day to ensure consistency. Carbo hydrates 
were labelled as ‘black lines’ and protein and 
fat were labelled as ‘red lines’. Each black line 
 provided 10g carbohydrate and 40 kcal and each 

red line provided 111 kcal and 9 g fat. In 1934, 
Lawrence, with the author H.G. Wells who also 
had type 1 diabetes, co‐founded the Diabetic 
Association which became known as the British 
Diabetic Association and is now known as 
Diabetes UK.

The introduction of the ‘free diets’ during the 
1930s caused acrimony and controversy for 
nearly 30 years. Some physicians believed that a 
rigid diet in children with diabetes was harmful 
to mental development and social adjustment, 
while others maintained a strict low carbohy
drate diet [2–4].

2.1.4 Dietary management 
of type 2 diabetes

The link between obesity and type 2 diabetes 
was well observed in the twentieth century and 
outlined as early as 1919 in Frederick Allen’s 
book ‘The total regulation of diabetes’ but not 
fully understood. The importance of weight 
management in type 2 diabetes was demon
strated by landmark studies, such as the UKPDS 
[5], which demonstrated the direct benefit of 
moderate weight reduction on improved meta
bolic control of blood sugar, blood pressure and 
cholesterol and led to published guidelines for 
weight management [6].

2.1.5 Carbohydrate counting 
and exchanges

In the 1960s carbohydrate counting and 
exchanges were developed by the American 
Diabetes Association (ADA) for people with 
diabetes, to help to control blood glucose levels. 
The carbohydrate exchange diet grouped all the 
carbohydrate‐containing foods into one group. A 
serving of a carbohydrate‐based food was called 
a carbohydrate exchange and contained 15 g 
 carbohydrate. Standard advice recommended 
three to four carbohydrate exchanges (similar 
amounts) with each meal when starting the 
carbohydrate exchange diet. The number of 
 carbohydrate exchanges could be increased or 
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decreased depending on blood glucose levels, 
medication and activity.

In the early 1990s the Diabetes Control and 
Complications Trial (DCCT) used carbohydrate 
counting as one of its education tools in type 1 
diabetes [7].

Carbohydrate counting became increasingly 
popular once the ADA revised dietary recom
mendations in 1994. Based on growing scientific 
evidence that sucrose affects blood glucose lev
els no differently than other carbohydrates, and 
that no single meal‐planning method works for 
everyone, the new guidelines essentially lifted 
the ban on sugar‐containing foods to focus atten
tion on controlling total carbohydrate intake and 
individualising meal plans.

Carbohydrate counting was first embraced by 
individuals with type 1 diabetes on intensive 
insulin therapy who used an insulin pump or 
multiple daily insulin injections. Carbohydrate 
counting helped those who use insulin to tailor 
their mealtime dose or bolus of insulin to cover 
the amount of carbohydrate eaten at that meal. 
This allowed greater diet and lifestyle flexibility 
and freedom as the individual could vary the 
insulin doses depending on carbohydrate intake 
and activity levels.

Structured education programmes on insulin 
dose adjustment started in Germany in 1983 [8], 
and this idea was further developed in the UK as 
the DAFNE programme [9]. A number of simi
lar education programmes have been developed 
around the world.

2.1.6 Glycaemic index

During the twentieth century it was observed 
that certain foods had less effect on blood glu
cose concentrations after eating, and these foods 
were identified as those high in protein and fat. 
Carbohydrate foods have the most significant 
effect on blood glucose concentrations, but even 
within this group there was great variation on the 
rate of the glycaemic effect. In 1981, David 
Jenkins and his team at the University of Toronto 
came up with an alternative system of classify
ing carbohydrate. He ranked the glycaemic 

effect of commonly eaten carbohydrates and 
compared them with pure glucose which had a 
score of 100. He called this the glycaemic index 
[10]. This system is now widely used and 
endorsed by all major diabetes authorities.

2.1.7 Development of 
nutritional guidelines for 
diabetes

The first position statement on diet and diabetes 
came from the British Diabetic Association 
(now known as Diabetes UK) in 1982 [1]. The 
emphasis of these recommendations was on 
healthy eating principles in line with those for 
the general population, which liberalised the 
diet for many individuals with diabetes. An 
update of these recommendations from the 
Nutrition Sub‐Committee of the British Diabetic 
Association Professional Advisory Committee 
10 years later in 1992 reinforced the high‐ 
carbohydrate low‐fat diet [11]. These recom
mendations were followed by recommendations 
from the European Association for the Study of 
Diabetes (EASD) and the ADA in 2000 and 
2002, respectively [12,13]. In 2003, Diabetes 
UK published a document entitled ‘The imple
mentation of nutritional advice for individuals 
with diabetes’ [14] and this consensus‐based 
paper built on the European and American 
reviews. The paper discussed the practical 
implementation of dietary advice for individuals 
with diabetes and described the provision of ser
vices needed to support this approach. The 
EASD guidelines were also updated and pub
lished in 2004 [15].

The move away from consensus‐based guide
lines towards those that were evidence‐based 
began with dietary guidelines from the ADA in 
2008 [16]. The Canadian dietary recommenda
tions were updated in 2008 to reflect Health 
Canada’s revised ‘Eating well with Canada’s 
food guide’ and included more flexible recom
mendations on macronutrient distribution [17]. 
The most recent evidence‐based guidelines from 
Diabetes UK were published in 2011 [18] and 
those from the ADA in 2013 [19].



20 Section 2: Dietary principles of diabetes

2.1.8 Guidelines for low and 
middle income ountries

The International Diabetes Federation (IDF) 
developed a global guideline for the manage
ment of type 2 diabetes in 2005 [20]. Published 
national guidelines often come from relatively 
resource‐rich countries, but the IDF guidelines 
focus on those that may also be relevant in less 
well resourced countries. The guidelines focus 
on physical activity in conjunction with nutrition 
education and are aimed at different groups in 
society including families, schools, groups and 
individuals.

2.1.9 Guidelines for children 
and adolescents

Children and adolescents have had specific 
guidelines developed for their use, and the third 
edition of the International Society for Pediatric 
and Adolescent Diabetes (ISPAD) Consensus 
Guidelines, now called “Clinical Practice 
Consensus Guidelines”, was published in 2009 
in conjunction with the IDF [21].

2.1.10 A change in emphasis

The ADA guidelines in 2008 [16] emphasised 
that nutrition counselling should be tailored to 
the individual, with encouragement of low GI 
carbohydrate foods and adequate vitamin and 
mineral intake. Low carbohydrate and restricted 
diets were recommended for weight loss in those 
with type 2 diabetes, but for 1 year only. Specific 
guidelines were included for physical activity.

The Diabetes UK 2011 guidelines [18] place an 
emphasis on carbohydrate management and a 
more flexible approach to weight loss, unlike pre
vious guidelines which were expressed in terms of 
recommendations for individual nutrient intakes. 
These guidelines aim to support self‐management, 
promote healthy lifestyles and reduce the risk of 
type 2 diabetes and the co‐morbidities associated 
with diabetes. They encourage healthy eating and 
recommend effective strategies for weight man
agement and glycaemic control.

2.1.11 Summary

Over the years, dietary management of diabetes 
has been subject to personal whim and anecdotal 
evidence. History has shown that complicated, 
restrictive diets are challenging, impractical and 
unsuccessful for the majority of people with dia
betes. The development and improvement of 
evidence‐based dietary recommendations have 
been important in understanding how to opti
mise metabolic control, but adherence to diet 
and lifestyle advice still proves challenging for 
many people with diabetes. It is essential to con
tinue to develop skills and knowledge on how 
best to facilitate diet and lifestyle education, 
learning, motivation and support for individuals 
and groups with diabetes.

Key points

 • Dietary treatment of diabetes dates from the 
Ancient Greeks.

 • The first diets concentrated on severe 
carbohydrate restriction.

 • Over the subsequent years, carbohydrate 
management was promoted, together with 
more emphasis on dietary management of 
cardiovascular risk and body weight.

 • Today, an individualised, evidence‐based 
approach is recommended by most 
authorities.
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Nutrition therapy can be defined as the imple
mentation of evidence‐based nutrition recom
mendations and guidelines. Evidence‐based 
nutrition guidelines are defined as “a series of 
guiding statements and treatment algorithms 
that are developed using a systematic process for 
identifying, analyzing, and synthesizing scientific 
evidence. They are designed to assist practitioners 
and patients decisions about appropriate nutri
tion care for specific disease states or conditions 
in typical settings” [1].

To implement nutrition therapy for diabetes it 
is essential to have evidence for:

 • The effectiveness of nutrition interventions
 • The expected outcomes from implementation 
of nutrition interventions

 • The types of nutrition interventions that are 
effective

 • Timing of evaluation of outcomes.

These important questions and nutrition therapy 
guidelines for diabetes have been examined by a 
number of national expert committees including 
the UK Diabetes Nutrition Working Group [2], 
the Academy of Nutrition and Dietetics (for
merly the American Dietetic Association) [3,4], 
the Canadian Diabetes Association Clinical 
Practice Expert Committee [5], the American 
Diabetes Association [6], the International 
Diabetes Federation Clinical Guidance Task 
Force [7], and the Diabetes and Nutrition Study 
Group of the European Association for the Study 
of Diabetes [8]. The primary goal for diabetes 
nutrition care is to integrate nutrition therapy 
into the management of diabetes in order to 

improve glycaemic control, lipid concentrations 
and blood pressure (BP) control and reduce the 
risk of potential diabetes‐related complications. 
Weight management is another goal for the pre
vention of diabetes and the management of type 
2 diabetes [9–11]. This chapter reviews evidence 
for the effectiveness of diabetes nutrition ther
apy and summarises evidence‐based nutrition 
recommendations related to macronutrients in 
diabetes nutrition care.

2.2.1 Effectiveness of diabetes 
nutrition therapy

Diabetes nutrition therapy and 
glucose outcomes

Metabolic outcomes are improved in nutrition 
intervention studies, either when advice is 
provided by Registered Dietitians (RDs) as an 
independent therapy or when it is provided as 
part of overall diabetes self‐management educa
tion [12]. Beneficial effects on haemoglobin A1c 
(HbA1c) are the most consistently reported 
 outcome but other positive outcomes (lipids, 
BP,  weight, quality of life) are also reported. 
Randomised controlled trials, cross‐sectional 
studies, and non‐randomised outcome studies 
report decreases in HbA1c of approximately 
11–22 mmol/mol (1–2%,) with a range of 5–28 
mmol/mol (0.5–2.6%), depending on the type 
and duration of diabetes, level of glycaemic con
trol, and at what time point outcomes are reported 
[2–6]. These beneficial outcomes are similar 
to  those from glucose‐lowering medications. 

Nutritional guidelines for diabetes
Marion J. Franz
Nutrition Concepts by Franz, Inc., Minneapolis, USA
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The evidence suggests that nutrition therapy is 
most beneficial at initial diagnosis, but is effective 
at any time during the disease process, and that 
ongoing evaluation and intervention are essen
tial. Outcomes from nutrition therapy interven
tions are generally known in six weeks to three 
months and evaluation should be done at this 
time. At three months, if no clinical improvement 
has occurred in metabolic outcomes  (glucose, 
lipids, BP), usually a change in  medication is 
required. Type 2 diabetes is a progressive disease 
and as β‐cell function decreases, glucose‐lowering 
medication, including insulin, must be combined 
with nutrition therapy to achieve target goals.

Of interest are several studies documenting 
the effectiveness of nutrition therapy conducted 
in the United Kingdom (UK). All treatment and 
control subjects in the UK Prospective Diabetes 
Study (UKPDS) received nutrition counselling 
at study entry and for the first three months, at 
which time they were randomised into the study 
arms and began taking medication. During this 
period, when nutrition therapy was the sole inter
vention, the mean HbA1c decreased by 22 
mmol/mol (2%), from 75 to 53 mmol/mol (9 to 
7%) [13,14]. At two years, the conventional 
 therapy group, whose primary treatment was 
nutrition therapy, maintained an HbA1c of ~53 
mmol/mol (~7%) and even after 15 years the 
HbA1c was still slightly less than at diagnosis.

In England and in newly diagnosed individu
als with type 2 diabetes, the Early ACTID (Early 
Activity in Diabetes) trial compared usual care 
to intensive nutrition intervention with or with
out physical activity [15]. Baseline HbA1c lev
els of 49 mmol/mol (6.6%) in this study were 
considerably lower than in the UKPDS study. At 
six months, HbA1c had worsened in the usual 
care group but had improved in the two intensive 
nutrition interventions groups (–4 mmol/mol, 
–0.3%). These differences persisted to 12 
months despite the use of fewer diabetes drugs. 
Improvements were also seen in body weight 
and insulin resistance between the intervention 
and control groups. Of interest, the addition of 
the physical activity program added no addi
tional benefit.

In individuals with type 1 diabetes, the dose 
adjusted for normal eating (DAFNE) evaluated a 

five‐day course teaching individuals how to 
adjust bolus or mealtime insulin based on carbo
hydrate intake on glucose control and quality of 
life compared to traditional treatment (insulin 
therapy determined first and carbohydrate intake 
matched to insulin therapy). In the group receiv
ing DAFNE training, HbA1c levels were signifi
cantly reduced by 11 mmol/mol (1%) with no 
increase in severe hypoglycaemia. In addition, 
there were positive effects on quality of life, 
 satisfaction with treatment and psychological 
well‐being, despite an increase in the number of 
insulin injections (but not the total amount of 
insulin) and in blood glucose monitoring com
pared to controls [16]. A follow‐up of the origi
nal participants at a mean of 44 months 
documented mean reduction in HbA1c from a 
baseline of approximately 4 mmol/mol (~0.4%) 
and with the improvements in quality of life seen 
at 12 months maintained [17].

Two other studies are of interest. In New 
Zealand, individuals with an average duration 
of type 2 diabetes of 9 years and who had 
HbA1c levels >53 mmol/mol (7%) despite opti
mised drug therapy were randomised to an 
intervention group who received intensive 
nutrition therapy or a control group. Nutrition 
therapy resulted in a highly significant differ
ence in HbA1c (approximately 5 mmol/mol 
[0.5%], p = 0.007) compared to the control 
group at six months, documenting the effective
ness of nutrition therapy even in diabetes of 
long duration [18]. The reduction in HbA1c was 
comparable to adding a new drug, often a third 
agent, and at less cost.

A study documented the effectiveness of dia
betes nutrition interventions in ‘real world’ clin
ical practice. Data were collected from 221 
patients with type 2 diabetes who were referred 
for nutrition education and counselling to 59 
RDs in 31 outpatient settings. To minimise 
selection bias, the RDs randomly recruited the 
first two patients meeting the inclusion criteria 
each day. 54% of the subjects were newly diag
nosed and, in all subjects, HbA1c decreased by 
15 mmol/mol (1.4%) over three months and by 
20 mmol/mol (1.8%) at six months follow‐up. 
Lipid concentrations, BP and weight also 
improved significantly [19].
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Diabetes medical nutrition therapy 
and lipids and blood pressure 
outcomes

In studies done primarily in people without dia
betes, cardioprotective nutrition therapy imple
mented by RDs resulted in a reduction of total 
cholesterol (TC) by 7% to 21%, LDL‐cholesterol 
(LDL‐C) by 17% to 22%, and triglycerides by 
11% to 31% [20]. In patients with diabetes, reduc
tions in TC have been shown to range from 0.2 to 
0.71 mmol/l, in LDL‐C by 0.2 to 0.42 mmol/l, 
and in triglycerides by 0.17 to 1.73 mmol/l [12]. 
Studies implementing nutrition therapy for 
hypertension by RDs report an average reduc
tion in BP of ~5 mmHg in both systolic and 
 diastolic BP [21].

Diabetes nutrition therapy and 
weight management outcomes

In weight loss trials conducted in subjects with 
diabetes of one‐year duration or longer, approx
imately half of the studies reported improve
ments in HbA1c whereas half reported no 
improvement in HbA1c despite fairly similar 
weight losses [3,4]. However, the Look AHEAD 
(Action for Health in Diabetes) trial which is 
designed to assess if weight reduction com
bined with physical activity can reduce cardi
ovascular disease (CVD) morbidity and 
mortality in individuals with type 2 diabetes 
has reported very successful outcomes at one 
and four years follow‐up (10,11). A very inten
sive lifestyle intervention compared to usual 
diabetes support and education reported reduc
tions in HbA1c of 8 mmol/mol (0.7%) in the 
intensive group compared to 1 mmol/mol (0.1%) 
in the control group at one year. At four years 
follow‐up, the intensive group showed a mean 
decrease of 4 mmol/mol (0.4%) versus 1 mmol/
mol (0.1%) in the control group. It is well docu
mented that in weight loss interventions, weight 
loss plateaus at approximately six months, and 
the goal then becomes to prevent weight regain. 
It is unclear if the benefits on glycaemia from 
weight management interventions are from 
the weight loss per se or from the reduced energy 
intake. In general, glucose concentrations improve 

rapidly when energy intake is reduced and before 
much weight is lost.

The Diabetes UK nutrition guidelines recom
mend that to improve weight loss outcomes, 
individuals should be encouraged to adopt their 
diet of choice for weight loss [2]. They note that 
various nutrition strategies have been used to 
induce weight loss in people with type 2 diabe
tes and it is likely that a diet an individual enjoys 
and finds acceptable is more likely to succeed.

Summary

Although attempts are often made to identify 
one nutrition intervention for diabetes nutrition 
therapy, there is no evidence to support this. 
Many types of nutrition interventions have been 
shown to be effective. Interventions include 
reduced energy and/or fat intake, carbohydrate 
counting, simplified meal plans, healthy food 
choices, individualised meal planning strategies, 
exchange lists, insulin‐to‐carbohydrate ratios, 
physical activity and behavioral strategies 
[3,12]. Strategies used for successful nutrition 
interventions for individuals with type 2 diabe
tes consistently involve reducing the energy con
tent of the usual food intake. For individuals 
with type 1 diabetes, adjusting insulin doses for 
planned carbohydrate intake is a consistent strat
egy. Also of importance are multiple encounters 
to provide nutrition education and counselling, 
initially and on a continuing basis. The Diabetes 
UK recommendations state that all people with 
diabetes and/or their carers should receive struc
tured education at the time of diagnosis, with an 
annual follow‐up [2]. The number and duration 
of nutrition care encounters may need to be 
greater if the patient has language, ethnic or 
 cultural concerns, if there is a change in medi
cations (such as addition of glucose‐lowering 
medications or insulin therapy in type 2 diabetes 
or changes in insulin therapy in type 1 or type 2 
diabetes), or for weight management [3,6]. It is 
essential that nutrition education and counsel
ling be sensitive to the personal needs, learning 
styles and cultural preferences of individuals and 
their abilities to make lifestyle changes [2–8]. 
Even small changes in eating habits can result in 
beneficial outcomes.
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2.2.2 Diabetes nutrition 
therapy and macronutrients

Historically, professional diabetes organisations 
such as Diabetes UK and the American Diabetes 
Association (ADA), attempted to identify ideal 
percentages of macronutrients for eating  patterns 
of individuals with diabetes. However, just as 
there is no one type of nutrition therapy interven
tion appropriate for all people with diabetes, 
there is also no ideal percentage of macronutri
ents that applies to all people with diabetes. An 
extensive systematic review conducted by the 
ADA concluded: “Although in many instances 
there were not statistically differences between 
dietary approaches, improvements were often 
seen from baseline to follow‐up in both interven
tion groups supporting the idea that several dif
ferent macronutrient distributions may lead to 
improvements in glycaemic and/or cardiovascu
lar disease risk factors” [22].

Carbohydrate

In people with diabetes on nutrition therapy 
alone, those taking oral glucose‐lowering medi
cations or those on fixed insulin doses, consist
ency in carbohydrate intake for meals (and 
snacks, if desired) is associated with improved 
blood glucose concentrations and this is recom
mended by most authorities. Concern is 
expressed that if the eating pattern is too low in 
carbohydrate, many foods that are important 
sources of vitamins, minerals, fibre and energy 
may be eliminated [2–7]. Generally, eating pat
terns that are low or very low in carbohydrate are 
high in fat, usually saturated fats, and over the 
long term this may reduce insulin sensitivity [8].

For people with type 1 diabetes on a basal 
prandial insulin regimen or who are on insulin 
pump therapy, insulin doses should be adjusted 
to match planned carbohydrate intake (insulin‐
to‐carbohydrate ratios) [2–8]. To accomplish 
this requires comprehensive nutrition education 
on interpretation of blood glucose patterns, 
knowledge of medication adjustment and col
laboration with the health care team. There is 
 little evidence for this approach in people with 
type 2 diabetes who use a basal prandial insulin 

regimen, with only one study showing this 
 strategy is as effective as an algorithm dosing 
approach [23].

Glycaemic index

Controversy exists regarding the usefulness of 
the glycaemic index (GI). There is conflicting 
evidence of effectiveness of this strategy as stud
ies comparing high versus low GI diets report 
mixed effects on HbA1c concentrations 
[3,4,6,8]. An intervention review concluded that 
low GI diets compared to high GI diets can 
improve glycaemic control (decreasing HbA1c 
by up to 5 mmol/mol [0.5%]) [24]. However, the 
majority of studies included in this review were 
of short duration with a limited number of par
ticipants. The review did not include two one‐
year studies that reported no differences in 
HbA1c between low GI and control groups 
[25,26]. The ADA systematic review concluded: 
“In general, there is little difference in glycae
mic control and CVD risk factors between low 
and high GI or other diets. A slight improvement 
in glycaemia may result from a lower GI diet, 
however, confounding by higher fiber must be 
accounted for in some of these studies” [22]. 
Although it appears that most individuals con
sume a moderate GI diet, individuals most likely 
to benefit from a low GI diet are those who 
 consume a high GI diet [6].

Fibre and whole grains

In general, recommendations for fibre for people 
with diabetes are similar to the recommendations 
for the general public (UK Reference Intake:  
18 g/day nonstarch polysaccharide; United 
States Dietary Reference Intake: 14 g/1000 kcal). 
Although eating patterns containing 44–50 g 
fibre daily have been shown to improve glycae
mic control in persons with diabetes, more usual 
fibre intakes (up to 24 g/day) have not shown 
beneficial effects on glycaemia [3,4,6]. It should 
be noted that the usual fibre intake is 12–17 g/day. 
Studies report that eating patterns high in total 
and soluble fibre, as part of a cardioprotective 
nutrition therapy, can reduce TC by 2% to 3% 
and LDL‐C up to 7%, although the majority 
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of the studies were not conducted specifically in 
persons with diabetes [20]. The ADA systematic 
review of fibre supplements concluded that the 
majority of the evidence supports that adding 
fibre supplements in moderate amounts (4–19 g) 
to a daily eating pattern leads to little improve
ment in glycaemia and CVD risk markers [22].

Consumption of whole grain foods may be of 
equal importance to fibre in reducing CVD risk. 
Whole grains contain fibre, vitamins, minerals, 
phenolic compounds, phytoestrogens and other 
unmeasured constituents, which have been 
shown to lower serum lipids and BP, improve 
glucose and insulin metabolism and endothelial 
function, and alleviate oxidative stress in the 
general population and in people with type 2 
diabetes [27].

Protein

In persons with diabetes with normal renal func
tion, there is not adequate evidence to support 
recommending a change in the usual protein 
intake of 15–20% of total energy intake [3,5,6,8]. 
In persons with type 2 diabetes, ingestion of pro
tein results in acute insulin and glucagon 
responses with minimal, if any, postprandial glu
cose or lipid responses [3]. Studies lasting 5–12 
weeks comparing high‐protein diets to lower‐
protein diets showed no differences in long‐term 
insulin response despite the acute insulin 
response. Studies done on protein intake and 
insulin needs are limited in persons with type 1 
diabetes. Consuming large amounts of food pro
tein appears to have the potential to modestly 
increase postprandial glucose concentrations 
and may require additional small amounts of 
bolus insulin [28]. It is clear that the usual bolus 
insulin doses cover the meal carbohydrate insu
lin needs and, therefore, it must be assumed that 
the protein (and fat) needs for insulin are cov
ered by basal insulin doses. Generally an indi
vidual’s protein intake is fairly consistent and 
extra insulin is only needed when excessive pro
tein is consumed (or less insulin may be needed 
when protein consumed is less than usual). 
Because protein does not increase circulating 
blood glucose concentrations (and in persons 
with type 2 diabetes increases insulin levels), it 

should not be used to treat acute hypoglycaemia 
or to prevent overnight hypoglycaemia (i.e. add
ing protein to bedtime snacks) [6].

Food fats

It is recommended that saturated fatty acid 
(SFA) intake should be less than 7% of total 
energy intake, intake of trans fats minimised, 
and dietary cholesterol intake be less than 200 
mg/day [5,6,8]. Although reducing SFA may 
also reduce high density lipoprotein cholesterol 
(HDL‐C), more importantly, the ratio of LDL‐C 
to HDL‐C does not change. SFA can be replaced 
with foods containing unsaturated fatty acids 
[2,5,6,8]. Saturated fats should be replaced by 
unsaturated fats [2,5,6,8].

A review by the Dietary Guidelines Advisory 
Committee 2010 of the evidence for the effect of 
SFA on type 2 diabetes and/or increased risk of 
CVD concluded that intake of SFA increases TC 
and LDL‐C and the risk of CVD and increases 
markers of insulin resistance and type 2 diabetes 
risk [29]. A review of 12 studies published since 
2000, and reviewed in the nutrition evidence 
library, provided evidence that a 5% energy 
decrease in SFA replaced by monounsaturated 
or polyunsaturated fatty acids decreases the risk 
of CVD and type 2 diabetes in healthy adults and 
improves insulin responsiveness in insulin 
resistant individuals and individuals with type 2 
diabetes [30].

Summary

As no clear ideal percentages of carbohydrate, 
protein, and fat exist, the nutrition prescription 
for individuals with diabetes is best based on an 
appropriate energy intake and a healthy eating 
pattern. Individuals with both type 1 and type 2 
diabetes report a moderate carbohydrate eating 
pattern (~45% of total energy intake) which 
appears to be of less importance than total 
energy intake. Therefore, for achieving glycae
mic control, the focus is on total energy intake 
rather than the source of the energy in the eating 
pattern (macronutrient composition) [2]. However, 
the balance between carbohydrate consumed and 
available insulin does predict glycaemic response, 
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so monitoring total carbohydrate intake, whether 
by use of exchanges, portions, carbohydrate 
counting or experience‐based estimation, is 
also a key strategy in achieving glycaemic 
 control [2,6].

2.2.3 Conclusion

Randomised controlled trials and outcome stud
ies have demonstrated that nutrition therapy 
provided to people with diabetes by RDs 
improves glycaemic control as well as lipids, 
BP and quality of life, thus reducing the risk of 
potential diabetes related complications. A vari
ety of nutrition therapy interventions have been 
shown to be effective. However, no ideal per
centage of macronutrients exists for planning/
implementing diabetes eating patterns. Evidence 
also demonstrates that the outcomes of nutrition 
therapy are evident by six weeks to three 
months, and at this time monitoring and evalua
tion of outcomes should be done. If goals for 
desired metabolic outcomes have not been met 
and individuals have made all the lifestyle 
changes they are willing or able to make, rec
ommendations for the addition or changes in 
medication should be made, and these changes 
in medications should be combined with nutri
tion therapy.

Key points

 • Nutrition therapy is effective for improving 
glycaemic control, promoting weight loss and 
reducing cardiovascular risk.

 • There is no evidence for an ideal combination 
of macronutrients, and individualisation is 
recommended.

 • Carbohydrate monitoring improves glycaemic 
control.
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2.3.1 Introduction

Types of dietary carbohydrates

Dietary carbohydrate is a broad category that 
includes ‘simple’ carbohydrates, ‘complex’ car
bohydrates and dietary fibre. The simple 
 carbohydrates, which are also called sugars, 
include the monosaccharides glucose, fructose 
and galactose, and the disaccharides maltose 
(glucose– glucose), sucrose (glucose–fructose), 
and lactose (glucose–galactose). The complex 
carbohydrates include the oligosaccharides, that 
consist of three to ten attached monosaccharide 
units, and polysaccharides that contain more than 
ten monosaccharide units. Starch, the predomi
nant dietary polysaccharide, consists only of glu
cose units as opposed to inulin, a polysaccharide 
that consists of fructose units. Dietary fibre is 
commonly defined as “all plant polysaccharides 
and lignins which are resistant to hydrolysis by 
the digestive enzymes of man” [1]. Humans in 
the Western countries typically obtain approxi
mately half their daily energy requirements from 
dietary carbohydrate.

Naturally‐occurring sources 
of simple carbohydrate

Honey is nature’s most concentrated source 
of  simple carbohydrate (or sugar), containing 
about 40% fructose, 30% glucose, 7% maltose 
and 1% sucrose (by weight). Sugar beets and 
sugar cane contain about 20% and 10% sucrose, 
respectively. The sugar content in fruit ranges 

from 4 to 12%, consisting of mainly fructose, 
glucose and sucrose, with only trace amounts of 
galactose and maltose. Milk, the only significant 
dietary source of naturally‐occurring lactose, 
contains about 5% lactose by weight.

Consumption of naturally‐occurring 
sources of simple carbohydrate

Typically, Americans consume about 45 kcal/
day as naturally‐occurring sugar from fruit [2]. 
While this results from a level of fruit consump
tion that is only 38% of the recommended 
amount (2 cups/day, USDA MyPlate) [2], the 
global per capita fruit consumption is even lower 
by approximately 35% [3]. However, there are 
several countries, including Canada, Italy, 
Greece, Norway, Ghana and Iran, in which fruit 
consumption exceeds the global average by 
more than 100%. Fruit consumption in South 
Africa, Ukraine and India is approximately half 
the global average [3].

Americans consume 63% of the recom
mended amount of vegetables (2.5 cups/day, 
USDA MyPlate includes potato and corn) 
[2],  thus only about 30 kcal/day as naturally‐
occurring sugar from vegetables. This level of 
vegetable consumption is very similar to the 
global average [3]. Countries that consume at 
least 80% more vegetables than the global aver
age include China, Greece, Iran and Turkey. 
Countries in which vegetable consumption is 
less than half the global average include 
Colombia, Brazil, South Africa, Indonesia and 
Pakistan [3].

Carbohydrates
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The main source of dietary lactose is milk, the 
majority or all of the lactose is removed when 
milk is processed into cheese, butter and yogurt. 
Milk consumption varies greatly by country, 
with some of the variability being accounted for 
by lactose non‐persistence [4]. Intestinal absorp
tion of lactose requires that the disaccharide be 
hydrolysed by the enzyme lactase to its compo
nent monosaccharides. Infants have high concen
trations of lactase, however, after weaning lactase 
synthesis decreases in about 30% of the white 
population and up to 70% of the nonwhite and 
Hispanic white populations. This lactase non‐ 
persistence causes incomplete digestion of lac
tose within the intestine, resulting in lactose 
intolerance. Lactose intolerance is characterised 
by abdominal pain, bloating, excess flatulence, 
and diarrhoea [4]. Americans consume about 75 
litres of milk/year (5), which provides 40 kcal/
day of lactose. China, Japan, Mexico and India, 
which have greater prevalence of lactase non‐
persistence, consume less than or about half this 
amount. Ireland, Finland, United Kingdom and 
Australia consume approximately 50% more [5].

The total amount of energy consumed from 
the naturally‐occurring sugars in fruit, vegetable 
and milk in the American diet is 115 kcal, which 
is less than 5% of total daily energy. Generally, 
unless one eats a great deal of honey, it is diffi
cult to consume excessive amount of simple car
bohydrate from unprocessed foods. An average 
size man would have to eat an apple, peach, 
orange, 2 plums, 3 apricots, 16 strawberries, 
½ cantaloupe, 1/8 watermelon and 4 slices of 
pineapple to consume 25% of his energy as 
 naturally‐occurring sugar.

Sources of processed simple 
carbohydrate

The predominant source of added sugar through
out the world is sucrose, which is extracted and 
purified from sugar cane and sugar beets. 
However, in the United States (US), an equal 
amount of the added sugar energy is provided by 
high fructose corn syrup (HFCS). HFCS is 
derived from the hydrolysis of cornstarch that 
produces glucose syrup, and then isomerisation 
of glucose syrup to produce syrup containing 

42% fructose. The fructose in this syrup can be 
extracted to produce syrup that is 90% fructose. 
Analyses of popular sugar‐sweetened beverages 
have shown the mean fructose content of HFCS 
used in production was 59% (range 47–65%) 
and several major brands appear to be produced 
with HFCS that is 65% fructose [6].

Consumption of processed sugar

Americans consume more than three times more 
energy as processed sugar, 368 kcal/day, than 
naturally‐occurring sugar [2]. Sugar‐sweetened 
beverages contribute 33% of this energy, sugar 
and candy contribute 16%, cakes and other 
baked goods contribute 13% and ice cream and 
dairy desserts contribute 9% [7]. Self‐reported 
food intake data suggest that 13% of the US 
population consume 25% or more of their daily 
energy as added, processed sugar [8]. This may 
be an underestimate, as self‐reported food intake 
is often under‐reported [9], and sugar is one of 
the foods most likely to be under‐reported [10]. 
The US leads the world in sugar consumption 
with levels more than double the world aver
age.  Sugar consumption in Brazil, Australia, 
Argentina and Mexico is close to the US level, 
while it is 75% lower in China and Africa [11].

Whole‐grain and refined starch

More than half of the total carbohydrate consumed 
is in the form of starch. The most concentrated 
sources of starch are grains, such as wheat, oats, 
barley, rye and rice. Whole‐grain wheat, 
oats, barley and rye are 69–73% starch, 12–16% 
protein and 10–16% dietary fibre by weight. 
Refined starch is made from grains that have 
been significantly altered from their natural 
composition, generally by removal of the bran 
and germ. In the case of wheat, refining 
increases the proportion of starch to 76% and 
decreases the proportions of protein from 14 to 
10% and fibre from 12 to 2%. The loss of fibre 
is especially important because only 12% of 
the total grain consumed in the US is from whole 
grain and 88% is consumed as refined grain. 
Americans consume approximately 140 g/day 
as wheat flour [2]. If 100% of that wheat flour 
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were consumed as a whole grain, the daily fibre 
intake from the flour would be 17 g. Instead, 
due to the substitution of refined for whole 
wheat flour, the daily fibre intake from wheat 
flour is 5 g. The average American adult con
sumes only 15 g of dietary fibre per day, well 
short of the Institute of Medicine recommenda
tion that they consume 14 g of fibre for every 
1000 kcal [12].

Potatoes, corn and legumes, such as pinto 
bean, black bean, navy bean, peas and chick
peas, are concentrated sources of starch that are 
often grouped as vegetables. Whole grain corn 
flour and potato flour contain 7% protein and 
7% fibre. The legumes (mature, dry) are espe
cially significant sources of protein (19–24%), 
fibre (15–25%) and micronutrients.

Carbohydrates and health

Adherence to diets that include high amounts of 
vegetables, fruit, legumes and whole grains, as 
well as fish and poultry, is associated with 
decreased mortality compared with diets that 
include high amounts of refined grains, french 
fries, sweets/desserts, red meat and processed 
meat in non‐diabetic subjects [13,14]. There is 
much evidence that consumption of unrefined 
carbohydrates, such as whole grains, legumes, 
vegetables and fruit, and dietary fibre; promotes 
more healthful outcomes in diabetic patients 
than consumption of refined starches and sugar 
[15,16]. It was recently reported that the inverse 
association between dietary intake of fruit, leg
umes, nuts, seeds and pasta and mortality risk 
tended to be even stronger in people with diabe
tes than in those without [17]. It was also 
reported that the positive association between 
intake of butter and margarine and mortality 
risk tended to be stronger in people with diabe
tes than in those without. The authors conclude 
that people with diabetes may benefit more 
from a healthy diet than people without, and 
that dietary advice with respect to mortality for 
patients with diabetes should not differ from 
recommendations for the general population 
[17]. There is evidence to suggest that con
sumption of dietary fibre [18], whole grains 
[19], and vegetables and fruit [20] is associated 

with preventing diabetes onset, while consump
tion of refined starch [21] and sugar [22,23] is 
associated with increased incidence of diabetes. 
Furthermore, many of the adverse metabolic 
outcomes that are associated with the diabetic 
state have also been shown to be related to 
excessive sugar consumption, including dys
lipidemia [24], fatty liver [25], cardiovascular 
disease (CVD) [26], hyperuricemia [27] and 
chronic kidney disease [28].

Fructose – potential mediator

It has been suggested that the adverse metabolic 
outcomes associated with consumption of 
refined starch and sugar are mediated by their 
effects to increase glucose responses [29]. 
However, our group has reported that over
weight to obese adult men and women (40–72 
years of age) consuming fructose‐sweetened 
beverages at 25% of energy requirements for 10 
weeks exhibited increased visceral adipose depo
sition and de novo lipogenesis (DNL), decreased 
fatty acid oxidation, dyslipidemia and decreased 
glucose tolerance/insulin sensitivity; whereas 
subjects consuming glucose‐sweetened bever
ages did not, even though both groups of 
 subjects gained comparable amounts of body 
weight (~1.4 kg) [30,31]. These adverse effects 
of fructose consumption were not mediated by 
glycaemic response. Consumption of the fruc
tose‐sweetened beverages lowered postprandial 
glucose exposure (24‐h area under the curve) 
and post‐meal glucose peaks compared to con
sumption of the baseline diet, which contained 
refined starch in place of fructose [32]. In con
trast, consumption of the glucose‐sweetened 
beverages increased postprandial glucose expo
sure and post‐meal glucose peaks compared to 
the baseline diet [32]. This suggests that fruc
tose may be an important mediator and/or con
tributor to the association between the 
consumption of the rapidly absorbed carbohy
drates, specifically sugar, and adverse metabolic 
outcomes. In support of this, we have shown in 
the University of California that for Davis‐type 
2 diabetes rats, a model of polygenic obese 
type 2 diabetes, sustained fructose consumption 
at 20% of energy sped the onset of diabetes 
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by 2.6 months and markedly increased fasting 
and postprandial triglyceride levels compared 
with control diet [33]. In this chapter we will 
review the potential metabolic pathways by 
which fructose may  specifically promote meta
bolic disease (Figure 2.3.1), and the direct 
experimental evidence that suggests these path
ways are relevant to the  fructose‐containing 
sugars, sucrose and HFCS.

2.3.2 Adverse effects of 
fructose: potential metabolic 
pathways

Regulation by hepatic energy status

Hepatic glucose metabolism is regulated by 
phosphofructokinase, which is inhibited by 
adenosine triphosphate (ATP) and citrate when 
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Figure  2.3.1 Potential mechanism by which consumption of fructose affects lipid metabolism and insulin 
sensitivity: Unregulated fructose uptake by the liver, mediated primarily by phosphorylation via fructokinase (a), 
leads to increased DNL (b). DNL increases the intra‐hepatic lipid supply directly, via synthesis of fatty acids (d), 
and indirectly, by inhibiting fatty acid oxidation (c)(e). Increased levels of intra‐hepatic lipid content promote 
VLDL production and secretion (f), which leads to dyslipidemia (g) and increased CVD risk (h). Increased levels 
of hepatic lipids may also promote hepatic insulin resistance by increasing levels of DAG, which activates nPKC 
and leads to serine phosphorylation of the insulin receptor and IRS‐1 and impaired insulin action (i). Increased 
exposure to circulating triglyceride may lead to the accumulation of intramyocellular lipid in skeletal muscle (j), 
impaired DAG‐mediated insulin signalling, and whole body insulin resistance (k). This sequence of events is 
likely to be exacerbated by hepatic insulin resistance, uric acid production, and inflammatory factors. Due to 
selective insulin resistance, DNL is even more strongly activated in the insulin resistant liver DNL (l.), which has 
the potential to generate a vicious cycle (black arrows). This cycle would be expected to further exacerbate VLDL 
production and secretion by increasing the intra‐hepatic lipid supply. Hepatic insulin resistance also exacerbates 
VLDL production/secretion by increasing apoB availability and MTP expression (m).The unregulated fructose 
uptake by the liver, mediated by fructokinase, also leads to increased production of uric acid via the purine 
degradation pathway (n). This pathway may indirectly contribute to the liver lipid supply by concurrently 
generating mitochondrial oxidants that up‐regulate DNL (o). Uric acid may also promote fructose uptake into the 
liver by up‐regulating expression of fructokinase (p) and may contribute to the accumulation of lipid in the liver 
by inhibiting AMP‐activated kinase, an activator of fatty acid oxidation (q). Inflammatory responses to fructose 
may impair hepatic insulin signalling (r) or increase hepatic lipid levels (s).These may be mediated by fructose‐
induced increases of visceral adipose which increase MCP‐1 and PAI‐1 (t), or fructose exposure to intestine which 
increases translocation of bacterial endotoxin (u), or exposure to hepatocytes which increases JNK activation (v)
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hepatic energy status is elevated, thereby limit
ing hepatic uptake of dietary glucose. This 
allows much of the ingested glucose arriving via 
the portal vein to bypass the liver and reach the 
systemic circulation and raise blood concentra
tions of glucose and insulin.

The initial phosphorylation of dietary fruc
tose is largely catalysed by fructokinase, which 
is not regulated by hepatic energy status. The 
result is unregulated fructose uptake by the 
liver, resulting in most of the ingested fructose 
being metabolised in the liver (see path [a] in 
Figure  2.3.1) and very little reaching the 
 systemic circulation. This is illustrated in the 
24‐h fructose and glucose profiles in subjects 
who consumed fructose‐ or glucose‐sweetened 
 beverages with 3 meals in a 24‐h crossover trial 
[34]. When the subjects consumed the glucose‐
sweetened beverages, post‐meal glucose peaks 
increased over fasting levels by 4 to 5 mmol; 
when they consumed the fructose‐sweetened 
beverages, post‐meal fructose peaks increased 
by less than 0.4 mmol [34]. Accordingly, post
prandial increases of plasma glucose and insulin 
concentrations were substantially lower when 
subjects consumed fructose along with mixed 
meals compared with a baseline diet containing 
refined starch, and compared with the increases 
observed in subjects consuming isocaloric 
amounts of glucose [32,35].

The ability of fructose to lower post‐meal glu
cose responses compared to an isocaloric 
amount of complex carbohydrate would be of 
potential benefit for maintaining glucose control 
in patients with diabetes. Indeed, aggregate 
analyses of short‐term controlled feeding trials 
showed that isocaloric fructose replacement of 
other carbohydrates resulted in clinically sig
nificant improvements in glycaemic control, 
equivalent to a ~0.53% reduction in haemoglo
bin A

1c
, without significantly affecting insulin in 

diabetic individuals. This benefit was seen 
across a full dose range of 20–160 g fructose/
day [36]. However, given one of the goals of 
maintaining tight glycaemic control is to lower 
the risk of cardiovascular disease, the major 
cause of death in patients with type 2 diabetes, it 
is extremely important to investigate the poten
tial effects of the unregulated hepatic uptake of 

high doses of fructose beyond its benefits on 
glycaemic control.

The unregulated hepatic 
metabolism of fructose

The unlimited hepatic uptake of fructose 
results in increased production of lipogenic 
precursors, thereby leading to increased DNL 
(path b in Figure 2.3.1). We have shown that 
the rate of fractional DNL was increased in 
subjects consuming meals containing 25% of 
energy as fructose‐sweetened beverages under 
steady state conditions compared with when 
they consumed meals high in complex carbo
hydrate, and also compared with subjects con
suming 25% of energy as glucose‐sweetened 
beverages [31]. Additionally, as upregulation 
of hepatic DNL limits fatty acid oxidation in 
the liver (path c in Figure 2.3.1), the same sub
jects who exhibited fructose‐induced increases 
of fractional DNL also exhibited markedly 
inhibited post‐meal fatty acid oxidation com
pared with the subjects consuming glucose 
[30]. Thus by two mechanisms, increased pro
duction of fatty acids via DNL [31] (path d in 
Figure  2.3.1) and DNL‐induced inhibition of 
oxidation of endogenous and exogenous fatty 
acids [30] (path e in Figure 2.3.1), consump
tion of fructose may increase levels of liver 
lipid. This is supported by the results from a 
diet intervention study in which overweight 
and obese men and women (age 20–50 years) 
consumed 1 l/d of sucrose‐sweetened soda 
(~20% energy requirements), isocaloric amounts 
of low‐fat milk, 1 l/d aspartame‐sweetened 
beverages or 1 l/d water for 6 months. Liver 
lipid was significantly increased in the group 
consuming sucrose compared with the 3 other 
groups [37]).

Hepatic lipid and vldl production

Liver lipid content is involved in the regulation 
of very low density lipoprotein (VLDL) pro
duction and secretion, which is expected given 
it is the role of VLDL to transport excess 
 triglyceride out of the liver [38] (path f in 
Figure  2.3.1). Increased levels of hepatic 
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 triglyceride provide the lipid substrate that is 
packaged into VLDL, and also lead to increased 
availability of apolipoprotein B100 (apoB) by 
preventing its post‐translational degradation 
[39]. ApoB is essential for the intracellular 
assembly of triglyceride into VLDL. Increased 
availability of hepatic lipid has also been 
described as a driver of the overproduction of 
large VLDL1 particles [40], which contain more 
triglyceride than the smaller VLDL2 particles.

dyslipidaemia

Increased production and secretion of VLDL1 
into the circulation, reduced lipoprotein lipase 
(LPL) activation by insulin, and competition 
for LPL‐mediated triglyceride hydrolysis by 
chylomicrons can all contribute to a longer 
VLDL residence time, resulting in increased 
post prandial triglyceride concentrations fol
lowing consumption of fructose. Dietary inter
ventions studies, ranging from 24 hours to 10 
weeks, demonstrate that postprandial hypertri
glyceridaemia is the earliest lipid perturba
tion  associated with fructose consumption 
[31,34,35,41–43]. Studies have also shown 
that consumption of sucrose [44–46] or HFCS 
[35,41] increase postprandial triglyceride con
centrations compared with consumption of 
starch, glucose or non‐nutritive sweeteners. An 
analysis of trials in which isocaloric fructose 
was exchanged for complex carbohydrate 
showed a triglyceride‐raising effect in patients 
with type 2 diabetes when the daily dose 
exceeded 60 g [47].

While overproduction/secretion of VLDL1 
has been described as the underlying defect that 
leads to the dyslipidemia that is characteristic of 
patients with type 2 diabetes and metabolic syn
drome [48] (path g in Figure 2.3.1), it is contro
versial as to whether high triglyceride levels are 
a mediator or a marker [49]. Nevertheless, a 
number of studies have documented increases of 
established and potential risk factors for CVD in 
subjects consuming fructose or fructose‐contain
ing sugars compared with glucose or complex 
carbohydrate [31,35,50–53], including fasting 
and postprandial levels of apoB, low density 
lipoprotein‐cholesterol (LDL‐C), and small 

dense LDL‐C . Elevated plasma levels of LDL‐
apoB100 are strongly associated with increased 
risk of coronary artery disease [39] (path h in 
Figure 2.3.1). This risk involves the retention of 
LDL within the arterial wall due to an ionic 
interaction between basic amino acids in apoB 
and negatively charged sulfate groups on the 
artery wall proteoglycans [54]. Nevertheless, 
authors of a systematic review and meta‐analysis 
reported that fructose has a cholesterol‐lowering 
effect in diabetic patients compared to starch or 
sucrose [47]. However, only one of the included 
studies investigated the effects of isocaloric 
exchange of 20% of energy fructose for starch 
for a period longer than 8 days. This 4‐week, 
diet‐controlled, crossover study showed that in 
both subjects with type 1 and type 2 diabetes, the 
fructose diet improved glycaemic control, but 
circulating levels of total and LDL‐cholesterol 
were increased [55].

Hepatic lipid and insulin sensitivity

The fructose‐induced increase of hepatic lipid 
may also lead to hepatic insulin resistance [56] 
(path i in Figure 2.3.1). A potential mechanism 
involves increased intra‐hepatic levels of diacyl
glycerol (DAG), which activates novel‐protein 
kinase C (nPKC), a serine phosphorylator of the 
insulin receptor and insulin receptor substrate‐1 
(IRS‐1) [57]. Aeiberli et al. have reported that 
hepatic insulin sensitivity, indexed by endoge
nous glucose production during euglycemic‐
hyperinsulinaemic clamps, was decreased in 
healthy young men who consumed 80 g of fruc
tose/day as sweetened beverages for 3 weeks, 
compared with when they consumed 80 g of glu
cose/day [51]. These young men did not exhibit 
decreases in whole body insulin sensitivity, 
which suggests that the development of hepatic 
insulin resistance on high sugar diets occurs 
prior to the development of whole body insulin 
resistance.

Whole body insulin sensitivity

Our group has reported that older, overweight 
and obese men and women who consumed an 
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average of 167 g of fructose/day for 9 weeks 
exhibited decreased whole body insulin sensi
tivity [31]. This suggests that when the period 
of exposure exceeds 3 weeks and/or the dose 
exceeds 80 g, consumption of fructose can lead 
to whole body insulin resistance downstream of 
hepatic insulin resistance. It may be caused by 
sustained exposure to postprandial triglycer
ides leading to increased intramyocellular lipid 
concentrations (path j in Figure  2.3.1), which 
have been shown to be correlated with reduced 
whole body insulin sensitivity in humans [58]. 
In the study described above, in which subjects 
consumed 1 l/d of sucrose‐sweetened cola, 
low‐fat milk, aspartame‐sweetened cola, or 
water for 6 months, muscle lipid content was 
increased compared with baseline only in sub
jects consuming sucrose [37]. As suggested for 
hepatic insulin resistance, the relationship 
between intramyocellular lipid concentrations 
and whole body insulin sensitivity may be 
mediated by activation of nPKC by DAG, 
resulting in serine phosphorylation of the insu
lin receptor or IRS‐1 [59] (path k in 
Figure 2.3.1). It is also possible that other fac
tors, such as inflammation and oxidative stress 
[60], are involved [61].

2.3.3 Contributors to the 
adverse effects of fructose

It is likely the sequence of events described 
above is an oversimplified explanation of the 
potential mechanisms by which fructose may 
promote the development of metabolic disease. 
It is more likely there are other contributors to 
and/or mediators of this process.

Hepatic insulin resistance and dNl

The factor that has the greatest potential to con
tribute to the adverse effects of fructose is 
hepatic insulin resistance via its effects on 
DNL and VLDL production. DNL is an insulin‐
activated process in the normal liver that is, 
paradoxically, even more strongly activated in 
the insulin‐resistant liver [62] (path l in 

Figure 2.3.1). This has the potential to set up a 
vicious cycle (black arrows in Figure 2.3.1) in 
which the resulting increase of hepatic lipid 
content exacerbates the insulin resistance, 
which further activates DNL and further 
increases hepatic lipid accumulation. This 
vicious cycle may also exacerbate VLDL pro
duction/secretion due to the increasing liver 
lipid accumulation. However, VLDL produc
tion/secretion is also increased in the insulin 
resistant liver because insulin negatively regu
lates VLDL production by targeting apoB for 
post‐translational degradation and inhibiting 
microsomal triglyceride‐transfer protein (MTP) 
expression [62]. Impairment of these actions in 
the insulin‐resistant liver leads to increased 
availability of apoB and chronic up‐regulation 
of MTP expression and protein levels, which 
may further promote increased production of 
VLDL [62] (path m in Figure  2.3.1). Thus, 
there is the potential that the insulin resistance 
that is already present in diabetic patients 
would make them more vulnerable to the 
adverse effects of excessive fructose consump
tion than healthy, insulin‐sensitive subjects. 
This suggestion is supported by a recent study 
in which the 24‐h triglyceride profile was 
measured in children, with or without non
alcoholic fatty liver disease (NAFLD), during 
consumption of fructose and glucose in crossover 
feeding trials [63]. Postprandial TG levels were 
higher during fructose compared with glucose 
consumption in all children, but the fructose‐
induced increases in TG were higher in chil
dren with NAFLD than in those without 
NAFLD. Baseline insulin resistance was a 
highly significant contributor to the increases 
in 24‐h triglyceride [63].

Uric acid

Uric acid is also a potential contributor to the 
adverse effects of fructose. Both published 
[64] and unpublished data from our clinical 
studies show that increases in both fasting uric 
acid and  24‐h uric acid exposure (the mean 
plasma concentration of samples collected 
every 30–60 minutes over a 24‐h period) are 
among the most consistent and significant 
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effects of  fructose, HFCS or sucrose consump
tion. They are consequential to the fructoki
nase‐catalysed phosphorylation of fructose to 
fructose‐1‐phosphate, which results in conver
sion of ATP to adenosine monophosphate 
(AMP) and a depletion of inorganic phos
phate. The degradation of AMP leads to 
increased uric acid production [65] (path n in 
Figure  2.3.1).The research group of Richard 
Johnson has shown that the purine degradation 
pathway that generates uric acid also up‐ 
regulates DNL in hepatocytes, via the genera
tion of mitochondrial oxidants [66] (path o in 
Figure  2.3.1). Furthermore, uric acid may 
amplify the lipogenic effects of fructose by 
activating fructokinase (path p in Figure 2.3.1) 
and inhibiting AMP‐activated kinase (AMPK), 
an activator of fatty acid oxidation [66] (path 
q in Figure 2.3.1). It has also been suggested 
that uric acid is a mediator of diabetic 
nephropathy [67] and that high levels of uric 
acid are an independent risk factor for devel
oping type 2 diabetes [68].

Inflammatory factors

Inflammation may contribute to the processes 
by which fructose may promote the develop
ment of metabolic disease. Data from studies 
in rodents suggest that fructose increases lev
els or expression of inflammatory factors in 
the liver, which may adversely affect hepatic 
insulin signalling (path r in Figure  2.3.1) or 
increase hepatic lipid levels (path s in 
Figure  2.3.1) [69]. In humans, direct experi
mental data that dietary fructose induces 
inflammation and oxidative stress are limited 
due to constraints regarding clinical liver sam
pling and the fact that plasma levels of inflam
matory markers may not adequately reflect 
tissue‐specific inflammation. However, we 
have reported that fasting concentrations of 
markers of inflammation; monocyte chemoat
tractant protein‐1 (MCP‐1), and plasminogen 
activator inhibitor‐1 (PAI‐1), and E‐selectin 
were increased in older, overweight/obese 
 subjects consuming fructose for 10 weeks 
[70]. These increases could be related to the 

fructose‐induced increase in visceral adipose 
deposition observed in these same subjects 
[31], as MCP‐1 and PAI‐1 are both preferen
tially secreted by visceral fat compared with 
subcutaneous fat [70] (path t in Figure 2.3.1).

It is also possible that inflammatory 
responses to fructose are mediated through its 
direct exposure to the intestine or liver. In ani
mals, fructose consumption has been shown to 
increase intestinal translocation of bacterial 
endotoxin, hepatic tumour necrosis factor‐α, 
and liver lipid accumulation [69,71] (path u in 
Figure 2.3.1). In isolated hepatocytes, fructose 
exposure, compared with glucose exposure, 
leads to activation of c‐jun NH

2
‐terminal kinase 

(JNK) (path v in Figure 2.3.1), increased serine 
phosphorylation of IRS‐1 and reduced insulin‐
stimulated tyrosine phosphorylation of IRS‐1 
and IRS‐2 [72].

2.3.4 Conclusion

The direct experimental data and potential 
mechanisms discussed above suggest that the 
relationship between sugar consumption and 
diabetes incidence could be causal. Further
more, they suggest that adding up to 160 g 
fructose/day to the diet of diabetic patients in 
order to achieve a glucose lowering effect [36] 
would not prove beneficial to the health of 
 diabetic patients. Many of the dysregulated 
processes that are potentially induced by 
excess fructose consumption are associated 
with the diabetic state due to the insulin resist
ance that underlies the disease [73]. It is 
 reasonable to assume that excessive fructose 
consumption would exacerbate the dysregu
lation, and/or the already present insulin 
resistance would exacerbate the adverse 
effects of fructose. More long‐term studies are 
needed to determine the level of dietary fruc
tose that lowers glycaemic exposure without 
promoting lipid dysregulation in diabetic 
patients. In the meantime, it would appear pru
dent that both diabetic and nondiabetic patients 
consume diets that are low in fructose, sucrose 
and HFCS.
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Key points

 • Dietary carbohydrates include monosaccharides 
(simple sugars), disaccharides, oligosaccharides 
(starch and complex carbohydrates) and dietary 
fibre.

 • Epidemiological evidence suggests that diets 
high in unrefined carbohydrate are associated 
with better health.

 • There is growing evidence that there is a 
causal relationship between sugar intake and 
metabolic disorders.

 • High intakes of fructose (usually derived from 
sugar‐sweetened beverages) appear to be 
associated with adverse metabolic outcomes.

 • For people with diabetes, recent evidence 
suggests that diets that are low in fructose, 
sucrose and HFCS are of benefit.
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2.4.1 Introduction

Glycaemic index (GI) is the concept developed 
in  the 1980s as a physiological basis for 
 carbohydrate classification, recognising that 
 carbohydrate‐containing foods with the same 
amount of available carbohydrate produce different 
glycaemic responses [1]. The concept of glycae
mic load (GL) was first introduced by researchers 
at Harvard University to quantify the glycaemic 
impact of a portion of food. The GL of a typical 
serving of food is essentially the product of the 
glycaemic index of the food and the quantity of 
available carbohydrate in that serving, and can be 
considered a more practical method of assessing 
the impact of carbohydrate on glycaemia [2].

2.4.2 Measurement of 
glycaemic index and 
glycaemic load

Glycaemic index

The GI of a food is determined by comparing its 
blood glucose response with the blood glucose 
response after a standard amount of a reference 
food (either white bread or glucose) [1]. It is 
expressed as a percentage of the incremental 
area under the glycaemic response curve elicited 
by a portion of food containing 50 g available 
carbohydrate in comparison with the area under 
the curve  elicited by 50 g carbohydrate in the 
reference food in the same subject. The GI of a 
food is calculated as follows:

Glycaemic index
carbohydraIncremental blood glucose area of g

=
50 tte

carbohydrate

test food

Incremental lood glucose area of g refb 50 eerence food
×100

Glycaemic index and glycaemic load 
in diabetes
C. Jeya Henry1 and P. Sangeetha Thondre2

1 National University of Singapore, Singapore
2 Oxford Brookes University, Oxford, UK

Chapter 2.4

A recent review that discusses the GI method
ology recommends that a minimum of 10 healthy 
human volunteers need to be tested after 10–14 
hour overnight fasting to determine the GI of a 
food [3]. Blood sampling (venous or capillary) 
should be done before and at 15, 30, 45, 60, 90 
and 120 min after consuming the test meal. In 
the event of testing multiple foods, the testing 
period should not exceed four months and the 
test foods should be randomised in blocks of six 

with a reference food tested before and after 
each block [3]. Although most of the earlier 
reports on GI were based on testing carried out 
on Europeans, North Americans or Australians, 
more recent studies have been focusing on Asian 
and African populations. Most of the studies 
using subjects of various ethnic origins have 
found no difference in GI values for the same 
foods [4,5], allowing the use of the GI concept 
worldwide.
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International tables of GI and GL values 
published to date list 2487 different items 
across a range of globally produced food 
groups and brands [6]. The vast majority of 
published GI values are Australasian, British 
or Canadian in origin, with some Danish, 
French and Swedish values. There are a few 
published GI values for Chinese foods [7], 
mixed meals and speciality products such 
as  weight management meals added to the 
database [8].

Table 2.4.1 shows the values for categories of 
high, medium and low GI foods.

Glycaemic load

GL is calculated as the quantity of carbohydrate in 
a food (g/serving) multiplied by the quantity of food 
eaten (weight [g] or volume [ml]) and by its GI 
value and is represented by the following equation:

Glycaemic
load

quantity of food
consumed g or mL
carbohydrate

= ∑
×

(
( )

ccontent of
food g serving GI( )/ )×

Table  2.4.1 shows the values for categories of 
high, medium and low GL foods.

The GL of a diet can be lowered by choosing 
foods with low GI or by reducing the quantities 
of carbohydrates consumed or by a combination 
of both. GL is more relevant to clinical practice 
as it provides the glycaemic effect of realistic 
portion sizes of different foods, for example 
water melon has a high GI but a low GL, whereas 
cornflakes have high values for both GI and GL 
(Table 2.4.2).

2.4.3 Factors affecting 
glycaemic index and  
glycaemic load

Many factors influence the GI value of foods, 
including the nature of the starch, the ratio of 
amylose to amylopectin, the degree of retrogra
dation, the degree of hydration (method of 
cooking), particle size, food form, protein–
starch interaction, fibre, antinutrients and acid
ity of foods [9]. In addition, other dietary factors 
that affect nutrient digestibility or insulin secre
tion, such as the fat or protein content, also 
influence the GI of a food [10]. Food processing 
methods at high temperatures and high pressure 
extrusion technology, which are commonly 
used in breakfast cereal and snack production, 
can increase the degree of starch gelatinisation, 
resulting in quick digestion and a high GI [11]. 
High amylose starches tend to have lower GI as 
they are digested more slowly than amylopectin‐ 
rich starches [12]. There are a number of 

Glycaemic index Glycaemic load

High >70 ≥20

Medium 55–70 11–19

Low <55 ≤10

Source: Atkinson et al. 2008 [9] and Henry and 
Thondre 2011 [10]

Table 2.4.1 Glycaemic index and glycaemic 
load classification

Food GI
Serving 
size (g) GL

White baguette
Corn flakes
Baked potato
Water melon
White bread
Crisps, salted
Rice, white, boiled
Porridge made from  
rolled oats
Pizza, cheese
Rice, brown, boiled
Pineapple pieces, canned 
in natural fruit juice
Bran flakes
Ice cream
Spaghetti, white, boiled 
Apple
Lentils
Barley, pearled

57
93
69
72
75
51
69
63

36
66
55

50
32
51
39
29
35

 30
 30
150
120
 30
 50
150
250

100
150
120

 30
 50
180
120
150
150

10
23
19
 4
 9
12
36
19

 9
21
10

10
 1
24
 6
 5
15

Source: Atkinson et al. 2008 [6].

Table 2.4.2 Comparison of the glycaemic index 
and glycaemic load of some common foods
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 ingredients that can lower the GI of foods. 
Some, for example soluble fibre, delay carbohy
drate digestion and absorption from the gut by 
increasing the viscosity of the stomach and 
intestinal contents and forming a protective 
layer incorporating readily digestible carbohy
drates [13]. Other food components, such as 
fats, delay the rate of gastric emptying or result 
in the secretion of gut hormones which result in 
a faster clearance of glucose through an increase 
in insulin response [14]. The addition of protein 
to a carbohydrate food results in the formation 
of a protective network around the carbohydrate 
molecule thereby preventing the action of glyc
olytic enzymes [15].

Compounds such as polyphenols attenuate 
postprandial glycaemic response by inhibiting 
carbohydrate digestion and glucose absorption 
in the intestine, stimulating insulin secretion 
from the pancreatic β‐cells, modulating glucose 
release from the liver, activating insulin recep
tors and glucose uptake in the insulin sensitive 
tissues and modulating intracellular signalling 
pathways and gene expression [10,16].

2.4.4 GI, GL and diabetes

The relevance of GI and GL to both the preven
tion and management of diabetes has received 
much attention; high GI foods may increase the 
risk of type 2 diabetes by over stimulating insu
lin secretion or contributing to pancreatic β‐cell 
dysfunction, which can result in impaired 
 glucose tolerance [17]. Low GI diets have addi
tionally been shown to limit reductions in insu
lin sensitivity [17,18]. GI is not only relevant to 
type 2 diabetes due to its direct effects on blood 
 glucose and insulin sensitivity but also has thera
peutic potential in hyperlipidaemia and weight 
management [18,19].

Epidemiological evidence supports a positive 
relationship between GI and risk of type 2 diabe
tes. In a Dutch population, the risk of developing 
type 2 diabetes was increased by 37% in men 
and women in the highest GI quintile [20]. 
However, in the Iowa Women’s Health Study no 
relationship was found between GI and the risk 
of type 2 diabetes in a 6‐year follow‐up of 35 

988 post‐menopausal women [2]; these incon
sistent results may be explained by methodo
logical differences between the studies.

The EURODIAB study showed that in the 
lowest GI quartile, HbA1c concentrations were 
11% lower in individuals with type 1 diabetes 
from Southern Europe and 6% lower in individ
uals from the rest of Europe [21].

International diabetes organisations including 
the Canadian Diabetes Association [18], Diabetes 
Australia [22], Diabetes UK [23] and the 
European Association for the Study of Diabetes 
[24] currently recommend GI as a strategy for 
diabetes management in type 2 diabetes.

Intervention studies

Type 2 diabetes

The results of two systematic reviews have dem
onstrated the clinical utility of low GI diets in 
the management of type 2 diabetes, with studies 
showing a reduction in HbA1c of 5 mmol/mol 
(0.4%) [25,26]. The American Diabetes Associa
tion (ADA) has recommended that low GI diets 
can produce a modest benefit in controlling 
postprandial hyperglycaemia in individuals who 
normally consume a high GI diet [27].

Randomised controlled trials of very short 
duration of up to four weeks have demonstrated 
the beneficial effects of low GI diets in type 2 
diabetic men [28,29]. The main improvements 
observed were in fasting plasma glucose, HbA1c, 
whole body glucose utilisation (measured by the 
euglycaemic‐hyperinsulinaemic clamp), lipid pro
files and the capacity for fibrinolysis. Consump
tion of a low GI Mexican‐style diet consisting of 
corn tortillas and legumes for six weeks resulted 
in improved metabolic parameters such as fast
ing serum glucose, HbA1c and Body Mass Index 
(BMI) in overweight and obese subjects with 
type 2 diabetes. This study showed the possibil
ity of adapting the concept of low GI into differ
ent cultures [30]. Longer term studies have also 
demonstrated a protective effect of a low GI diet 
in older women followed up for six years [31].

There is still some debate about the relative 
effects of altering the type or the amount of 
 carbohydrate in the diet. In one study comparing 
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a low carbohydrate and a low GI diet, both diets 
improved HbA1c, fasting glucose, fasting insu
lin and body weight in obese type 2 diabetes 
subjects, but diabetes medications were reduced 
or eliminated in 33% more participants in the 
low carbohydrate group compared to the low GI 
group [32].

Gestational diabetes

Low GI diets during pregnancy in normoglycae
mic women have been shown to reduce HbA1c 
and glucose concentrations [33] and increase 
birth weight and ponderal index in their off
spring [34]. There is some evidence for the role 
of low GI diets in preventing gestational diabe
tes (GDM), with an 8‐year follow‐up of subjects 
in the Nurses Health Study showing a 26% 
reduction in the risk of developing GDM with 
each 10 g/day increment in total fibre intake, 
predominantly from dark breads. High GL and 
low fibre intakes were risk factors associated 
with the risk of developing GDM [35].

A further study of women with GDM showed 
that a low GI diet during a 12‐month period did 
not make any significant differences in obstetric 
and foetal outcomes when compared to a high 
GI diet. However, the low GI diet was effective 
in reducing the number of women needing to use 
insulin by 50%, with no compromise of obstetric 
or foetal outcomes [36].

Type 1 diabetes

The majority of studies investigating the effect of 
low GI diets on diabetes outcomes have taken 
place in those with type 2 diabetes, with a Cochrane 
review of 12 studies including only one in adults 
with type 1 diabetes [26]. This study in type 1 dia
betes showed that a fibre‐rich low GI diet improved 
blood glucose concentrations and reduced hypo
glycaemia [37]. In adults treated with continuous 
subcutaneous insulin infusion, low GI meals were 
associated with significantly lower postprandial 
blood glucose concentrations than high GI meals 
[38]. In  addition, knowledge about the GI of foods 
aids determination of pre‐meal bolus type and 
 optimises post‐prandial glycaemia in patients using 
subcutaneous infusion.

In children with type 1 diabetes who were 
given a low GI diet and a standard diet on two 
separate days, the low GI diet improved daytime 
blood glucose control and glucose metabolism, 
reduced fat intake and increased fibre intake 
[39]. Advice on low GI food choices was also 
reported to help children with type 1 diabetes 
with improvements in quality of life and HbA1c 
concentration [40]. The beneficial effects of 
diets with low GI and medium GL were also 
observed in the glycaemic control of children 
and teenagers with type 1 diabetes. Almost 74% 
of subjects in this study who showed good 
 glycaemic control consumed a diet of mean GI 
54.8 [41].

2.4.5 GI, GL and obesity

Epidemiological studies have shown an inverse 
relation between carbohydrate consumption 
and BMI [42,43]. Low GI foods may benefit 
weight regulation by promoting prolonged 
feeling of fullness and satiety and promoting 
fat oxidation at the expense of carbohydrate 
oxidation. Increased food residence time of low 
GI foods in the gut lumen can also trigger the 
stimulation of satiety hormones such as chole
cystokinin [44].

In a systematic review, 12 out of 18 studies 
using subjective methods of appetite assessment 
reported an increase in satiety with low glycae
mic meals. In addition, 4 out of 7 studies using 
objective methods of appetite assessment also 
showed that low GI meals delayed the first food 
request and decreased the subsequent and 
cumulative energy intake [45]. Many low‐GI 
foods are high in fibre, which prolongs dis
tension of the gastrointestinal tract, causing 
increased and prolonged secretion of the gut 
peptides cholecystokinin, ghrelin, glucagon, 
glucagon‐like‐peptide‐1 and glucose‐dependent 
insulinotropic polypeptide, all of which have 
been suggested as satiety factors [46].

In children, the ARCA project reported that 
the risk of overweight/obesity or of central fat 
distribution was almost two‐fold higher in the 
upper quartile in comparison to the lowest quar
tile of dietary GI. In children, the prevalence of 
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obesity showed an increasing trend in German 
children associated with an increase in dietary 
GI from 1990 to 2002 [47]. An increase of six 
units in dietary GI was associated with a two‐
fold increased risk of the occurrence of over
weight/obesity and of abdominal adiposity. 
Intervention studies in obese children have 
reported that low GI diets are associated with 
lower energy intake, and low GI foods eaten at 
breakfast were found to have a significant impact 
on reducing food intake at lunch in preadoles
cent children [48].

Although short‐term studies have shown that 
low GI foods have greater satiogenic effect than 
high GI foods, there is no evidence showing an 
effect of low GI foods on long‐term energy 
intake and body weight regulation [45,46], and 
no evidence that low GI diets have any effect on 
body weight in people with type 2 diabetes [49].

2.4.6 Metabolic effects of low 
glycaemic index and 
glycaemic load diets

Low GI diets improve insulin sensitivity in 
patients with advanced coronary heart disease 
(CHD) and those at increased risk of CHD, sug
gesting that those subjects who already have 
some extent of insulin resistance might get the 
most benefit from a low GI diet [50]. In some 
studies, a low GI diet, in subjects with impaired 
glucose tolerance, improved insulin secretion 
from pancreatic β‐cells [42]. An attenuated glu
cose response regulates the responses of other 
hormones, such as insulin and glucagon, whereas 
high GI foods that result in large insulin 
responses increase the glucose uptake and gly
cogen synthesis in skeletal muscle and liver, and 
lipogenesis in adipose tissue but suppress gluco
neogenesis, glucose output by liver and lipoly
sis. The rapid absorption of nutrients following a 
high GI meal slows down the rate of entry of 
exogenous glucose into the circulation. Glucose 
mobilisation from tissues remains suppressed 
due to the effects of high insulin and glucagon 
concentrations, resulting in rapid decline in 
blood glucose below fasting concentration. This 
triggers release of counter‐regulatory hormones, 

including glucagon, adrenaline and growth hor
mone, that act to restore circulating glucose con
centration by increasing hepatic glucose output 
and decreasing glucose uptake by skeletal mus
cle. They also trigger lipolysis and fatty acids 
release by adipose tissue, causing a rebound in 
circulating fatty acid concentration. Following a 
low GI meal, the prolonged and continued 
absorption of nutrients from the gastrointestinal 
tract does not result in hypoglycaemia. This 
allows adjustment of hepatic glucose output to 
maintain circulating glucose concentration with
out dramatic rises and falls, or a large rebound in 
fatty acid concentrations. Thus a more stable 
diurnal profile is maintained following low GI 
diets [42].

2.4.7 GI and GL in real life 
situations

Controversy in nutrition research surrounds the 
use of GI due to the variability and inconsistency 
of results from studies and the perceived diffi
culty of application to real life situations. A 
recent report argued that GI is more of a per
sonal attribute rather than a universal measure
ment, with the authors finding up to five‐fold 
differences in area under the curve between indi
viduals testing the same food [51]. The shape of 
the postprandial glycaemic curve has been 
reported as similar for foods categorised as hav
ing low, medium or high GI, contradicting the 
general belief that low GI foods produce sus
tained rise in blood glucose [52]. The validity of 
the GI concept is often challenged on the 
grounds of individual variability, changes due to 
cooking, processing or ripeness of food and 
other factors such as the rate of gastrointestinal 
motility, digestion and absorption. The applica
tion of GI to people with diabetes has been ques
tioned due to the effect of the fat, protein and 
total energy content of a meal [53], although 
there is evidence that the carbohydrate content 
and GI were the only determinants of glycaemic 
response of mixed meals [54]. The practical 
application of GI has also been questioned, 
although advice for using GI in practice is 
widely available [55], and an example of low, 
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medium and high GI foods is shown in Table 
2.4.3. There may be errors in calculating the GI 
of composite meals, with one study showing that 
the method of calculating the GI of meals using 
published individual GI values of foods will 
overestimate the GI of the meal by 22–50% [56]. 
Nevertheless, there are arguments in favour of 
GI in terms of its robustness in predicting 
response to mixed meals, ease of implementa
tion and benefits to type 2 diabetes management, 
as evidenced from epidemiological studies, clin
ical trials and basic research.

2.4.8 Conclusion

In conclusion, GI and GL play a role in deter
mining food choices to manage the postprandial 
hyperglycaemia which is a characteristic fea
ture of diabetes, and GI and GL are important 

concepts to guide consumers towards choosing 
the right type of carbohydrates. Many low GI 
foods are high in fibre, antioxidants and phyto
chemicals that are beneficial to health. In general, 
most of the foods already labelled as healthy 
(whole grains, milk, fruits, vegetables, legumes) 
are low GI foods. Although there are some excep
tions to this general consensus, for example food 
formulated with added fat to develop energy 
dense foods with low GI and GL, adverse health 
effects could be alleviated by using healthier 
monounsaturated and polyunsaturated fats instead 
of undesirable saturated fats. No negative effects 
have been demonstrated so far by following a low 
GI or low GL diet with healthy ingredients. 
Consumption of low GI foods may be effective in 
the prevention and management of type 2 diabe
tes, and may have a role in reducing the co‐
morbidities  associated with diabetes, such as 
cardiovascular diseases and obesity.

Food Low glycaemic index (<55)

Medium 
glycaemic index
(56–69) High glycaemic index (>70)

Bread Multigrain, seeded, granary 
and rye

All wholemeal, brown and white 
bread including French bread and 
naan bread

Breakfast 
cereals

All‐Bran, Special K, muesli 
and porridge

Other bran cereals All other cereals including 
cornflakes, puffed rice, Shredded 
Wheat, Weetabix and sugared cereals

Potatoes Sweet potato, yams New potatoes, 
crisps

Old potatoes including baked, 
boiled, mashed, roast and chips

Pasta and 
rice

All types of pasta and egg 
noodles

Basmati rice, egg 
noodles

Brown and white rice, rice pasta

Vegetables Pulses including lentils, 
beans, peas and sweetcorn

Fruit Apples, pears, citrus fruit, 
berries and stone fruit 
including peaches, cherries, 
apricots

Tropical fruit 
including melon, 
pineapple, mango, 
banana and grapes

Dairy 
products

All milk and yogurt, whether 
full fat, semi‐skimmed or 
skimmed

Ice cream

Cakes and 
biscuits

Plain sponge cake, fruit and 
malt bread

Plain, semi‐sweet 
biscuits, crackers

Doughnuts, scones

Savoury 
snacks

Maize or corn chips, 
cashews, peanuts

Potato crisps Extruded potato snacks including 
hoops and puffs and pretzels

Table 2.4.3 Practical application of the glycaemic index – low, medium and high GI foods
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Key points

 • GI of carbohydrate foods can only be 
measured practically in the laboratory.

 • GL of foods can be calculated from the GI.
 • Randomised, controlled trials and 
intervention studies in children and adults 
with diabetes have reported benefits in terms 
of glycaemic control and cardiovascular risk.

 • There is little evidence of the effect of low GI 
diets on body weight in people with diabetes.

 • Controversy still remains, with some 
authorities recommending low GI diets as a 
primary strategy and others suggesting that 
the amount rather than the type of 
carbohydrate is of most importance.
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3.1.1 Epidemiology

Type 1 diabetes is caused by autoimmune 
destruction of islet β‐cells leading to a complete 
deficiency of insulin. This affects about 0.3% of 
the worldwide population, making up about 
10% of those with diabetes [1].

Incidence of type 1 diabetes

Approximately 479 600 children aged 0–14 
years have type 1 diabetes amongst 1.7 billion 
children worldwide with annual incidence of 3% 
[2]. The incidence of type 1 diabetes increases 
with age, the highest incidence being observed 
in 10–14 year olds (Figure 3.1.1). Indeed, diag-
nosis is made in 50–60% of cases before the age 
of 15 years [2]. Type 1 diabetes affects male and 
females roughly equally [2].

Geographical variation in incidence

There is marked geographical variation in the 
incidence of type 1 diabetes (Figure 3.1.2). 
China and South America have a low inci-
dence (<1/100 000) with the highest incidence 
(>20/100 000) in Western European nations, 
such as Finland, Sweden, Norway, Portugal, 
United Kingdom (UK) and Canada and New 
Zealand [3]. The sentinel data comes from a 
World Health Organisation (WHO) project, 
DiaMond, which evaluated the worldwide 

 patterns of incidence of type 1 diabetes in chil-
dren (aged <15 years) from 1990 for a period 
of 5 years with a sample population of 75.1 
million. The incidence varies from <1/100 000 
(China, Venezuela) to 36/100 000 (Sardinia, 
Finland) with European countries having 
higher incidence in general [3] (Figure 3.1.3). 
Although essential, neither the presence of an 
insulin autoantibody nor the presentation and 
phenotype alone confers the diagnosis of type 1 
diabetes in an adult population, given the pres-
ence of other forms of diabetes such as latent 
autoimmune diabetes of adults (LADA) [4], 
ketosis prone diabetes [5] and monogenic dia-
betes [6], respectively, making true incidence 
difficult to predict.

The incidence of type 1 diabetes in the adult 
population aged between 20 and 100 is noted to 
be around 25.1/100 000 with 83% of cases diag-
nosed above the age of 40 years [7].

Incidence rates in South Asia and Africa are 
much lower, with estimates of just 18 000 new 
cases/year in South East Asia, and incidence 
rates of 3.5–12/100–000 population in sub‐
Saharan Africa. This may reflect true differences 
in incidence in different populations, but may 
also be due to high mortality of young children 
with type 1 diabetes in countries with poor 
health facilities as well as diagnostic discrepan-
cies, as there is a higher proportion of patients 
with ketosis prone type 2 diabetes and young 
onset type 2 diabetes in these regions [5].
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The rising tide of type 1 diabetes

Just as there has been an exponential increase in the 
incidence of type 2 diabetes, there has been a 
marked increase in the incidence of type 1 diabetes 
across the world. In most populations the incidence 
increases with age and is highest in the 10–14 years 
age group [3]. However, given the magnitude of 
increase in type 2 diabetes, the overall proportion 
of those with type 1 is likely to fall.

Between 1991 and 2008, data collected from a 
UK primary care database suggested that inci-
dence of type 1 diabetes in the UK increased from 
11 to 24/100 000 person years in boys and from 
15 to 20/100 000 person years in girls. In adults 
aged 15–34, the incidence increased from 13 to 
20/100 000 person years in men and from 7 to 
10/100 000 person years in women. The preva-
lence of type 1 diabetes in the UK is estimated at 
1 per 700–1000 with 25 000 people under the age 
of 25 years living with the disease [8].

The rise in rate was greatest in those with the 
lowest incidence and also in younger patients. 
Trends for increased incidence of type 1 diabetes 
have been seen across the world in the populations 
studied (4.0% in Asia, 3.2% in Europe and 5.3% 
in North America) with the exception of Central 
America and the West Indies, where type 1 is less 
prevalent, and where the trend was a decrease of 
3.6% [9]. Projections from these data suggest an 
increase in new cases across Europe from 15 000 
in 2005 to 24 000 in 2020. The prevalence of type 
1 diabetes in those <15 years is predicted to rise 
from 94 000 in 2005 to 160 000 in 2020. Based on 
the SEARCH study from North America, a 23% 
rise in incidence over the next 40 years is pro-
jected, mainly related to an increase in incidence 
in Hispanic people that will grow to make up 50% 
of those with type 1 diabetes by 2050 [10].

Reports from China project a potential dou-
bling in incidence over the next 10 years [11]. 
The exact projections of incidence of type 1 dia-
betes in adults are not clear but a peak has been 
demonstrated at ages between 50 and 80 years 
with no difference between the three decades in 
the Swedish population [7].

Although some studies have identified a slight 
male preponderance, which is more marked after 
puberty, the reasons for this are unclear [12], other 
studies have found an equal male: female split [13].

3.1.2 Pathogenesis of type 1 
diabetes

Type 1 diabetes is an autoimmune condition, 
characterised by immune‐mediated destruction 
of β‐cells in pancreatic islets (Figure 3.1.4). 
Most of the pancreas is made of exocrine tissue, 
which secretes various digestive enzymes, but 
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2% of the cells are arranged in small islands 
called Islets of Langerhans. Each islet has a com-
bination of insulin‐producing β‐cells,  glucagon‐
producing alpha cells and somatostatin‐producing 
delta cells [14]. The islets are richly vascularised 
and innervated with sympathetic and parasym-
pathetic neurons [15]. Pathological evaluation of 
specimens from patients who died soon after 
developing type 1 diabetes reveal a characteris-
tic picture of infiltration of the islets with mac-
rophages and CD4 and CD8+ve T cells [16], that 
show auto‐reactivity against islet antigens such 
as glutamic acid decarboxylase (GAD), islet 
antigen‐2, insulin and Zn Transporter 8 [17].

Immunological basis for type 1 
diabetes

The trigger for the inflammatory reaction 
against the β‐cells, leading to their destruction, 
is unknown. One hypothesis is that antigen 
 presenting cells such as macrophages present 

 specific islet autoantigens to T cells in the 
 pancreatic lymph nodes and activate them. These 
activated T cells then invade the islets and 
secrete cytokines that may play a role in destroy-
ing the β‐cells directly, but also serve to attract 
cytotoxic T cells that can destroy β‐cells as well. 
Interestingly, other cells within the islets are not 
affected [18].

The four main auto‐antibodies namely insulin 
antibody (IAA), glutamic acid decarboxylase 65 
(GAD), a tyrosine phosphatase‐like molecule 
called IA‐2 (IA‐2A) and Zn transporter 8 are not 
pathogenic, and indeed are not all present in 
every patient. Most patients (>70%) are GAD 
+ve, but there are subgroups of patients who only 
have antibodies against one of the other antigens. 
Greater titres and number of antibodies are asso-
ciated with earlier onset of disease. The insidious 
type 1 diabetes process usually starts a number of 
years before clinical presentation, with studies 
showing most patients have evidence of abnor-
mal glucose tolerance a few years before [19].
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Figure 3.1.4 Immunological basis for type 1 diabetes. Source: Ref. [18].
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This autoimmune process usually happens in 
the setting of a predisposing HLA (human leu-
cocyte antigen) type, and more than 60 genes 
have been identified that affect the risk of 
developing type 1 diabetes, with HLA DR3 
and DR4 having the greatest impact on suscep-
tibility [20]. Twin studies suggest that about 
80% of the susceptibility can be explained by 
these susceptibility genes [21]. However, fewer 
than 5% of those with HLA conferred genetic 
susceptibility actually develop clinical disease 
and the vast majority of patients with type 1 
diabetes do not have a family history.

Individuals with a first degree relative with 
type 1 diabetes have a 1 in 20 lifetime risk com-
pared to a 1 in 300 risk for the general popula-
tion. Concordance between monozygotic twins 
is > 60% if followed long enough, but < 10% 
with dizygotic twins. Siblings of children with 
onset of type 1 diabetes before the age of 5 years 
have a three‐ to five‐fold greater cumulative risk 
by age 20 compared to siblings of children diag-
nosed between 5 and 15 years of age. Diabetes 
with onset before age 5 years is a marker of high 
familial risk and suggests a major role for 
genetic factors. The offspring of affected moth-
ers have a 2 to 3% risk, whereas offspring of 
affected fathers have a 7% risk [22].

An association between type 1 diabetes and 
other autoimmune diseases, such as autoimmune 
thyroid disease, Addison’s disease, coeliac dis-
ease and autoimmune gastritis, is well estab-
lished, as they share the same susceptibility 
genes within the HLA complex [23].

Antibodies against specific antigens are seen 
in over 95% of those with type 1 diabetes, with a 
greater number of antibodies generally confer-
ring an earlier age of onset [24].

3.1.3 Environmental Triggers

A number of potential triggers have been sug-
gested, that may induce the disease in genetically 
susceptible patients. Patterns in the seasonality 
of detection for type 1 diabetes, with increases 
particularly in April to July births are more 
clearly seen in northern latitudes, suggesting 

possible associations with maternal vitamin D 
levels [25], or with seasonal viral infections 
[26]. Increased maternal vitamin D intake has 
also been associated with decreased risk of type 
1 diabetes [27].

Viral infections such as enteroviruses and 
cytomegalovirus (CMV) have long been pro-
posed as potential triggers of the autoimmune 
process, with the body producing antibodies 
against the viruses that cross‐react with proteins 
on β‐cells and destroy them [28].

Insufficient exposure to early infections may 
increase the risk of type 1 diabetes by reducing 
maturation of immune regulation [29].

Cows milk is one of the mostly widely studied 
triggers and is implicated in the increasing inci-
dence of type 1 diabetes. However, evidence that 
early introduction of cows milk may predispose to 
type 1 diabetes is equivocal [30]. Timing of intro-
duction of gluten may also affect autoimmunity 
and there is a clear association with increased risk 
for coeliac disease and type 1 diabetes [31].

The accelerator hypothesis postulates insu-
lin resistance as a trigger for β‐cell loss in an 
individual already susceptible to autoimmune 
insult [32]. Obesity, which is commonly asso-
ciated with insulin resistance, serves as a trig-
ger in the genetically susceptible individuals 
(HLA DR3/DR4) and there is increasing evi-
dence to suggest the causal association between 
the two [33].

3.1.4 Summary

Type 1 diabetes represents around 10% of all 
diabetes, but the incidence is increasing rapidly, 
especially in areas such as South East Asia and 
Africa. It is caused by autoimmune destruction 
of insulin‐producing β‐cells in a genetically 
 susceptible individual. Making correct diagno-
ses becomes important, as classical differences 
of age, weight and ethnicity become less rele-
vant, and auto‐antibody tests can help clarify 
diagnosis. Similarly, the known auto‐immune 
targets can offer potential therapeutic strategies, 
in identifying and possibly eventually treating 
those with type 1 diabetes.
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Key points

 • Type 1 diabetes is an autoimmune condition 
requiring insulin replacement.

 • It is most commonly diagnosed in children 
and young people, but can occur at any age.

 • Globally, the prevalence of type 1 diabetes 
differs between different ethnic groups and 
rates are increasing.

 • The cause of type 1 diabetes is unknown, but 
genetic and environmental factors, including 
exposure to viral infections, may all play a part. 
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3.2.1 Introduction

Type 1 diabetes is a multi‐system disorder with 
immune‐mediated destruction of beta cells in the 
pancreatic islets [1]. The resultant hypergly-
caemia is responsible for clinical symptoms of 
the disease and causes a plethora of complica-
tions affecting both large and small blood ves-
sels, known as macro and microvascular 
complications, respectively [2].

3.2.2 Clinical presentation

The peak age of onset for type 1 diabetes in 
children is puberty [3] and presentation often 
follows a fulminant course presenting with 
weight loss, marked polyuria and thirst. 
Presentation in adults can also be acute, but is 
often more insidious with weight loss and leth-
argy the key initial indicators of the underlying 
metabolic imbalance.

Type 1 diabetes may also present as an 
acute medical emergency, diabetic ketoacido-
sis (DKA), although the incidence of this is 
unknown [4]. DKA can be precipitated by an 
intercurrent infection. Patients typically pre-
sent with anorexia, nausea, vomiting and 
abdominal pain with the clinical features of 
the underlying infection often masked. In 
severe cases, the fluid and electrolyte imbal-
ances resulting from DKA can result in coma 
and death.

3.2.3 Medical management 
of hyperglycaemia

The immediate aim of medical management in the 
short term is to prevent DKA, and the long‐term 
aim is to maintain near normal glucose values to 
prevent tissue complications. The key to success-
ful treatment is to engage the person themselves in 
the management of their condition, as it is they 
who have to apply treatment 24 hours a day for the 
rest of their lives. The responsibility of the profes-
sional is first to equip the patient with the skills to 
achieve this, and second to provide on‐going sup-
port and encouragement.

Diabetic ketoacidosis, whether occurring at 
diagnosis or as a result of illness or lack of insu-
lin, is a life‐threatening condition. Treatment 
is  focused on addressing the three main bio-
chemical disorders of hyperglycaemia, acidae-
mia and ketonaemia by administering fluids and 
insulin to correct these abnormalities. A number 
of national and international guidelines have 
been published for the intensive management of 
DKA [4–7].

As the key metabolic derangement in type 1 
diabetes is hyperglycaemia, the core aim of 
medical management is to maintain glucose 
concentrations as near to the normal range as 
possible [8–10]. In order to achieve this, a mul-
tidisciplinary team (MDT) approach is needed, 
with key roles played by dietitians, diabetes 
nurses and physicians, with patient education 
and empowerment as a cornerstone of disease 
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management. There is now strong evidence 
emphasising the importance of structured train-
ing courses to support effective self‐management 
(see Chapter 3.3).

Historically, animal data [11,12] have suggested 
that tight control of glucose concentrations may be 
mechanistically associated with reduced long‐term 
complications and better outcomes for those with 
type 1 diabetes. Further evidence from epidemio-
logical studies [13,14] supported the role of tight 
glycaemic control in reducing long term complica-
tions. The Diabetes Control and Complications 
Trial (DCCT) [15] was a landmark study com-
pleted in 1993 that studied 1441 patients with type 
1 diabetes and randomly assigned subjects to inten-
sive glucose control or conventional therapy. Over 
a mean follow up of six and a half years, with 99% 
subjects completing the study, the trial group was 
able to demonstrate a statistically significant reduc-
tion in retinopathy, neuropathy and nephropathy in 
those subjects randomised to intensive control. 
There was also a reported 41% reduction in mac-
rovascular events in the DCCT cohort randomised 
to intensive control [16], however, this was not 
statistically significant. Longer‐term follow‐up 
of the subjects taking part in DCCT has shown 
that the benefit of intensive control remained 
after 18 years, despite convergence in glyco-
sylated haemoglobin (HbA1c) following the end 
of the study [17]. A recent Cochrane review has 
confirmed the role of intensive glycaemic control 
in risk reduction for microvascular disease in those 
with type 1 diabetes [18].

Treatment targets

The key recommendation for individuals with 
type 1 diabetes is to treat blood glucose con-
centrations intensively, aiming for the normal 
(non‐diabetic) range, in order to reduce the risk 
of microvascular complications.

Guidelines from the American Diabetes 
Association (ADA) [8] and the American 
Association of Clinical Endocrinologists 
(AACE) [19], which are widely acknowledged 
internationally with respect to HbA1c targets, 
are summarised in Table 3.2.1.

The ADA guidelines are clear in recommend-
ing less stringent glycaemic targets in those that 

have a propensity to severe hypoglycaemia, lim-
ited life expectancy, advanced microvascular 
and macrovascular complications and difficulty 
in close monitoring of blood glucose. Conversely, 
targets <53mmol/mol (7%) are recommended for 
those that are recently diagnosed with diabetes, 
have a long life expectancy and no previous his-
tory of hypoglycaemia and cardiovascular events.

Insulin treatment

Exogenous insulin replacement to substitute loss 
of endogenous insulin production from pancre-
atic islets is the mainstay of the treatment of type 
1 diabetes. Recent advances in biotechnology 
have meant a complete transition from animal 
(bovine or porcine) insulin treatment to insulin 
derived from recombinant DNA technology that 
closely mimics human insulin in its chemical 
structure [20].

Insulin treatments are broadly divided into: 
rapid‐acting, short‐acting, intermediate‐acting 
and long‐acting depending on their pharma-
cokinetic properties. In addition, mixed insulin 
is available, but this is now rarely prescribed for 
those with type 1 diabetes. Table 3.2.2 summa-
rises the key characteristics of available insulin 
for the treatment of type 1 diabetes.

Rapid‐ and short‐acting insulin

Rapid‐acting insulin can be further divided 
into  regular insulin (short‐acting) and insulin 
analogues (rapid‐acting). Regular insulin is 
characterised by zinc‐insulin crystals [21] that 
result in delayed absorption and hence a delayed 
onset of action. This renders regular insulin 
somewhat limited in its ability to counteract 
postprandial hyperglycaemia and the prolonged 
duration of action (up to eight hours) can result 
in an increased risk of hypoglycaemia.

Parameter ADA ACE

HbA1c  
mmol/l (%)

53 (<7 ) 48 (≤6.5 )

Table 3.2.1 ADA and AACE guidelines for 
target HbA1c.
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Insulin analogues differ from regular insulin 
in that their relatively less complex chemical 
structure allows rapid absorption (within 15 min-
utes compared to 30–60 minutes with regular 
insulin) and a peak of action at 1 hour compared 
to 2–4 hours with regular insulin. This rapidity 
of onset, coupled with a quick peak and shorter 
overall duration of action, renders insulin ana-
logues less likely to cause hypoglycaemia and 
more efficacious in controlling postprandial 
hyperglycaemia. Insulin analogues have thus 
been shown to reduce hypoglycaemia and result 
in significant reductions in HbA1c in compari-
son to regular insulin [22].

Intermediate‐acting and long‐acting 
insulins

Intermediate‐ and long‐acting insulin have a 
 significantly longer duration of action, typically 
8–12 hours, when compared to rapid‐acting 
insulin.

NPH insulin

Neutral Protamine Hagedorn (NPH) insulin is an 
intermediate‐acting insulin which contains insu-
lin in a crystalline association with zinc and pro-
tamine. Owing to its chemical structure, NPH 
insulin has an onset of peak at 1–3 hours, peak at 
6–8 hours and duration of effect lasting 24 hours.

Long‐acting analogue insulin

Long‐acting analogue insulin is recombinant 
insulin that provides up to 24 hour cover, mim-
icking the basal insulin produced by the healthy 
pancreas in between meals or during periods of 
fasting, such as overnight. It has been suggested 

that insulin detemir has a more predictable 
 glucose lowering effect in patients with type 1 
diabetes compared to NPH insulin and insulin 
glargine[23], and that there is reduction in 
weight gain and fewer episodes of hypoglycae-
mia when comparing insulin determir to NPH 
insulin.

Clinical approaches to insulin 
dosing

Basal/prandial‐bolus treatment

A combination of rapid‐acting insulin with 
meals (breakfast, lunch and dinner) and long‐
acting insulin once daily (in total four injections 
daily), the so‐called ‘basal/prandial‐bolus’ regi-
men aims to emulate the naturally occurring 
peaks and troughs of endogenous insulin pro-
duction in response to feeding and fasting. In 
clinical practice, the basal/prandial‐bolus regi-
men has largely superseded the previously used 
combination of mixed rapid and intermediate‐
acting insulin taken twice daily before breakfast 
and the evening meal.

Insulin dosing

The majority of people with type 1 diabetes 
require 0.5–1 unit insulin per kilogramme of 
body weight, but insulin sensitivity can differ 
significantly both between and within individu-
als [24]. Most people with type 1 diabetes begin 
with small doses of insulin and titrate up until tar-
get blood glucose levels are achieved. Recently, 
it was suggested that the balance between the 
amount of basal or background (long‐acting) 
insulin and the amount of rapid‐acting insulin 
taken with meals is predictive of glycaemic 

Insulin Type Administration Onset (h) Peak (h) Duration (h)

Rapid acting analogues Before, with or after food 0.25–0.5 1–1.5 4

Short acting 30 minutes before food 0.5–1 2–4 6 ‐ 8

Intermediate acting Various – either before food or before bed 1–4 6–8 8–12

Long acting Once or twice daily Varies Analogues 
have no peak

20–24

Table 3.2.2 Characteristics of insulin for treating type 1 diabetes.
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control, and that the ideal balance is 47% of 
total insulin dose as background or basal [25]. 
Once individuals are familiar with diabetes 
management, carbohydrate counting and insu-
lin adjustment are the preferred option for 
increasing flexibility and quality of life and for 
improving glycaemic control [26].

Insulin Pumps

An alternative to basal‐bolus treatment is the use 
of rapid‐acting insulin analogues that are admin-
istered by means of a continuous subcutaneous 
infusion of insulin (CSII) using an insulin pump. 
Figure 3.2.1 illustrates an insulin pump device.

The pump can be pre‐programmed to deliver 
insulin at a fixed basal rate or to vary with levels of 
activity and energy intake and thus anticipate gly-
caemic excursion. New generation insulin pump 
devices allow multiple pre‐determined profiles of 
basal insulin infusion to anticipate known trends in 
glucose variation from past experience, for exam-
ple for intense sporting or social activity.

Key advantages of an insulin pump in com-
parison to multiple daily injections (MDI) of 
insulin are improvement in glycaemic control, 
reductions in hypoglycaemia and, arguably, 
increased patient flexibility [27]. As only rapid‐
acting insulin analogues are used in insulin pumps, 

changes to basal rates of insulin are more readily 
and dynamically reflected with changes in blood 
glucose levels whilst, in comparison, changes to 
long‐acting preparations of insulin are reflected 
many hours later in blood glucose levels. 
Individuals with type 1 diabetes who have a pro-
pensity to hypoglycaemia and have developed 
unawareness of the symptoms of hypoglycaemia 
due to recurrent severe episodes may derive sig-
nificant benefit from CSII. Moreover, there is a 
suggestion that long term CSII may be superior 
to MDI in reducing the risk of severe hypogly-
caemia without compromising glycaemic con-
trol [28]. There are, nevertheless, disadvantages 
to CSII including: risk of infection at the cath-
eter site, the need to re‐prime the pump every 
24–48 hours and significant costs to less devel-
oped health care systems. In addition, because 
only rapid‐acting insulin is used as part of CSII 
in pump devices, an inadvertent failure of the 
device or dislodged tubing can quickly result in 
hyperglycaemia and potentially DKA in the 
absence of intermediate or long‐acting insulin 
cover. It is, therefore, important that patients 
receiving CSII are also proficient in self‐ 
monitoring of blood glucose to detect and act 
on glycaemic variations.

Other treatment modalities

Closed‐loop systems

Closed‐loop insulin delivery, that is ‘the artifi-
cial pancreas’, is a unique way of approaching 
the management of glycaemic control in type 1 
diabetes. In a closed‐loop system, a continuous 
glucose monitor measures interstitial glucose 
readings every one to five minutes whilst a port-
able computer controlled algorithm increases or 
decreases the rate of subcutaneous insulin deliv-
ery from a pump device depending on real‐time 
glucose values [29]. It has been demonstrated 
that unsupervised closed‐loop insulin delivery is 
feasible at home and may improve glycaemic 
targets in adult patients with type 1 diabetes [30]. 
However, data from additional studies are needed 
to replicate these results and demonstrate the effi-
cacy and reliability of this emerging  technology‐
based treatment modality for type 1 diabetes.

Infusion set

Tubing

Insulin pump

Figure 3.2.1 This cartoon illustrates the key compo-
nents of an insulin pump device as would be worn by 
a patient. A reservoir pumps insulin through tubing 
into a subcutaneous catheter at a predetermined rate.
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Immunotherapy and vaccine

Given the auto‐immune basis for the pathogenesis 
of type 1 diabetes, much work has focussed on 
immunomodulatory therapies to halt the progres-
sive destruction of beta cells and to potentially 
prevent the disease altogether by means of a vac-
cination [31]. A number of trials are underway 
examining the role of immunosuppression and 
of a potential vaccine, the results of which are 
eagerly awaited.

Islet cell and pancreatic transplantation

Transplantation of the whole pancreas or islet cells 
in isolation has generated interest in the treatment 
of type 1 diabetes as a means of curative treatment. 
However, the auto‐immune nature of the disease 
and graft rejection means that diabetes can recur 
even after successful transplantation [32]. 
There is, however, at least one report of insulin 
independence at one year post‐operatively with 
surgery done in expert hands, utilising a modified 
immunosuppressive regimen [33].

3.2.4 Cardiovascular risk 
and type 1 diabetes

The Joint British Societies’ guidelines recognise 
that type 1 diabetes confers significant cardiovas-
cular risk [34]. Consequently, specific measures 
are advised to address the risk, including lifestyle 
modifications and pharmacological therapy.

Lifestyle modifications

All patients with type 1 diabetes are encouraged to 
give up smoking, engage in regular aerobic exer-
cise and adopt a healthy diet. In addition, optimal 
weight targets are recommended for all patients.

Pharmacological therapy

Blood pressure

The optimal blood pressure targets for those 
with diabetes, including type 1 diabetes, are 
≤130 mmHg systolic, 80 mmHg diastolic, 
which are lower than for the general population 

[34]. If lifestyle measures fail then treatment 
with appropriate antihypertensive medications, 
including beta‐blockers, calcium channel blockers 
and angiotensin converting enzyme inhibitors 
(ACE‐I) or angiotensin receptor blockers is rec-
ommended. Blockade of the renin–angiotensin–
aldosterone axis by the latter two classes of drugs 
in particular appears to confer additional renal 
protective benefits to patients with type 1 diabetes 
[35]. For this reason, ACE‐I are designated first 
choice agents.

Lipid‐lowering therapy

The optimal cholesterol targets for those with 
diabetes are:

 • Total cholesterol < 4.0 mmol/l
 • Low density lipoprotein (LDL) cholesterol 
< 2.0 mmol/l

Statin therapy is recommended for all patients 
with T1DM aged ≥50 years. In addition, treatment 
is recommended for most of those aged 40–50 
years. Those aged 30–40 years are recommended 
statin treatment in the presence of a long duration 
of diabetes in addition to poor glycaemic control 
and established microvascular complications, with 
risk factors for macrovascular disease, including a 
family history. Lastly, treatment is recommended 
for those aged 18–30 years of age in the presence 
of significant microalbuminuria [34].

3.2.5 Hypoglycaemia

Hypoglycaemia is a common side-effect of inten-
sive glycaemic control in the context of type 1 
diabetes. In the DCCT [15] cohort, patients in the 
intensive treatment group had a three‐fold higher 
incidence of hypoglycaemia compared to conven-
tional treatment, with certain severe episodes of 
hypoglycaemia requiring hospitalisation.

In addition, hypoglycaemia has been associ-
ated with increased mortality in those with type 1 
diabetes and is thought to cause abnormal cardiac 
electrophysiology [36] with resultant sudden 
cardiac death, often described as the ‘dead in bed’ 
syndrome [37–39].
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All people with type 1 diabetes, and their 
 carers, require education about the symptoms 
and treatment of hypoglycaemia. Fast‐acting 
carbohydrate (preferably glucose) should be 
kept readily available to reverse the effects of 
hypoglycaemia as needed. Home glucagon 
emergency kits also provide effective treatment 
of hypoglycaemia for those unable to take oral 
treatment.

3.2.6 Conclusion

Type 1 diabetes is a multifaceted disease that 
requires a holistic approach to management, 
addressing both the biology and the associated 
psychosocial morbidity. An MDT approach to 
the care of the patient is needed to ensure good 
glycaemic control and appropriate management 
of cardiovascular risk factors and to prevent and 
retard the development of both micro‐ and mac-
rovascular complications.
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3.3.1 Introduction

This chapter aims to explore the evidence and 
practical application of nutritional strategies 
employed in the management of glycaemia in 
type 1 diabetes. In the last decade, the clinical 
practice of dietitians working with people with 
type 1 diabetes has moved from a qualitative 
approach incorporating nutritional advice which 
focused on healthy eating and glycaemic index, 
to an approach which now almost exclusively 
focuses on quantitative practical methods of 
 carbohydrate estimation.

There is good clinical evidence demonstrat-
ing both the value of implementing this 
approach and the benefit of dietetic interven-
tions in type 1 diabetes management. Structured 
education programs, such as dose adjustment 
for normal eating (DAFNE), which focuses on 
the development of self‐management skills [1], 
can improve intermediate risk factors and qual-
ity of life for people with type 1 diabetes, and 
has been shown to be cost-effective [2]. In one 
study comparing people with newly diagnosed 
type 1 diabetes who received nutritional advice 
with a control group, an additional 8 mmol/mol 
(0.7%) HbA1c improvement was gained in the 
intervention group [3].

3.3.2 Nutrition and glucose 
management – the evidence

Carbohydrate

Carbohydrate counting

Recently published guidelines and recommen-
dations from the American Diabetes Association 
(ADA) and from Diabetes UK [4,5] focus on 
carbohydrate as the main determinant of post-
prandial glucose in people with diabetes. Most 
authorities now agree that monitoring and regu-
lating carbohydrate intake is a key strategy for 
glycaemic control in people with type 1 diabe-
tes. Table 3.3.1 summarises the main recommen-
dations for carbohydrate management.

Carbohydrate counting has been shown to be 
an effective strategy in managing glucose control 
in type 1 diabetes, when combined with flexible 
insulin therapy. The Diabetes Control and 
Complication Trial (DCCT) demonstrated that 
carbohydrate counting was an effective approach 
in achieving glycaemic control [8]. HbA1c was 
reduced when carbohydrate counting was imple-
mented with intensive insulin treatment and 
these benefits were maintained over the long 
term [9]. In addition, randomised controlled 
 trials from Europe have shown that carbohydrate 
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counting can improve glycaemic control and 
[10–13] quality of life and general wellbeing, 
without increasing severe hypoglycaemia, body 
weight or blood lipid concentrations.

Further evidence in people with type 1 diabe-
tes illustrates that the quantity of carbohydrate 
consumed does not affect glycaemic control if 
carbohydrate counting is implemented in con-
junction with an algorithm of units of insulin per 
10 g of carbohydrate. A study has shown that 
wide variations in carbohydrate intake (20–180 g) 
did not change basal insulin requirements [14].

For those treated with fixed biphasic insulin 
regimes, studies demonstrate that day‐to‐day 
consistency in carbohydrate is positively associ-
ated with improvements in HbA1c [15].

Type of carbohydrate

The amount of carbohydrate ingested is usually 
the primary determinant of postprandial glucose 
response in type 1 diabetes, but the type of 
 carbohydrate also affects this response.

Glycaemic index

Most trials of low glycaemic index (GI) diets 
have focused on type 2 diabetes, and it is difficult 
to extrapolate these findings of modest improve-
ment in HbA1c (3–5 mmol/mol or 0.3–0.5% 
reduction) into constructive guidance for type 1 
diabetes [16–18]. Observational studies have 
shown that dietary GI is independently associated 
with HbA1c, with intakes of high GI foods show-
ing a positive association with higher HbA1c levels 
[19]. However, there is little evidence to support 
the use of low glycaemic index diets as a primary 
nutritional strategy in type 1 diabetes.

GI may be useful in the fine‐tuning of glucose 
control, particularly in pregnancy, where post-
prandial blood glucose concentrations are tar-
geted, and also with pump therapy, where the 
infusion of mealtime insulin can be altered 
according to the glycaemic profile of the meal.

Sugars and artificial sweeteners

Sucrose, Glucose, Fructose and Lactose

A technical review by the ADA concluded that 
sucrose does not affect glycaemic control in 

diabetes differently from other types of carbohy-
drates [20]. The same review demonstrated that 
ingestion of a variety of sugars and starches pro-
duced no differences in glycaemic control when 
the total amount of carbohydrate was similar. 
Fructose may reduce postprandial glycaemia 
when it is used as a replacement for sucrose or 
starch, although large amounts of fructose may 
be associated with increased CVD risk and non‐
alcoholic fatty liver disease (NAFLD) [21].

Polyols

The glycaemic index of polyols (maltitol, iso-
malt, lactitol) is significantly lower than other 
forms of carbohydrate, with only maltitol having 
any significant impact on glycaemia [22].

Non‐nutritive sweeteners

There are five non‐nutritive sweeteners permitted 
for use in the United Kingdom (UK):  aspartame, 
saccharin, acesulfame potassium (acesulfame 
K), cyclamate and sucralose. Only very small 
amounts are needed because they are so intensely 
sweet. They are virtually free of energy and do 
not affect blood glucose concentrations.

In conclusion, in type 1 diabetes sucrose, 
glucose and lactose should be treated as any 
other type of carbohydrate, with associated 
adjustments in insulin therapy to compensate 
for their carbohydrate value. Polyols and other 
sugar  substitutes have little to no impact on gly-
caemia and do not require additional insulin 
adjustment.

Carbohydrate and principles  
of insulin dose adjustment

There are two core insulin regimens and they are 
either fixed regimens (commonly twice daily 
premixed insulin) or multiple injection regimens 
(also known as basal bolus or basal prandial 
regimens), and both of these require regular 
monitoring and adjustments to maintain glycae-
mic targets. For both approaches it is invaluable 
to know the carbohydrate value of different 
types and amounts of food. This is normally cal-
culated using a system of carbohydrate portions 
or exchanges. In the UK a system of carbohy-
drate portions has been adopted, where one 
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 carbohydrate portion (CP) is an amount of food 
containing 10 g of carbohydrate. In the United 
States (US), a carbohydrate portion or exchange 
typically contains 15 g carbohydrate.

The fixed insulin regimen is best suited to an 
individual who tends to eat at similar times and 
with very little difference in the quantity of car-
bohydrate at each meal or snack from day‐to‐
day. For individuals adopting a fixed regimen, it 
is important that they eat meals with consistent 
amounts of carbohydrate and may need to 
include snacks to prevent hypoglycaemia.

A multiple injection system or basal bolus 
regimen is more flexible and can allow a much 
more varied approach to eating, including ease 
in terms of eating out or working shifts. On this 
system, short‐acting insulin is taken to match the 
quantity of carbohydrate in the meal or snack 
(the bolus) and a long‐acting insulin is used to 
provide the background insulin requirements 
(the basal). If more carbohydrate is eaten, then 
more short‐acting insulin is needed to counteract 
it. Most regimes work on ratios of insulin to car-
bohydrate portions, with the needs of individuals 
being worked out through dose adjustment 
algorithms.

Other nutritional factors and 
glycaemia

In the past, it was not uncommon for people with 
type 1 and type 2 diabetes to receive similar 
nutritional education, which would have focused 
on healthy eating and weight management. 
There is little, if any evidence to support this 
approach when focusing on glycaemic manage-
ment in type 1 diabetes. There are other factors 
which may have an impact on insulin require-
ments and glycaemic control, and they include 
body weight, macronutrient intake and dietary 
fibre intake.

Body weight

The relationship between type 1 diabetes and 
body weight is not straightforward. A high 
HbA1c is often associated with weight loss [23] 
and so improvement in glucose control without 
some reduction in energy intake is usually 

associated with weight gain. Although there is 
no published evidence of a direct relationship 
between absolute body weight and glycaemic 
control in people with type 1 diabetes, it may be 
true that planned weight loss in the overweight 
or obese individual may improve glycaemic con-
trol by reducing insulin resistance. Body weight 
does have an impact on the insulin requirements 
of an individual with most adults (non‐pregnant) 
requiring 0.6–0.8 units of insulin per kg body 
weight.

Proportion of macronutrients in the diet

There is little evidence to suggest that the pro-
portion of total macronutrients consumed on a 
daily basis has any impact on long‐term glucose 
control in the management of type 1 diabetes. 
A  small 6 month trial evaluated a 43–46% 
 carbohydrate, 20% monounsaturated fat diet 
compared with a 54–57% carbohydrate, 10% 
monounsaturated fat diet in well-controlled 
patients and found no difference in HbA1c [24]. 
Five year cohort evidence from people previ-
ously intensively treated in the DCCT show that 
lower carbohydrate and higher saturated, mono-
unsaturated and total fat intakes were associated 
with higher HbA1c levels, but failed to reach 
significance after adjustment was made for base-
line HbA1c and insulin dose [8]. Smaller, short‐
term studies from the 1970s and 1980s found no 
adverse effects on glycaemic control and pro-
moted the idea that carbohydrate intake in peo-
ple with type 1 diabetes could be liberalised 
[25–27]. In conclusion, there is no recommended 
proportion or amount of daily carbohydrate that 
should be recommended for good glycaemic 
outcomes in type 1 diabetes and there is no evi-
dence to support the routine use of low or 
restricted carbohydrate diets.

Dietary fibre

The effect of dietary fibre on glycaemic control 
in type 1 diabetes is controversial. Evidence 
from EURODIAB [28], a large epidemiological 
study of type 1 diabetes and its complications, 
highlights the observation that a higher intake of 
fibre was independently related to lower HbA1c, 
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with an additional benefit of reduced risk of 
severe ketoacidosis. There was no difference in 
the type of dietary fibre on the relationship to 
HbA1c. However a 24‐week parallel randomised 
control trial in people with type 1 diabetes 
showed that a high fibre diet providing 50 g 
fibre, emphasising water‐soluble fibre, was 
effective in reducing blood glucose concentra-
tion and hypoglycaemic events but did not affect 
HbA1c independently of weight and insulin 
dose in the intention‐to‐treat analysis [29]. 
Long‐term evidence (>6 months) of the benefits 
of fibre is lacking and high fibre diets are 
unlikely to confer benefit in terms of the glycae-
mic management of type 1 diabetes.

Hypoglycaemia

Hypoglycaemia is a common and wide‐spread 
side‐effect of insulin therapy in people with type 
1 diabetes and is widely reported, with a recent 
study showing that 87% of those with type 1 dia-
betes reported mild hypoglycaemia and 46% 
reported severe hypoglycaemia [30].

Oral treatments for hypoglycaemia

The goal of hypoglycaemia treatment is to 
restore glucose concentrations to normal as rap-
idly as possible, relieve symptoms and limit the 
risk of injury, whilst avoiding over‐treatment. 
Glucose is the preferred treatment for hypogly-
caemia with a 10 g and 20 g dose of oral glucose 
increasing blood glucose concentrations by 
approximately 2 mmol/l and 5 mmol/l, respec-
tively [31]. Depending on the insulin regime, 
glucose concentrations may continue to fall 
approximately 60 minutes after glucose inges-
tion [31] and often a longer‐acting carbohydrate 
snack may be advised, despite the lack of evi-
dence to support this practice. More flexible 
insulin regimens, such as MDI and CSII, may 
not require additional longer‐acting carbohy-
drate compared with fixed insulin regimens. 
Clearly, if the hypoglycaemic episode occurs 
during physical activity or following alcohol 
consumption, where the glucose levels will con-
tinue to fall, additional carbohydrate may well 
be needed to prevent  further hypoglycaemia.

Hypoglycaemia should be treated immedi-
ately by administration of oral glucose, and 
although there is little evidence for the most 
effective treatment Diabetes UK, the Canadian 
Diabetes Association and the International 
Diabetes Federation all propose the 15 rule 
[5,6,32], which states that 15 g glucose should 
be taken immediately, and if glucose concentra-
tions do not rise above 4 mmol/l after 15 minutes, 
the treatment should be repeated. A follow‐
up snack containing 15–20 g carbohydrate may 
be necessary to reduce the risk of further 
hypoglycaemia.

Key points

 • Carbohydrate counting and insulin adjustment 
improves glycaemic control in type 1 diabetes.

 • The ideal amount of macronutrients is 
unknown.

 • There is a lack of evidence for the role of low 
GI or high fibre diets.

 • Hypoglycaemia is common in type 1 diabetes 
and it is recommended that oral glucose is 
used to treat mild hypoglycaemia.
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3.4.1 Introduction

The effective management of type 1 diabetes 
imposes challenges for those living with the 
disease, requiring as it does self‐management 
strategies, including blood glucose monitoring, 
insulin adjustment and administration, dietary 
adjustment, physical activity and hypoglycae-
mia management. The demands placed upon 
the individual are considerable and, despite clear 
evidence showing that optimal glycaemic control 
significantly reduces diabetes complications [1], 
it is estimated that 70–90% of people with diabe-
tes have HbA1c levels above the recommended 
targets of 53 mmol/mol (7.0%) [1,2]. There are 
many reasons for this, one of which has been 
identified as the lack of education and skills to 
support effective management of type 1 diabetes 
[3]. The Global Partnership for Effective 
Diabetes Management (GPEDM) has outlined 
practical steps to improve management of type 1 
diabetes and includes the recommendation that 
everyone should be provided with a structured 
education programme at initiation of insulin and 
thereafter, including education about prevention, 
recognition and treatment of hypoglycaemia [3]. 
There is growing evidence that diabetes educa-
tion is effective in improving clinical outcomes 
and quality of life [4] and that it is cost‐effective, 
as the benefits outweigh the costs associated 
with any intervention [5].

3.4.2 Education

Diabetes education is widely held to be an essen-
tial part of diabetes care, and the International 
Diabetes Federation (IDF) includes education 
provision in its framework for diabetes care. 
The IDF defines the aim of diabetes education 
as ‘to provide information in an acceptable form 
in order that people with diabetes develop the 
knowledge and skills to self‐manage and make 
informed choices’ [6].

In the United Kingdom (UK), it is recom-
mended that diabetes education should recog-
nise that self‐management is a fundamental part 
of diabetes care, and should provide lifestyle 
education as a package [7]. Furthermore, the 
criteria for structured education proposed by 
the Department of Health and Diabetes UK 
should be adopted. These criteria state that 
structured education programmes should be 
patient‐centred and incorporate individual 
assessment, be reliable, valid, relevant and 
comprehensive, theory‐driven and evidence‐
based, flexible and able to cope with diversity, 
able to utilise different teaching techniques, 
resource effective with supporting materials, 
written down (including philosophy, aims and 
objective, timetables and detailed content), 
delivered by trained educators, subject to qual-
ity assurance and, finally, that they should be 
subject to robust audit and evaluation [8].

Diet, education and behaviour 
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The UK recommendations also state that 
 culturally appropriate education should be 
offered to all adults with type 1 diabetes after 
diagnosis, and offered according to need at 
annual review [9]. In the United States (US) and 
Canada, diabetes education is referred to specifi-
cally as diabetes self‐management education 
(DSME) and recommendations state that it 
should be supplied at diagnosis and when needed 
thereafter [10,11].

Multidisciplinary teams

The American Diabetes Association (ADA) 
and the National Institute for Health and 
Clinical Excellence (NICE) both recommend 
that education is delivered by multidisciplinary 
teams (MDTs) [4,12] and these teams may 
include specialist nurses, dietitians, physicians, 
pharmacists, exercise physiologists, psycholo-
gists and podiatrists. In the US, there is evi-
dence that DSME is more effective when 
delivered by a MDT [4].

Components of diabetes education

The key components of diabetes education have 
been summarised by NICE and state that diabe-
tes education models should:

 • Reflect established principles of adult learning
 • Utilise a multidisciplinary group‐based approach
 • Be accessible to a broad range of people
 • Use a variety of learning styles [7].

Principles of adult learning

Health education generally has been defined as 
‘any combination of learning experiences 
designed to facilitate voluntary actions condu-
cive to health’ [13]. Health education (including 
diabetes education) includes an implicit expecta-
tion that acquiring knowledge is not sufficient 
for improving health, and that some behaviour 
change is necessary to move the individual 
towards a state of optimal health. Traditionally, 
diabetes education has been delivered using a 
didactic, one‐to‐one model, but this model does 
not address principles of adult learning. Newer 

theories and models underpinning health edu-
cation and addressing behaviour change have been 
summarised by the National Institute for Health in 
the US [14] and include the following models: 
social cognitive (learning) theory, theory of rea-
soned action and planned behaviour, health 
belief model, transtheoretical model, relapse 
prevention model, social support and ecological 
approaches.

Social cognitive theory is the basis of most 
health education and has a central principle 
of self‐efficacy. Self‐efficacy reflects the esti-
mate or personal judgement of an individu-
al’s ability and capacity to succeed in 
achieving specific goals. In addition, social 
cognitive theory includes the concepts of 
incentive and value from any health behav-
iour change.

The theory of reasoned action and planned 
behaviour depends upon the individual 
 attitudes and the influence of the social envi-
ronment and includes the concept of perceived 
behavioural control. This concept is similar to 
that of self‐efficacy.

The health belief model takes into account per-
ceptions, including perceptions of severity of 
any illness, individual susceptibility and the 
advantages and disadvantages of making a 
health behaviour change.

The transtheoretical model is probably the best‐
known theory and relates to readiness to change 
and embraces five key stages: precontemplation, 
contemplation, preparation, action and mainte-
nance. The key to utilising this model effectively 
is matching the intervention to the stage of 
change.

Relapse prevention addresses the concept of 
adherence and examines the process of identi-
fying high‐risk situations and formulating 
solutions. It commonly involves four stages: 
identifying the specific problem, brainstorm-
ing all possible solutions, evaluating each solu-
tion and committing to action.

Social support and ecological approaches rely 
upon extrinsic models of health education 
and comprise the creation of supportive 
environments in both physical and emo-
tional terms to support behaviour change.
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These approaches have been developed to 
 support the individual behaviour change process 
relying upon intrinsic theories such as  
self‐efficacy.

Although there is insufficient evidence to iden-
tify the most effective model for diabetes edu-
cation and behaviour change, it is assumed that 
behavioural interventions are likely to improve 
outcomes in type 1 diabetes as they do in type 2 
diabetes (See Chapter 4.6).

Learning style

Four main categories of adult learning styles 
have been identified, and employing different 
learning styles increases engagement and 
learning.

The activist relies on concrete experience, and 
prefers doing and experimenting.

The reflector uses observation and reflection.
The theorist relies on abstract conceptualisation 

and wants to understand underlying concepts, 
reasons and relationships.

The pragmatist uses active experimentation 
and likes to try things out to see if they 
work.

In addition to matching education to learning 
styles, there is evidence that innovative approaches 
may be needed to deliver education to people with 
diabetes [7,15]. Patients with chronic disease, 
including diabetes, state that they would like infor-
mation in as many formats as possible and as early 
as possible after diagnosis [16]. A variety of tech-
niques have been suggested for providing health 
education for people with diabetes, including pic-
ture charts, video techniques, computer packages, 
text messaging and e‐mail tailored to the group or 
individual. These techniques are useful to support 
diabetes education provided by health profession-
als, and are not necessarily designed as stand‐alone 
programmes. Evidence is accumulating about the 
use of technology in delivering diabetes education 
and has shown that mobile phone interventions can 
reduce HbA1c by 6 mmol/mol (0.5%), although 
there is significantly greater reduction in people 
with type 2 diabetes compared to those with type 1 
(9 vs 3 mmol/mol, 0.8 vs 0.3%, p=0.02) [17].

Evidence for type 1 diabetes education

There is wide recognition that education played 
a central role in the success of a landmark study 
designed to improve glycaemic control and 
reduce the risk of tissue damage in people with 
type 1 diabetes [18]. Although education is 
regarded as a cornerstone in self‐management 
and is considered an integral part of treatment, 
there are few studies evaluating the overall effect 
of education, behavioural strategies and self‐
management programmes specifically for type 1 
diabetes, although most report positive outcomes 
[12]. Education programmes incorporating car-
bohydrate assessment and insulin adjustment 
have been shown to be effective in improving 
glycaemia and quality of life, reducing hypogly-
caemia and are cost‐effective [19–21].

Accessibility

It is recommended that type 1 diabetes education 
is made available to a broad range of individuals 
including black and minority ethnic groups, and 
vulnerable adults such as those who live in insti-
tutional settings, such as prisons, hostels, nursing 
and residential homes.

Delivery of education programmes

There is insufficient evidence at present to 
 recommend one method of education delivery 
for type 1 diabetes over another, and a lack of 
evidence for the setting and frequency of educa-
tion sessions and whether group‐based education 
or one‐to‐one is more effective [15]. However, 
most of the recent studies showing improvements 
in diabetes management have been based upon 
the model of structured group education and this 
is generally regarded as an effective model, 
although one‐to‐one education remains as an 
option [7].

Group education

Diabetes group education for type 1 diabetes is 
usually offered as a package, with integrated  dietary 
advice and topics for education programmes for 
type 1 diabetes including [4]:
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 • Description of diabetes and treatment options
 • Nutritional management
 • Physical activity
 • Insulin therapy
 • Self‐monitoring, including blood glucose 
monitoring

 • Prevention, recognition and treatment of 
short‐term complications

 • Prevention, recognition and treatment of long‐
term complications

 • Diabetes management during illness (‘sick 
day rules’)

 • Psychosocial aspects of diabetes management.

In terms of the content of dietary education for peo-
ple with type 1 diabetes, it is generally agreed that 
carbohydrate management and insulin adjustment 
are critical for achieving and maintaining glycae-
mic control and for increasing dietary flexibility, 
and education to support this strategy is recom-
mended by most authorities, including Diabetes 
UK and the ADA [10,11,22]. Carbohydrate man-
agement for people with type 1 diabetes is dis-
cussed fully in Chapter 3.3.

However, although glycaemic control is the 
primary focus of dietary management of type 1 
diabetes, there are other nutritional factors for 
consideration. People with type 1 diabetes are 
at increased risk of cardiovascular disease 
compared to those without diabetes, with men 
showing a 3.6‐fold higher risk and women a 7.7‐
fold higher risk [23]. In addition, people with 
type 1 diabetes have been shown to consume a 
more atherogenic diet than those without dia-
betes [2,24]. As a result, it is recognised that 
lifestyle measures to address cardiovascular risk 
reduction may be an important component of 
dietary education. Cardiovascular risk reduction 
includes the concepts of weight management 
and dietary factors such as fat and fibre intake 
and is discussed more fully in Chapter 9.2.

One‐to‐one Education

A variety of strategies to induce behaviour 
change have been used in both group and one‐to‐
one education, including goal‐setting, problem‐
solving, identifying and reducing barriers to 
change, self‐monitoring, using incentives or 
rewards and motivational interviewing [25]. 

Motivational interviewing (MI) has been proposed 
as a model for supporting self‐management tech-
niques and is promoted as a model for use in one‐
to‐one consultations for people with diabetes [26]. 
It is a collaborative, guided approach to behaviour 
change, which seeks to identify and resolve the 
ambivalence that most people feel about making 
changes [27], and consists of five key principles:

 • Expressing empathy through active listening
 • Rolling with resistance
 • Avoidance of confrontation or arguing with 
the individual with diabetes

 • Resolving ambivalence
 • Supporting self‐efficacy and autonomy.

MI is a skill‐based practice, and utilises four 
basic communication skills, often remembered 
by the mnemonic OARS:

Open questions
Affirmation
Reflection
Summarise

Motivational interviewing has been promoted as an 
effective strategy for diabetes, as many people find 
challenges associated with self‐management in 
terms of blood glucose monitoring and lifestyle, 
and exploring the ambivalence around these 
 challenges should improve management skills. 
However, a recent review suggests that MI 
cannot be recommended as an  evidence‐based 
strategy for diabetes self‐ management [28], 
although this conclusion was due to methodological 
issues with the studies reviewed rather than lack 
of effect, as 50% of the studies reported improve-
ments in health‐related behaviour, including 
smoking cessation and improvements in glycae-
mic control, diet and weight management.

3.4.3 Summary

Education to support self‐management for peo-
ple with type 1 diabetes has shown improved 
outcomes and evidence is accumulating for 
innovative approaches to the delivery of educa-
tion aimed at both individuals and groups and 
encompassing new technologies.

www.Ebook777.com

http://www.ebook777.com


78 SECTION 3: Type 1 diabetes

References

1. Nathan DM, Zinman B, Cleary PA, Backlund JY, Ge-
nuth S, Miller R, et al. Modern‐day clinical course of 
type 1 diabetes mellitus after 30 years’ duration: the 
diabetes control and complications trial/epidemiology 
of diabetes interventions and complications and Pitts-
burgh epidemiology of diabetes complications expe-
rience (1983–2005). Arch Intern Med 2009; 169(14): 
1307–1316.

2. Calvert M, Shankar A, McManus RJ, Lester H, Free-
mantle N. Effect of the quality and outcomes framework 
on diabetes care in the United Kingdom: retrospective 
cohort study. BMJ 2009; 338: b1870.

3. Aschner P, Horton E, Leiter LA, Munro N, Skyler JS; 
Global Partnership for Effective Diabetes Management. 
Practical steps to improving the management of type 1 
diabetes: recommendations from the Global Partnership 
for Effective Diabetes Management. Int J Clin Pract 
2010; 64(3): 305–315.

4. Funnell MM, Brown TL, Childs BP, Haas LB, Hosey 
GM, Jensen B, et al. National Standards for diabe-
tes self‐management education. Diabetes Care 2011; 
34(Suppl 1): S89–S96.

5. Boren SA, Fitzner KA, Panhalkar PS, Specker JE. 
Costs and benefits associated with diabetes education: 
a review of the literature. Diabetes Educator 2009; 
35(1): 72–96.

6. IDF. IDF Position Statement: Self‐management edu-
cation. Brussels: International Diabetes Federation, 
2011.

7. NICE. Guidance on the use of patient‐education 
modules for diabetes. Technical Appraisal Guidance 
60. London: National Institute of Clinical  Excellence, 
2003.

8. Diabetes UK. Structured Patient Education in Diabetes. 
London: Diabetes UK and Department of Health, 2005.

 9. NICE. Diagnosis and management of type 1 diabetes 
in children, young people and adults. London: National 
Institute for Health and Clinical Excellence, 2004.

10. American Diabetes Association. Standards of medi-
cal care in diabetes – 2011. Diabetes Care 2011; 
34(Suppl. 1): S1–S61.

11. Canadian Diabetes Association. Canadian Diabetes 
Association 2008 clinical practice guidelines for the 
prevention and management of diabetes in Canada. 
Can J Diabet 2008; 32(Suppl. 1): S1–S201.

12. NICE. Type 1 diabetes in adults: full guideline part 2. 
London: National Institute of Clinical Excellence, 
2008.

13. Green LW, Kansler CC. The Professional and 
Scientific Literature on Patient Education. Detroit: 
Dale Research Co, 1980

14. NIH. Theory at a glance: A guide for health promo-
tion practice. National Institute of Health, 2005.

15. NICE. Patient Education Models for Diabetes. London: 
National Institute for Clinical Excellence, 2002.

16. Corben S, Rosen R. Self‐management for long‐term 
conditions. London: King’s Fund, 2005.

17. Liang X, Wang Q, Yang X, Cao J, Chen J, Mo X, 
et al. Effect of mobile phone  intervention for diabetes 
on glycaemic control: a meta‐analysis. Diabet Med 
2011; 28(4): 455–463.

18. DCCT Study Group. The effect of intensive treatment 
of diabetes on the development and progression of 
long‐term complications in insulin‐dependent diabe-
tes mellitus. The Diabetes Control and Complications 
Trial Research Group. N Engl J Med 1993; 329(14): 
977–986.

19. DAFNE Study Group. Training in flexible, intensive 
insulin management to enable dietary freedom in 
people with type 1 diabetes: dose adjustment for 
normal eating (DAFNE) randomised controlled 
trial. BMJ 2002; 325(7367): 746.

20. Sämann A, Mühlhauser I, Bender R, Kloos Ch, Müller 
UA. Glycaemic control and severe hypoglycaemia fol-
lowing training in flexible, intensive insulin therapy to 
enable dietary freedom in people with type 1 diabetes: 
a prospective implementation study. Diabetologia 
2005; 48(10): 1965–1970.

21. Shearer A, Bagust A, Sanderson D, Heller S, Roberts S. 
Cost‐effectiveness of flexible intensive insulin manage-
ment to enable dietary freedom in people with Type 1 
diabetes in the UK. Diabet Med 2004; 21(5): 460–467.

22. Dyson PA, Kelly T, Deakin T, Duncan A, Frost G, 
Harrison Z, et al.; Diabetes UK Nutrition Working 
Group. Diabetes UK evidence‐based nutrition guide-
lines for the prevention and management of diabetes. 
Diabet Med 2011; 28(11): 1282–1288.

23. Soedamah‐Muthu SS, Fuller JH, Mulnier HE, 
Raleigh VS, Lawrenson RA, Colhoun HM. High risk of 
cardiovascular disease in patients with type 1 diabetes 

Key points

 • Diabetes education can support self‐
management in people with type 1 diabetes 
and is recommended by most authorities.

 • Education should be delivered by multi‐
disciplinary teams, use the principles of adult 
education, address difference learning styles 
and be adapted for use in different 
environments.

 • Education can be delivered either in group or 
one‐to‐one settings.



3.4 Diet, education and behaviour in type 1 diabetes 79

in the U.K.: a cohort study using the general practice 
research database. Diabetes Care 2006; 29(4): 
798–804.

24. Snell‐Bergeon JK, Chartier‐Logan C, Maahs DM, 
Ogden LG, Hokanson JE, Kinney GL, et al. Adults 
with type 1 diabetes eat a high‐fat atherogenic diet that is 
associated with coronary artery calcium. Diabetologia 
2009; 52(5): 801–809.

25. Peyrot R, Rubin RR. Behavioral and psychosocial 
interventions in diabetes: A conceptual review. 
Diabetes Care 2007; 30(10): 2433–2440.

26. Christie D, Channon S. The potential for motivational 
interviewing to improve outcomes in the management 
of diabetes and obesity in paediatric and adult popu-
lations: a clinical review. Diabetes Obes Metab 
2014; 16(5): 381–387.

27. Rollnick S, Miller WR, Butler CC. Motivational 
Interviewing in Health Care. New York: The Guilford 
Press, 2008.

28. Clifford Mulimba A, Byron‐Daniel J. Motivational 
interviewing‐based interventions and diabetes 
mellitus. Br J Nurs 2014; 23(1): 8–14.



Advanced Nutrition and Dietetics in Diabetes, First Edition. Edited by Louise Goff and Pamela Dyson. 
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.

3.5.1 Introduction

Recommendations for people with type 1 diabetes 
often emphasise management in terms of insulin 
administration and nutritional intake, but there 
are other lifestyle factors that have an impact on 
glycaemic control and quality of life. This chap-
ter discusses the evidence relating to physical 
activity, alcohol and recreational drugs and pro-
vides guidelines for management.

3.5.2 Physical activity

All levels of physical activity, from leisure 
activities and recreational sport to competitive 
performance, can be undertaken by people with 
type 1 diabetes who do not have complications 
and are in good blood glucose control [1]. There 
are, however, some restrictions or outright bans 
on high risk sports, see Table 3.5.1.

Although physical activity is an important 
part of improving glycaemic control in the man-
agement of type 2 diabetes, in type 1 diabetes, 
exercise may actually worsen control unless care 
is taken to adjust carbohydrate intake and insulin 
dosage [2,3]. The advantages of exercise in 
type 1 diabetes relate more to its protective car-
diovascular effects than to improved glycaemic 
control. The successful management of blood 

glucose levels during exercise poses a challenge 
for people with type 1 diabetes. The ability to 
adjust the therapeutic regimen to allow safe 
 participation and high performance is an impor-
tant management strategy. This means that careful 
consideration needs to be given to blood glucose 
levels, food intake and the insulin regimen.

People with type 1 diabetes have an important 
role in collecting information on the blood glucose 
response to different types of exercise and changes 
made to insulin or carbohydrate intake. They need 
the advice of experts to help interpret these data to 
help improve their sports performance. This is par-
ticularly important for those patients who take part 
in competitive sport [2]. A basic understanding of 
exercise physiology, energy sources and metabo-
lism enable health professionals to advise the indi-
vidual with type 1 diabetes.

Exercise physiology

Oxygen consumption

During exercise, whole‐body oxygen consump-
tion increases to supply adequate oxygen for the 
working muscles (VO

2
). Oxygen uptake increases 

with exercise intensity until the maximum energy 
intensity is reached (VO

2
 max). The intensity of 

any given exercise is measured as a percentage 
of an individual’s maximum oxygen uptake 
(%VO

2
 max) [4].
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physical activity, alcohol and recreational 
drugs
Elaine Hibbert‐Jones
Royal Gwent Hospital, Newport, UK
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Energy metabolism

The way energy is used during exercise affects 
blood glucose concentration. Factors affecting 
the overall demands of exercising muscles 
include speed of movement, the force produced 
and the length of any activity. This energy is 
 provided by three energy systems that supply 
energy as ATP (adenosine triphosphate) [5,6].

(1) ATP‐CP system Also known as the ‘phos-
phagen system’. This fuels short, intense activ-
ities for a few seconds. Creatine phosphate 
(CP) in muscles provides phosphate to convert 
ADP (adenosine diphosphate) to replenish 
ATP for the first 6–10 seconds of activity. This 
process does not require oxygen and therefore 
is described as anaerobic. This system is used 
for high‐intensity, short duration activities, 
such as the clean and jerk in weight‐lifting and 
the fast break in basketball.

(2) Lactic acid system Also known as the 
‘anaerobic glycolytic system’, this supplies 
energy for short intense activities lasting 
longer than 10 seconds but less than about 
2–3 minutes. This system can produce 
energy anaerobically through the breakdown 
of muscle glycogen (glycogenolysis) fol-
lowed by glycolysis, with lactic acid being 
formed as a by‐product. As lactic acid builds 
up, the pH of the muscle drops, causing 
fatigue or ‘burn’. This system only provides a 
small amount of ATP and is used in activities 
such as 200 m swimming events, 800 m runs 

and stop–start activities such as hockey and 
basketball.

Neither of these anaerobic systems can 
provide sufficient ATP to sustain longer 
 duration activities. Consequently, the oxida-
tive pathway is utilised to fuel events lasting 
for more than 2–3 minutes.

(3) Aerobic system Glycogen, in the presence 
of oxygen, produces much more ATP than 
anaerobic glycolysis. In addition, intramus-
cular and adipose tissue triglycerides are 
also used and, occasionally, small amounts 
of amino acids. This system, therefore, is 
essential for longer duration, moderate 
intensity activities, such as walking, run-
ning, swimming, cycling and rowing. 
Endurance events such as marathon run-
ning and long distance cycling also use 
this energy system. Multiple sprint sports, 
such as rugby, hockey, tennis and squash use 
a combination of aerobic and anaerobic 
systems [4]. This is important when consid-
ering the effect of this type of exercise on 
blood glucose concentrations.

Energy substrates

The two main factors that influence the energy 
substrate (carbohydrate, fat, protein) used for exer-
cise are the intensity (VO

2
 max) and duration of 

the exercise. The substrates used are a mixture of 
fat and carbohydrate. Protein tends only to be used 
for energy in extreme endurance exercise.

Exercise intensity

At rest in the fasting state, the main energy sub-
strate used by the body are free fatty acids. During 
exercise, the body switches to using carbohydrate 
as the main energy substrate. This is derived first 
from glycogen stored in the muscle, then as 
plasma glucose from hepatic glycogenolysis, glu-
coneogenesis and intestinal absorption [7]. In 
high‐intensity, anaerobic exercise (e.g. sprint-
ing), the energy substrate is almost entirely 
carbohydrate but as the intensity decreases more 
energy is derived from free fatty acids from 
lipolysis and intramuscular triglycerides. Many 
sports have periods of low intensity exercise 

Banned sports Restrictions

 • Bobsleigh
 • Boxing
 • Paragliding
 • Flying
 • Horse racing
 • Motor racing

 • Gliding
 • Motorcycle racing
 • Parachuting/

Skydiving
 • Powerboat racing
 • SCUBA diving
 • Ballooning
 • Rowing

Further information can be obtained from the 
national sport’s governing body.

Table 3.5.1 Restrictions on sports for people 
with type 1 diabetes [2]
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interspersed with periods of high‐intensity 
activity (e.g. football, rugby, hockey, ice hockey, 
netball, some fitness classes). This is referred to 
as ‘intermittent high‐intensity’ exercise.

Exercise duration

In longer duration, moderate intensity exercise, 
free fatty acids become the main energy sub-
strate, which coincides with a decrease in glyco-
gen stores in the muscles and liver [4,7], see 
Figure 3.5.1.

Fatigue and carbohydrate metabolism

As the glycogen stores are utilised during pro-
longed exercise, ATP resynthesis cannot supply 
the demand of the active muscles and the exercise 
intensity cannot be maintained. In a treadmill 
marathon race, carbohydrate oxidation gradually 
decreased, while fat oxidation increased. At the 
35 km mark fat and carbohydrate made an equal 
contribution to energy metabolism and runners 
were forced to reduce their running speed due to 
the inability of the carbohydrate stores to con-
tinue to fuel sufficient ATP production [4]. This 
is known as ‘hitting the wall’. Trained athletes 
can utilise energy substrates more efficiently and 
use a higher proportion of fatty acids, sparing 
their glycogen sources. For people with type 1 
diabetes, this means that as a training regimen 
becomes established, insulin requirements will 
need to be reviewed as less glucose is metabolised.

Prior to a competition, glycogen stores can 
be enhanced by consuming a high carbohydrate 
diet and by tapering training for 3 to 4 days 
before the competition [4,8,9]. This is some-
times referred to as ‘carbohydrate loading’ and 
will require a further review of insulin 
requirements.

Glucose transporter proteins

Exercise stimulates the translocation of insulin‐ 
independent glucose transporter proteins (GLUT 
4 transporters) that accelerate the transport of 
glucose into the muscle [4,8]. These proteins 
remain active after exercise has ceased and have 
an important role in glycogen resynthesis. Their 
release increases with training, which means 
that, in type 1 diabetes, less insulin will be 
required to maintain blood glucose levels and 
the insulin regimen will need to be altered as a 
regular exercise programme is established.

Adaptation of the endocrine system 
to exercise

Glycaemia is maintained during exercise by 
hormonal changes. At the start of exercise, 
insulin concentrations fall and glucagon con-
centrations increase, allowing hepatic glucose 
production to increase. As the exercise pro-
gresses, other counter‐insulin hormones, such 
as catecholamines, are released [1], leading to 
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an increase in glucose, from gluconeogenesis 
to supply the working muscles, and fatty acids 
from lipolysis.

Altered response to exercise in 
type 1 diabetes

The energy regulation described above is essen-
tially lost in type 1 diabetes. If there is insufficient 
circulating insulin, there is an excessive release 
of counter‐regulatory hormones which, together 
with hepatic glucose production in response to 
exercise, can further increase blood glucose, lead-
ing to hyperglycaemia. This is common following 
short duration, high‐intensity exercise, in response 
to competition stress, heat stress, dehydration and 
arm exercises [7]. If ketones are present, exercise 
can lead to diabetic ketoacidosis (DKA).

If there is excessive circulating insulin, this can 
reduce or even prevent hepatic glucose production 
but increase muscle glucose utilisation, leading to 
hypoglycaemia. Therefore, the amount of insulin 
circulating before, during and after exercise is 
critical to exercise performance and prevention of 
fatigue, see Table 3.5.2. A summary of the impli-
cations of theses altered responses for individuals 
with type 1 diabetes undertaking different types of 
exercise is summarised in Table 3.5.3.

Variables that affect blood glucose 
response to exercise

There are a number of variables that can affect 
the blood glucose response to exercise that 
need to be taken into account when deciding on 

a suitable treatment strategy to enable people 
with diabetes to exercise safely and to the best 
of their ability. These include type, duration and 
intensity of exercise, pre‐exercise blood glucose 
concentration, fitness and training programme, 
environmental conditions (for example tempera-
ture, hydration, time of day when exercising), 
type and timing of insulin doses, injection 
site, timing and composition of previous meal, 
antecedent hypoglycaemia.

General exercise guidelines for 
people with type 1 diabetes

 • The Association of British Clinical Diabetologists 
(ABCD) recommends that every patient with 
type 1 diabetes who wishes to start strenuous 
exercise should have a thorough medical 
 examination [2].

 • Patients at high risk of underlying cardiovas-
cular disease may require a graded exercise 
test (see Chapter 4.7).

 • Guidelines for blood glucose concentrations 
prior to starting exercise are given in Table 3.5.4

 • Blood glucose should be monitored before, 
during and after exercise in order to identify 
when changes in insulin or food intake are 
necessary.

 • Individuals should learn to identify their 
 glycaemic response to different exercise 
 conditions. This can be achieved by keeping a 
training diary that includes information on the 
effect of the variables described above on 
blood glucose, and can be used to plan any 
changes needed.

Status of plasma
insulin

Hepatic glucose
production

Muscle glucose
utilisation

Blood glucose 
concentration

Normal or slightly
diminished

Markedly diminished

Increased

Table 3.5.2 Blood glucose response and circulating insulin levels
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 • Individuals should consume carbohydrate as 
needed to avoid hypoglycaemia and ensure 
suitable foods are readily available before, 
during and after exercise

 • Individuals should ensure adequate hydration.

Weight training and glycaemia

The American College of Sports Medicine 
(ACSM) recommend muscle strengthening 
activity as a key part of an exercise regimen [10]. 

Exercise type
Implications for individuals
with type 1 diabetes Reason

Longer duration, 1.  Predisposition to hypoglycaemia 
after 20–60 minutes

Insulin levels do not fall at the start of exercise 
leading to potential over‐insulinisation. This can 
inhibit glucose production increasing the risk of 
hypoglycaemia as glycogen stores are depleted

2. Predisposition to hypoglycaemia 
during and following endurance 
activities

The stimulation of GLUT 4 transporters 
increases the risk of hypoglycaemia, 
particularly during the post‐exercise phase

3. Increased risk of hypoglycaemia 
when exercising at around 70% 
maximal heart rate

Highest rates of aerobic glucose oxidation

4. Increased risk of hyperglycaemia 
after several hours of exercise

Greater reliance on fat as an energy substrate 
and reduced activity of insulin due to time 
lapse from previous injection

Short duration, 
high intensity, 
anaerobic activity

Predisposition to hyperglycaemia Increase in catecholamines that stimulates 
glucose production. Cannot compensate with 
increased endogenous insulin production

Intermittent, 
high‐intensity 
exercise

Reduced risk of hypoglycaemia. 
May cause hyperglycaemia

Bursts of high‐intensity exercise increase 
counter‐regulatory hormones and stimulate 
glucose production. Likely to need less 
carbohydrate and smaller reductions in insulin 
to prevent hypoglycaemia

Table 3.5.3 Activity type and implications for type 1 diabetes [7]

Blood glucose 
concentration (mmol/l) Action Carbohydrate needed

Less than 4  
No ketones

Avoid exercise. Treat 
hypoglycaemia

10–20 g for every 30 minutes of 
exercise.
In addition to carbohydrate to 
treat hypoglycaemia

4–12  
No ketones

Consider if additional carbohydrate 
needed, which will depend on type 
and duration of exercise

0–20 g for the first 30 minutes 
and 10–20 g for every 30 minutes 
of exercise thereafter

Greater than 12  
No ketones

Exercise with caution and continue 
to monitor blood glucose

Generally not required until 
glucose level has fallen

Greater than 12
Ketones present

Avoid exercise –

Table 3.5.4 General exercise guidelines for type 1 diabetes
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This is described further in Chapter 4.7. Weight 
training is one type of exercise used to develop 
muscle strength but there is little evidence‐based 
information on the acute effects weight training 
has on glycaemia, and findings from a recent 
systematic review were inconclusive [11]. 
Studies included in the review were in subjects 
with good glycaemic control and showed weight 
training may increase, minimally affect or decrease 
post‐exercise glycaemia, depending on the indi-
vidual response. The authors found no data on the 
glycaemic effect in patients with poor glycaemic 
control (HbA1c >86 mmol/mol, >10%) and 
further research is required in this area.

Hypoglycaemia

Hypoglycaemia is a common complication of 
exercise. It can result in under‐performance or 
prevent a person from completing an activity 
and prove to be life‐threatening in some hazard-
ous sports. The risk of hypoglycaemia during 
exercise is increased if the individual has 
had hypoglycaemia in the previous 24 hours 
(antecedent hypoglycaemia). This risk increases 
with increasing severity of the preceding hypo-
glycaemic episode [7].

Post‐exercise hypoglycaemia

For individuals with type 1 diabetes, post‐ 
exercise hypoglycaemia can develop some 
hours after exercise. This is due to a combina-
tion of glycogen resynthesis, increased insulin 
sensitivity, augmented insulin absorption, 
impaired glucagon secretion and reduced cat-
echolamine responses [8]. A combination of 
additional carbohydrate post‐exercise and insu-
lin reduction will reduce this risk and allow 
 adequate restoration of glycogen stores between 
bouts of exercise.

Strategies to prevent exercise‐
induced hypoglycaemia

(1) Reduction in insulin dose Any reductions 
in insulin dose will need to take into account 
the variables that can affect the blood glu-
cose response to exercise. Normally it is the 
rapid acting insulin dose that is reduced 

prior to exercise, see Table 3.5.5 [5,12]. It is 
also important to consider the time since the 
last pre‐meal insulin bolus. If exercising 
soon after a dose, insulin activity will be 
higher and there may need to be an even 
greater reduction in the dose than if the exer-
cise occurs some time after the last insulin 
dose.

There are concerns that large reductions 
in pre‐exercise insulin may increase the risk 
of developing DKA. However, a recent study 
found that in individuals with type 1 diabetes, 
up to 75% reduction in the pre‐exercise, 
rapid‐acting insulin dose had little impact on 
ketogenesis following running [13].

Basal insulin can also be adjusted to pre-
vent hypoglycaemia during and following 
exercise, which may reduce the need to con-
sume additional carbohydrate, although this 
may cause hyperglycaemia [7,14].

People treated by pump therapy should 
be advised to adjust insulin doses 90 min-
utes before starting exercise. However, the 
flexibility of the pump allows for impromptu 
exercise and hypoglycaemia can be reduced 
with suspension of the usual basal rate dur-
ing exercise [14]. There is an increased risk 
of hyperglycaemia post‐exercise in people 
using insulin pump therapy unless managed 
appropriately.

(2) Increase in carbohydrate Grimm et al. 
studied 67 patients with type 1 diabetes who 

Duration

Low 
intensity

Moderate 
intensity

High 
intensity

 (min) Insulin reductions (%)

 15 None  5–10  0–15 a

 30 None 10–20 10–30

 45  5–15 15–30 20–45

 60 10–20 20–40 30–60

 90 15–30 30–55 45–75

120 20–40 40–70 60–90

180 30–60 60–90 75–100

aFor very intense exercise, the insulin dose may need 
to increase, not decrease, to counter the glucose‐ 
raising effect of hormones released.

Table 3.5.5 General insulin dose reductions for 
endurance sports [5]
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were allocated into 4 groups according to 
their normal treatment strategy to prevent 
hypoglycaemia: (i) reduction of insulin only; 
(ii) additional carbohydrate only; (iii) addi-
tional carbohydrate plus reduction in insulin 
and (iv) no changes to insulin or carbohydrate. 
The groups performed seven different sports 
at three different intensities. The results indi-
cated that adequate carbohydrate replacement 
during and after exercise was the most effec-
tive measure to prevent hypoglycaemia [15]. 
The amount of carbohydrate required also 
depends on the timing of the last pre‐meal 
insulin dose, with the longer the time since 
injection, the less additional carbohydrate 
needed to maintain euglycaemia [16].

(3) Integration of a 10 second maximal sprint  
In a study of individuals with type 1 diabe-
tes, blood glucose concentrations fell sig-
nificantly following 20 minutes of moderate 
intensity exercise with usual insulin dose 
and carbohydrate intake, and they contin-
ued to fall over the subsequent 120 minutes. 
However, a 10 second maximal sprint at the 
end of the exercise prevented a further fall 
in blood glucose. This was associated with 
an increase in the counter regulatory hor-
mones [14,17].

(4) Intermittent high‐intensity exercise in the 
training programme A recent study com-
paring the glycaemic changes following 45 
minutes of continuous moderate‐intensity 
exercise found there was less post‐exercise 
hypoglycaemia and more post‐exercise 
hyperglycaemia with the addition of inter-
mittent high‐intensity bouts of exercise (9 
bouts of 15 seconds). There were more 
incidences of nocturnal hypoglycaemia 
following continuous exercise without the 
high‐intensity bouts, despite the consump-
tion of a bedtime carbohydrate snack [18].

Diet for exercise – carbohydrate

Carbohydrate is the most important substrate for 
exercising muscles. Approximately 50–60% of 
energy during 1–4 hours of continuous exercise 
at 70% of maximal heart rate is derived from 

carbohydrate [6]. Carbohydrate is stored in 
limited amounts in the muscles and liver and 
these stores can be rapidly depleted, particularly 
during high‐intensity exercise and intermittent 
high‐intensity exercise.

The amount of carbohydrate required depends 
on the total daily energy expenditure, type of 
sport, gender and environmental conditions, 
although athletes do not need to consume a diet 
that is substantially different from the dietary 
recommendations for the general population. 
Current recommendations are 6 to 10 g of carbo-
hydrate/kg body weight/day [6].

How much extra carbohydrate 
is needed?

The amount of additional carbohydrate needed 
for exercise varies. For moderate intensity, aero-
bic exercise lasting longer than 20–30 minutes, a 
rough guide is 10–20 g carbohydrate per 30 min-
utes of activity. For longer duration, higher 
intensity exercise, this may increase to 30–60 g 
per hour. Guidance on the amounts of carbohy-
drate used by athletes with type 1 diabetes for 
different sports, dependent on body weight, are 
given by Grimm [3] and by exercise intensity, 
duration and pre‐exercise blood glucose level by 
Colberg [5].

Carbohydrate requirements for training

As energy requirements increase, athletes should 
first aim to consume the maximum number of 
servings, appropriate to their needs, from the 
carbohydrate‐based food groups. Athletes who 
have lower energy requirements will need to pay 
greater attention to choosing nutrient dense 
foods [6]. With regards to the timing of meals 
and snacks, consideration needs to be given to 
the athlete’s gastrointestinal characteristics as 
well as to the duration and intensity of the exer-
cise workout.

Prior to exercising eating can improve per-
formance compared to exercising in the 
fasted state [6]. The meal should be low in  
fat and fibre to facilitate gastric emptying 
and minimise gastrointestinal discomfort. 
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There should be adequate carbohydrate to 
maintain blood glucose and maximise gly-
cogen stores and it should contain moderate 
amounts of protein. There is no conclusive 
evidence to support a beneficial effect on 
performance based on the glycaemic index 
of the meal. It is sensible for athletes to try 
out new foods and beverages at practice ses-
sions to see what works best for them. 
Additional carbohydrate may be needed 
20–30 minutes before exercise, depending 
on the pre‐exercise blood glucose concen-
tration, the type and duration of exercise 
and the normal blood glucose response to 
exercise. This can be provided by fluid or 
food containing rapidly absorbed carbohy-
drate, such as isotonic sports drinks, low fat 
confectionery (e.g. jelly sweets), or less 
 rapidly absorbed carbohydrate to provide 
glucose later on in the exercise (e.g. cereal 
bar, fruit).

During exercise lasting 1 hour or less, sports 
drinks containing 6–8% carbohydrate are 
suitable to provide both energy and fluid 
[19]. For longer periods of exercise, perfor-
mance is enhanced by consuming 30–60 g/hour 
of carbohydrate (0.7 g/kg body weight) [6]. 
Ideally this should be taken at 15–20 minute 
intervals. When >70 g/hour of carbohydrate 
is required, a mixture of sources is recom-
mended (i.e. 2:1 ratio of glucose and fruc-
tose results in a higher rate of carbohydrate 
oxidation) [8,9]. The carbohydrate can be 
provided as fluid, food or a carbohydrate gel 
plus water.

Following exercise, the timing and composition 
of the post‐recovery meal or snack will 
depend on the intensity and duration of the 
exercise. For those people who are training 
daily, then it is more important to ensure they 
replenish their glycogen stores in time for the 
next bout of exercise compared to those who 
are exercising occasionally. The highest rates of 
glycogen repletion are within the first 2 hours 
after exercise. 1.0–1.5 g carbohydrate per kg 
within 30 minutes of exercise and then at 2 
hour intervals for up to 6 hours is recom-
mended for the former group [6]. The latter 
group need to ensure they have sufficient 

 carbohydrate in the following 24 hours, both 
to replenish glycogen stores and prevent 
hypoglycaemia. Including some protein in the 
post‐exercise meal may provide amino acids 
for muscle protein repair.

The ACSM reviewed 25 studies investigating 
the macronutrient composition of diets in the 
recovery period [6]. Nine studies reported 
increased muscle glycogen synthesis with 
high carbohydrate diets (0.8–1.0 g/kg body 
weight/hour), two studies reported no signifi-
cant effect of meal timing on muscle glycogen 
synthesis, and studies focusing on carbohy-
drate consumption during recovery periods 
of 4 hours or more suggest improvements in 
performance.

Protein requirements and sport

There are many misconceptions about protein 
requirements and sport. An increasing number 
of athletes with type 1 diabetes are being rec-
ommended to consume a diet low in carbohy-
drate and high in protein, with some using 
protein supplements. In the United Kingdom 
(UK), the current reference nutrient intake (RNI) 
for protein in adults is 0.75 g/kg/day with a max-
imum of 1.5 g/kg/day [20], in the United States 
the recommended daily amount (RDA) is  
0.8 g/kg body weight [21] and in Australia it is 
0.84 g/kg/day [22].

There is little evidence that healthy adults 
require additional protein for endurance or 
resistance exercise, although nitrogen balance 
studies have shown that endurance athletes and 
strength athletes, particularly those in the early 
phase of training when muscle mass is being 
developed, require more protein than that rec-
ommended for the healthy population. The 
ACSM and the Australian Institute of Sport 
 recommends protein intakes of 1.2–1.7 g/kg /day 
for endurance and strength trained athletes 
[6,23].

Proteins, such as whey, casein and soy, are 
effectively used for the maintenance, repair and 
synthesis of skeletal muscle in response to train-
ing. However, as their use has not been shown to 
positively affect athletic performance, it is more 
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important to look at the individual’s overall diet 
first [6]. In the majority of cases, the individual 
is consuming sufficient protein from their diet 
without needing additional supplements. In the 
recovery period, providing the carbohydrate intake 
is sufficient, there is no significant benefit of addi-
tional protein intake [6]. Competitive athletes 
should also be made aware that dietary supple-
ments and ergogenic aids (nutritional products that 
enhance performance) may be contaminated with 
banned or nonpermissable substances.

Fluid requirements

Adequate hydration is essential for optimum 
exercise performance. High sweat losses, if not 
appropriately replaced, can result in water and 
electrolyte imbalances. Sweat losses in competi-
tive individuals can be 0.5–2.0 litres/hour and 
sweat sodium concentration averages 35 mmol/l 
[19]. A loss of >2% body weight (dehydration) 
may impair mental/cognitive performance and 
aerobic exercise performance and dehydration 
is a risk factor for heat exhaustion and heat 
stroke. Dehydration (3–5% body weight) does 
not impair either anaerobic performance or mus-
cular strength. Dehydration and sodium deficits 
are associated with skeletal muscle cramps and 
hyponatremia. Fluid consumption that exceeds 
sweating rate can lead to exercise‐associated 
hyponatremia [19].

Body weight changes can be used to calcu-
late individual fluid replacement needs; 1 kg of 
body weight loss is equivalent to 1000 ml of 
sweat loss. The ACSM make the following 
 recommendations [19]:

 • Start the exercise hydrated. If needed, prehy-
dration should begin at least 4 hours before 
exercise by slowly drinking approximately 
5–7 ml/kg of fluid. If this does not result in 
urine production or the urine is still dark, 
slowly drink 3–5 ml/kg 2 hours before exer-
cise. Consuming drinks containing sodium or 
salty snacks can stimulate thirst and retain the 
consumed fluid.

 • During exercise, drink to prevent dehydration 
and excessive changes in electrolyte balance 
to avoid compromised exercise performance. 

If consuming drinks containing carbohydrate, 
the concentration should not exceed 8%, as 
high concentrations will reduce gastric 
emptying

 • After exercise, if time permits, consuming 
normal meals and drinks will replace fluid and 
electrolyte losses. If dehydrated, aim for 1.5 l 
per kg weight loss. Water is not the ideal 
choice in this case and drinks such as sports 
drinks providing sodium are preferable [30]. 
As sports drinks contain carbohydrate, these 
may also prevent hypoglycaemia [7].

 • Alcohol can act as a diuretic and should only 
be consumed in moderation, especially during 
the post exercise period when rehydration is 
needed and there is risk of exercise‐ induced 
hypoglycaemia.

Sports drinks

It is recommended that these contain approxi-
mately 20 mmol/l of sodium, 2–5 mmol/l potas-
sium and 5–10% carbohydrate [19]. The need 
for these will depend on the intensity, duration 
of exercise and weather conditions. Caution is 
needed in type 1 diabetes because of the effect 
on blood glucose concentration. Consuming 
150–200 ml of an isotonic sports drink, contain-
ing 6–8 g/100ml of carbohydrate, every 15–20 
minutes will provide 30–60 g of carbohydrate 
and 450–800 ml /hour of fluid.

Summary

Managing type 1 diabetes with sport and exercise 
is challenging. Cooperation between the athlete 
with diabetes, the physician and dietitian is 
important in enabling the person with diabetes to 
exercise safely and to the best of their ability in 
their chosen sport.

3.5.3 Alcohol

Alcohol in moderate amounts can be enjoyed 
safely by most people with type 1 diabetes. 
Moderate intakes (1–2 units per day) confer 
similar benefits for people with diabetes, in 
terms of cardiovascular risk reduction and  
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all‐cause mortality, as for those without diabetes 
[24]. Alcohol can cause hypoglycaemia even 
with the ingestion of food [25], at relatively low 
levels and up to 12 hours after ingestion [26] 
by inhibiting gluconeogenesis and lipolysis, 
impairing glucose counter‐regulation and 
blunting hypoglycaemic awareness.

A systematic review concluded that ingestion 
of moderate amounts of alcohol does not have 
an acute effect on glycaemic control [25]. A 
study using continuous glucose monitoring in 
adolescents after moderately heavy drinking 
(mean 9 drinks for males and 6.3 drinks for 
females) found that, compared to the same 
period when no alcohol was consumed, less 
time was spent with low glucose values but 
there was greater variation in the blood glucose 
levels [26]. The authors concluded that the 
higher blood glucose readings could be attrib-
uted to the individuals having a meal before 
going out and a snack before bed, most of the 
drinks were pre‐mixed spirits and sweetened 
carbonated beverages and the majority of the 
study group did little activity.

Guidelines for alcohol 
consumption [24]

 • Alcohol in moderate amounts can be en-
joyed safely by most people with type 1 
diabetes.

 • The recommendations are no more than 2–3 
units/day for women, 3–4 units per day for 
men with a maximum of 14 and 21 units per 
week, respectively.

 • At higher intakes there is an increased risk 
of liver problems, reduced fertility, hyper-
tension, some cancers and cardiovascular 
disease.

 • Hypoglycaemia is a risk with alcohol con-
sumption in people with type 1 diabetes and 
although there is no evidence for the most 
effective treatment to prevent it, a reduction 
in insulin dose, or additional carbohydrate 
or a combination of these is recommended.

 • Alcohol should be avoided during pregnancy 
and in some medical conditions, for example 
hypertension, hypertryglyceridaemia, some 
neuropathies and retinopathy.

3.5.4 Recreational and 
prescription drug use

Little is known about the effects of recreational 
drug use in people with type 1 diabetes. It has 
been reported that drug use may coexist with 
other high risk behaviours, may indicate poor 
social support and a chaotic lifestyle [33].

One review reported lifetime prevalence of 
drug use was 5–25% in adolescents aged 12–20 
years and 29% in young adults aged 16–30 years 
[27]. Two anonymous surveys reported 29–77% 
of respondents had used drugs at least once, 47% 
within the last year and 15–68% were poly‐drug 
users [29,33]. Cannabis and stimulants were the 
most popular drugs used. In another study in 
which young adults presenting with DKA were 
questioned, 50% admitted to using drugs within 
the previous 48 hours, including cannabis, 
ecstasy, ketamine, benzodiazepines and heroin. 
37% were poly‐drug users [28].

In a report from the Yorkshire register of dia-
betes in children and young adults reporting on 
the causes of death in subjects diagnosed with 
type 1 diabetes before the age of 29 years, 16% 
of all deaths were related to drug misuse, includ-
ing insulin, analgesics and opiates, with the 
highest number in the 20–29 year old age group 
[31]. The authors concluded that there may be an 
emerging trend for young people with type 1 
diabetes to misuse recreational and prescription 
drugs.

Some drugs have effects including hallucina-
tions, depression and dissociation. Little is 
known about the effects on glycaemia and meta-
bolic complications in type 1 diabetes although 
HbA1c is reported to be higher in drug users 
[33]. This may be related to an effect on self‐
care behaviours, including blood testing, insulin 
administration and food intake, as many people 
with type 1 diabetes do not check blood glucose 
concentration before drug use, do not alter their 
insulin dose or omit insulin altogether [33]. 
Complications of the use of substances by peo-
ple with type 1 diabetes are hyperglycaemia 
(particularly cannabis), DKA (from ketamine, 
opioids, e.g. heroin and cocaine), hyponatremia 
(particularly ecstasy), hyperglycaemic hyperos-
molar state (cocaine), seizures and death [27].
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Management should focus on harm minimisa-
tion rather than advocating abstinence, including 
alternative insulin regimens for social weekends 
and action plans based on blood glucose and 
ketones recorded during the night [27], eating low 
glycaemic index foods, wearing medic alert iden-
tification and blood glucose testing before and 
after drug use [29]. Young people who are leaving 
home to attend a university or college in another 
town should have a formal re‐education session to 
remind them about the risks of hypoglycaemia 
and the potentially adverse effects of alcohol and 
drugs on diabetes control [32].
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4.1.1 Epidemiology

Type 2 diabetes is now so widespread and so fre
quently found that it is truly pandemic. It is not a 
disease confined either to higher income or to low 
and middle‐income countries, although the emerg
ing nations seem especially susceptible [1]. This 
was not the case in the 1950s, but it is now. Sixty 
years ago, type 2 diabetes had a prevalence of less 
than 1% in almost all countries of the world, and 
indeed in some communities, for example in many 
parts of Africa, it was scarcely found at all [2].

The Pima Indian population of Arizona [3] 
attracted attention in the 1970s because the 
Pimas had been a fit hunter‐gatherer nation 
overtaken by Westernisation. Their diet became 
high in fat, sugar and energy dense food, and 
their daily physical activity plummeted. This 
had a disastrous effect on their health, with pro
gressive obesity and diabetes found in a large 
proportion of the population. It was then noted 
that this was not an isolated finding and the 
Polynesian populations – and notably that of 
Nauru – had a similar propensity [4]. At the 
time this seemed to be fascinating epidemiology 
about ‘special’ communities. But the Pima and 
Micronesian finding was soon to be replicated 
globally. As overweight and obesity became 
widespread, so in its wake came type 2 diabetes. 
In the subsequent decades the low prevalence of 
type 2 diabetes increased in the developed 

world: it is now 4% in the United Kingdom 
(UK) [5] and well in excess of 8% in most States 
of the United States (US) [6]. In the emergent 
economies prevalences range up to 50% (urban 
elderly) of the population [7]. In stark terms, this 
means that in the UK, 1 in 25 adults has diabe
tes, while in the US the figure is 1 in 12. The 
problem is even greater in the developing econo
mies, with diabetes being found in 1 in 5 adults 
[1]. The increasing prevalence of type 2 diabetes 
is not restricted to adults; there is evidence that 
the incidence in children and young adults has 
increased in tandem with obesity. Incidence rates 
are now estimated to be 1–51/1000 depending on 
ethnic group, with the highest rates seen in Native 
American Indian, Hispanic, Black and South 
Asian communities [8].

The International Diabetes Federation (IDF) 
estimate that there are now 382 million people 
worldwide with diabetes, with estimates of 592 
million by 2035 [1] (Figure 4.1.1).

The magnitude of the problem is so great that 
it is going to have profound economic conse
quences. Diabetes is associated with complica
tions of blindness, renal failure, coronary artery 
disease, amputations and stroke. But it is also a 
chronic disease, with pathological processes 
unfolding over decades. As complications accu
mulate in any individual, the healthcare costs 
escalate, quality of life declines and capacity to 
work attenuates.

Epidemiology, aetiology and 
pathogenesis of type 2 diabetes
David R. Matthews
University of Oxford, Oxford Centre for Diabetes, Endocrinology and Metabolism, Oxford, UK
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4.1.2 Aetiology and 
pathogenesis

The aetiology (or cause) of type 2 diabetes is 
broadly understood, although the details of the 
pathological processes remain obscure. There 
are four mechanisms that can be regarded as 
having an influence on the emergence of the dis
ease: genes, beta‐cell failure, insulin resistance 
and the environment.

Genetic influences on type 2 
diabetes

There are important genes causing diabetes, 
though none of them are responsible for the pan
demic aspect or the huge increase in prevalence 
seen over the past few years. Genetic make‐up 
cannot change in one generation – 30 years – 
although that is the time‐frame for the emergence 
of type 2 diabetes as the most significant of all the 
non‐communicable diseases.

There are certain sub‐types of diabetes that 
appear early in life, and look similar to type 2 
diabetes. These conditions have retained the old 
terminology of ‘maturity onset diabetes’ with the 
added phrase ‘of the young’, known by the acro
nym MODY. MODY, as a subset of type 2 diabetes, 
is important as treatment is dictated by the specific 
genetic mutation [9]. The condition is caused by 
single gene autosomal dominant mutation and 
gives rise to specific defects that are identifiable. 
MODY presents clinically as type 2 diabetes diag
nosed in people who typically have early onset 
diabetes that is not insulin dependent, and where 
there is a strong family history of diabetes (from 
previous generations carrying the gene) [10]. Often 
the diagnosis can be deduced from a multi‐genera
tion family tree showing the affected members – 
the defect genes are autosomal (i.e. not‐sex‐linked) 
dominant, so there is 50% chance of transmission 
to offspring. There are several identified cate
gories where the effect of the gene has been 
identified, and now these are generally identi
fied with a postscript label to indicate the site of 
the pathology e.g. MODY glucokinase, MODY 
HNF1α [11]. MODY glucokinase itself is widely 
recognised as a problem that needs explicit 
 diagnosis, this is the category where there is a 

nonsense or missense mutation of the glucokinase 
gene and at least 21 of these have been identified 
[12]. Glucokinase is the enzyme sensor for glu
cose at the insulin‐producing beta‐cell. With half 
the coding for the correct enzyme synthesis 
missing there is only half the usual enzyme 
activity present. Reduction of activity leads to 
raised plasma glucose since there is insufficient 
insulin secretion, and small doses of sulfonylu
rea drugs can be all the treatment that is required 
[13]. This condition is not associated with pro
gressive loss of beta‐cell function. MODY has 
also been important as the clear proof that diabe
tes is heterogeneous. Even within the narrow 
category of the MODY defects, each family has 
its own particular mutation.

More germane to diabetes as a whole, there has 
been much research into genes for the common 
condition. This research over two decades has 
focused on the idea of genome‐wide association 
studies (GWAS) to attempt to identify which 
genes were associated with the appearance of dia
betes, and which were not. This search led to the 
recognition of a large number of genes found more 
often in those with diabetes than in those without 
[14]. Almost all of the genes seemed to be linked 
to aspects of beta‐cell function though two, inter
estingly, were not. These were a PPARγ defect 
(a nuclear receptor involved in insulin resistance) 
and FTO, a gene linked with body weight. Subjects 
with homozygous FTO defects were likely to be 
3 kg heavier than the control population [15].

Genes have been shown to be associated with 
diabetes by effects that are monogenic (single 
gene gives identified defect), pleotrophic (gene 
has lots of effects that can give clinical tenden
cies) or polygenic (many genes contribute). 
Combinatorial mathematics may show that clus
ters of small propensity genes contribute to the 
clinical syndrome, but such findings are unlikely 
to allow predictive genetic identification of those 
at risk. Nor are slightly increased genetic 
 propensities likely to be an explanation of our 
current pandemic, although these may be an 
explanation for some aspects of high national 
or race‐specific tendencies. Even if this were 
to be true, it has yet to be elucidated and, as 
yet, no Micronesian or Pima genes have been 
identified, even as combinatorial risks.
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Beta‐cell failure

All diabetes is associated with some level of 
beta‐cell deficiency. This can be absolute, as in 
the case of type 1 diabetes where auto‐immune 
destruction of the beta‐cells causes the near‐total 
loss of insulin secretory capacity, or it can be par
tial, where gradual failure of secretion leads to 
slowly progressive hyperglycaemia. The under
standing of beta‐cell failure has been crucial in 
the development of new drugs and therapies for 
diabetes. The molecular mechanism within the 
beta‐cell is understood in considerable detail 
(Figure 4.1.2). Metabolism of glucose is the cru
cial engine producing high energy adenosine 
triphosphate (ATP), and ATP, in turn, switches 
the electrical activity of the cell and mobilises the 
trucking of insulin to the vesicles that merge 
with the cell membrane to allow insulin release. 
Mechanisms are known to modulate the early 
signal, to change the metabolism, to alter the 
electrical activating channels, to activate modu
lating receptors and to alter the activity of other 
cells in the islets of Langerhans, of which beta‐
cells are a component part.

Yet despite all this understanding, the main 
aetiological process – that of declining beta‐cell 
function – remains elusive. Some authors have 

maintained that beta‐cell mass declines in type 2 
diabetes, but this is disputed, and does not sit well 
with the observations of recovery of function 
demonstrated in a wide variety of therapeutic 
approaches [16]. In particular, the observation 
that diabetes resolves rapidly after some bariatric 
bypass surgery suggests that beta‐cell function 
can be reactivated over very short periods of 
time [17], and this effect has been replicated in 
studies using very low calorie liquid diets [18]. 
The challenge is to find that mechanism.

Beta‐cell failure can be addressed in a variety of 
directed therapies. Sulfonylurea drugs mimic ATP 
in blocking so‐called Kir channels (inwardly recti
fying potassium channels), and cause cell depo
larisation and insulin secretion. Glucagon‐like 
peptide‐1 (GLP‐1) agonists mimic the endocrine 
signal that is triggered by food in the gut, and 
dipepdidyl peptidase 4 (DPP4) inhibitors block 
the enzymes that destroy the naturally occurring 
GLP‐1.

Insulin resistance

Insulin resistance (IR) was at one time thought 
to be the primary aetiology of diabetes [19]. It 
was characterised by the demonstration that 
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insulin concentrations in early type 2 diabetes 
were high, rather than low, although since the glu
cose is raised they are relatively low. Relatively, 
here, means that normal subjects whose blood glu
cose is raised to mimic that found in diabetes 
have even higher insulin concentrations. Infusing 
insulin is a better demonstration of the IR phe
nomenon, where it can be demonstrated, in 
control and diabetes subjects with identical 
plasma concentrations of insulin, that the control 
subjects clear glucose faster and in greater 
amount than the diabetes patients.

Insulin resistance is universally found in dia
betic states – and more so in type 2 diabetes than 
in type 1. But enthusiasm for thinking that it was 
central to the aetiopathology of diabetes has 
waned over the years. The reason is that IR is 
found in many non‐diabetic states, of which the 
most common is obesity. Yet obesity can persist 
for many years without diabetes supervening, so 
diabetes is by no means an inevitable sequel, but 
obesity is a major risk. This leaves the question 
of whether IR in diabetes is a cause, or just an 
associated finding. On the basis that it might be 
a cause, two decades ago the pharmaceutical 
companies searched for agents that might reduce 
IR, and produced agonists of identified IR‐ 
associated nuclear receptors called peroxisome 
proliferator‐activated receptors gamma (PPARγ) 
[20]. The thiazolidinedione (TZD) drugs, troglita
zone, rosiglitazone and pioglitazone, were identi
fied as high affinity ligands for these receptors. 
Troglitazone emerged, in clinical practice, to be 
hepatotoxic [21], and rosiglitazone increased the 
likelihood of cardiac failure without a proven 
benefit on longevity or cardiovascular disease 
[22]. Both drugs were discontinued. Pioglitazone 
continues to be prescribed and certainly reduces 
IR (and has good trial outcomes in cardiovascular 
disease [23]), but the chequered history of the 
PPARγ agonists reopened the debate as to whether 
modulating IR is wise.

The toxic environment

One important aspect of any epidemic is the rec
ognition that there must be environmental as 
well as genetic aetiology, and new triggers to 
explain the increase in caseload. Although 

genes may alter population susceptibilities, 
and  individual risks may have a genetic compo
nent, the epidemic causation will always be 
based on exposure to transmittable, toxic or envi
ronmental pathogens. A second important feature 
relates to prevention. If the problem did not exist 
60 years ago and it now does, it also follows that 
we could potentially move back to the pre‐existing 
prevalence if the pathophysiology can be identi
fied and risk factors eliminated or minimised.

The most apparent risk of diabetes is over
weight and obesity. Figure 4.1.2 shows the extent 
to which obesity and the single most important 
gene affecting obesity (FTO) contribute to the 
risk of getting diabetes. It is immediately appar
ent that environment‐induced obesity is the 
overwhelming risk factor, and the logical con
clusion is that we need to address the obesity 
epidemic – the prodrome to type 2 diabetes.

The size of the epidemic increase over the last 
four decades has been startling in its geographi
cal extent and unprecedented in its scale. 
Developed and developing countries have been 
afflicted, though the greatest extent of the prob
lem is seem in the lower and middle income 
countries. For example, although the USA now 
has in excess of 9% of its adult population with 
type 2 diabetes (1 in 11 of all its adults), Sri 
Lanka has over twice the prevalence with 18.9% 
of the population afflicted [24].

This pandemic has such grave consequences 
that it has been likened to the Black Death of the 
14th century [25]. The speed and the characteris
tics of the epidemic strongly suggest a change in 
environment and/or behaviour that has super
vened in the last half century. This environment 
has been termed the ‘toxic environment’ and is 
associated with the increasing availability of 
energy‐dense foods and low levels of physical 
activity [26]. The role of individual responsibil
ity has long been debated, and what populations 
eat and do may, at a micro level, be a matter of 
personal choice, but at an environmental and 
national level are clearly matters of food availa
bility, appropriate taxation, cost and environ
ment encouragement or discouragement for 
physical activity [27].

The question then arises as to whether the epi
demic could be addressed by case‐finding of 
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those at highest risk. Such individuals (middle‐
aged, overweight, with a family history of diabe
tes and sedentary lifestyle) are certainly in need 
of advice and help, but by the time they have 
become middle‐aged, overweight and sedentary 
the opportunity for health persisting into old age 
may have been lost. Since diabetes is now so 
common, a whole community approach to pre
vention should be adopted [28]. Prevention of 
diabetes will involve a significant shift in man
aging the toxic environment, and multiple stake
holder interventions are needed to address it. In 
practice this means community interventions for 
health [29] where permutations of many encour
agements to a better living environment can be 
advocated and enacted. Such activity could, for 
example include:

Taxation of high sugar drinks
Subsidy (from such taxation) for healthy foods
Limitation of advertising unhealthy food to 

 children
Limiting energy content of snacks at cinemas, 

sports events and public arenas
Legislation for healthy meals at schools
Labelling of energy in readable text on all food

stuffs
Labelling of energy content in restaurants and 

other food outlets
Making healthy‐choice literature widely 

 available

Health education for parents about effects of 
obesity on their children

Promoting physical activity
Campaigning against closure of playing fields 

and encouraging schools to embed physical 
activity in their curriculum

Using prompts to encourage the use of stairs
Encouraging architects to design new public 

buildings with accessible stairs to all floors.

These steps are seen as an encouragement to 
make the healthy choice the easy choice by mod
ifying the environment to reduce obesity and 
improve the health of all, whether they are at risk 
of diabetes or not. Case‐finding for those at risk 
of diabetes is inappropriate when the whole of 
society is exposed to the predisposing unhealthy 
choices. Nor should interventions be regarded as 
necessarily being expensive, Figure 4.1.3 dem
onstrates cost‐savings for various interventions.

4.1.3 Conclusion

In conclusion, type 2 diabetes is caused at the 
molecular and physiological level by genes, by 
beta‐cell failure and by insulin resistance. But much 
more importantly, it is caused by our world pan
demic of obesity, in turn predicated on low levels of 
physical activity and consuming too much energy. 
Community interventions to reduce risk and 
improve health at the population level are needed.
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4.2.1 Introduction

Type 2 diabetes is a multisystem disease. It often 
begins insidiously without any overt symptoms, 
but can progress to devastating clinical problems 
related to high glucose levels and tissue damage 
to both large and small blood vessels. These 
 latter are designated macrovascular disease and 
microvascular disease, respectively, and each 
have three broad categories of pathology (see 
Table 4.2.1)

4.2.2 Multiple‐risk‐factor 
approach to treatment

Pharmacological management of type 2 diabe-
tes involves agents that treat hyperglycaemia 
(anti‐hyperglycaemic agents) and agents that 
are specifically directed to complications. It is 
known, for example, that lowering cholesterol 
with statins and treating hypertension are 
fundamental adjuncts to glycaemic manage-
ment in diabetes [1]. Smoking, with or 
 without diabetes, kills 50% of those who 
indulge [2]. Here, however, only the current 
approaches to the treatment of glycaemia are 
considered.

4.2.3 Treatment of 
hyperglycaemia

The treatment of hyperglycaemia in diabetes can 
be addressed by both lifestyle adjustments and a 
wide array of available pharmacological agents. 
A number of guidelines have been produced 
[3–5], though here we refer primarily to the 
International ADA/EASD position statement 
[6]. The primary thrust of this paper was in the 
direction of patient‐centred care – by which is 
meant that the choice of agent for any individual 
is dependent on a wide array of characteristics of 
that patient, including, for example, age, dura-
tion of diabetes and capacity for self‐care. These 
are illustrated in Figure 4.2.1, where an example 
line has been drawn on each characteristic to 
indicate that there is not usually a ‘right’ answer 
to the glycaemic goal, and pragmatic adjustment 
is based on such criteria. Figure 4.2.2 illustrates 
the various treatment alogrithms for individuals 
with type 2 diabetes.

Glycaemic targets are discussed widely within 
the academic and clinical community, and these 
are most commonly assessed as HbA1c values (a 
useful measure of average glycaemic exposure). 
Low targets (e.g. 6.0–6.5% [42–48 mmol/mol]) 
might be considered in selected patients where no 
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comorbidities exist and when this can be achieved 
without significant hypoglycaemia [6]. By con-
trast, less stringent HbA1c goals (e.g. 7.5–8.0% 
[58–64 mmol/mol]) are appropriate for patients 
with a history of severe hypoglycaemia, and/or 
comorbid conditions. It is clear from the evidence 
that lower glycaemia prevents the development of 
complications in both type 1 and type 2 diabetes 
[7,8]. But once complications have developed, 
lowering glycaemia to tight control targets may 
well increase the overall mortality [9].

Hyperglycaemia contributes unequivocally to 
the risk of complications. This has been demon-
strated in both type 1 and type 2 diabetes, and 
the evidence is strongly in favour of good con-
trol early in the disease process [10,11]. In type 
2 diabetes this is for both microvascular and 
macrovascular disease [12].

Type 2 diabetes is characterised by progressive 
failure of the insulin‐producing cells in the islets of 
the pancreas (β‐cells) [13]. This means that thera-
peutically there needs to be regular surveillance of 
the effects of any agent, and often a necessity of 
combining agents in established diabetes [14].

Lifestyle approaches

Type 2 diabetes is often related to becoming 
overweight, and this in turn is consequent on 
excess energy intake (usually over many years) 
and low physical activity. Both of these precipi-
tating features can be addressed, and very low 
calorie diets may temporarily abolish hypergly-
caemia altogether [15], though the sustainability 
of such an approach has yet to be tested. 
Ultimately, it is patients who make the final 
decisions regarding their lifestyle choices, but 
consistent encouragement by healthcare pro-
fessionals can pay dividends in terms of the 
intensity of other treatment likely to be needed. 
Overweight and obesity are strongly related to 
insulin resistance (where insulin function is 
reduced) [16], and reversing any of this with 
weight loss is advantageous.

Weight reduction in people with type 2 dia-
betes, achieved through dietary means alone or 
with adjunctive medical or surgical intervention, 
improves glycaemic control and other cardiovas-
cular risk factors [17,18]. Modest weight loss 

Early symptoms
(entirely reversible on 
treatment)

Related to hyperglycaemia Excess urine (polyuria), often 
disturbing rest at night (nocturia)
Thirst
Tiredness
Susceptibility to infection (urinary 
tract, thrush)

Late symptoms
(essentially irreversible, 
though treatable)

Related to blood vessel disease Macrovascular disease
Microvascular disease

Macrovascular disease
Coronary artery disease
Cerebro‐vascular disease
Peripheral vascular disease

Angina, myocardial infarction
Stroke, ischaemic attacks
Claudication (pain in the legs with 
walking)
Foot ulceration

Microvascular disease
Retinopathy
Neuropathy

Nephropathy

Eye disease, and potential blindness
Loss of sensation in the feet and then 
susceptible to foot ulceration and 
amputation
Renal failure, anaemia

Table 4.2.1 Type 2 diabetes. The symptoms and conditions that need preventing, addressing and, 
if necessary, treating
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(5–10%) contributes meaningfully to achieving 
improved glucose control. Accordingly, estab-
lishing a goal of weight reduction, or at least 
weight maintenance, is recommended.

Dietary advice should be personalised. Patients 
should be encouraged to eat healthy foods that are 
consistent with the prevailing population‐wide 
dietary recommendations and with an individual’s 
preferences and culture. Foods high in fibre (such 
as vegetables, fruits, wholegrains and legumes), 
low‐fat dairy products and fresh fish should be 
emphasised. High‐energy foods, including those 
rich in saturated fats, and sweet desserts and 
snacks should be eaten less frequently and in 
lower amounts. Patients may have cycles of weight 
loss and relapse. The healthcare team should 

remain non‐judgmental but persistent, re‐visiting 
and encouraging therapeutic lifestyle changes 
frequently, if needed.

As much physical activity as possible should be 
promoted, ideally aiming for at least 150 minutes/
week of moderate activity, including aerobic, 
resistance and flexibility training [19]. In older 
individuals or those with mobility challenges any 
increase in activity level is advantageous (if this is 
tolerated from a cardiovascular standpoint).

Metformin

Metformin, a biguanide, remains the most 
widely used first‐line type 2 diabetes drug; its 
mechanism of action remains obscure, but it 

More 
stringent 

Less 
stringent 

Highly motivated, adherent,
excellent self-care capacities

Less motivated, non-adherent,
poor self-care capacities

Low High

Newly diagnosed Long-standing

Long Short

Absent SevereFew/mild

Few/mildAbsent Severe

Readily available Limited

Patient attitude

Patient risks associated
with hypoglycaemia

Finance and care
package if needed

Life expectancy

Comorbidities

Established vascular
complications

Diabetes duration

Figure 4.2.1 Glycaemic goals need to be personalised for each patient. A young, highly motivated patient with no 
comorbidity should have stringent goals. By contrast, an elderly patient with low life expectancy and poor health‐
care support may need less stringent control. The lines on each triangle show how each of these characteristics may 
have an influence on where the final target is set (Source: Adapted from Inzucchi, 2012 [6])
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probably has most of its effect on the gut [20]. It 
is given in large doses (1–2.5 g), and the tablets 
are therefore large. About 15% of patients are 
intolerant of its use, mainly from gastrointestinal 
side‐effects, but it is cheap and it does have a 
good evidence base [21,22]. It is generally con-
sidered weight neutral with chronic use and does 
not increase the risk of hypoglycaemia.

Sulfonylureas

The first discovered oral agents for treating the 
hyperglycaemia of diabetes were the sulfonylu-
reas. Long after their discovery it was established 
that they function through increasing insulin 
release from β‐cells [23]. This secretion is only 

partially glucose dependent so, while they are 
effective in controlling glucose levels, their use 
is associated with modest weight gain of approx-
imately 3 kg and risk of hypoglycaemia [24]. 
Some of the sulfonylureas may cause more rapid 
β‐cell failure than metformin alone [25]. 
Nevertheless, they are cheap, widely available 
and have a good evidence base [7].

A subgroup of sulfonylurea‐like agents, the 
meglitinides, are short‐acting and are taken with 
meals. They are not widely used.

Thiazolidinediones

Thiazolidinediones (TZDs) are agents that 
improve insulin sensitivity in skeletal muscle 

Initial drug 
monotherapy 

Efficacy (!HbA1c) 
Hypoglycemia 
Weight 
Side effects 
Costs 

Healthy eating, weight control, increased physical activity 

Metformin 

High 
Low risk 
Neutral/loss 
GI/lactic acidosis 
Low 

If needed to reach individualized HbA1c target after ~3 months, proceed to 2-drug combination
(order not meant to denote any specific preference): 

Metformin 
+ 

Metformin 
+ 

Metformin 
+ 

Metformin 
+ 

Metformin 
+ 

Efficacy (HbA1c)
Hypoglycemia
Weight
Major side effect (s)
Costs

High 
Low risk
Gain 
Edema, HF, fx’s‡

High 

Thiazolidinedione

Intermediate 
Low risk 
Neutral 
Rare‡

High 

DPP-4 Inhibitor

Highest 
High risk 
Gain 
Hypoglycemia‡

Variable 

Insulin (usually 
basal)

Sulfonylurea†

+ 

Thiazolidine-
dione 
+

DPP-4 
Inhibitor 
+

GLP-1 receptor 
agonist 
+

Insulin (usually 
basal) 
+

Metformin 
+ 

Metformin 
+ 

Metformin 
+ 

Metformin 
+ 

Metformin 
+ 

TZD 

DPP-4-i 

GLP-1-RA 

Insulin§

SU† 

DPP-4-i 

GLP-1-RA 

Insulin§

SU† SU† 

TZD TZD 

TZD 

DPP-4-i 

Insulin§ Insulin§

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 3–6 months,
proceed to a more complex insulin strategy, usually in combination with 1–2 non-insulin agents: 

Insulin#

(multiple daily doses) 

Three drug
combinations 

or 

or 

or 

or 

or 

or 

or 

or 

or 

or 

or 

or GLP-1-RA 

Two drug
combinations* 

High 
Low risk 
Loss 
GI‡

High 

GLP-1 receptor 
agonist

Sulfonylurea† 

High 
Moderate risk 
Gain 
Hypoglycemia‡

Low 

If needed to reach individualized HbA1c target after ~3 months, proceed to 3-drug combination
(order not meant to denote any specific preference): 

More complex
insulin strategies

Figure 4.2.2 Therapy of type 2 diabetes is based on a background of healthy eating, weight control and  increased 
physical activity. Beyond this, metformin is usually the first line agent and two‐drug combinations or three‐drug 
combinations can be used. When β‐cell failure becomes severe, insulin is the only option (Source: Adapted from 
Inzucchi, 2012 [6])
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and reduce hepatic glucose production [26]. They 
do not increase the risk of hypoglycaemia and 
may be more durable in their effectiveness than 
sulfonylureas and metformin [24]. Pioglitazone 
had benefit on cardiovascular events as a sec-
ondary outcome in one large trial involving 
patients with overt macrovascular disease [27]. 
Rosiglitazone is no longer available in Europe 
after concerns of increased myocardial infarc-
tion risk [28]. Recognised side‐effects of thiazo-
lidinediones include weight gain, fluid retention 
leading to oedema and/or heart failure in predis-
posed individuals and some increased risk of 
bone fractures. Pioglitazone can be used in com-
bination with metformin and sulfonylureas, and 
there is no contraindication to its use with insulin, 
though this is commoner in the USA than in 
Europe.

Incretin‐axis agents

GLP‐1 agonists

Glucagon‐like peptide 1 (GLP‐1) is a hormone 
produced by the gut, and signals directly to the 
β‐cell of the pancreas, as well as to other tissues 
[29]. GLP‐1 secretion is a major part of the so‐
called ‘incretin axis’, which is the name given to 
the observed phenomenon that glucose delivered 
to the gut causes a much greater insulin secretion 
than the equivalent glucose stimulus delivered 
intravenously. This incretin effect has a major 
advantage over direct pharmacological stimulus 
of the β‐cell in that it is glucose dependent. This 
means that GLP‐1 has an excellent stimulating 
effect when the glucose is high, but as the glu-
cose reaches normal concentration the effect 
switches off. So GLP‐1 agents are not, of them-
selves, associated with the side‐effect of hypo-
glycaemia. GLP‐1 also has direct effects on 
slowing gastric emptying, on reducing glucagon 
secretion and on the brain to reduce appetite. 
This latter effect seems to be the primary cause 
of the weight loss of approximately 2.5 kg asso-
ciated with GLP‐1 agonists, itself a very useful 
effect in the management of diabetes [30].

GLP‐1 is a peptide with a very short half‐life 
in the plasma. The therapeutic GLP‐1 agents are, 
therefore, analogues or homologues of the native 

hormone and, because the hormone is a peptide, 
they have to be injected. (Peptides are digested 
very rapidly if they are given orally). The major 
side‐effects of GLP‐1 agents are some early nau-
sea, and occasional vomiting, but in general this 
settles over a few weeks. The weight loss 
observed is related to decreased food intake and 
it may be that careful dietetic instruction about 
eating less would counter some of the nausea. 
The commonest agents used in the United 
Kingdom (UK) are liraglutide (injected daily) 
and exendin‐4 (injected twice daily). Agents are 
in development with longer half‐lives and simi-
larly good therapeutic effects and which can be 
administered once weekly. GLP‐1 agents can be 
used with metformin or thiazolidinediones. They 
are expensive.

DPP4‐inhibitors

The oral dipeptidyl dipeptidase 4 (DPP‐4) inhibi-
tors enhance circulating concentrations of active 
GLP‐1 [31] by reducing the extent to which 
GLP‐1 is degraded. They therefore allow a 
greater effect of endogenously produced GLP‐1 
and other incretin hormones but clearly cannot 
mimic the pharmacological doses administered 
by the agonists. However, because the inhibitors 
are not peptides, they can be given by mouth. 
They have very few side‐effects. They are weight 
neutral and weaker in effect than GLP‐1 agonists. 
They do not cause hypoglycaemia because they 
act through the glucose‐dependent incretin sys-
tem. Agents available include alogliptin, saxa-
gliptin, sitagliptin, linagliptin and vildagliptin. 
They can be used alone or in combination with 
metformin and with sulfonylureas, though hypo-
glycaemia can occur when the latter combination 
is used. There is little logic in using them with the 
GLP‐1 agonists. Once weekly DPP‐4 inhibitors 
are currently undergoing trials.

α‐Glucosidase inhibitors

α‐Glucosidase inhibitors retard gut carbohydrate 
absorption [32]. The result of this is that more 
sugars are delivered to the colon and this can 
cause wind and occasional diarrhoea. The effects 
are relatively weak. They are not widely prescribed 
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in the UK, but are more widely used in countries 
with a traditionally high carbohydrate diet, such 
as China [33].

SGLT‐2 inhibitors

Sodium glucose transporter 2 (SGLT‐2) inhibi-
tors are agents that act directly on the kidney to 
cause glycosuria – glucose loss into the urine 
[34]. This mechanism seems counter‐intuitive in 
that normally glycosuria is a sign of diabetes out 
of control. This is because the renal threshold – 
the glucose level above which glucose is lost 
into the urine – is normally about 12 mmol/l. So 
glycosuria was a marker of high glucose. 
However, with SGLT‐2 inhibitors, glucose loss 
into the urine occurs at much lower levels ‐ 
 typically at about 6 mmol/l, and so up to 100 g of 
glucose (about 400 kcal) per day can be lost. 
This lowers plasma glucose and helps weight 
loss. However, because of the glucose in the urine, 
thrush is commoner in women and occasional 
balanitis is observed in men. Agents available in 
the UK include dapagliflozin and canagliflozin. 
The agents can be combined with many other 
treatments, including most oral agents and, 
indeed, with insulin. They are new agents, how-
ever, and caution should moderate enthusiasm 
until more trial data are published [35].

Insulin

Until the 1980s, insulin was only available by 
extraction and purification from the pancreas of 
cattle and pigs. This animal insulin is still in use 
but has been largely replaced by human insulin 
that is engineered genetically in laboratories. 
Newer analogue insulin has been introduced 
over the past few years in an attempt to replicate 
the action of naturally produced insulin in the 
body. Table 4.2.2 summarises the different prep-
arations of insulin available to treat diabetes.

Side‐effects of insulin treatment include 
weight gain of approximately 6 kg, and hypogly-
caemia [7]. Weight gain is variable and depends 
on both the amount and type of insulin used; use 
of an intensive prandial regime was associated 
with higher weight gain (6.4 kg) compared to 
biphasic regimens (5.7 kg) and a once‐daily 
basal insulin (3.6 kg) in the 4‐T study [36], 
although there is limited evidence that dietary 
education and support can ameliorate weight 
gain [37]. Ideally, an insulin treatment pro-
gramme should be designed specifically for an 
individual patient, to match the supply of insu-
lin to his or her dietary/exercise habits and 
 prevailing glucose trends, as revealed through 
self‐monitoring. Anticipated glucose‐lowering 
effects should be balanced with the convenience 

Type of insulin
Onset of 
action (min) Peak action Duration (h) Comments

Rapid‐acting analogues 5–10 90 min 3 Taken with, or directly after, 
food

Short‐acting 
human insulin

20–30 2 h 4–8 Taken 2–30 min before 
eating

Medium‐/long‐acting 
insulin

90 4–12 h 12–24 Taken once or twice a day

Long‐acting analogues Flat profile Flat profile 18–24 Taken once a day, and takes 
up to 3 days for full effect

Mixed insulin 30 2–8 h 16–20 Mixture of short‐acting and 
medium‐ or long‐acting, 
taken twice daily

Mixed analogues 5–10 90 16–20 Mixture of rapid‐acting and 
long‐acting analogues, 
taken twice daily

Table 4.2.2 Characteristics of insulin preparations to treat diabetes
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of the regimen, in the context of an individual’s 
specific therapy goals.

Proper patient education regarding glucose 
monitoring, insulin injection technique, insulin 
storage, recognition/treatment of hypoglycae-
mia, and ‘sick day’ rules is imperative. Where 
available, certified diabetes educators can be 
invaluable in guiding the patient through this 
process.

Combination agents

Some new interesting combinations of peptide 
agents are under close scrutiny. Using insulin 
combined with liraglutide (IDeg‐Lira) may be 
advantageous in terms of combining two 
agents that would otherwise need separate 
injections [38].

Single, fixed dose combinations (often 
 metformin + other active agents) may have a 
role, and there are certainly many possible 
 combinations that could be appropriately com-
bined [39]. Compliance is likely to be greater 
with such agents.

4.2.4 Implementation 
strategies

It is generally agreed that metformin, if not con-
traindicated and if tolerated, is the preferred and 
most cost‐effective first agent [6]. It is initiated 
at, or soon after, diagnosis, especially in patients 
in whom lifestyle intervention alone has not 
achieved, or is unlikely to achieve, HbA1c goals. 
Because of frequent gastrointestinal side‐effects, 
it should be started at a low dose with gradual 
titration.

If metformin cannot be used, another oral 
agent could be chosen, such as a sulfonylurea, 
pioglitazone or a DPP‐4 inhibitor; in occasional 
cases where weight loss is seen as an essential 
aspect of therapy, initial therapy with a GLP‐1 
receptor agonist might be useful.

Beyond monotherapy there are a number of 
options. Many agents can be usefully combined 
and most treatments will involve more than one 
oral agent before therapy is moved to insulin. 
Ultimately, because of β‐cell failure, most 

patients beyond a decade of type 2 diabetes will 
need insulin – and some considerably earlier.

4.2.5 Hypoglycaemia

Hypoglycaemia in type 2 diabetes was long 
thought to be a trivial issue, as it occurs less 
commonly than in type 1 diabetes, although 
emerging evidence suggests duration of insulin 
treatment is associated with increased risk of 
severe hypoglycaemia [40]. However, there is 
emerging concern, based mainly on the results 
of recent clinical trials and some cross‐sectional 
evidence, of increased risk of brain dysfunction 
in those with repeated episodes. In the ACCORD 
trial, high levels of both minor and major hypo-
glycaemia occurred in intensively managed 
patients [9]. Hypoglycaemia is more dangerous 
in the elderly and occurs consistently more often 
as glycaemic targets are lowered. Perhaps just as 
importantly, additional consequences of fre-
quent hypoglycaemia include work disability 
and erosion of the confidence of the patient (and 
that of family or caregivers) to live independently. 
Accordingly, in at‐risk individuals, drug selection 
should favour agents that do not precipitate such 
events and, in general, blood glucose targets may 
need to be moderated.

4.2.6 Conclusions

Managing hyperglycaemia is an art more than a 
science. It is essential to lower the HbA1c to as 
near normal as possible within the constraints of 
patient enthusiasm and adherence, realistic 
goals, collaborative working towards such goals, 
avoidance of hypoglycaemia and due regard for 
social and work circumstances. A laissez‐faire 
attitude to hyperglycaemia will increase the later 
burden of micro‐ and macrovascular disease. 
The overall aim of treating hyperglycaemia is to 
avoid acute symptoms in the short term (polyu-
ria, thirst, blurring of vision and tiredness), and 
tissue complications in the long term. In this 
regard concentration on the glycaemic goals 
alone is inappropriate – diet, exercise, lipids and 
smoking habits all need to be addressed.
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4.3.1 Introduction 

There is strong evidence that improvements in 
glycaemic control in people with Type 2 diabetes 
are associated with significant reductions in risk 
from both microvascular and macrovascular dis-
ease. The United Kingdom Prospective Diabetes 
Study (UKPDS) reported that a reduction in 
HbA1c of 10 mmol/mol (0.9%) over median 10 
years was associated with a 12% reduction in 
risk from any diabetes-related end-point, a 25% 
reduction in risk from microvascular disease and 
a 16% trend to reduced risk from myocardial 
infarction [1], and that these benefits were sus-
tained long-term [2]. There is robust evidence 
that nutritional therapy is effective in reducing 
HbA1c [3–6], and meta-analyses of both ran-
domised controlled trials (RCT) and observa-
tional cohort studies have indicated that dietary 
advice can reduce HbA1c by 3–30  mmol/mol 
(0.25–2.9%) [7], with the greatest reduction seen 
in those newly diagnosed with type 2 diabetes 
[8]. Despite this strong evidence for the overall 
 beneficial effects of nutritional interventions, evi-
dence for the effects of specific dietary strategies 
on glycaemic control is somewhat contradictory. 

The majority of published guidelines empha-
sise the importance of weight loss for the 90% of 
those with type 2 diabetes who are overweight or 
obese, and of the three macronutrients (carbohy-
drate, fat and protein), carbohydrate manage-
ment has also been identified as a key strategy 
for blood glucose control [3–6]. 

4.3.2 Weight management and 
glycaemic control

Type 2 diabetes is associated with an increased 
prevalence of overweight and obesity. In the UK 
and the US, studies suggest that approximately 
90% of people with type 2 diabetes are over-
weight (BMI >25  kg/m2) and 50% are obese 
(BMI >30  kg/m2) [9,10]. Weight reduction is 
recommended as a primary strategy and has 
been shown to improve glycaemic control, qual-
ity of life, mobility, sleep apnoea, sexual func-
tion and bring reductions in depression and 
cardiovascular (CVD) risk factors [11]. However, 
due to a variety of factors outlined below, not all 
studies have shown significant associations 
between weight loss and HbA1c reduction. 

Length of follow-up

The majority of published dietary studies are 
short-term (<12 months), and often report highly 
significant reductions in both body weight and 
HbA1c at three and six-month follow-up. It is 
widely recognised that maintaining weight loss 
is challenging for those with type 2 diabetes, and 
some weight regain is typically seen at 12-months 
follow-up and beyond [12]. Despite this, most 
dietary studies in people with diabetes report 
that the majority do not regain all the weight lost, 
and at 4–5 years follow-up have sustained a non-
significantly lower body weight than at baseline. 
In the Look-AHEAD trial which investigated 
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intensive lifestyle therapy in a sample of 5154 
people with established type 2 diabetes, a sig-
nificant weight loss of 6% was sustained in the 
intervention group over 9.6 years follow-up [13].

Amount of weight lost

It has been widely reported that modest weight 
loss (<10%) has beneficial effects on insulin 
resistance and glycaemic control in people with 
type 2 diabetes [14]. It now appears that weight 
losses of at least 5% are necessary for significant 
improvements in glycaemic control over the 
longer-term; a recent meta-analysis stated that 
studies reporting <5% weight loss showed a 
non-significant reduction in HbA1c of 0.2% at 
12 months follow-up [12]. The Look-AHEAD 
trial reported a decrease in HbA1c of 0.6% asso-
ciated with a weight loss of 8.6% [13], and a 
Mediterranean-style dietary intervention in newly 
diagnosed subjects reported a decrease of 1.2% in 
HbA1c with mean weight losses of 7.2% [15].

Duration of diabetes

Larger reductions in HbA1c are commonly seen 
in those newly diagnosed with type 2 diabetes, 
however, for those who have established disease 
the degree of weight loss is not necessarily 
related to improvements in glycaemic control 
[12]. In newly diagnosed people in the UKPDS 
study, where the only intervention in the first 
three months was dietary therapy, mean weight 
losses of 4.5 kg were associated with a reduction 
in HbA1c of 2.0% [16], and a Mediterranean-
style diet study showed similar, sustained reduc-
tions in both HbA1c and weight at one year’s 
follow-up after diagnosis [15].

Strategies for weight reduction

There has been much discussion, and many stud-
ies, about the most effective way to lose weight 
and improve glycaemic control in people with 
type 2 diabetes [14]. A healthful diet, including 
largely unprocessed foods, such as fruit and veg-
etables, wholegrain carbohydrate foods, fish and 
seafood, yogurt, pulses, legumes and nuts and 
vegetable oil, and lower in red and processed 

meat, refined carbohydrate foods and added sug-
ars, is recommended by most authorities [3–6], 
but there are few head-to-head studies evaluating 
this strategy for weight reduction against other 
approaches. Evidence suggests that a  variety of 
dietary interventions are effective for weight loss 
and improving glycaemic control [17] including 
energy-restricted diets [18], Mediterranean-style 
diets [19], high protein diets [20], low carbohy-
drate diets [21], very low energy liquid diets [22] 
and meal replacements [23]. Overall, successful 
weight reduction appears to be determined 
by  adherence to a chosen dietary strategy that 
achieves energy restriction long-term, rather 
than by a specific diet, and this approach is rec-
ommended by most dietary guidelines [3–6].

4.3.3 Macronutrients and 
glycaemic control

There is no conclusive evidence for the ideal 
macronutrient content of the diet to improve out-
comes in people with type 2 diabetes, whether 
for improving glycaemic control, promoting 
weight loss or reducing CVD risk. This is because 
most meta-analyses include studies in which the 
intervention diet achieved greater weight loss 
than the comparator diet, making it difficult to 
draw firm conclusions about the effect of differ-
ent dietary components independent of weight 
loss [24]. In addition, other confounding factors 
such as changes in medication are often not fully 
reported. Two systematic reviews and meta-
analyses have attempted to answer this question. 
One identified that Mediterranean-style diets, 
low GI diets, low carbohydrate diets and high 
protein diets were all associated with improve-
ments in glycaemic control [25], and the other 
that many different strategies were associated 
with improved outcomes [26]. However, neither 
analysis corrected for differences in weight loss, 
and a more recent systematic review that only 
included studies where there were no differ-
ences in weight change concluded that there was 
insufficient evidence to recommend a particular 
diet or macronutrient [24]. As a result, the major-
ity of national and international dietary guide-
lines do not make a specific recommendation 
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for carbohydrate, fat and protein in terms of gly-
caemic control, but emphasise the importance of 
individualised nutritional goals.

4.3.4 Carbohydrate and 
glycaemic control

Carbohydrate has long been a focus for attention 
as this nutrient has the most direct effect on blood 
glucose levels after eating. Research studies have 
investigated the effects of both the quantity and 
quality of dietary carbohydrate, and as no clear 
message has emerged most authorities now rec-
ommend an individualised approach to carbohy-
drate management in people with type 2 diabetes 
(Table 4.3.1).

Quantity of carbohydrate

Globally, carbohydrate provides approximately 
40–80% of total energy intake amongst adults 
[27], and there is limited evidence showing that 
people with diabetes obtain 45% of total energy 
requirements from carbohydrate [26].

The majority of studies investigating the 
effect of high carbohydrate diets have failed to 

show superiority for people with diabetes [26], 
although this may be explained by confounding 
factors such as decreases in fat and protein 
intake and the type of carbohydrate consumed. 
High carbohydrate diets including processed 
high GI carbohydrates do not appear to improve 
glycaemic control, whereas high carbohydrate 
diets which are rich in dietary fibre and low in 
fat and which include unprocessed carbohy-
drates have been shown to improve glycaemic 
control and serum lipid concentrations [28]. 

The role of low carbohydrate diets in the treat-
ment of type 2 diabetes has long been controver-
sial. In the early part of the 20th century, low 
carbohydrate, relatively high fat diets were recom-
mended for diabetes, but this underwent radical 
change in the 1980s in light of research suggesting 
that high intakes of saturated fat and low intakes 
of dietary fibre were associated with increased 
risk of CVD [28]. As a result, most authorities 
then recommended high carbohydrate, low fat 
diets for the management of diabetes. However, as 
carbohydrate is the nutrient most strongly associ-
ated with postprandial hyperglycaemia, there is a 
renewed interest in low carbohydrate diets, includ-
ing calls for carbohydrate restriction as first-line 
nutritional therapy for people with diabetes [29]. 

Table 4.3.1 Key recommendations for carbohydrate intake and glycaemic control in type 2 diabetes

Recommendation Diabetes UK [3]
American Diabetes 
Association [4]

Canadian Diabetes 
Association [5]

European 
Association [6]

Total daily intake 
of carbohydrate

Individual goals:
No specific 
recommendation

Individual goals:
No specific 
recommendation

45–60% of total 
energy intake 
stressing 
individualization

45–60% of total 
energy intake

Total free sugars Reduce dietary sugar:
No specific 
recommendation

Can be included, 
but care taken to 
avoid excessive 
intake

≤10% of total 
energy intake

≤10% of total 
energy intake

Glycaemic index/
load (GI/GL)

Low GI diets may 
offer additional 
modest 
improvements in 
glycaemic control

Substituting low 
GI foods may 
modestly improve 
glycaemic control

Replace high GI 
foods with low GI 
foods

Low GI foods 
should be 
encouraged in 
those with high 
carbohydrate 
intake

Dietary fibre Recommendations 
similar to those for 
the general public 
(30g/day) [34]

Recommendations 
similar to those for 
the general public 
(14g/1,000kcal/
day) [35]

15–25g/1,000kcal/
day

>40g/day 
(or 20g/1,000kcal/
day)
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A meta-analysis of early studies in people 
with type 2 diabetes suggested that low carbohy-
drate diets showed beneficial effects on glycae-
mic control, although there was no evidence of a 
beneficial effect on weight loss and insufficient 
evidence of CVD risk reduction [30]. This was 
supported by further meta-analysis that showed 
significant beneficial effects of low carbohydrate 
diets on both glycaemic control and body weight 
[20]. More recent meta-analyses and systematic 
reviews including more studies have failed to 
confirm these  findings, reporting that although 
there may be some evidence of short-term 
improvements in glycaemic control, these are not 
sustained over the longer term [31–33]. In sum-
mary, although low carbohydrate diets may be 
effective for improving glycaemic control in peo-
ple with type 2 diabetes, they do not demonstrate 
superiority over other dietary approaches, and 
uncertainty about long-term side effects remains. 

There may be little evidence to support a 
defined amount of carbohydrate in the diet, but 
most recommendations acknowledge the impor-
tance of monitoring and controlling carbohydrate 
intake [3–6].

Quality of carbohydrate

Traditionally, people with diabetes were advised 
to avoid large amounts of sugar and sugary foods 
and to base their carbohydrate intake on ‘starchy’ 
carbohydrates. Recent evidence suggests that 
foods containing processed or rapidly digested 
starches e.g. potatoes, white rice and white bread 
may have adverse effects on both glycaemic 
control and general health and that unprocessed 
and wholegrain carbohydrates should be recom-
mended as primary carbohydrate sources both 
for those with diabetes [17,28] and the general 
population [35]. 

It has been recommended that the term ‘free 
sugars’ be adopted to include all mono and 
disaccharides added to foods during manufac-
ture, cooking or consumption together with any 
sugars naturally present in honey, syrups and 
unsweetened fruit juices and concentrates [36]. 
There is growing evidence that free sugars, and 
in particular sugar-sweetened beverages (SSB), 
may increase the risk of both obesity and type 2 
diabetes [37,38], but there is little evidence of 

the role of free sugars in  glycaemic control in 
people with diagnosed type 2 diabetes. Short-
term studies investigating sucrose intake in peo-
ple with diabetes have shown that the total 
amount of carbohydrate, rather than the type, 
predicts postprandial blood glucose concentra-
tions and that sucrose intakes of 10–35% of total 
energy intake do not have a negative effect on 
glycaemic control when compared to isocaloric 
amounts of starch [39]. In terms of general 
health, recent guidelines have recommended 
that free sugars should contribute no more than 
5–10% of total daily energy intake [34–36], and 
it is probably prudent to recommend this to peo-
ple with type 2 diabetes.

Diets high in dietary fibre are associated 
with improvements in glycaemic control [28]. 
A meta-analysis reported that diets containing 
fibre-rich foods or fibre supplements providing 
37.4–42.6 g/day of fibre were associated with a 
0.55% reduction in Hba1c [40]. Soluble fibre 
appears to have a greater effect on glycaemic 
control than the insoluble fibre found in who-
legrains and some fruit and vegetables [41]. 
Recommendations for fibre intake for people 
with diabetes are generally similar to those for 
the general population.

Low GI diets have been reported to improve 
glycaemic control and reduce HbA1c by 0.14–
0.5% [20,42]. There has been a suggestion that 
the benefit of low GI diets may be due partly to 
the effect of dietary fibre as low GI foods tend to 
be higher in soluble fibre [17]. Recommendations 
for GI are shown in Table 4.3.1.

4.3.5 Fat and glycaemic 
control

The majority of recommendations about dietary 
fat and type 2 diabetes relate to CVD risk reduc-
tion rather than the relationship with glycaemic 
control. A comprehensive systematic review 
concluded that total fat intakes and type of fat 
were not associated with blood glucose concen-
trations, although the beneficial effects of 
 monounsaturated fat (MUFA) on both insulin 
sensitivity and fasting insulin concentrations 
were considered as probable [43]. This is sup-
ported by a study showing that substituting 
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MUFA for saturated fat (SFA) as part of a 
Mediterranean-style diet improved glycaemic 
control at 2 years follow-up [44]. 

4.3.6 Protein and glycaemic 
control

Early metabolic studies showed that dietary pro-
tein had little immediate effect on postprandial 
blood glucose concentrations in people with 
type 2 diabetes, but that it reduced glucose 
 concentrations two hours after ingestion [45]. 
Further work indicated that when dietary protein 
is ingested with glucose, it acts to increase insu-
lin secretion and decrease blood glucose concen-
trations [46], suggesting that high protein diets 
may be useful in regulating glycaemic control. 
These findings have not been replicated in die-
tary intervention studies [39] and concerns about 
the relationship between high protein intakes 
and risk of renal disease have resulted in recom-
mendations that people with diabetes should eat 
moderate amounts of protein at amounts similar 
to the general population (15–20% of total 
energy intake). There is little evidence that low 
protein intakes are protective for renal disease in 
people with type 2 diabetes [47].

In summary, guidelines for people with type 2 
diabetes state that a moderate protein intake sim-
ilar to the general population should be recom-
mended. Protein has been shown to increase 
insulin response after eating and for this reason 
it is recommended that that protein-containing 
foods are not used to treat hypoglycaemia [3,4].

4.3.7 Foods versus nutrients

Recent publications have emphasised the bene-
fits of food, rather than nutrient, based 
approaches to nutritional recommendations for 
general health and to reduce the risk of non-
communicable diseases (NCD) including type 2 
diabetes [35,48,49]. Healthful dietary patterns 
include largely unprocessed foods, such as fruit 
and vegetables, whole grains, pulses and leg-
umes, seafood, yogurt and vegetable oils and 
less red and processed meat, refined grains and 

sugar and sugary foods, particularly SSB. These 
dietary patterns are naturally rich sources of 
dietary fibre, minerals and vitamins and unsatu-
rated fats and contain less sugar, saturated fat 
and salt and have a lower glycaemic load. There 
are a variety of dietary patterns that conform 
to  this style of eating, including conventional 
low  fat, high fibre ‘healthy eating’ diets, 
Mediterranean-style diets, the DASH diet and 
vegetarian and vegan diets, and all these have 
been shown to improve outcomes in people with 
diabetes [47]. However, dietary advice should 
also include the concepts of overall portion con-
trol and carbohydrate management.

4.3.8 Conclusions

For the majority of people with type 2 diabetes, 
weight management is a key priority and this 
can be achieved by a variety of strategies with 
little evidence of superiority of any particular 
approach. Weight loss is more effective in 
improving glycaemic control in those newly 
diagnosed with type 2 diabetes. There is no 
 evidence supporting specific amounts of fat, 
protein or carbohydrate in the diet for improving 
glycaemic control and an individualised 
approach is key [50]. Healthful eating patterns 
have been shown to improve both glycaemic and 
cardiovascular outcomes and these can be com-
bined with carbohydrate monitoring and control 
to maximise benefit.

Key points

 • Weight management is a key strategy for 
those with type 2 diabetes

 • A variety of weight management strategies 
are effective

 • The ideal amount of macronutrients is 
unknown

 • Carbohydrate management can improve 
glycaemic control

 • A variety of dietary patterns are associated 
with improved outcomes and individualised 
advice is recommended
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4.4.1 Introduction

It is well established that people with type 2 
 diabetes are at high risk of developing cardio
vascular disease (CVD) and that risk factor 
 control is integral to diabetes care to reduce this 
risk. Overweight and obesity are highly preva
lent among this population and obesity is known 
to be an independent risk factor for CVD in the 
general population. Large scale epidemiological 
studies such as the Framingham Heart Study 
[1], The Nurses’ Health Study [2] and the 
Interheart Study [3] have documented the asso
ciation between overweight and obesity and 
increased risk of CVD.

Whilst Body Mass Index (BMI) is the most 
commonly used tool  to define obesity, it does 
not distinguish between adipose and lean tissue 
or different fat depots such as visceral fat. As 
intra‐abdominal, particularly visceral obesity, 
has been demonstrated to be of greater impor
tance to health risk than total adiposity, the use
fulness of BMI has been challenged. In recent 
years there has been a shift towards waist meas
urement or waist/hip ratio as more reliable indi
cators of cardiovascular (CV) risk.

In addition to increased risk driven by meta
bolic abnormalities associated with obesity, there 
are also adverse effects on the structure, function 
and haemodynamics of the cardiovascular sys
tem. Left and right ventricular hypertrophy (LVH 
and RVH), heart failure and arrhythmias have 
been linked with obesity [4,5].

4.4.2 Structural changes 
to the heart in obesity

The effects of obesity on the structure, geometry 
and function of the heart have been the subject of 
much research. Potential associations are com
plicated by the fact that many obesity‐ associated 
conditions, such as hypertension and diabetes, 
also affect the heart. However, it is now estab
lished that LVH is independently linked with 
obesity. The Cardio vascular Health Study [6] 
found that increased left ventricular mass was 
significantly related to incident coronary heart 
disease (CHD), congestive heart failure (CHF) 
and stroke, and all cause mortality, even after 
adjustment for traditional risk factors.

Effects of systemic adiposity

The increase in adipose tissue mass in obesity 
requires greater blood supply leading to an 
increased total blood volume proportionate to 
weight. The persistent rise in stroke volume 
induces a rise in cardiac output that, coupled 
with decreased peripheral resistance common in 
obesity [5], contributes to the development of 
hypertension [7]. This in turn causes increased 
stress to the left ventricular wall, resulting in ven
tricular dilation and subsequent compensatory 
eccentric hypertrophy of the left ventricular wall 
[5]. This may be referred to as cardiomyopathy 
of obesity. In a recent study using cardiovascular 
magnetic resonance (CMR) Rider et al. [8] 
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 challenged this traditional view of the process 
when they found significant LVH without the 
associated ventricular cavity dilatation and 
excess hypertrophic response was not associ
ated with end diastolic volume changes in a 
group of otherwise healthy overweight and 
obese patients compared to normal weight. 
Significant hypertrophy of the right ventricle 
was also observed in the obese and morbidly 
obese group. They suggest that increased levels 
of the hormone leptin rather than ventricular 
dilatation may be responsible for the hyper
trophic changes seen.

The atria are also affected in obesity; progres
sive enlargement of the diameter of the left 
atria  in proportion to BMI has been observed 
[9,10]. Dublin’s group [9] also found increased 
incidence of left atrial dilation in overweight 
and obese subjects with atrial fibrillation (AF) 
(78%) compared with normal weight controls 
with AF (51%).

Cardiac adiposity

The role of cardiac adiposity in the develop
ment of CVD is becoming of increasing inter
est. In the normal heart, epicardial fat covers 
around 80% of the surface, accounting for 
around 20% of the heart’s total weight [11]. 
Despite the  difficulty in reliably imaging 
severely obese patients, previous studies have 
demonstrated a  direct relationship between 
total adiposity and  amount of epicardial and 
myocardial fat [11–13]. One small study 
 demonstrated obese subjects had a three‐fold 
increase in myocardial fat and epicardial fat and 
circulating free fatty acid (FFA) levels twice as 
high as the lean subjects [12]. Gaborit [13] 
found that epicardial fat volume and myocar
dial triglycerides were increased in obese sub
jects compared to lean controls but were also 
higher in obese subjects with metabolic syn
drome and type 2 diabetes than in uncomp
licated obesity. Epicardial fat functions as 
a  physical buffer but is also metabolically 
active, being an important source of (FFAs) [11], 
which in health are the main energy substrate 
for the myocardium but, when present in excess 
may also trigger arrhythmias [5].

Cardiac adipose tissue is also an important 
source of pro‐inflammatory adipokines (TNF‐α, 
IL‐1, IL‐6 and nerve growth factor) and of the 
anti‐inflammatory protein adiponectin [5]. The 
pro‐inflammatory adipokines are strongly linked 
to CVD with significantly higher levels seen in 
patients with coronary artery disease [11] and 
are powerful predictors for the development of 
type 2 diabetes [4]. Adiponectin levels are 
reduced in obesity and have been found to be 
lower in individuals with CHD [14,15], which 
may contribute to CHD and coronary plaque 
instability.

4.4.3 Obesity and 
dysrhythmias

Obesity, cardiomyopathy and LVH have been 
associated with cardiac dysrhythmias. Changes 
in echocardiogram tracings in obese subjects 
are characterised by leftward shifts in P, QRS 
and T‐wave axes, low QRS voltage, T‐wave 
flattening in the inferior and lateral leads, left 
atrial abnormalities and prolongation of the 
QTc interval [16]. Obesity has been shown to 
be a risk factor for AF. A meta‐analysis of 
16 studies that enrolled a total of 123 349 par
ticipants with average follow up of 4.7–25.2 
years showed a 49% increase in the risk of 
AF  in obese individuals when compared to 
non‐obese [17]. Large‐scale epidemiological 
 studies have indicated that for every 1 unit 
increase in BMI the risk of developing AF 
increased between 4 and 8% [10,18]. The inci
dence of premature ventricular contraction in 
obese individuals increases 10‐fold compared 
to lean controls and when eccentric LVH is 
present with obesity this increases to a 30‐fold 
risk [19].

In some studies obesity has been associated 
with sudden cardiac death in adults, for example 
in 579 cases of non‐ischaemic sudden cardiac 
death, 23.7% were associated with obesity [20]. 
The mechanisms of the effect obesity has on 
causing dysrhythmias are not entirely clear, pos
sible explanations proposed include disturbances 
of intracellular current flow and depolarisation 
by the enlarged myocytes, mechanical stretching 
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of ventricular myocytes increasing the excitabil
ity threshold or increased cardiac workload in 
obesity increasing myocardial oxygen demand 
that may then lead to subendocardial ischaemia 
and increased ventricular ectopy [16].

4.4.4 Obesity and 
hypertension

Large‐scale population‐based studies have 
consistently demonstrated a link between an 
increase in body weight and increased blood 
pressure. The Framingham study showed a 
20–30% increase in the odds of hypertension 
with a 5% weight increase [21]. Obese people 
are at a 3.5 fold risk of developing hyperten
sion [22]. The degree of overweight increases 
the risk  of developing hypertension; the odds 
ratio is 1.7 for overweight compared with nor
mal weight individuals, 2.6 for class 1 obesity 
(BMI 30–34.9), 3.7 for class 2 obesity (BMI 
35–39.9), and 4.8 for class 3 obesity (BMI > 40) 
[23]. Systolic and diastolic blood pressure was 
found to be 9 mmHg and 7 mmHg higher in 
obese men and 11 mmHg and 6 mmHg higher 
in obese women than in their normal weight 
counterparts [24]. Weight gain of 1 kg/m2 is 
associated with an approximate 1 mmHg 
rise  in both systolic and diastolic blood pres
sure [25].

The mechanisms by which increased fat mass 
raises blood pressure are not yet fully under
stood but several mechanisms have been pro
posed, in addition to the mechanical effects of 
increased adipose tissue mass and increased 
peripheral vascular resistance described earlier, 
including the effect of insulin resistance and 
hyperinsulinaemia on the renal tubules thus 
increasing sodium re‐absorption [4], the over
production of inflammatory adipokines and 
underproduction of adiponectin by the dysfunc
tional adipose tissue in obesity that have a 
blunting effect on vasodilatation and cause 
endothelial dysfunction including decreased 
response to nitric oxide [22]. All components of 
the renin–angiotensin‐aldosterone system are ele
vated in obesity, further augmenting sodium  re‐
absorption [26].

4.4.5 Obesity and 
dyslipidemia

Adipose tissue plays a direct role in the regula
tion of plasma lipids through the release of 
 adipose‐derived FFAs and the uptake of plasma 
triglycerides [27]. Dyslipidemia in obesity is 
characterised by increased total cholesterol, 
 triglycerides, low density lipoprotein choles
terol (LDLc), very low density lipoprotein 
 cholesterol (VLDL) and reduced levels of high 
density lipoprotein cholesterol (HDLc) [4] – 
termed atherogenic dyslipidemia.

Lipolysis is increased in obesity, especially 
where there is increased visceral adiposity. The 
increased influx of FFAs from the adipose tissue 
to the liver promote an increase in triglyceride 
synthesis that then leads to an overproduction of 
VLDL; the insulin resistance present in obesity 
is associated with impaired adipocyte FFA trap
ping, excessive lipolysis and increased ApoCIII; 
a protein that blocks the re‐uptake of remnant 
lipoprotein particles, both of which increase cir
culating FFAs [27].

4.4.6 Obesity insulin 
resistance and inflammation

The metabolic syndrome (or syndrome X) was 
coined by Reaven in 1988 and was used to describe 
a cluster of cardiovascular risk factors, including 
central obesity, hypertension, and dyslipidemia 
with insulin resistance [28]. Although different 
definitions have been used, the metabolic syn
drome is present in about 5% of normal weight, 
22% of overweight and 60% of obese subjects 
[29]. The features of metabolic syndrome are 
 presented in Box 4.4.1. In addition to CVD, meta
bolic syndrome is associated with a variety of 
other diseases, including polycystic ovarian 
syndrome, non‐alcoholic fatty liver disease, non‐
alcoholic steatohepatitis, gallstones and neurode
generative disease [27].

There are a variety of factors contributing to 
insulin resistance in obesity, including the distri
bution of adiposity, the role of FFAs, adipokines 
and inflammatory mediators and genetic factors 
[4]. The increased rate of lipolysis associated 
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with increased fat mass leads to an increase in 
FFAs. Increased FFA delivery to the liver is 
implicated in the inhibition of hepatic gluconeo
genesis and increased secretion of VLDL and 
triglycerides in the liver, leading to fatty change 
and worsening hepatic insulin resistance. 
Increased pro‐inflammatory cytokines, such as 
TNFα, IL‐1, IL‐6, IL‐1β and PAI‐1, contribute to 
chronic inflammation and appear to worsen CV 
risk and insulin resistance, PAI‐1 is a pro‐coagu
lant enhancing the risk of thrombosis and arterial 
disease. Whilst there is increased release of pro‐
inflammatory adipokines, levels of adiponectin, 
which promotes insulin sensitivity and clear 
deposits of triglycerides from the tissues, fall [5].

Reaven originally postulated that insulin 
resistance was the primary defect and played a 
central role in the development of metabolic 
syndrome [28]. However, despite the strong asso
ciation, insulin resistance is only one of multiple 
intricately linked derangements occurring in the 
metabolic syndrome, making it difficult to study 
them in isolation so it still is not clear whether 

insulin resistance plays a causal role or not [27]. 
The insulin resistance results in hyperinsulinae
mia as the body compensates. However, not all 
overweight and obese people will go on to 
develop diabetes. There is always a degree of 
insulin resistance present in obesity but it can 
only develop into type 2 diabetes when insulin 
secretion is also impaired [30].

4.4.7 Effects of weight 
loss on Cv risk

Weight control is an important factor in the man
agement of CV risk and weight loss in the over
weight or obese person can help reduce the risk 
of CVD. Weight loss has been shown to lower 
blood pressure, improve lipid profile, reduce 
insulin resistance and have beneficial effects on 
the cardiac remodelling that takes place in obe
sity. Small‐scale studies on obese and morbidly 
obese patients after short term (≤6 months) very 
low calorie diets (VLCDs) showed significant 
decreases (–32%) in epicardial fat [32], myocar
dial mass (–7%), myocardial triglyceride uptake 
(–26%) and cardiac workload (–26%) [33]. A 
meta‐analysis showed a reduction in systolic and 
diastolic blood pressure of ~1 mmHg per 1 kg 
reduction in weight [34]. Fogari was able to 
demonstrate a reduction of 4.2 mmHg systolic 
pressure and 3.3 mmHg diastolic pressure 
accompanied by a decrease in fasting plasma 
glucose, fasting plasma insulin, leptin, aldoster
one and renin levels with a mean weight loss of 
8.1 kg in overweight treatment naïve patients 
with stage 1 hypertension [35]. Furthermore, in 
this study almost half of the patients who were 
able to achieve a normalised weight (BMI <25 
kg/m2) also normalised blood pressure. The 
Swedish Obesity Study found plasma glucose 
and insulin levels significantly improved at 2 
and 10 years post intervention in the bariatric 
surgical intervention group (who had lost, on 
average, 23% of initial weight at 2 years and 
between 21 and 38% of initial weight depending 
on the type of surgical intervention) whereas 
levels increased in the control (conventional 
therapy) group who had gained 1.6% starting 
weight at 10 years [36]. In a recent update of this 

Box 4.4.1 Metabolic syndrome

Central obesity (defined as waist circumference* 
≥ 94 cm for Europid men and ≥ 80 cm for Europid 
women, with ethnicity specific values for other 
groups)

plus any two of the following four factors:

•  Raised TG level: ≥ 150 mg/dL (1.7 mmol/L), or 
specific treatment for this lipid abnormality

•  Reduced HDL cholesterol: < 40 mg/dL (1.03 
mmol/L) in males and < 50 mg/dL (1.29 mmol/L) 
in females, or specific treatment for this lipid 
abnormality

•  Raised blood pressure: systolic BP ≥ 130 or 
 diastolic BP ≥ 85 mm Hg, or treatment of previ
ously diagnosed hypertension

•  Raised fasting plasma glucose (FPG) ≥ 100 mg/dL 
(5.6 mmol/L), or previously diagnosed type 2 
diabetes. If above 5.6 mmol/L or 100 mg/dL, an 
oral glucose tolerance test (OGTT) is strongly 
recommended but is not necessary to define 
presence of the syndrome

*If BMI is >30 kg/m2, central obesity can be 
assumed and waist circumference does not need to 
be measured.
Source: Ref. [31]
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study despite some weight regain at 15 years fol
low up, bariatric surgery reduced the long term 
incidence of type 2 diabetes by 78% in obese 
patients and reduced the risk by 87% in obese 
patients with impaired fasting glucose [37]. In a 
group of morbidly obese patients who under
went a roux‐en‐y gastric bypass and achieved an 
average 30% weight loss, significant reductions 
in glucose metabolism, blood pressure, LDLc, 
total cholesterol, triglycerides and C‐reactive 
protein, combined with an increase in HDLc and 
adiponectin, were observed, significant reduc
tions were also noted in the control group who 
received intensive lifestyle intervention and lost 
on average 8% of starting weight [38]. Although 
both groups experienced a reduction in CV risk 
factors the reduction was significantly greater in 
the surgical group, who lost more than 3×  the 
weight of the control group, indicating that ben
efit is proportional to the amount of weight loss.

4.4.8 Obesity paradox

The obesity paradox is that whilst obesity con
tributes to the risk and development of CVD, 
however, once CHD (in particular heart failure) 
has developed, overweight and obese people 
appear to have a better prognosis than their 
underweight or normal weight counterparts [39]. 
The mechanisms for this are unclear but may 
include increased metabolic reserve, lower levels 
of brain natriuretic peptides, increased produc
tion of TNF‐α receptors, neutralising some of the 
adverse effects of TNF‐α in overweight and 
obese patients [40]. Whilst it is generally agreed 
that weight reduction advice should always be 
given to morbidly obese patients, the benefit of 
advising overweight to moderately obese people 
with heart failure to lose weight divides opinion 
[41], and a definitive clinical trial is needed.

4.4.9 What is the best dietary 
composition for the prevention 
of CvD?

Nutritional therapy is an essential component in 
the management of obesity, CV risk, the meta
bolic syndrome and type 2 diabetes. Even a 

moderate weight loss of 5–10% has been shown 
to be beneficial. To achieve weight loss, an 
energy deficit must occur, 500–1000 kcal/day 
less than is required for weight maintenance is 
recommended [42]. In the United Kingdom (UK) 
NICE recommends a 600 kcal/day deficit [43]. 
Weight management is a highly complex area 
and the optimum macronutrient composition 
and dietary pattern for weight loss has yet to be 
established [44], if indeed it exists. Traditionally, 
international advice from professional diabetes 
associations was to recommend higher carbohy
drate content (45–60% dietary energy) and reduced 
total and saturated fat for weight management in 
patients with type 2 diabetes [45]. Then, in 2008, 
the American Diabetes Association updated its 
standards of care to include the use of low carbo
hydrate diets for up to a year [46].

There has been a great deal of debate around 
the use of high protein/low or moderate carbohy
drate diets over the last few years. The role of 
protein in weight control includes enhanced sati
ety, enhanced thermogenesis and lean tissue 
conservation [47]. Evidence tends to suggest 
that increasing the protein component in a mixed 
meal increases satiety both between meals and 
over the 24 hour period although this is not con
sistently the case and the satiating effects of 
increased protein load may diminish over the 
long term [47,48]. The thermogenic effect of 
food refers to the increase in energy expenditure 
after ingestion; the thermogenic response of pro
tein is around 20–30% of ingested energy, com
pared with 5–10% for carbohydrate and <5% for 
lipids; the mechanism for this is thought to be 
due to the more complex process of digesting 
and absorbing protein and subsequent substan
tial post‐prandial changes in amino acid metabo
lism [49]. The effect of increased protein ratio 
on body composition and lean body mass is 
debatable. In a systematic review [48], although 
the majority of the ten studies demonstrated 
greater fat loss with high protein diets compared 
to low protein, the difference was only signifi
cant in three. A recent study of 130 obese people 
prescribed either a high protein (1.6 g/kg/d) or 
low protein (0.8 g/kg/d) energy restricted diet 
found no difference in weight loss at 12 months 
but weight loss derived from fat was greater in 
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the high protein group (77% men and 67% 
women) than in the low protein group (63% and 
57% for men and women respectively) and more 
fat relative to lean body mass was lost by both 
sexes in the high protein group [50].

Concerns over dyslipidemia and renal func
tion, as well as long term safety, have been raised 
over high protein/reduced carbohydrate diets. 
Although limiting protein intake in populations 
with established renal disease may slow disease 
progression it is not clear whether high protein 
diets adversely affect renal function in healthy 
populations [48]. In a review, no clear evidence 
to suggest a high protein diet had adverse event 
on kidney function was found, however, further 
long term study was recommended [51]. The 
strongest evidence supporting the recommenda
tion that protein consumption should not exceed 
20% of total energy intake for people with dia
betes came from the EURODIAB IDDM study 
[52] that was a multicentre European study 
involving 2696 patients with type 1 diabetes that 
found that increased (>20%) protein intake was 
associated with an increase in mean albumin 
excretion rate (AER). However Hamdy [53] 
argues that, on careful reading of the study, this 
effect was not seen in patients with controlled 
diabetes or in normotensive patients regardless 
of diabetes control and that it was hypertension, 
particularly in conjunction with poorly con
trolled diabetes, and not protein intake that 
was responsible for the increase in AER. Studies 
of the use of high protein diets in patients with 
type 2 diabetes without impaired renal function 
also show no clear evidence to suggest an 
adverse effect on kidney function [53,54]. A 
study by Larsen et al. showed a significantly 
higher 24‐hour urea excretion in participants 
with type 2 diabetes on a high protein/moderate 
carbohydrate diet but this was not significant at 
12 months [54].

The concern that high protein diets worsened 
dyslipidemia and CV risk has now been chal
lenged. Many studies have actually shown a high 
protein/reduced carbohydrate diet to have a ben
eficial effect. In the short term (≤6 months) 
 significant decreases in TC, LDL, VLDL, 
 triglycerides and triacylglycerols and increases 
in HDL were seen in high protein/reduced 

 carbohydrate diets more often than in high car
bohydrate/low fat diets [54–58] although Larsen 
[54] and McCall [58] did find that in their stud
ies the high carbohydrate/low fat groups 
decreased LDL more than the high protein 
groups. However, in all of the studies with more 
than 12 months follow up the gap closes and 
there are no really significant differences in lipid 
profile between high protein/low‐moderate car
bohydrate and high carbohydrate/low fat after 1 
year [54,55,57] apart from a persistent increase 
in HDL in high protein groups after 1 year 
[55,57]. Both high protein/low‐moderate carbo
hydrate and high carbohydrate/low fat demon
strated reductions in blood pressure, for most 
studies this was not significant between groups 
although two studies found significant differ
ence in favour of high protein/low–moderate 
carbohydrate in reducing systolic BP at 6, 12, 
and 17 months [55] and in lower diastolic at 3,6 
and 24 months [57]. This demonstrates the ben
efit of weight loss on CV risk whichever 
approach is used and also demonstrates the non‐
inferiority of using an increased protein/moder
ate carbohydrate plan.

4.4.10 Mediterranean diet

The Mediterranean diet (MedDiet) has been held 
up over the last decade as an example of a good 
diet that reduces the risk of CVD. Numerous 
large‐scale studies [59] have found adherence to 
the MedDiet to be associated with reduced risk 
of CVD. There are nine widely accepted compo
nents of the MedDiet (see Box 4.4.2). There may 
be concern surrounding recommending increas
ing dietary fat (and hence energy) in someone 
who is already obese. In a reduced energy, mod
erate fat diet high in monounsaturated fatty acids 
(MUFAs) reductions in body weight, BMI, per
centage body fat and waist circumference were 
greater than the reduction seen in the low fat 
comparator group [60]. In this study dropout rate 
for the moderate fat arm was less than half 
of  that in the low fat arm, when both arms 
received the same support and interventions, sug
gesting that a reduced energy but moderate fat diet 
may be easier to comply with. The PREDIMED 
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study that compared an ad lib. MedDiet with a 
low fat diet showed a lack of weight gain in any 
of the groups at 3 months, even in patients who 
were already obese [61].

A meta‐analysis [62] showed a –1.7 mmHg 
systolic and –1.5 mmHg greater reduction in 
blood pressure on the MedDiet than on low fat 
and a slightly more favourable change in triglyc
erides and total cholesterol, although at 0.19 
mmol/L this is unlikely to be clinically signifi
cant. There is some evidence that the phenolic 
compounds and healthy fatty acids in virgin 
olive oil (MUFAs) and nuts (polyunsaturated 
fatty acids – PUFAs) have an anti‐inflammatory 
action [63]. The PREDIMED study demon
strated a reduction in CRP, IL‐6, TNF60 and 
TNF80 and other endothelial and monocytary 
adhesion molecules and chemokines that cause 
circulating monocytes and lymphocytes to 
adhere to the endothelial cells during inflam
mation contributing to the development of 
 atherosclerosis. Interestingly in the same study 
concentrations of these inflammatory markers 
and molecules were found to increase in patients 
following the low fat diet [64].

4.4.11 Summary

The mechanisms by which obesity increases the 
risk of CVD are not yet fully understood. It is 
understood that people with diabetes are at 
increased risk of CVD and the presence of obe
sity increases that risk. Obesity is a complex 
condition and patients are often ill‐served by 
simplistic “eat less move more” messages. The 

causes and effects of obesity are complex and 
multifactorial, spanning from a societal level 
right down to a molecular level. Dietary inter
vention is crucial to the management of obesity 
and it is becoming better understood how nutri
tion can be manipulated, for example with the 
addition of MUFAs and PUFAs or manipula
tions of macronutrients to address some of the 
factors exacerbating obesity and CV risk. More 
long‐term research is needed but it may be time 
to explore the options outside the traditional 
advice as obesity, CVD and type 2 diabetes con
tinue to increase.

Key points

 • People with type 2 diabetes are at increased 
risk of CVD.

 • Obesity is a well‐established risk factor and is 
associated with insulin resistance, 
hypertension, dyslipidaemia, inflammation and 
cardiac dysrhythmia.

 • Weight loss improves CV risk.
 • There is little evidence for the most effective 
diet for weight loss and reducing CV risk, 
although there is now emerging evidence for 
the Mediterranean diet.
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4.5.1 Diet and behaviour 
education

People living with diabetes have a crucial role in 
managing their condition on a day‐to‐day basis, 
and supporting self‐care via patient education 
using effective behavioural strategies and 
resources should be central to any dietary inter
vention. The aim of patient education is for 
 people with diabetes to improve their knowl
edge, skills and confidence, enabling them to 
take increasing control of their own condition 
and integrate effective self‐management into 
their daily lives.

All people diagnosed with diabetes should 
receive individualised and ongoing nutritional 
advice from a registered dietitian with specific 
expertise and competence in nutrition [1,2]. 
In the United Kingdom (UK) it is recommended 
that there are four whole‐time equivalent diabe
tes specialist dietitians per 250 000 population 
[3]. The International Diabetes Federation (IDF) 
global guidelines for type 2 diabetes state that 
there should be access to a dietitian or other 
healthcare professional trained in the principles 
of nutrition, at or around the time of diagnosis, 
offering one initial consultation with two or three 
follow‐up sessions, individually or in groups [4].

Structured patient education is the term fre
quently used in the UK, and this has been defined 
as “a planned and graded programme that is 
comprehensive in scope, flexible in content, 
responsive to an individual’s clinical and 

 psychological needs, and adaptable to his or her 
educational and cultural background” [5].

In the United States (US), patient education  
is called diabetes self‐management education 
(DSME) and is defined as “the on‐going process 
of facilitating the knowledge, skill and ability 
necessary for diabetes self‐care”. The overall 
objectives of DSME are to support informed 
decision‐ making, self‐care behaviours, problem‐
solving and active collaboration with the health
care team and to improve clinical outcomes, 
health status and quality of life [6].

4.5.2 One‐to‐one education

Although individualised nutrition therapy has 
been shown to be an effective strategy in reaching 
treatment goals for glycaemia, lipids and blood 
pressure [7,8], Cochrane systematic reviews have 
concluded that there are no high quality data on 
the efficacy of the dietary treatment of type 2 dia
betes [9] and that individual patient education 
only improves glycaemic control in sub‐groups 
with a baseline glycated haemoglobin (HbA1c) 
greater than 64 mmol/mol (8%) [10]. However, 
more recent good quality, randomised controlled 
trials assessing the efficacy of intensive nutrition 
education do not support previous systematic 
review evidence and instead demonstrate that 
intensive nutrition education is effective in 
achieving weight loss, improving glycaemic con
trol and reducing cardiovascular disease risk 
 factors [11–13].

Diet, education and behaviour 
in type 2 diabetes
Trudi Deakin
X‐PERT Health Charity, Hebden Bridge, UK
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A possible explanation for this controversy is 
that the systematic reviews included studies 
where the control and intervention groups 
received similar treatments. Another explana
tion could be that the studies implemented tradi
tional, well‐intentioned nutritional advice, 
which attempted to define an “ideal” nutrition 
prescription applicable to everyone with diabe
tes. People commonly found such didactic 
information difficult to understand and incorpo
rate into their lives [14]. In contrast, the recent 
studies recognise that healthcare providers need 
to assess the person’s readiness to change and 
facilitate joint decision‐making by matching 
therapeutic recommendations to personal pref
erences. Further clinical trials are required to 
confirm recent findings before systematic 
reviews and meta‐analyses are updated to reflect 
the evidence base and provide international 
guidance regarding individualised nutritional 
education.

4.5.3 Group‐based education

Systematic reviews of group‐based education 
have demonstrated a profound effect on clinical 
outcomes, quality of life and treatment satisfac
tion [5,15,16]. Evidence demonstrates that group 
education is effective by:

(1) Improving HbA1c and diabetes knowledge
(2) Reducing blood pressure, body mass index 

(BMI), waist circumference and require
ment for prescribed diabetes medication

(3) Increasing consumption of fruit and vegeta
bles, enjoyment of food, self‐empowerment, 
self‐management skills and treatment satis
faction [17,18].

A programme for newly‐diagnosed diabetes has 
demonstrated improvements in weight loss and 
smoking cessation and positive improvements in 
beliefs about the condition [19].

Group education delivered by a team, with 
some degree of reinforcement made at additional 
points of contact, may provide the best opportu
nity for improvements in patient outcomes [5]. 
Introducing group education in primary care is 
feasible and effective [20], and improvement at 

12 months can be sustained at three years [21]. 
Culturally‐appropriate health education is more 
effective for people with diabetes from ethnic 
minority groups [22].

It is therefore suggested that all people with 
diabetes and/or their carers should receive struc
tured education at the time of diagnosis, with 
annual reinforcement and review [23]. Key crite
ria for structured patient education should be 
met [24] and standards for DSME implemented 
[25]. Therapeutic patient education using the 
empowerment and patient‐centred approach to 
diabetes treatment and management should be 
employed [26].

Implementation of group education is a com
plex intervention and it is difficult to identify the 
components that are most effective. It has 
evolved from primarily didactic presentations to 
more theoretically‐based empowerment models 
and programmes incorporating behavioural and 
psychosocial strategies [17,19,26]. There is 
some evidence that ongoing support is critical in 
order to sustain progress made by participants 
[27], and that behavioural goal‐setting is an 
effective strategy to support self‐management 
behaviours [17], but further research is required 
to confirm these findings. Supplementary inves
tigations are also needed to explore the most 
efficient strategies to address other factors, such 
as staging of information provision, meeting 
special and cultural needs, the ideal number of 
sessions, the best group size and reinforcement 
techniques. It has been suggested that group 
education may halt the progression of type 2 dia
betes and reduce the requirement for prescribed 
medication [12,13,18]. Further research is 
required to confirm these findings.

4.5.4 Interventions that 
support behaviour change

There is evidence that education that incorpo
rates behavioural strategies is more effective than 
the prescription of nutritional therapy alone [5]. 
Health‐related behaviour change is a complex 
process involving many psychological, social 
and environmental factors. Models of behaviour 
change are derived from theory and attempt to 
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provide an explanation of behaviour change. 
They provide frameworks to simplify the theory 
and to enable it to be put to practical use.

The models and theories of health behaviour 
represent a significant step towards an under
standing of why some people actively and suc
cessfully self‐manage their diabetes and others 
do not. However, interventions before consulta
tions designed to help people address their 
information needs within consultations produce 
limited benefits to patients [28]. Thus, there are 
two main drawbacks to reliance upon models of 
behaviour change. First, the theories assume 
that people think about risks in a detailed, 
rational fashion, whereas in fact behaviour is 
driven by feelings, values and beliefs and people 
may modify their behaviour for vague and illog
ical reasons. Secondly, with the various refor
mations of the models and theories, the 
distinction between many of them has become 
blurred [29]. This is an under‐researched area 
and although research does support the use of 
behavioural strategies, more diabetes‐specific 
research is needed to predict, explain and sup
port health behaviour change.

A number of psychosocial theories have been 
developed to predict, explain, and change health 
behaviours. These theories can be divided into 
two main groups, which are commonly referred 
to as ‘social cognition models’ and ‘stage mod
els’, respectively. The term social cognition 
models refers to a group of similar theories each 
of which specifies a small number of cognitive 
and affective factors (beliefs and attitudes) as 
main drivers of behaviour. The five models that 
have been used most widely by health behaviour 
researchers in recent years are: the health belief 
model, protection motivation theory, self‐ 
efficacy theory, the theory of reasoned action 
and the theory of planned behaviour. Stage mod
els use similar concepts but organise them in a 
different way. They involve movement through a 
sequence of discrete, qualitatively distinct 
stages. The dominant stage model of health 
behaviour is the transtheoretical model.

Whilst it is not possible to identify one theo
retical model as being more effective in 
explaining behaviour change, the following 
behavioural strategies have been shown to be 

effective in supporting self‐management: self‐
directed behavioural goal setting, problem 
solving, social support, patient‐centred com
munication and exploration of feelings [30]. 
The successful tools incorporated within these 
strategies are: keeping diary logs for physical 
activity, weight and diet intake; taking small 
steps for behavioural change; learning through 
observation (demonstrations, shopping trips); 
identification of barriers to change; learning to 
deal with relapse; increasing confidence to 
change (self‐efficacy) and progressive increases 
in the volume and frequency of physical activ
ity behaviours [31].

Implementation of a model for goal‐setting 
consisting of five steps [31] has been shown to 
result in positive health and quality of life out
comes [17,26] and an initiative that supports 
joint decision‐making in developing individual 
care plans has been shown to improve patient 
experience and sense of control and to lead to 
positive behaviour change [31].

Behavioural change interventions should be 
dynamic, evidence‐based and flexible to the needs 
of the individual and users should be involved in 
their ongoing development [32]. Behavioural 
strategies should support self‐management atti
tudes, beliefs, knowledge and skills for the learner, 
their family and their carers [6].

An individual assessment and education plan 
should be developed collaboratively by the per
son with diabetes and the health provider to 
direct the selection of appropriate behavioural 
and self‐management support strategies [33]. 
This assessment, education plan, intervention 
and outcomes should be documented in the 
 education record [24].

4.5.5 Resources that support 
behaviour change

Traditional care relied on verbal advice backed 
up with written literature but person‐centred 
education should incorporate the assessment of 
individual learning needs and be flexible, able to 
cope with diversity, use different teaching media, 
be resource effective and have supporting mate
rials to meet these needs [24].
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It has been demonstrated that the use of edu
cational visual aids is an effective strategy to 
support the development of knowledge, skills 
and confidence for diabetes self‐management 
[17]. This is a particularly useful approach when 
educating individuals whose first language is 
not English and for those with sub‐optimal lit
eracy skills, as vision is a common language 
understandable to the majority of people. A brief 
video intervention has been shown to increase 
diabetes knowledge amongst those newly diag
nosed with type 2 diabetes and may comprise an 
effective way of directing education to such 
individuals [34].

Telemedicine is a relatively new resource that 
involves transmitting test results and using video 
technology for long‐distance consultations or 
education. Although telemedicine has been 
shown to be acceptable and feasible, there is not 
yet enough evidence to show the effects on 
health outcomes or costs of many expensive uses 
of technology [35,36]. A study that investigated 
telephone‐based education and support from 
non‐medically‐trained tele‐carers concluded that 
tele‐carers need to adopt a patient‐centred 
approach, be flexible and recognise that patients 
vary in their knowledge, skills and psychologi
cal adaption to diabetes [37].

A variety of educational visual aids and 
resources have been shown to assist in the 
learning process but further research is 
required to provide a stronger evidence base to 
support the universal use of these educational 
aids. Telemedicine should be used with cau
tion as current evidence suggests little clinical 
benefit [37].

4.5.6 Healthcare professional 
communication skills that 
support behaviour change

Healthcare professionals working in diabetes 
care should obtain relevant competences, not 
only in the treatment and management of diabe
tes, but also in effective healthcare delivery to 
fully support diabetes self‐management [38].

Healthcare professional communication skills 
are vital as the presentation of information, and 

the way it is perceived, are important determi
nants of the person’s view of their diabetes with 
the initial effects of the education process at 
diagnosis persisting two years later [39]. Health 
professionals tend to talk to patients about their 
disease rather than to train them in the daily 
management of their condition, and although 
competent in the medical treatment, they have 
not always had the opportunity to develop 
skills  to address the educational, social and 
 psychological aspects of the condition [40]. 
Therapeutic patient education, an empowering 
patient‐ centred approach, focuses on individual 
needs, resources, values and strategies. Unlike 
the traditional approach, empowerment is not 
something one does to patients. Rather, empow
erment begins when healthcare professionals 
acknowledge that patients are in control of their 
daily diabetes care by making autonomous, 
informed decisions about their diabetes self‐
management and becoming active partners in 
their own treatment [41]. In order for the patient‐
centred approach to be universally accepted, 
healthcare providers need to be trained in the 
management of long‐term conditions and thera
peutic patient education [38]. It has been sugges
ted that performance measures should be included 
to support the practice of therapeutic patient 
 education [42]. Healthcare professionals trained 
in motivational interviewing and cognitive‐
behavioural approaches have been shown to 
facilitate both the preparation and support of 
individuals to make informed decisions and take 
charge of their diabetes [43].

Thus, collaborative diabetes care requires a 
new “empowerment” paradigm that involves a 
fundamental redefinition of roles and relation
ships of healthcare professionals and patients 
[44]. Relevant competences for the facilitation 
of diabetes self‐management have been devel
oped [45] and further research is required to 
ascertain whether healthcare provider training in 
patient‐centeredness and cultural competence 
will improve communication with patients, ena
ble clarification of patients’ concerns in consul
tations and improve satisfaction with care 
[46,47]. Patient‐centred approaches, such as 
consultation style, developing empathy and 
identifying and handling emotional problems, 
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are increasingly being incorporated into training 
for providers, although ‘patient‐centredness’ is 
hard to define or measure [48]. Further diabetes‐
specific research is required to determine 
whether this training will make a difference to 
the use of healthcare and health and quality of 
life outcomes.

A comparison some of the recent interven
tions that incorporate diet and behaviour educa
tion can be seen in Table 4.5.1.

Key points

 • Diabetes education can support self‐
management in people with type 2 diabetes 
and is recommended by most authorities.

 • There is strong evidence of efficacy for 
group‐based structured education.

 • Strategies including self‐directed behavioural 
goal setting, problem solving, social support, 
patient‐centred communication and exploration 
of feelings show evidence of effect.

 • Health professionals’ communication skills 
are key.
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4.6.1 Introduction

Self‐management advice for people with type 
2 diabetes emphasises lifestyle change, includ
ing diet and physical activity. Chapters 4.3 
and 4.5 discuss diet in relation to glycaemic 
control, cardiovascular risk and obesity and 
this chapter discusses the evidence relating to 
physical activity for the prevention and man
agement of type 2 diabetes. In addition, 
another factor that may affect diabetes man
agement and overall health, namely alcohol, is 
discussed.

4.6.2 Physical activity

Physical activity is a key component in the 
 prevention and management of type 2 diabetes. 
It is now well established that regular partici
pation in physical activity can improve blood 
glucose control, insulin sensitivity, lipid con
centrations, blood pressure and quality of life 
and reduce cardiovascular events and mortal
ity [1,2]. In addition, regular physical activity 
is recommended for the prevention of weight 
gain, the management of weight loss and the 
prevention of weight regain following weight 
loss [3].

The role of exercise in the 
prevention of type 2 diabetes

A number of large, multicentre trials have 
shown that regular participation in exercise 
can prevent or delay the onset of type 2 diabe
tes [4–6]. The Da Qing Study demonstrated 
that 20 minutes of mild or moderate exercise, 
or 10 minutes of strenuous exercise or 5 min
utes of very strenuous exercise daily, reduced 
the risk of developing diabetes by 46% [6]. 
In  the Finnish Diabetes Prevention Study, 
30 minutes per day (150 minutes per week) of 
moderate intensity resistance exercise or aero
bic exercise (walking, swimming) plus diet, 
reduced the risk of developing diabetes by 
58% [5]. In the United States (US) Diabetes 
Prevention Program, 150 minutes of weekly 
aerobic activity plus diet also reduced the risk 
of developing type 2 diabetes by 58% [4]. At 
least 2.5 hours/week of moderate to  vigorous 
physical activity should be undertaken to pre
vent type 2 diabetes in high risk individuals 
[2]. This level of exercise has also been 
 recommended to reduce the risk of developing 
gestational diabetes.

Epidemiological studies show that higher 
levels of physical activity reduce the risk of 
diabetes whereas sedentary behaviours increase 

Lifestyle issues and type 2 diabetes – 
physical activity and alcohol
Elaine Hibbert‐Jones
Royal Gwent Hospital, Newport, UK
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the risk [7]. It has been reported that each 2‐hour 
increment in time spent watching television 
increases the risk of diabetes by 14% while each 
1 hour increment of brisk walking decreases the 
risk by 34% [7].

Exercise and type 2 diabetes

Most of the benefits of exercise on diabetes 
management are achieved through acute and 
longer lasting improvements in insulin action, 
and are shown with both aerobic and resistance 
(anaerobic) training. Table 4.6.1 shows exam
ples of aerobic and resistance exercise.

Energy production, substrate use and exercise 
type have been described in Chapter 3.5.

There are two pathways that stimulate glucose 
uptake by muscles. At rest and postprandially, 
glucose uptake into muscle is insulin‐dependent. 
This mechanism is impaired in type 2 diabetes. 
During exercise, muscular contractions stimulate 
blood glucose uptake into working muscles via the 
translocation of glucose transporter proteins 
(Glut 4). This pathway is not impaired by insulin 
resistance or in type 2 diabetes [2].

Aerobic exercise

In people without diabetes, the increase in 
hepatic glucose production matches the glucose 
uptake into active muscles so that the blood 
 glucose  concentration remains stable. In people 

with type 2 diabetes doing moderate intensity 
exercise, glucose uptake by the muscles gener
ally exceeds hepatic glucose production and the 
blood glucose levels fall [8]. However, insulin 
levels also fall, minimising the risk of hypogly
caemia in those not taking insulin or insulin 
secretagogues.

Effect of aerobic exercise intensity

Aerobic exercise of moderate intensity (40–60% 
VO

2
 max) or greater is recommended for people 

with type 2 diabetes [2]. A meta‐analysis showed 
a reduction in HbA1c of 7mmol/mol (0.66% ) in 
the exercise groups compared to the non‐ exercising 
groups. However, more intense exercise can pro
duce greater improvements in blood glucose con
trol, with a reduction in HbA1c of 16mmol/mol 
(1.5%) compared to the control group [9]. This 
contrasts with the findings of Hansen et al. [10] 
where, in a study of 50 obese males with type 2 
diabetes, the groups participated in a 6 month 
programme of either 55 minutes at low to mod
erate intensity (50% VO

2
 max) or 40 minutes 

at moderate to high intensity (75% VO
2
 max) 

3  times per week. Although HbA1c improved 
in both groups, no difference was seen between 
the groups, with reductions of HbA1c from 
55 to 52 mmol/mol (7.2% to 6.9% + 0.2%) in 
both groups.

Similar to the effect seen in type 1 diabetes, 
blood glucose concentration can increase follow
ing brief periods of intense aerobic activity due 
to an increase in plasma catecholamines that 
increase glucose production. This hypergly
caemia can last for 1–2 hours after the exercise 
session.

Metabolic effects of aerobic 
exercise in type 2 diabetes

 • Improvement in plasma glucose concentration 
and insulin resistance Exercising muscles 
use 7–20 times more  glucose than non‐ 
exercising muscles [1]. The effect of a single 
bout of exercise on insulin sensitivity and 
 glucose tolerance lasts between 2 and 72 hours 
[2]. The long‐term benefits are due to a cumu
lative effect of repeated bouts of exercise.

Aerobic

Sport/leisure Everyday tasks Resistance

Resistance 
machines
Weights e.g. 
dumbbells
Chest presses
Plyometrics
Hatha yoga
Sit ups
Bench presses
Shoulder 
presses

Swimming
Jogging
Running
Rowing
Racquet 
sports
Aerobics
Football
Treadmill
Wii Fit

Brisk walking
Cycling
Vigorous 
housework
Digging the 
garden
Dancing

Table 4.6.1 Examples of aerobic and resistance 
training
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 • Improvement in blood pressure Hypertension 
affects more than 60% of  patients with type 2 
diabetes [2]. Although observational studies 
have shown that both aerobic and anaerobic 
 exercise can lower blood pressure in people 
with type 2 diabetes, the American Diabetes 
Association (ADA) and the American College 
of Sports Medicine (ACSM.) concluded that 
reductions in diastolic blood pressure are less 
common [2]. A meta‐analysis of 25 studies 
looking at the effect of exercise on blood pres
sure found an average reduction of 11 and 8 
mmHg respectively in systolic and diastolic 
blood pressures [11]. In the Look AHEAD 
trial, participants were given home‐based exer
cise programmes, progressing to 175 minutes/
week of moderate intensity exercise, primarily 
walking, as part of an intensive lifestyle inter
vention. Compared to those patients receiving 
standard diabetes support and education, this 
group had significantly greater reductions in 
diastolic and systolic blood pressure and had a 
significantly greater decrease in medication to 
treat blood pressure However, it is unlikely 
that these improvements are solely due to 
 exercise. The intervention group also received 
specific weight reducing dietary advice. They 
achieved significant weight loss that was 
maintained over 4 years, with the intervention 
group showing a mean weight loss of 4.7% 
versus 1.1% in the control group. Weight loss
es of 4–7% are associated with improvements 
in health, including blood  pressure [12,13]. 
Other randomised controlled trials, however, 
have not shown any changes in blood pres
sure, despite substantial increases in exercise 
[2,14].

 • Improvement in glycaemic control even without 
weight loss A meta‐analysis of controlled 
clinical trials found that exercise reduced 
HbA1c by 7 mmol/mol (0.66%), and the dif
ferences were not  mediated by differences in 
weight loss, volume of exercise or exercise 
intensity [15]. One explanation given for this 
is the mechanisms by which insulin sensitivity 
is increased by exercise are not those that 
would necessarily be associated with body 
weight changes, see Box  4.6.1. The meta‐
analysis also found that combining diet in the 

exercise programme  improved HbA1c more 
than exercise alone.

On the other hand, a randomised controlled 
trial, the Early ACTID study, showed no benefit 
in HbA1c improvements in those with newly 
diagnosed type 2 when exercise was combined 
with diet compared to diet alone [14]. In this 
study, subjects were assigned to usual care, diet 
alone or diet plus activity. The activity advice 
consisted of a recommendation of 30 minutes 
of brisk walking at least 5 days a week in addi
tion to current activity. HbA1c was reduced 
in both the diet and diet plus activity groups 
after 6 months (–3 and –4 mmol/mol, –0.28 
and –0.33%) and was maintained at 12 months. 
Weight loss was similar in both groups. The 
authors concluded that the addition of physical 
activity added no benefit to the use of an inten
sive diet intervention alone with a possible 
reason being that people ‘reward’ themselves 
for additional exercise with additional food, 
or that the form of exercise (unsupervised) 
was not ideal.

 • Improvement in lipid concentrations There 
are mixed results of the effects of exercise on 
lipid concentrations, with the consensus that 
 exercise may reduce low density lipoprotein 
(LDL) cholesterol but only have a small effect 
on high density lipoprotein (HDL) cholesterol 
and triglycerides [2]. In the Look AHEAD 
trial, the intensive lifestyle group had greater 
improvements in HDL and triglycerides over 
4 years than the control group, but it is not 
possible to attribute this solely to the exercise 
component of the trial [13].

Box 4.6.1 Mechanisms by which insulin 
sensitivity is increased by exercise

•  Increased post‐receptor insulin signalling
•  Increased glucose transporter protein and 

 messenger RNA
•  Increased activity of glycogen synthase and 

hexokinase
•  Decreased release and increased clearance of 

free fatty acids
•  Increased muscle glucose delivery due to 

 increased muscle capillary density
•  Changes in muscle composition favouring 

 increased glucose disposal
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 • Weight management Moderate intensity 
physical activity of 150–250 minutes/week 
with an energy equivalent of 1200–2000 kcal/
week can prevent weight gain greater than 3% 
in most adults and may result in modest 
weight loss [3]. The level of exercise needed 
to improve blood glucose control and reduce 
cardiovascular risk, especially when not 
combined with dietary restriction, is usually 
insufficient for major weight loss [16]. 
Greater weight loss is achieved with 250–300 
minutes/week or up to 60 minutes/day of 
 exercise [2,3].

Exercise, when combined with energy restric
tion provides a greater degree of weight loss 
compared to diet alone but this additive effect 
is diminished as the diet restriction is increased 
[3]. This may be due to the metabolic adapta
tions that diminish any additive effect of the 
energy expenditure on weight loss.

The Look AHEAD trial combined dietary 
changes with activity. The intensive lifestyle 
group (ILI) followed diets of between 1200 
and1800 kcal/day together with 175 minutes/
week of moderate intensity exercise. Compared 
to those patients receiving standard diabetes 
support and education, this group lost more 
weight (8.6 + 6.9% body weight), than the 
control group (0.7 + 4.8%) over 1 year and 
their average fitness increased by 20.9 + 29.1% 
compared to 5.8 + 22.0% in the controls [12]. 
The ILI group maintained a greater mean 
weight loss at 4 years 4.7% versus 1.1% in 
controls and a higher level of fitness [13]. 
However, it is not possible to identify which 
part of this multicomponent study had the 
greatest effect.

 • Prevention of weight regain following 
weight  loss There is no evidence from 
well‐designed  randomised controlled  trials 
to judge the  effectiveness of exercise for 
the prevention of weight regain following 
weight loss. Studies looking at how much 
exercise was associated with the least 
weight regain vary and include >200 minutes/
week of moderate intensity exercise, 275  
minutes/week of exercise above baseline 
 levels and walking the equivalent of 16 
miles/week [17].

 • Reduction or discontinuation of pharmaco-
logical treatment Patients who undertake 
regular exercise use less medication than those 
given ‘usual care’ [13]. Increased exercise 
may enable some patients to reduce or even 
discontinue their medication [1].

Training effect

Aerobic training increases an individual’s use of 
fat as an energy source, sparing glycogen and 
blood glucose, resulting in a lower decrease in 
blood glucose. The benefits of improvements 
in insulin action due to exercise are transient. 
Hence the recommendation to have no more 
than 2 days without aerobic exercise [2].

Recommendations for aerobic 
exercise

 • Aerobic exercise should be performed at least 3 
times a week with no more than 2 consecutive 
days between bouts of activity, at an intensity of 
40–60% of VO

2
 max (maximal aerobic capacity) 

for a minimum of 150 minutes/week. The activ
ity can be performed in 10 minute bouts. Any 
form of aerobic exercise that uses large muscle 
groups and causes sustained increases in heart 
rate can be undertaken, see Box 4.6.2.

 • The ACSM recommend 60 minutes of moder
ate intensity walking per day to prevent weight 
fluctuations <3% [3], see Table 4.6.2.

Resistance exercise

The acute effects of a single bout of resistance 
exercise have not been reported in type 2  diabetes 
but in patients with impaired fasting glucose, 

Box 4.6.2 Exercise guidelines for adults [15]

•  Moderate intensity aerobic exercise for at least 
30 mins on 5 days each week. This can be in 
bouts of 10 or more mins or

•  Vigorous intensity aerobic exercise for at least 
20 mins on 3 days each week or

•  A combination of the above plus
•  Exercise to maintain or increase muscular 

strength and endurance (resistance exercise) at 
least 2 days each week
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resistance exercise reduced fasting blood  glucose 
concentrations 24 hours after exercise [2].

Resistance training, 2–3 times a week, 
improves insulin action, blood glucose control 
and fat  oxidation [2]. In an RCT, a group of older 
men, newly diagnosed with type 2 diabetes, 
participated in a twice weekly progressive 
resistance training programme of 45–60 mins 
per session, for 16 weeks, without a concomi
tant weight loss diet [18]. The subjects showed 
a 46.3% increase in insulin action, a 7% reduc
tion in fasting blood  glucose concentration and 
a significant loss of abdominal fat, despite a 
15% increase in energy intake. These changes 
are thought to be due to an increase in fat free 
mass and muscle mass. A study of women 
undertaking a 12 week programme of resistance 
training found that although they had no change 
in insulin sensitivity, they had enhanced strength 
and muscle mass [2].

Combined aerobic and anaerobic 
activity

A randomised controlled trial of patients with 
type 2 diabetes showed a significant reduction in 
HbA1c of 4 mmol/mol (0.34%) over 9 months 
when they undertook a training programme 
that combined both aerobic and resistance exer
cises [19]. In the resistance training or aerobic 
training only groups, the mean changes seen in 
HbA1c were not significant (–2 and –3 mmol/mol, 

–0.16 and –0.24% respectively). It has been sug
gested that patients would benefit from being 
given simple resistance exercises that can be done 
at home in addition to aerobic activity guidance.

Exercise guidelines for people with 
type 2 diabetes.

The most recent guidelines issued by the ACSM 
and ADA are summarised in Boxes 4.6.2 and 4.6.3 
[15,20]. Guidance is given on the frequency, inten
sity and duration of both aerobic and resistance 
exercise to be undertaken. Examples of different 
types of exercise are also given.

Promotion of exercise

The Association of British Clinical Diabetologists 
(ABCD) recommend the best time to promote 
exercise in people with type 2 diabetes is around 
the time of diagnosis when patients are at their 

Energy expenditure
Evidence 
category

To prevent weight regain 150–250 min‐wk‐1 (1200–2000 kcal/week) A

For weight loss <150 min‐wk‐1 – minimal weight loss
>150 min‐wk‐1 – moderate weight loss of 2–3kg/wk
>225–420 min‐wk‐1 – weight loss of 5–7.5 kg. Dose response

B

For weight maintenance after 
weight loss

200–300 min‐wk‐1 but no good evidence to recommend the 
amount needed to prevent weight regain after weight loss

B

Lifestyle physical activity Useful to counter the energy imbalance in sedentary 
individuals that can lead to obesity

B

Physical activity and diet 
restriction

Physical activity increases weight loss if diet restriction is 
modest but not severe (<500–700 kcal/d)

A

Table 4.6.2 Levels of exercise recommended for weight loss and prevention of weight regain for 
adults [3]

Box 4.6.3 Physical activity guidelines for 
people with diabetes [2,30]

•  At least 150 mins/week of moderate to vigorous 
intensity aerobic exercise over least 3 days with 
no more than 2 consecutive days between bouts 
of activity

•  Resistance training 3 times/week
•  2.5 hours/week to prevent type 2 diabetes in 

high risk individuals
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most motivated to make changes [1]. Although the 
conclusions of the early ACTID study recommend 
a focus on improving dietary behaviours in this 
group as the addition of an activity intervention 
conferred no additional benefits [14], further stud
ies support physical activity at a higher intensity 
and volume in people with type 2 diabetes [21].

Risks of exercise

Safe exercise participation can be complicated 
by diabetes‐related complications, such as car
diovascular disease, hypertension, microvascular 
changes, neuropathy and nephropathy. Worsening 
of pre‐existing cardiovascular disease or unmask
ing of previously asymptomatic coronary heart dis
ease is a major concern. Health professionals are 
advised to use their clinical judgement regarding 
recommending pre‐exercise testing for low inten
sity exercise such as walking. No evidence sug
gests pre‐exercise testing is routinely necessary.

For exercise more vigorous than brisk walk
ing or exceeding the demands of everyday  living, 
sedentary and older patients with diabetes may 
benefit from being assessed by a physician, for 
conditions associated with CVD. This may 
include an exercise stress test for those with an 
increased risk of underlying cardiovascular 

 disease [2], see Box  4.6.4. The ABCD recom
mends that every patient who wishes to start 
strenuous physical activity should have a thor
ough medical examination [1].

Exercising with long‐term 
complications of diabetes

The presence of particular complications of dia
betes may require some modification of the rec
ommendations for exercise. More advice on this 
can be found in the guidelines produced by the 
ABCDE, ACSM and ADA [1,2] .

Many exercise programmes exclude patients 
with diabetic complications because of an 
increased risk of adverse events and, because of 
this, evidence for guidelines with respect to 
safely and exercise is lacking. Otterman et al. 
[22] investigated the feasibility and preliminary 
effectiveness of an exercise programme for 22 
patients from a diabetic foot outpatient clinic 
completing a 12 week exercise programme. 
They demonstrated a 4 mmol/mol (0.4%) reduc
tion in HbA1c and an improvement in muscle 
strength and perceived limitations in function
ing with no training related adverse events. 
Further research is needed in this area to assess 
the effectiveness of exercise in patients with 
diabetic complications.

Exercise and hypoglycaemia

Although this is less of a problem for most peo
ple with type 2 diabetes compared to those with 
type 1 diabetes, hypoglycaemia can still occur 
with medications such as insulin secretagogues 
and insulin. For those on these medications, tak
ing additional carbohydrate as food or fluid 
may be necessary to prevent low blood  glucose. 
If the blood glucose concentration is high 
before exercise, hypoglycaemia is less likely 
to occur and additional carbohydrate is not 
normally necessary.

Alternatively, people treated with insulin or 
insulin secretagogues may need to reduce their 
medication to prevent exercise‐induced hypogly
caemia [1,2,12]. This is the preferred strategy for 
those who are overweight and are exercising to 
lose weight, rather than increasing food intake.

Box 4.6.4 Patients at greater risk of 
underlying cardiovascular disease

Age >40 years with or without cardiovascular 
disease risk factors other than diabetes

Age >30 years and

•  Type 1 or type 2 diabetes of > 10 years 
duration

•  Hypertension
•  Smoker
•  Dyslipidaemia
•  Proliferative or preproliferative retinopathy
•  Nephropathy including microalbuminuria

Any of the following, regardless of age

•  Known or suspected coronary artery disease, 
cerebrovascular disease and/or peripheral artery 
disease

•  Autonomic neuropathy
•  Advanced neuropathy with renal failure

www.Ebook777.com
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Diet and exercise

Dietary advice depends on whether the person 
with diabetes is doing exercise for recreation, 
health or for competition. Physical activity, ath
letic performance and recovery from exercise 
are enhanced by optimal nutrition [23]. The key 
points to consider are:

 • The consumption of adequate energy to sup
port health and maximise training effects

 • Sufficient carbohydrate for the maintenance of 
blood glucose concentration during exercise 
and for the restoration of glycogen stores fol
lowing exercise

 • Sufficient, but not excessive, fat and protein
 • Prevention of dehydration that will decrease 
exercise performance

 • The consumption of a varied diet in order to 
provide at least the recommended dietary al
lowance (RDA) for vitamins and minerals.

4.6.3 Alcohol

Risk of developing diabetes

Moderate alcohol intakes have been reported to 
be associated with lower prevalence of diabetes 
in a number of epidemiological studies. A sys
tematic review of 32 studies in the United States 
[24] found:

 • Moderate consumption of 1–3 drinks/day 
(12.6–37.8 g ethanol, 2–4 UK units) was asso
ciated with a 33–56% reduction in the incidence 
of type 2 diabetes and 34–55% lower incidence 
of diabetes‐related coronary heart disease com
pared to non‐drinkers.

 • Heavy consumption (>3 drinks/day) was asso
ciated with 43% increased incidence of type 2 
diabetes.

A systematic review and meta‐analysis by 
Baliunas [25] also found a U‐shaped relationship 
between alcohol consumption and the incidence 
of type 2 diabetes with a more protective effect of 
a moderate consumption found for women:

 • In women, 24 g alcohol/day (2.4 UK units) 
was associated with a risk reduction of 40% 
compared to lifetime abstainers.

 • In men, 22 g alcohol/day (2.2 UK units) was 
associated with 13% risk reduction.

 • At higher levels of consumption (>50 g/day 
[>5 UK units] for women and >60 g/day [>6 
UK units] for men) the risk of diabetes was 
increased.

The relative effects of consuming similar amounts 
of alcohol over a week by drinking moderate 
amounts daily, compared to binge drinking are 
unknown.

A recent study examined the relationship 
between high mean alcohol consumption and the 
metabolic syndrome and diabetes [26]. The results 
showed a U‐shaped relationship with the metabolic 
syndrome, diabetes and insulin resistance. The 
prevalence of diabetes was 6% in non‐drinkers, 
3.6% in low risk (1–13 drinks/week), 3.8% in 
medium‐high risk (14–34 drinks/week) and 6.7% 
in very high risk drinkers (>35 drinks/week). A 
meta‐analysis with 12 years follow up [27] showed 
a U‐shaped relationship with a 30–40% reduced 
risk of developing diabetes in those people who 
were consuming 1–2 drinks per day compared to 
heavy drinkers or abstainers.

Alcohol and glycaemic control

Although there is little evidence for the acute 
effect of alcohol on glycaemic control, recent 
studies have reported that moderate intake of 
alcohol is associated with improved glycaemic 
control in people with type 2 diabetes [28,29] 
although heavy drinking has a negative impact on 
self‐care behaviours and can result in increased 
HbA1c levels [30].

Alcohol and blood pressure

Higher intakes of alcohol are associated with 
hypertension and reduction in alcohol intake in 
hypertensive individuals has been shown to be 
effective in lowering blood pressure [29].

Alcohol and medication

There is an increased risk of hypoglycaemia in 
those people treated with insulin or an insulin 
secretagogue [29], although there is no evidence 
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for the most effective prevention and treatment 
of alcohol‐induced hypoglycaemia. The con
sumption of 2–3 drinks while taking a sulfony
lurea or thiazolidione does not result in adverse 
affects but excessive alcohol intake with met
formin should be avoided because of the risk of 
lactic acidosis [24].

Guidelines for alcohol intake in 
people with type 2 diabetes

 • Recommendations for most people with type 
2 diabetes do not differ from national guide
lines for those without diabetes

 • Alcohol increases the risk of hypoglycaemia 
in those treated with insulin or insulin 
secretagogues

 • There are some medical conditions where alco
hol is contraindicated including hypertension, 
hypertryglyceridaemia, some neuropathies, 
retinopathy and alcohol should be avoided 
during pregnancy

 • Alcohol should not be recommended for those 
people who currently do not drink.
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4.7.1 Risk factors for type 2 
diabetes

Non‐modifiable risk factors

The risk of type 2 diabetes slowly increases with 
age and is also influenced by family history [1]. 
Diabetes risk doubles where both parents have 
the disease and again increases if the parents, 
particularly the mother, have been diagnosed 
with diabetes early in life. Women who experi-
ence an early menopause are also at higher risk 
[2]. Examination of the effects of inheritance 
suggest that generally multiple small genetic 
effects predominate so that the pattern of predis-
posing genes found in one individual may differ 
from those seen in another [3].

Metabolic abnormalities

Pre‐diabetic conditions and diseases affecting 
glucose metabolism increase diabetes risk. Thus 
women who develop polycystic ovary syndrome 
or gestational diabetes are at increased risk, as are 
individuals with abnormalities associated with 
the metabolic syndrome. This is a pre‐ diabetic 
state defined by the presence of an elevated waist 
circumference (abdominal obesity) and raised 
plasma triglycerides as well as, more variably: 
hyperglycaemia, low plasma high density lipo-
proteins (HDLs) and raised blood pressure [4]. 
All five components of the metabolic syndrome 
contribute to diabetes risk, although obesity is by 
far the predominant factor [5].

Positive energy balance and  
weight gain

In modern industrialised countries energy‐
dense foods are very varied, plentiful and 
affordable while modern technologies encour-
age prolonged periods of sitting still. Such an 
environment encourages over‐eating and low 
energy expenditure, leading many individuals 
to achieve a positive energy balance that when 
prolonged leads to steady weight gain. As a 
consequence, obesity now appears to be respon-
sible for at least 80% of the population attribut-
able risk for diabetes [5]. One meta‐analysis has 
indicated that obesity (i.e. body mass index 
(BMI) >30 kg/m2) increased diabetes risk 
seven‐fold compared to those of normal weight, 
while becoming overweight (i.e. BMI >25 and 
≤30 kg/m2) increased risk almost three times 
[6]. Weight loss is therefore one of the most 
powerful means to reduce the incidence of dia-
betes in high‐risk individuals and prevention of 
weight gain is the pre‐eminent strategy for dia-
betes prevention [7]. Evidence from the effects 
of bariatric surgery in patients with severe 
obesi ty (mean BMI >45 kg/m2) indicates that up 
to 75% of these patients can undergo complete 
remission of their diabetes once excess body 
weight is lost [8]. As discussed below, dietary 
interventions to induce weight loss are required 
for those less massively obese and can have 
highly beneficial outcomes. Regular physical 
activity is also of great importance. Modern 
sedentary activities, such as television viewing, 
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have been clearly shown to increase diabetes 
risk [9] whereas undertaking high levels of reg-
ular physical activity can reduce diabetes risk 
by 20–30% [10].

Although obesity is a strong risk factor for 
diabetes, not all obese individuals will develop 
the disease.

Risk is in part determined by where adipose 
tissue accumulates in the body and whether or 
not this adipose tissue remains metabolically 
healthy. It is clear that the deposition of abdomi-
nal fat, as evidenced by an increased waist 
circum ference, is particularly detrimental [11].

Adverse exposures in early life

When a growing foetus becomes subjected to 
conditions of malnutrition a number of adaptive 
changes occur that can affect later disease risk. 
Foetal under‐nutrition can promote more effi-
cient energy metabolism, reduction of functional 
elements in some developing tissues (e.g. islets 
or nephrons) and insulin resistance to ensure 
continued supply of glucose to the brain. After 
birth, if the child encounters an affluent post‐
industrial environment, these adaptations can 
lead to high risk of weight gain, ectopic fat depo-
sition and diabetes in later life [12]. A trajectory 
of this type may to some part explain the high 
prevalence of diabetes in some ethnic groups 
such as South Asians [13].

Diet quality

Although diabetes risk is largely governed by 
excessive energy intake, the quality of the overall 
diet can modulate susceptibility. Epidemiological 
evidence indicates many foods impact on diabetes 
risk (Table 4.7.1). Foods contributing to increased 
diabetes risk include processed meats and red 
meat [14] and sugar‐sweetened beverages [15] 
plus carbohydrate foods with high glycaemic 
index (GI) [16], including white rice [17] and 
probably (although further evidence is still 
needed) white potatoes [18]. Significant risk also 
attaches to diets with high total glycaemic load 
(GL) [16]. By one estimate, a 100 g/d increment 
in GL was associated with a 55% increase in 
 diabetes risk [19].

Mechanisms whereby these foods exert detri-
mental effects remain to be fully clarified. A 
meal with a high GL can increase plasma glu-
cose and non‐esterified fatty acids, increase 
insulin demand and, if this type of meal is eaten 
frequently over the longer term, may lead to 
increased insulin resistance and contribute to 
weight gain [16]. Sugar-sweetened beverages 
lack the satiating effects of food and thus easily 
promote obesity and, moreover, the metabolism 
of their fructose component promotes the accu-
mulation of metabolically harmful ectopic fat 
[20]. Processed meats contain nitrate and other 
preservatives as well as high amounts of sodium, 
these promote endothelial dysfunction and raise 
blood pressure [21]. Red meat in itself may con-
tribute to lipid abnormalities by increasing satu-
rated fat and cholesterol intake, while excessive 
iron intake can promote damaging oxidative 
stress [21].

Protective foods in relation to diabetes risk 
(Table  4.6.1) include wholegrain cereals [22], 
low fat dairy foods including yoghurt [23] and 
green leafy vegetables [24]. A high total fruit and 
vegetable intake is also protective although nei-
ther total vegetable intake nor fruit alone pro-
vides a clear effect [24]. Green leafy vegetables 
are rich in magnesium that is known to improve 
glucose metabolism and they are also a source 
of polyphenols that can have anti‐hypertensive 
effects [25]. Wholegrains include the kernels 
and/or flour from many different cereals: wheat, 
oats, maize, unpolished brown rice, rye, barley, 
bulgur, buckwheat, amaranth and psyllium. Their 
protective effect is for some part associated with 
their insoluble dietary fibre content. High cereal 
fibre intake but not high vegetable fibre intake 
reduces diabetes risk [26]. Apart from dietary 
fibre, wholegrains also provide many micronutri-
ents and phytochemicals that may mitigate oxi-
dative stress and inflammation [27].

The protection offered by dairy foods appears 
attributable to nutrients in their non‐fat compo-
nent. Bioactive peptides in whey can stimulate 
the gut hormones regulating food intake [28]. 
Vitamin D (where dairy foods are fortified) has 
clear protective effects against the development 
of diabetes via beneficial effects on the immune 
system [29]. The presence of calcium in dairy 



Reference
Included
studies

Number of
participants

Incident cases
type 2 diabetes

Length of
follow‐up (years)

Summary riska

(95% CI)

Foods increasing risk:
Processed meat

[14] 9 389 606 9999 4–23 1.41
[95% CI: 1.25–1.60]

White rice

[17] 4
3

228 869
123 479

10 872
2711

2–22
5

Westernb: 1.12
[95% CI: 0.94–1.33]
Asianc: 1.55
[95% CI: 1.20–2.01]

Sugar‐sweetened beverages

[15] 8 310 819 15 819 4–20 1.26
[95% CI: 1.12–1.41]

Foods with high GI

[16] 12 455 363 10 195 4–14 1.16
[95%CI: 1.06,1.26]

Red unprocessed meat

[14] 10 433 070 12 226 4–23 1.12
[95%CI: 1.07, 1.38]

Foods decreasing risk:
Decaffeinated Coffee

[31] 6 225 516 8795 8.4–18 0.64d

[95%CI: 0.54, 0.77]

Coffee

[31] 18 457 922 19 319 2.6–18 0.76d

[95%CI: 0.69–0.82]

Tea

[31] 7 286 701 8341 8.4–18 0.82d

[95%CI: 0.91–0.95]

Whole grains

[22] 6 286 125 10 944 6–16 Dosee: 0.79
[95%CI: 0.72–0.87]

Yoghurt

[23] 3 104 314 3480 5–12 0.83
[95%CI: 0.74–0.93]

Low fat dairy foods

[17] 3 119 623 4810 8–12 0.82
[95%CI: 0.74, 0.90]

Green leafy vegetables

[24] 5 192 659 18 659 4.6–18 0.84
[95%CI: 0.74,0.94]

Fruit and Vegetables

[24] 5 179 959 19 123 6–18 0.93
[95%CI: 0.87,1.00]

a Highest intake versus lowest intake unless otherwise stated.
b European populations with a relatively low daily intake: <9.7 g/d vs >99 g/d.
c Populations from China and Japan with a relatively high daily intake: <364 g/d versus > 582 g/d.
d 3–4 cups/d versus 2 cups/d or less or none.
e For each two serve/d increment.

Table 4.7.1 Meta‐analyses examining food intake relating to risk of Type 2 diabetes
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foods is also important although its effects may 
also be influenced by magnesium [30]. 
Consumption of coffee and tea also reduces risk 
[31]. The benefit of these beverages does not 
appear to be related to their caffeine content, but 
rather relates to the presence of chlorogenic 
acids, lignans and magnesium that can affect 
glucose metabolism and insulin sensitivity [31] 
and may also have beneficial effects on the gut 
microbiome [32].

While high meat intake increases diabetes 
risk, fish consumption can, in some circum-
stances, be protective. One meta‐analysis indi-
cated that high fish intake was protective in 
Asian populations (summary relative risk (RR) 
0.89 (95% confidence interval (CI):0.81,0.98)) 
although this was not evident across similar 
studies carried out on Europeans [33]. The dif-
ference illustrates one difficulty. Protective 
effects of foods may depend on dietary context: 
other foods eaten and the way these foods are 
prepared. In Western populations, fish is often 
fried which may reduce its health benefit, 
whereas in Asia, fish is more frequently steamed 
or simmered. Understanding these complexities 
requires further research. In addition, meta‐
analyses and more primary studies are still 
needed to determine how other potentially pro-
tective foods such as nuts and legumes affect 
long‐term diabetes risk.

Few studies have yet examined the effect of 
whole dietary patterns on diabetes risk. High 
adherence to a Mediterranean dietary pattern 
modestly reduced diabetes risk [34]. This rela-
tionship partly depended on the use of olive oil 
for cooking, low meat consumption and moder-
ate alcohol intake. More studies are needed to 
examine the effects of this and other dietary pat-
terns on diabetes risk.

Other risk factors

Active smoking will promote abdominal obesity 
and may damage the pancreas [35]. Smoking 
thus increases diabetes risk. One analysis found 
that the risk of developing diabetes was 60% higher 
in smokers of 20 or more cigarettes per day [35]. 
While moderate alcohol consumption (one to 
three drinks per day) appears protective and can 

be part of a Mediterranean dietary pattern, heavy 
alcohol consumption (>3 drinks per day) is 
known to promote obesity and/or induce liver or 
pancreatic damage and will increase diabetes 
risk [36]. Work‐related psychosocial stress does 
not appear to contribute to diabetes risk [37].

4.7.2 Screening for type 2 
diabetes

Screening by questionnaires and 
risk scores

Type 2 diabetes can have a long insidious onset 
during which many people remain undiagnosed 
and unaware that they are developing the dis-
ease. The first step for public health measures 
is thus to identify high risk populations and to 
screen them regularly for the presence of dia-
betes. Many risk scores and screening ques-
tionnaires have now been developed for this 
purpose (Table 4.7.2) including one designed 
for global use [38]. Some are also available in 
electronic form. These screening tools are cost‐
effective in avoiding the need for an initial 
blood test. Identification of obesity alone is 
insufficient as a screening measure as some 
people of normal weight may exhibit insulin 
resistance and compromised β‐cell function, 
while many obese people retain insulin sensi-
tivity, particularly if they remain physically 
active [5].

Screening using venous plasma 
samples

Diabetes screening can also be carried out with 
blood tests using venous plasma samples. The 
American Diabetes Association recommends 
that all asymptomatic people aged 45 years or 
over should be screened in a healthcare setting, 
either by fasting plasma glucose (FPG) or by a 
2 h oral glucose tolerance test (OGTT) [39]. 
The International Diabetes Federation suggests 
FPG alone can be used for screening [40]. 
Diabetes is present with FPG ≥7.0 mmol/L 
(126 mg/dL) or 2‐h plasma glucose in a 75‐g 
OGTT ≥11.1 mmol/L (200 mg/dL). More 
recently the use of glycated haemoglobin 
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Test (reference)
Country 
of Origin

Number of 
variables Items

On‐line 
version

Screening Tools
Cambridge DRSa UK 7 age, sex, BMI, use of steroid or anti‐ 

hypertension medications, family history 
of diabetes, smoking habit

No

MDPPQ UKb 6 age, BMI, history of diabetes or
hypertension, history of GDM, ethnicity

No

Danish DRS Denmark 6 age, sex, BMI, history of diabetes,
known hypertension, physical activity

No

DRS calculator USA 9 age, waist circumference, history of 
GDM, family history of diabetes, 
ethnicity, weight, height, hypertension, 
exercise

No

Patient self‐assessment 
score

USA 6 age, sex, history of diabetes or
hypertension, obesity, physical activity

No

Risk Scoring Model China 8 age, BMI, waist:hip ratio, systolic and 
diastolic blood pressure, heart rate, family 
history of diabetes, history of 
hyperglycaemia

No

TOPICS diabetes 
screening score

Japan 6 age, sex, family history of diabetes, 
current smoking habit, BMI, hypertension

No

Indian DRS India 4 age, abdominal obesity, family
history of diabetes, physical activity

No

DETECT 8 
countries

6 age, height, body mass index, waist 
circumference and systolic and diastolic 
blood pressure

No

Risk assessment tools
FINDRISC Finland 8 age, BMI, waist circumference, history of: 

antihypertensive treatment, hyper‐ 
glycaemia or diabetes; physical activity, 
daily consumption of fruits, berries and 
vegetables

Yes

DIFE Germany 10 age, height, waist, hypertension, meat and 
fibre consumption, coffee, alcohol, 
physical activity, smoking

Yes

AUSDRISK Australia 10 age, sex, waist circumference, history
of diabetes or GDM, hypertensive
medications, physical activity, fruit and 
vegetable consumption, smoking, 
ethnicity

Yes

Thai DRS Thailand 5 age, BMI, waist circumference, 
hypertension, history of diabetes

No

Omani DRS Oman 5 age, BMI, waist circumference, history of 
diabetes or hypertension

No

aAbbreviations: BMI: body mass index; DRS: diabetes risk score; GDM: gestational diabetes.
bDeveloped for South Asians living in the UK.

Table 4.7.2 Selected screening and predictive tools for detecting undiagnosed type 2 diabetes
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(HbA1c) has been recommended as an alterna-
tive to FPG or OGTT as it provides a  measure 
of chronic glycaemia rather than transient 
blood glucose and can be determined at greater 
convenience for the patient, with a  random 
non‐fasting blood sample. Diabetes is present 
with HbA1c ≥6.5% (≥48 mmol/mol) [39,40]. 
Most diabetes screening is carried out in mid-
dle‐aged adults, but as the obesity epidemic 
continues screening is now often recommended 
in younger individuals (including children over 
the age of 10 years) if they are overweight or 
obese and have at least one additional diabetes 
risk factor [39].

4.7.3 Diabetes prevention

Randomised control trials of 
lifestyle interventions for 
diabetes prevention

Overweight sedentary individuals who are 
developing the metabolic abnormalities associ-
ated with pre‐diabetes are very good candi-
dates for lifestyle changes to prevent the onset 
of type 2 diabetes. Major studies in different 
populations have now shown that lifestyle 
interventions can be very effective and cost‐
effective in preventing diabetes and/or slowing 
its progression (Table 4.7.3). For example, in 
the Finnish Diabetes Prevention Study (DPS) 
participants with impaired glucose tolerance 
(IGT) were randomly assigned to intensive 
lifestyle intervention or to a control group who 
received only general dietary advice. Those in 
the intervention group received individualised 
dietary counselling for a low fat healthy diet 
during the first year of the study, and were also 
encouraged to increase their physical activity 
and achieve modest weight loss (≥5%). After 
3.2 years, diabetes incidence in the interven-
tion group was reduced by 58% [41]. Similar 
interventions have also been successful either 
using a low fat diet [41–43], a Mediterranean 
diet rich in either olive oil or nuts [44], or other 
healthy diets low in refined carbohydrate and 
saturated fat [45–48]. These dietary measures 
were combined in most studies with support for 

increased physical activity. Lifestyle interven-
tions compare well in both cost and effective-
ness with results achieved in interventions 
based on pharmacological agents such as met-
formin, alpha‐glucosidase inhibitors, thiazoli-
dinediones or Orlistat [49]. Moreover, follow‐up 
studies to lifestyle interventions indicate that, 
although the interventions have only a limited 
duration, they can have sustained effects and 
bring long‐lasting benefit. Thus, for example, 
20 years after the Da Qing Study commenced 
there was a 43% lower incidence of type 2 dia-
betes among those who had participated in the 
diet plus exercise intervention than in the control 
group [50].

Further analyses of these lifestyle interven-
tions provide an indication of factors that con-
tribute to their success. An examination of the 
Diabetes Prevention Programme (DPP) indi-
cated that participants were more likely to 
experience successful weight loss, and thus 
lower their diabetes risk, if they were older and 
more sedentary when they entered the pro-
gramme and if they were older when their obe-
sity had commenced [51]. They were also 
likely to be more successful if they had made 
few previous attempts at weight loss and had 
little emotionally‐related eating. Development 
of skills in dietary restraint was found to be 
important to long‐term success by, for exam-
ple: learning to eat smaller portions of high fat 
foods, or to select high‐fat foods less often or 
how to substitute a low‐fat alternative for a 
high‐fat food [51].

Long‐term effects of diabetes 
prevention programmes

In contrast to the success of reversing progres-
sion towards diabetes in high risk individuals, 
once diagnosed diabetes has been evident for 
some time, it is more difficult but still possible to 
obtain a reversal through intensive lifestyle 
intervention. In the Look AHEAD Study, 9.2% 
of participants went into diabetes remission after 
two years of intensive lifestyle intervention, 
although only 3.5% remained free of diabetes 
after four years [52]. This illustrates the impor-
tance of screening to detect high risk individuals 
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and initiating lifestyle change at an early stage in 
the disease process.

Translating research into practical 
public health interventions

As seen in Table 4.7.3, the results accumulated 
from randomised control trials (RCTs) have 
demonstrated that lifestyle interventions to arrest 
progression to type 2 diabetes are both feasible 
and effective. The pressing concern now is how 
to expand the lessons learned in the controlled 
setting of a clinical trial to much more varied set-
tings, translating intervention strategies into 
large public health programmes. Preliminary 
programmes are already indicating both the 
potential and the difficulties inherent in the 
translation process. Lifestyle interventions have 

been rolled out successfully for many different 
communities including: churches, community 
health centres, primary care settings (delivered 
by nurse practitioners) or provided at peoples’ 
homes or at the workplace. New methods of pro-
gramme delivery are also being trialled, such as 
remote coaching by telephone. The Greater 
Green Triangle Diabetes Prevention Project [53] 
provides one example of a primary‐care‐based 
intervention. Participants were patients present-
ing at local medical clinics in several small 
towns in southern Australia. They received a 
structured group programme comprising six 90 
minute education sessions delivered by trained 
nurses over an 8‐month period. After one year 
participants had successfully lost weight (–2.52 
kg (95%CI: 1.85,3.19)) and waist circumfer-
ence (–4.17 cm (95%CI: 3.48,4.87)) and had 

Study
Population  
(% female)

Follow‐
up (years) Intervention

Reduction in 
diabetes 
incidencea (%)

Da Qing Diabetes
Prevention Study [42]

577 Chinese with
IGT (44%)

6 Low fat diet
exercise
Low fat diet plus 
exercise

56
59
51

Diabetes Prevention
Study (DPS) [41]

522 Finns with
IGT (67%)

3.2 Low fat diet plus 
exercise

58

Diabetes Prevention 
Program (DPP) [43]

3234 Americans
with IGT (68%)

2.8 Low fat diet plus 
exercise

58

Indian Diabetes Prevention 
Program (IDPP‐1) [46]

531 Indians with
IGT (21%)

2.5 Low refined 
carbohydrate and 
low fat diet
plus exercise

28.5

Taranomon Hospital Trial 
[45]

458 Japanese with
IGT (0%)

4.0 Intensive diet plus
exercise

68

The Tehran Lipid and 
Glucose Study (TLGS) [48]

8212 Iranians  
with NGT (60%)

3.6 Lifestyle
intervention

39

PREDIMED‐Reus [44] 7232 Spaniards
with NGT (58%)

4.0 MedD (olive oil)
MedD (nuts)

51
52

IDPP‐2b [47] 99 Indians with
IGT + IGF (21%)

3.0 Low refined 
carbohydrate 
and low fat diet
plus exercise

20

aAll interventions showed a significant difference from a control or standard treatment group.
bNon‐pharmacological arms only.
IFG: impaired fasting glucose; IGT: impaired glucose tolerance; MedD: Mediterranean diet;  
NGT: normal glucose tolerance.

Table 4.7.3 Diabetes prevention studies with lifestyle change in diverse populations
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 experienced metabolic improvement [53]. All 
changes that reduce diabetes risk.

Nation‐wide programmes for diabetes preven-
tion in high risk individuals are now slowly 
being developed in many countries. Finland 
commenced with the National Type 2 Diabetes 
Prevention Program (FIN‐D2). Results from a 
one year follow‐up of nearly 4000 participants 
has indicated that 19% lost at least 5% body 
weight and over 30% experienced improvement 
in glucose tolerance [54]. Other large scale pro-
grammes such as the European Prevention using 
Lifestyle, Physical Activity and Nutritional 
Intervention (DE‐PLAN) have also been initi-
ated [55]. A start has therefore now been made 
but considerable effort is still required to develop 
effective, culturally appropriate programs for the 
diverse populations worldwide who are at high 
risk of diabetes.

Key points

 • The risk factors for type 2 diabetes include both 
non‐modifiable (age, gender, family history, 
ethnicity) and modifiable (diet, physical 
activity, body weight).

 • Certain foods, including coffee, wholegrains 
and green leafy vegetables appear to decrease 
risk and others, including red and processed 
meat, white rice and sugar‐sweetened beverages 
increase the risk.

 • Screening for diabetes can be achieved by 
direct blood sampling or by use of composite 
risk scores.

 • There is strong evidence for diabetes prevention 
from randomised controlled trials in high‐risk 
subjects, although little evidence of translation 
of this at the population level.
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5.1.1 Introduction

Understanding the different types of diabetes 
encountered in pregnancy is important for the 
pregnant woman, the management of the preg
nancy and the long‐term implications for both 
mother and child. This chapter addresses the epi
demiology, aetiology and pathogenesis of diabe
tes in pregnancy and reviews the influence of 
subtypes of diabetes and degree of maternal 
hyperglycaemia on pregnancy outcome.

5.1.2 Epidemiology

The incidence of pregnancies complicated by dia
betes is increasing and will continue to increase 
over the foreseeable future.

Pre‐gestational diabetes

An audit of 3808 pregnancies in England, Wales 
and Northern Ireland between 2002 and 2003 
identified that 1 in 250 pregnancies occurred in 
women with established (pre‐gestational) dia
betes, with 27.6% classified as having type 2 
diabetes [1]. Five years later, from 2007 to 
2008, an audit of 1381 pregnancies from the 
Northern, North West and East Anglia regions 
of England found that type 2 diabetes accounted 
for 40.3% of women with pre‐gestational dia
betes [2]. Currently most antenatal clinics 
serving urban industrialised areas in the United 

Kingdom (UK), like other parts of the world, 
are encountering more pregnant women with 
type 2 rather than type 1 diabetes [3–5].

The rise in pregnant women with type 2 dia
betes is not surprising. In the UK the prevalence 
of type 2 diabetes has increased on average by 
4.9% per year over the last two decades, reflect
ing the dramatic rise in obesity [6]. Meanwhile, 
the age of onset of type 2 diabetes has declined, 
with the most notable decrease occurring among 
younger women, and in ethnic minorities. The 
proportion of new diagnoses of diabetes in the 
UK among the age group 30 to 44 years 
increased from 7.5 to 15.8% between 1996 and 
2006 [7].

Antenatal clinics in the UK, like many other 
urbanised areas of the world are frequently 
encountering pregnancies with diabetes due to 
the combination of increasing obesity, delayed 
age at first pregnancy and greater ethnic diver
sity. More women from ethnic backgrounds that 
carry an increased risk of type 2 diabetes are 
giving birth.

The prevalence of obesity in pregnant women 
has more than doubled in the UK in recent years, 
with a rise from 7.6 to 15.6% occurring between 
1987 and 2007 [8]. Maternal obesity, indepen
dently of diabetes, is associated with poor preg
nancy outcomes, including an increased risk of 
congenital malformations and stillbirth [4,9]. 
This effect of obesity may partially explain why 
outcomes in pregnant women with type 2 and 
type 1 diabetes are similar despite the duration 
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of diabetes being considerably less in women 
with type 2 diabetes [1,10,11].

A two‐ to three‐fold increase in congenital 
malformations occurs in pregnancies of women 
with either type 1 or type 2 diabetes. This risk is 
highly dependent on the level of maternal hyper
glycaemia at conception, therefore ensuring 
good glycaemic control peri‐conception is 
extremely important [1,12,13].

Furthermore, women of reproductive age 
with type 2 diabetes are more likely to experi
ence greater social deprivation than those with 
type1 diabetes and are less likely to either access 
pre‐conception counselling or plan their preg
nancies [1]. In addition, women with type 2 are 
more likely to be managed in primary rather 
than secondary care, where access to tailored 
pre‐conception counselling and advice may be 
less available [14].

Whilst the background prevalence of type 1 
diabetes is slowly rising [15], this increase is 
comparatively lower than that for type 2 diabe
tes. Therefore the proportion of women with 
pre‐gestational type 2 diabetes will continue to 
rise. However, since the age of onset of type 1 
diabetes is falling across Europe [16] the cumu
lative duration of type 1 diabetes among pregnant 
women is increasing. The duration of type 1 dia
betes is important when considering pregnancy 
outcomes, as the risk of pregnancy‐induced 
hypertension, pre‐eclampsia, deterioration of 
retinopathy and severe maternal hypoglycaemia 
all increase with increasing duration of diabetes 
[17–19]. In addition, women with type 1 diabetes 
are, like the background population, becoming 
more obese and this similarly can compromise 
pregnancy outcomes, particularly the risk of foe
tal macrosomia [20,21].

Gestational diabetes

Gestational diabetes (GDM) is defined as any 
degree of glucose intolerance first recognised in 
pregnancy [22]. The majority of women develop 
glucose intolerance in the late second or early 
third trimester of pregnancy. This glucose intol
erance arises as a consequence of the inability to 
secrete sufficient insulin to overcome the preg
nancy‐related increase in insulin resistance [23].

Estimates of the prevalence of GDM are 
highly dependent on the diagnostic criteria used 
to diagnose the condition; its prevalence also 
reflects the background rates of type 2 diabetes 
within that population, which may be present 
pre‐gestationally but not detected until screening 
during the pregnancy. Thus the prevalence of 
GDM ranges between 2 and 20% depending on 
these factors [24,25].

Gestational diabetes is a heterogeneous condi
tion [22]. The current definition of GDM encom
passes women with undiagnosed pre‐existing 
diabetes or glucose intolerance. This will therefore 
include women with previously undiagnosed 
type 2 diabetes; pre‐clinical type 1 diabetes [26] 
and those with the rarer monogenic forms of 
 diabetes, commonly known as MODY (maturity 
onset diabetes of the young) [27] or mitochon
drial diabetes [28].

Those with previously undiagnosed type 2 
diabetes are an important subset of women to 
recognise and the proportions in this category 
are rapidly increasing as the prevalence of type 2 
diabetes increases in women of reproductive age 
[29]. This is a particularly concerning group, as 
in comparison to GDM developing later in preg
nancy these women will be hyperglycaemic 
at the time of conception and organogenesis and 
thus carry excess risk of congenital malforma
tion [30]. Early testing for type 2 diabetes in 
pregnancy is thus recommended [24].

Another smaller group of women who will 
initially be referred to as having GDM are those 
who are in the subclinical phases of type 1 dia
betes [31,32]. There is an almost four‐fold 
increase in the incidence of diabetes during the 
third trimester of pregnancy, in comparison to 
age‐matched non‐pregnant women [26]. Women 
in the preclinical phases of type 1 diabetes, 
already have compromised β‐cell function but 
may still maintain normal glycaemia if not preg
nant. However, during pregnancy they will not 
be able to meet the additional insulin demands 
required in late pregnancy due to increased insu
lin resistance and will present with diabetes at 
this time.

Women with asymptomatic, previously unde
tected monogenic forms of diabetes are also 
likely to be detected during pregnancy, due to a 
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combination of screening programmes and the 
metabolic changes occurring in pregnancy. 
Women with monogenic forms of diabetes will 
also be over‐represented in this age group 
[33,34]. Although these cases will be initially 
classified as GDM, post‐partum the underlying 
metabolic process will continue and their type of 
diabetes will need to be reclassified.

Accurately separating the type of diabetes in 
young pregnant women is difficult, and sophisti
cated laboratory testing is often required, with 
close follow‐up in the post‐partum period [29].

5.1.3 Aetiology

Pre‐gestational type 1 diabetes

Type 1 diabetes can occur at any age, although 
typically has its onset in the first three decades 
of life. It is caused by an autoimmune destruc
tion of the pancreatic β‐cells that produce insu
lin [35]. The current evidence points to an initial 
environmental trigger, possibly from a virus 
such as an enterovirus, in an individual with a 
background genetic susceptibility profile that 
responds to that trigger. The immune response 
involves both T‐ and B‐lymphocytes and this 
finally results in the autoimmune destruction of 
functioning β‐cells [36]. This inherent genetic 
susceptibility to type 1 diabetes also confers a 
susceptibility to other autoimmune diseases, for 
example autoimmune thyroid disease that occurs 
in 15–30% of type 1 diabetes cases and coeliac 
disease in 4–9% [35]. Pregnant women with 
type 1 diabetes should therefore routinely have 
their thyroid function tested at the start of their 
pregnancy.

Pre‐gestational type 2 diabetes

Type 2 diabetes is characterised by hyperglycae
mia due to a relatively impaired and insufficient 
insulin response to the affected individual’s level 
of insulin resistance [37]. Type 2 diabetes is a 
polygenic condition that requires an underlying 
genetic susceptibility, as well as the presence of 
adverse environmental and lifestyle factors, to be 
fully expressed [38]. This is reflected in migra
tion studies that demonstrate that populations 

with similar gene pools only develop high levels 
of type 2 diabetes when they migrate from rural 
environments with active lifestyles to a more 
sedentary setting, characteristically associated 
with an urbanised lifestyle, including increased 
exposure to energydense foods and decreased 
levels of physical activity [39].

Type 2 diabetes used to be a condition of late 
middle age but over the last three decades has 
occurred increasingly in younger age groups 
[29,40,41]. This earlier onset of type 2 diabetes 
is now occurring among most industrialised 
populations due to increased levels of obesity 
and physical inactivity.

An interesting and recognised contributor to 
early onset type 2 diabetes is exposure to a 
hyperglycaemic intrauterine environment [42]. 
This represents an example of foetal program
ming; a process through which in utero nutri
tional and metabolic exposure can influence 
long‐term foetal outcomes [43]. Epigenetic 
changes are thought to be the molecular process 
mediating foetal programming [44]. Epigenetic 
changes influence gene expression by modi
fying DNA structure through methylation or 
acetylation of histone proteins, that form part 
of the complex protein packaging material 
 supporting DNA.

In the Pima Indian population, which has one 
of the highest prevalence rates for early onset 
type 2 diabetes, the strongest single risk factor 
for type 2 diabetes in children aged between 
5  and 19 years, is the exposure to diabetes 
in utero [45].

Gestational diabetes

Glucose intolerance occurring de novo in preg
nancy arises when maternal insulin secretion 
cannot respond sufficiently to maintain eugly
caemia. Maternal insulin secretion should 
increase two‐ to three‐fold during the latter half 
of pregnancy to compensate for the changes in 
maternal insulin sensitivity [46]. These changes 
include increasing levels of placental hormones, 
for example human placental growth hormone 
and cytokines such as TNF‐α and leptin [4]. 
These hormones increase in the maternal circu
lation throughout pregnancy from 8 weeks 
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 gestation, reaching maximum levels at week 35 
of gestation, and have a direct inhibitory effect 
on insulin signalling [47] as well as raising 
maternal free fatty acid levels. The resulting 
pregnancy‐related increase in maternal insulin 
resistance is advantageous for the developing 
foetus, as it facilitates the maternal‐foetal trans
fer of glucose, especially in the post‐prandial 
period, effectively preferentially diverting glu
cose away from maternal tissues to the foetus.

Glucose is the main foetal substrate stimulat
ing foetal insulin production, which acts as the 
major foetal growth factor. In GDM the increased 
maternal glucose levels are sufficient to cause 
foetal hyperinsulineamia and thus accelerated 
foetal growth, manifesting as a large for gesta
tional‐age infant with increased adiposity and 
foetal macrosomia [48].

Following parturition, maternal insulin resist
ance rapidly returns to normal with evidence of 
enhanced skeletal muscle insulin signalling dur
ing this period [49]. In the post‐partum phase, if 
the glucose intolerance of GDM resulted purely 
from the metabolic changes of pregnancy, nor
mal glucose tolerance is restored. However, it is 
important to note that these women are still 
metabolically susceptible to future diabetes, if 
and when their insulin sensitivity decreases, 
either due to a further pregnancy or as a conse
quence of lifestyle factors such as weight gain 
or physical inactivity. Importantly, pregnant 
women with evolving late‐onset type 1 diabetes, 
may also show restoration of euglycaemia 
post‐partum, but will gradually become insulin
openic in the ensuing months.

Women with a previous history of GDM are 
therefore at risk of future type 2 diabetes [50]. 
The progression to type 2 diabetes can be delayed 
with lifestyle intervention and by oral hypogly
caemic agents such as metformin [51,52]. 
However, over the last 20 years the progression 
to type 2 diabetes has been faster in all popula
tions studied due to rising levels of obesity 
[53,54]. It is also faster in those ethnic groups 
with a higher background prevalence of type 2 
diabetes [55]. Women who develop impaired 
glucose tolerance post‐GDM have a more accel
erated progression to overt type 2 diabetes than 
women who have no history of prior GDM [52].

The degree of maternal hyperglycaemia that 
predicts future glucose intolerance in offspring 
appears to occur at relatively low levels. There is 
increasing evidence that the degree of hypergly
caemia that occurs in women with GDM may be 
considered relatively mild, when compared with 
women who have overt pre‐gestational diabetes. 
However this is still high enough to affect foetal 
programming [56]. This phenomenon is impor
tant, as if the epidemic of type 2 diabetes is to 
be  halted, ensuring good maternal glycaemic 
control in pregnancy will be a necessary part of 
any prevention programme.

5.1.4 Risk factors

Pre‐gestational diabetes

Deciding who has type 1 or type 2 diabetes based 
on classical risk factors, for example ethnicity, 
body habitus and age of onset is no longer relia
ble. The clinical phenotypes of women diag
nosed with type 1 and type 2 diabetes during 
childbearing ages have become increasingly 
blurred. This is due to the emergence of young‐
onset type 2 diabetes within these groups [29,41], 
increasing obesity occurring amongst women 
with type 1 diabetes reflecting the background 
prevalence of obesity [20], and the onset of type 
2 diabetes in lean individuals from certain ethnic 
groups.

At least 40% of type 1 diabetes presents after 
the age of 18 years. The presentation can be 
more insidious than childhood‐onset, and can 
involve a relatively mild period of hyperglycae
mia that is non‐insulin requiring [57]. The clas
sical acute type 1 diabetes presentation is thus 
not a hallmark of type 1 diabetes in adulthood. 
In addition, ethnicity is not a reliable discrimi
nator, as although early onset type 2 diabetes is 
more common among certain ethnic groups, 
these groups will also adopt the background risk 
of type 1 diabetes of their country of residence, 
as shown by South Asian children within the 
UK [58].

When managing a woman with pre‐ gestational 
diabetes it is always important to consider whether 
the subtype diagnosis is in fact correct, as treat
ment and advice will be influenced by the type 
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of diabetes a woman has, and hence misclassifi
cation may lead to erroneous treatment. It may 
well be the first time since the initial diagnosis 
that the classification of subtype is being 
addressed. This is especially important for 
women with rare monogenic forms of diabetes 
who are over‐represented in this age group, as 
their management may be different from those 
with type 1 or type 2 diabetes [59]. It is therefore 
always worth considering whether the following 
risk factors are present:

 • A family history of diabetes
 • A family history or a personal history of auto

immune diseases other than type 1 diabetes
 • A history suggestive of increased insulin re

sistance, such as polycystic ovarian syndrome, 
acanthosis nigricans

 • A history of previous gestational diabetes.

A young woman with type 2 diabetes would be 
expected to have a family history of type 2 dia
betes and also a history of GDM in any previous 
pregnancy. If she has no family history and the 
diagnosis was made within the previous 2 years 
the possibility of her having type 1 diabetes 
should be seriously considered, regardless of 
her body weight and ethnic origin. Measuring 
autoantibodies associated with type 1 diabetes 
may be undertaken and, if positive, latent onset 
diabetes of adulthood (LADA), sometimes 
called pre‐clinical type 1 diabetes, should be 
considered [60]. Making such a diagnosis would 
change the educational advice given during the 
pregnancy as key advice on the avoidance of 
ketoacidosis would need to be given, along with 
education on how and when to test blood or 
urine ketones.

Serum C‐peptide can aid discrimination of 
type 1 from type 2 diabetes outside pregnancy 
[61], however, its interpretation during preg
nancy, when maternal insulin secretion increases, 
will be problematic unless undetectable, though 
complete insulin deficiency would usually mani
fest clinically.

The glycaemic targets and management goals 
for all diabetes in pregnancy are similar regard
less of the type of pre‐gestational diabetes a 
women has. Treatment is also similar with multi
ple daily insulin injections alongside self‐glucose 

monitoring 6 to 8 times throughout the day. In 
addition women with type 2 diabetes in the UK 
are also prescribed metformin while those with 
type 1 are not [62]. Post partum, women diag
nosed with LADA in pregnancy require close 
follow‐up for assessment of on‐going insulin 
requirements.

In contrast, a woman previously diagnosed as 
having type 1 diabetes on the basis of age, for 
example a diagnosis during her 20s or earlier, 
may well carry the wrong diagnosis. If she has a 
strong family history of type 2 diabetes and ges
tational diabetes among the female members of 
the family, the likelihood is she will have type 2 
rather than type 1 diabetes. This diagnosis would 
be further strengthened if the women in question 
had a history of polycystic ovarian disease [63] 
or clinical evidence of acanthosis nigricans [64]. 
Laboratory investigations confirming she has 
negative autoimmune antibodies for type 1 dia
betes and a high circulating plasma C‐peptide 
value (though these may not be routinely availa
ble) make the diagnosis of type 2 diabetes likely 
and the woman may therefore benefit from the 
addition of metformin both during and following 
the pregnancy. In addition, the lifestyle advice 
given to her family would be different. Children 
of mothers with type 2 diabetes are at high risk 
of developing type 2 diabetes and intensive 
 lifestyle changes around diet and increased physi
cal activity can have a very positive effect in less
ening the risk of diabetes in at risk groups [65].

Although uncommon, one should always con
sider a diagnosis of the monogenic forms of dia
betes when a pregnant woman has a very strong 
family history of early onset diabetes that appears 
to be inherited as an autosomal dominant trait. 
The two most common forms of MODY in 
Europe are mutations in the hepatocyte nuclear 
factor 1 alpha gene (MODY 3) and glucokinase 
gene (MODY 2) [66]. Although the prevalence of 
MODY in pregnant women is unknown it could 
represent up to 1.8% of all cases of diabetes in 
pregnancy, reflecting the proportionally lower 
prevalence of type 2 diabetes in this age group 
than reported in non‐pregnant diabetic popula
tion studies [27]. Making the diagnosis of MODY 
can affect clinical management both during and 
after the pregnancy [67].
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Gestational diabetes

The presence of risk factors for gestational dia
betes still forms the basis for undertaking selec
tive screening for GDM in the UK. The 2008 
UK NICE (National Institute of Clinical 
Excellence) guidelines for diabetes in pregnancy 
currently do not include age as a risk factor [62], 
despite its inclusion in guidelines from other 
countries. In a tertiary obstetric hospital in 
Australia increasing age alongside BMI >35 
kg⁄m2 and previous GDM were the most signifi
cant risk factors for gestational diabetes, with 
age > 40 years having an ODDs Ratio of 7.0 
(95% CI 2.9–17.2) [68]. Currently, UK‐based 
advice is to offer screening for GDM in preg
nancy at 28 weeks gestation using a 75 g oral 
glucose tolerance test (OGTT) only to women 
with any of the following risk factors:

 • BMI more than 30 kg⁄m2

 • Previous macrosomic baby weighing 4.5 kg or 
more

 • Previous GDM
 • Family history of diabetes (first‐degree rela
tive with diabetes)

 • Family origin with a high prevalence of diabe
tes (South Asian, Black Caribbean, Middle 
Eastern).

Prior to the 2010 International Association of 
Diabetes and Pregnancy Study Groups (IADPSG) 
recommendations for universal screening using 
the newly defined 75 g OGTT diagnostic criteria 
[24], both the American Diabetes Associa
tion  (ADA) and the Australasian Diabetes in 
Pregnancy Society guidelines, like the NICE 
guidelines, advocated selective screening based 
on risk factors. With all guidelines having a high 
sensitivity (>92%) but low specificity (4–32%) 
for the diagnosis of GDM.

The new IADPSG guidelines advocate uni
versal screening using a 75g OGTT, with the 
diagnosis of GDM based on any plasma glu
cose value above 5.1 mmol/L in the fasting 
state, 10.0 mmol/L at 1 hour or 8.5 mmol/L at 2 
hours post‐OGTT. These are expected to result 
in many more women being diagnosed with 
GDM in comparison to established selective 
screening and the WHO criteria for impaired 

glucose tolerance [25]. However, the level of 
maternal glycaemia proposed in the IADPSG 
guidelines was found to be associated with 
increased rates of macrosomia, neonatal hypo
glycaemia, high cord C‐peptide values and 
increased Caesarean section rates, in a large 
observational study of unselected pregnant 
women universally screened at 28 weeks gesta
tion [48]. Another risk factor for GDM is mater
nal weight gain during the first 24 weeks of 
pregnancy in overweight and obese women, but 
not in women who are either underweight or 
have a normal BMI before pregnancy [69]. As 
maternal obesity as well as GDM are both inde
pendently associated with adverse pregnancy 
outcomes and have an additive effect on risk, 
this highlights the need to give all overweight 
or obese women appropriate weight gain targets 
early in pregnancy [70].

Gestational diabetes will present an enor
mous resource challenge to maternity services 
in coming years if up to a fifth of all pregnant 
women are identified as having GDM (by 
IADPSG criteria). However, identifying 
women with GDM may have the potential to 
limit the risk of premature obesity and type 
2  diabetes in subsequent generations. If this 
holds true, the currently unstoppable ‘jugger
naut’ of the obesity and diabetes epidemic may 
be amenable to preventative lifestyle interven
tions in women of childbearing age both before 
and during pregnancy.

Key points

 • There are two types of diabetes during 
pregnancy; pre‐gestational (established type 1 
or type 2 diabetes before pregnancy) and 
gestational (diabetes occurring during 
pregnancy).

 • Diabetes during pregnancy increases the risk 
of macrosomia, congenital malformations, 
stillbirth and neonatal deaths.

 • Rates of both pre‐gestational and gestational 
pregnancy are increasing.

 • It is recommended that diabetes during 
pregnancy is diagnosed by a standard 75 g oral 
glucose tolerance test.
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5.2.1 Introduction

The number of pregnancies complicated by 
maternal diabetes is rising as a function of 
maternal age and obesity. Type 1 diabetes, type 
2 diabetes and gestational diabetes (GDM) 
result in hyperglycaemia that increases the fre
quency of adverse obstetric and perinatal out
comes [1]. There is a greater maternal risk of 
miscarriage, hypertension and pre‐eclampsia, 
preterm labour and caesarian delivery; and 
greater foetal risk of congenital malformations, 
macrosomia, birth injury and perinatal mortality. 
The goal is to optimise glucose control at con
ception and maintain euglycaemia during 
pregnancy.

This chapter reviews the evidence‐base for the 
management of diabetes in pregnancy. There 
have been several recent well‐designed clinical 
trials [2–6] and clinical guidelines from the 
American Diabetes Association (ADA) [7] 
and National Institute for Clinical Excellence 
(NICE) [8], which are discussed below.

5.2.2 Pre‐conception care

Routine diabetic care for women should include 
consistent and constructive advice about family 
planning. Specialist ‘pre‐pregnancy’ clinics 
should be accessible for patients once they decide 
to conceive [8]. Well‐planned pregnancies have 

fewer congenital malformations, stillbirths and 
neonatal deaths [9–13]. The Confidential Enquiry 
into Maternal and Child Health (CEMACH) data 
showed that sub‐ optimal pre‐conception care 
is associated with a five‐fold increase in the risk 
of foetal death after 20 weeks or major congeni
tal malformation [1]. Despite this evidence, a 
large proportion of women with pre‐gestational 
diabetes do not receive specific pre‐conception 
care [1].

Women should be counselled that improving 
glycaemia reduces the risk of miscarriage, con
genital malformation and neonatal death. Even a 
small improvement in HbA1c is associated with 
a reduced risk of complications [14] and 
improved obstetric surveillance and manage
ment of hyperglycaemia results in a good out
come for most women [15].

International targets recommend an optimal 
pre‐pregnancy HbA1c of 42 mmol/mol (6%), at 
which level the malformation rate is similar to 
the non‐diabetic population (2%) [14]. In one 
study, the rate of congenital malformation rose 
rapidly above a level of 42 mmol/mol (6%): at 
HbA1c 52 mmol/mol (6.9%) the risk of malfor
mation was 3% and at HbA1c 98 mmol/mol 
(11.1%) the risk rose to 10%. Another study 
confirmed a high risk (16%) of serious adverse 
pregnancy outcome when the preconception 
HbA1c exceeded 90 mmol/mol (10.4%) [16]. 
NICE guidelines recommend avoiding preg
nancy in women with HbA1c >86 mmol/mol 
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(10%) [8]. Women should be advised to use a 
reliable form of contraception until acceptable 
glycaemia is achieved.

An individualised and safe HbA1c target 
should be set pre‐conception and practical steps 
identified to achieve the agreed goal. A struc
tured education programme (for example 
DAFNE, DESMOND or X‐PERT) may help 
women to reach this target. Although glycaemic 
control is key, care should be taken to avoid 
hypoglycaemia. HbA1c should be measured 
monthly until target levels are achieved and then 
every two to three months until conception. Oral 
folate supplements (5 mg/day) should be com
menced and continued for the first twelve weeks 
of pregnancy as neural tube defects are more 
common in diabetic pregnancies. There should 
be a review of the need for potentially terato
genic drugs (e.g. ACE inhibitors and statins) and 
microvascular complications should be assessed 
and treated as appropriate. Lifestyle advice 
should be given to patients who are overweight 
and obese, as this is an independent obstetric 
risk factor [7,8].

5.2.3 Antenatal care

The antenatal clinic

Women with pre‐gestational diabetes should be 
reviewed in a multidisciplinary clinic as soon as 
a viable pregnancy is confirmed, ideally before 
12 weeks gestation. The team should include an 
obstetrician, midwife with a special interest in 
diabetes, diabetes physician, diabetes specialist 
nurse and dietitian. Women should be reviewed 
at 2–4 week intervals and more frequently in the 
final trimester of pregnancy. All patients should 
have a documented management plan that 
includes the pregnancy and postnatal period up 
to six weeks [8].

Glycaemic control

Maintaining optimal glycaemic control is crucial 
for optimising the outcomes of pregnancy. The 
strategy used to achieve this may differ, depend
ing on whether the woman has type 1, type 2 
or  GDM (Table 5.2.1). Glucose monitoring is 

commenced, aiming for a target fasting glucose 
concentration in the region of 3.5–5.9 mmol/l 
(60–105 mg/dl) and one hour post‐prandial con
centration of below 7.8 mmol/l (140 mg/dl) [8]. 
The American Guidelines aim for a marginally 
lower glucose concentration [7] (Table 5.2.2). 
The glycaemia targets in GDM are similar for 
those women with pre‐gestational diabetes.

Women on insulin should test their capillary 
blood glucose concentration at least five times 
per day. Frequent testing is indicated because of 
the exaggerated post‐prandial glycaemic excur
sions and rapid changes in glucose concentra
tion that occur during pregnancy. Tests 
should be performed in the fasted state, one 
hour after meals and at bedtime. There is  
evidence that using one hour post‐prandial 
 glucose concentration to guide insulin require
ments results in lower rates of caesarean sections 
for cephalo‐pelvic disproportion, macrosomia 
and neonatal hypoglycaemia [17,18]. HbA1c 
should not be used later in pregnancy as the 

Type 1  
diabetes

Diet and exercise
Multiple dose insulin
Continuous subcutaneous insulin 
infusion

Type 2  
diabetes

Diet and exercise
Metformin
Multiple dose insulin

Gestational 
diabetes

Diet and exercise
Metformin/glibenclamide
Multiple dose insulin

Table 5.2.1 Interventions to maintain 
glycaemia in type 1 diabetes, type 2 diabetes 
and gestational diabetes

American 
Guidelines UK Guidelines

Fasting 
glucose

3.3–5.5 mmol/l
60–100 mg/dl

3.5–5.9 mmol/L
60–105 mg/dl

1 hour post 
prandial 
glucose

5.5–7.2 mmol/L
100–130 mg/dl

<7.8 mmol/L
<140 mg/dl

Table 5.2.2 Target glucose concentrations 
during pregnancy
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results are unreliable and levels change too 
slowly to be used to adjust treatment.

Hypoglycaemia

The most common adverse effect of intensive 
diabetes control is hypoglycaemia (defined as 
<3.3 mmol/l or 60 mg/dl in pregnancy). 
Mortality from hypoglycaemia is rare, but 
remains a known cause of death in women with 
type 1 diabetes [19] and can result in foetal 
growth retardation. In type 1 diabetes, insulin 
requirements usually fall in the first trimester, 
which may lead to an increased frequency of 
hypoglycaemia. Women with long‐standing 
type 1, autonomic neuropathy and a history of 
recurrent hypoglycaemia are at particular risk. 
All women should be advised about the manage
ment of hypoglycaemia and women with type 1 
should be given a glucagon pen that their partner 
or relative is trained to use.

Hypoglycaemia and unawareness are major 
barriers to achieving intensive glycaemic con
trol [1,8,20]. Hypoglycaemic unawareness is 
more common in pregnancy, but awareness 
can be restored by temporarily raising glucose 
targets and by carefully avoiding hypoglycae
mic episodes. The use of continuous glucose 
monitoring may provide more information on 
glucose fluctuations in patients who lack aware
ness, but its use is currently somewhat limited 
by availability [21].

Complications of diabetes

The microvascular complications of diabetes, 
retinopathy, nephropathy and autonomic neurop
athy may worsen during pregnancy due to rapid 
improvements in glycaemia and the physiologi
cal changes of pregnancy. However, there is no 
evidence of a detrimental effect on long‐term 
microvascular outcome [22,23]. Digital retinal 
screening identifies severe retinal disease, which 
allows treatment and therefore reduces the risk 
of sight‐threatening complications during preg
nancy. The United Kingdom (UK) guidelines [8] 
advise that screening should be organised at 
the first antenatal visit if not done within the last 
12 months. If retinopathy is present a further test 

should take place at 16–20 weeks, or otherwise at 
28 weeks if the first test was normal. Other groups 
advise screening at least during each trimester [7].

Renal function should be assessed at the first 
antenatal appointment as women with moderate 
to severe nephropathy may experience some 
deterioration during pregnancy. Serum creati
nine is the preferred method, as estimated 
 glomerular filtration rate is unreliable because 
of the physiological changes of pregnancy [7]. 
The presence of microalbuminuria (ACR 3.5–30 
mg/mmol) confers an increased risk of pre‐
eclampsia, preterm birth, interuterine growth 
restriction and adverse pregnancy outcome. 
Pre‐pregnancy proteinuria (>2 g/day) or raised 
serum creatinine (>120 μmol/l) signals a higher 
risk of renal deterioration during pregnancy, 
these patients may require joint management 
with a nephrologist.

Diabetic ketoacidosis (DKA) may occur at 
only moderately increased blood glucose con
centrations (<14 mmol/l or 250 mg/dl) and more 
rapidly than in non‐pregnant patients. DKA 
should therefore be excluded in all unwell preg
nant women with type 1 diabetes. The risk of 
DKA in women with diabetes is <1%, but is 
associated with foetal loss in >20% episodes and 
a high maternal mortality. It should be managed 
in a high dependency setting with joint obstetric 
and diabetic care.

Treatment regimens

Diet and exercise

Pregnant women with diabetes should receive 
individualised dietary advice, which will be 
dealt with in more detail in Chapter  5.3. An 
appropriate diet and exercise regimen has been 
shown to enhance insulin sensitivity and reduce 
post‐prandial blood glucose concentrations. 
Indeed, lifestyle intervention alone is sufficient 
to meet glycaemic targets in 80–90% of patients 
with GDM [3,5].

Metformin and other hypoglycaemic agents

Available evidence [8] suggests that metformin 
is safe in pregnancy and breastfeeding. Howe
ver, its use remains controversial and although 
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 metformin (with or without glibenclamide) is 
recommended by UK NICE Guidelines, it is not 
currently recommended by the ADA [7,8]. 
Other oral hypoglycaemics, such as gliclazide 
and other sulfonylureas, should be replaced as 
concern exists around potential tetragenicity. 
Thiazolidinediones, meglitinide analogues and 
incretin agents have not been well studied in 
pregnancy, so their safety and efficacy are not 
confirmed and they are generally avoided.

In patients with GDM, oral hypoglycaemics 
should be used as an adjunct to lifestyle modifi
cations if targets are not reached. Two recent 
randomised controlled trials suggest that met
formin [6] and glibenclamide [4] are safe and 
effective treatment alternatives to insulin. The 
‘MiG’ Trial [6] randomised 751 women with 
GDM to metformin (up to 2.5 g/day) or insulin 
from 20 to 33 weeks gestation. The women in 
the metformin group who did not reach adequate 
glycaemic targets (46%) were also given insulin. 
The incidence of foetal complications (neonatal 
hypoglycaemia, respiratory distress, need for 
phototherapy, birth trauma, reduced Apgar score 
<7 or prematurity) were equivalent in the met
formin group (32%) and insulin group (32.2%). 
UK guidelines recommend metformin and sug
gest that glibenclamide may also be considered 
for the management of GDM if hypoglycaemic 
therapy is required [8].

Insulin

A regimen of multiple daily injections (MDI) 
with short‐acting and basal insulin is recom
mended by the American and UK guidelines for 
patients with type 1, and patients with type 2 or 
GDM who fail to achieve targets with oral medi
cation. There is a large inter‐individual variation 
in the change in insulin dose needed during 
pregnancy. In general, peak insulin sensitivity 
occurs around 10–14 weeks. After 20 weeks, 
insulin requirements may rise two‐ to three‐fold, 
reaching a plateau or occasionally declining 
after 35 weeks.

NICE and the ADA have endorsed the newer 
short‐acting insulin analogues and these have 
been used for the last decade with no evidence 
of harm. The analogues have the advantage of 

a faster onset of action with a tendency toward 
less hypoglycaemia [24]. The basal insulin of 
choice is intermediate neutral protamine hage
dorn (NPH) insulin as it has extensive safety 
and efficacy data. Newer long‐acting insulin 
analogues are not currently recommended by 
the ADA or NICE. There are theoretical con
cerns around the potential mitogenicity of 
glargine [25,26] and the results of a clinical 
trial of detemir are awaited. It should be borne 
in mind that patients who are transitioned to 
NPH insulin before pregnancy or at  the first 
perinatal visit may experience an initial dete
rioration in their glycaemic control. The risk 
of poor glycaemic control at conception should 
therefore be balanced against the theoretical 
safety concerns surrounding basal analogues.

Comparisons of MDI versus continuous sub
cutaneous insulin infusion (CSII) in pregnancy 
show equivalent glycaemic control and perinatal 
outcomes [27,28]. Guidelines suggest that CSII 
should be considered in women with significant 
hypoglycaemia or increased insulin require
ments before waking [7]. Larger, multi‐centre, 
randomised controlled trials are required to 
establish whether the use of these technologies 
can improve outcomes in pregnancy.

Foetal monitoring

The NICE guidance recognises that women with 
diabetes require additional foetal monitoring to 
identify pregnancies at particular risk of compli
cations. An early viability scan at 8–10 weeks is 
important to establish an accurate expected date 
of delivery. An anomaly scan at around 20 weeks, 
including a four‐chamber view of the foetal heart 
and outflow tracts, should be performed. This 
structural scan is important as congenital heart 
disease is the most common foetal developmental 
abnormality. Growth scans to assess foetal growth 
and amniotic fluid volume are performed in the 
final trimester. These serial investigations aim to 
identify incipient macrosomia using measure
ments of abdominal circumference. Glycaemic 
control should be intensified if ultrasound investi
gation reports an abdominal circumference above 
the 70th centile [8]. Growth measure ments 
may also identify growth retardation that is more 
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common in patients with pre‐eclampsia, macro
vascular disease or retinopathy [7].

5.2.4 Perinatal care

UK guidelines suggest delivery shortly after 38 
weeks gestation and not beyond the expected 
delivery date because of the increased incidence 
of still birth and shoulder dystocia [8]. The 
obstetricians will consider factors such as gly
caemic control during pregnancy, diabetes com
plications, past obstetric history and foetal 
growth scans when setting a date for the induc
tion of labour (or elective caesarean section). For 
women with GDM, the American guidelines 
advocate using estimated foetal weight to guide 
obstetric management [29].

Labour should take place on a dedicated 
obstetric ward with a neonatal unit. Maternal 
hyperglycaemia during delivery is associated 
with foetal distress, neonatal hypoglycaemia and 
an adverse neurological outcome for the infant. 
Blood glucose should therefore be maintained 
between 4–7 mmol/l to reduce the incidence of 
neonatal hypoglycaemia and foetal distress syn
drome [8]. A continuous insulin and dextrose 
infusion may be required during established 
labour and birth to maintain these targets. Women 
with GDM controlled with diet and oral hypo
glycaemics do not usually require an insulin 
infusion to achieve intra‐partum euglycaemia.

5.2.5 Postnatal care

Immediately postpartum, glucose metabolism 
returns to the non‐pregnant state. Women with 
type 1 and type 2 diabetes should therefore 
recommence their pre‐pregnancy regimen. 
Patients on insulin may have very low require
ments for the first 24 hours, predisposing them 
to hypoglycaemia. Women with GDM should 
discontinue all hypoglycaemic therapy immedi
ately after delivery, but continue to perform cap
illary glucose monitoring for several days to 
identify patients with underlying diabetes.

Breast‐feeding is associated with a decreased 
risk of future obesity [30] and type 2 diabetes 

[31] in the infant. This protective effect may be 
particularly important for the children of dia
betic mothers, as interuterine hyperglycaemia 
predisposes children to obesity, pre‐diabetes and 
type 2 diabetes [32]. For women who breastfeed 
whilst on hypoglycaemic treatment, there is a 
risk of low blood glucose around the time of 
feeding. Metformin and glibenclamide can be 
continued throughout breastfeeding, but other 
hypoglycaemic agents should not be used [8].

Macrosomia (birth weight >4.0–4.5 kg) and 
neonatal hypoglycaemia (<2.6 mmol/l) are 
reported in half of all diabetic pregnancies [1]. 
To avoid the serious sequelae of hypoglycaemia, 
mothers should be encouraged to breastfeed 
within 30 minutes of birth and then initially 
every two to three hours. Foetal blood glucose 
should be monitored three to four hours after 
delivery. ensuring that pre‐feed blood glucose 
concentrations remain >2.0 mmol/l [8].

Women with GDM should have a fasting 
glucose or glucose tolerance test performed at 
the six‐week postnatal check to ensure that 
 normal glucose metabolism has been restored. 
Women should be advised of the need to 
recheck their glucose concentrations when 
planning a subsequent pregnancy or following 
conception because of the high risk of GDM in 
future pregnancies [33]. One systematic review 
of more than 600 000 women, suggested that 
GDM conferred a seven times relative risk of 
developing type 2 diabetes [34]. The impor
tance of post‐delivery dietary modification and 
weight reduction to reduce the risk of type 2 
should be reinforced. Patients should be reas
sessed at least annually with fasting glucose 
measurements [8,29].

5.2.6 Screening for diabetes  
in pregnancy

Gestational diabetes is defined as hyperglycae
mia with first recognition in pregnancy. It is esti
mated that 2–5% of pregnancies are complicated 
by GDM [29]. Two randomised trials, ACHIOS 
Trial [3] and MFMU Network Trial [5] have 
confirmed the importance of intensive glucose 
management in these women. In these studies, 
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glycaemic treatment reduced average birth 
weight, shoulder dystocia, pre‐eclampsia and 
caesarean delivery.

The exact glucose threshold at which gesta
tional diabetes should be diagnosed remains con
troversial (Table 5.2.3) and recent data suggests 
that even minor degrees of hyperglycaemia can 
influence clinical outcome. The Hyper glycaemia 
and Adverse Pregnancy Outcome (HAPO) Trial 
[2] showed a continuous relationship between 
glucose concentrations and pregnancy risk. In this 
study, 25 000 pregnant women without diabetes 
had fasting glucose concentrations measured, as 
well as concentrations one and two hours after a 
75 g glucose load. Glucose concentrations were 
positively associated with neonatal hypoglycae
mia, increased birth weight and delivery by cae
sarean section. In response it has been suggested 
that GDM should be defined as a fasting threshold 
glucose > 5.1 mmol/l (92 mg/dl), a 1 hour con
centration of >10.0 mmol/l (180 mg/dl) or a 2 
hour concentration of >8.5 mmol/l (153 mg/dl) 
[35]. Screening women using the lower fasting 
‘HAPO’ criteria would clearly result in a diagno
sis of GDM in a much larger number of women 
with concomitant economic implications.

Current ADA and NICE guidelines recom
mend selective screening of women with signifi
cant risk factors for GDM, rather than all women 
(Box  5.2.1). The method of screening varies 
from a random or fasting glucose concentration 
to a formal oral glucose tolerance test. Testing 
commonly takes place at the start of the third 
 trimester (28–32 weeks) when hyperglycaemia 
is usually apparent. However, in patients with 
previous GDM screening it usually takes place 

earlier (16–18 weeks) and then is repeated in the 
third trimester if the initial results are normal.

5.2.7 Conclusion

Over 20 years ago the St Vincent Declaration 
pledged to improve pregnancy outcomes for 
women with diabetes [36]. Despite significant 
clinical and scientific advances, there remains a 
two‐ to five‐fold increase in obstetric complica
tions [37]. Improving glycaemic control reduces 
perinatal morbidity and mortality in diabetic 
pregnancies. Therefore quality diabetes and 
obstetric care, using evidence‐based guidelines, 
is crucial for the delivery of a good pregnancy 
outcome. Newer technologies, including contin
uous glucose monitoring and insulin pumps, 
may be the management tools of the future.

Box 5.2.1 Risk factors for gestational 
diabetes

•  Body mass index >30 kg/m2

•  A family origin with a high prevalence of diabetes 
(e.g. Asian, African‐Caribbean, Middle Eastern)

•  A current pregnancy with:
 ○ glycosuria
 ○ polyhydramnios
 ○ twins or triplets

•  A history of:
 ○ gestational diabetes
 ○ a large baby (>4 kg at term)
 ○ an unexplained stillbirth or perinatal death
 ○ diabetes in a first degree relative

Fasting 1 hour 75 g OGTT 2 hour 75 g OGTT

WHO (1999)
NICE (2008) [8]

>7.0 mmol/L
>126 mg/dl

>7.8 mmol/L
>140 mg/dl

ADA 2004 [38] >5.3 mmol/L
>95 mg/dl

>10 mmol/L
>180 mg/dl

>8.6 mmol/L
>155 mg/dl

HAPO (2010) [2] >5.1 mmol/L
>92 mg/dl

>10.0 mmol/L
>180 mg/dl

>8.5 mmol/L
>153 mg/dl

OGTT: 75g oral glucose tolerance test.

Table 5.2.3 Diagnosis of gestational diabetes
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Key points

 • Pre‐conception care should be provided to all 
women with diabetes and glycaemic targets 
agreed before conception.

 • Antenatal care should be provided by a 
multidisciplinary team and aim to optimise 
glycaemic control and weight gain.

 • Insulin, metformin and glibenclamide are 
used for treatment in the UK, although only 
insulin is used in pregnancy in the US.

 • Glucose metabolism returns to pre‐pregnancy 
levels immediately postpartum, for women 
with pre‐existing diabetes, medication should 
return to usual levels and for those with 
gestational diabetes, all hypoglycaemic 
medication should be stopped.
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5.3.1 Introduction

Dietary management is fundamental for the 
effective management of diabetes and is a key 
component in achieving optimal glycaemic con
trol [1] whilst also ensuring that the nutritional 
demands of pregnancy are achieved. Good gly
caemic control throughout pregnancy and avoid
ance of postprandial glucose peaks are important 
in reducing the risks of maternal and neonatal 
complications [2].

5.3.2 Pre‐pregnancy

All women with diabetes (both type 1 and type 2) 
should receive pre‐pregnancy counselling to 
reduce the rate of congenital malformations and 
improve outcomes [3]. The CEMACH report, 
published in 2007, outlines a range of factors 
associated with poorer pregnancy outcomes, 
including unplanned pregnancy, smoking, sub
optimal glycaemic control before and during 
pregnancy and no folic acid supplementation 
consumed.

Neural tube defects are more common in dia
betes pregnancies compared to the general popu
lation [4], and therefore 5 mg folic acid once 
daily is recommended in women with diabetes 
pre‐conceptually until the 12th week of preg
nancy [5]. Women should also be advised on life
style modifications as summarised in Box 5.3.1, 

including eating a healthy diet and achieving an 
acceptable body weight prior to conceiving.

5.3.3 Obesity

Obesity is common in pregnant women with dia
betes, with 62% of pregnant women with type 2 
diabetes and 15% of women with type 1 diabetes 
being obese [3]. Maternal obesity (not diabetes 
specific) has been shown to be associated with 
increased maternal and infant mortality [6], with 
increased risk of congenital malformations, 
macrosomia (birth weight >4000 g), hyperten
sive disorders, gestational diabetes mellitus 
(GDM) [7] and anaesthetic and postoperative 
complications [8]. This risk is further increased 
when obesity and diabetes coexist [9] with 
 different contributions of obesity and hypergly
caemia to different anomalies [10].

Obese women with diabetes should therefore 
be encouraged to lose weight before conception. 
United Kingdom (UK) guidelines recommend that 
pregnant women with diabetes who have a pre‐
pregnancy BMI of greater than 27 kg/m2 be given 
weight reduction advice prior to pregnancy [5].

Energy requirements

Energy intake of pregnant women with diabetes 
should be adequate to meet nutrient needs and 
gain recommended amounts of weight throughout 

Lifestyle management of diabetes 
in pregnancy
Alyson Hill
University of Ulster, Londonderry, UK
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pregnancy according to BMI, physical activity 
level, foetal growth pattern and avoidance of 
excessive maternal weight gain and postpartum 
weight retention [11].

Active weight loss in pregnant women with 
diabetes using hypocaloric diets is not recom
mended due to the risk of ketonaemia and 
ketonuria and may also limit essential nutrients, 
vitamins and minerals [2]. There is, however, 
controversy regarding the severity of energy 
restriction for obese pregnant women with type 
2 diabetes or GDM. Restricting energy intake in 
women with GDM was believed to control 
weight gain, improve glycaemic control and 
reduce the risk of macrosomia, however, severe 
energy restriction intake to below 1500 kcal/day 
is associated with increased ketonuria and keto
naemia [12] and is therefore not recommended. 
The American Diabetes Association [1] recom
mend that obese women with GDM adhere to a 
moderate energy restriction (reduction by 30% 
of estimated energy needs), which may improve 
glycaemic control without ketonaemia and 
reduce maternal weight gain. Therefore inter
ventions during pregnancy should be aimed at 
limiting weight gain throughout gestation rather 
than weight loss.

Weight gain throughout pregnancy

Pregnancy weight gain targets for women with 
type1, type 2 and GDM should be the same as 
for women without diabetes [11,12], therefore 

minimising unnecessary weight gain during 
pregnancy. It is recommended that pregnant 
women with diabetes who have a pre‐pregnancy 
BMI of greater than 27 kg/m2 restrict their 
energy intake to around 25 kcals/kg/day in the 
second trimester [5]. There are, however, no UK 
guidelines for healthy weight gain targets for 
pregnant women with or without diabetes. 
However in comparison, the American Institute 
of Medicine (IOM) guidelines [13] (not specific 
to diabetes) recommend a healthy weight gain 
target based on pre‐pregnancy BMI rather than 
suggesting a specific energy restriction. These 
IOM guidelines were based on observational 
studies and suggest that those who gain weight 
within the guidelines are more likely to have bet
ter maternal and infant outcomes than those who 
gain more or less weight [13]. Recommendations 
for pregnant women with diabetes suggest that 
BMI should be assessed pre‐pregnancy and ges
tational weight gains should be targeted at the 
lower range of these recommendations [11].

There is a lack of evidence as to the most 
effective dietary intervention to promote appro
priate weight gain in pregnancy, however, overall 
modification of energy intake should be consid
ered. However, those on insulin with greater 
dependence on frequent snacks and avoidance of 
hypoglycaemia may gain more weight.

5.3.4 Nutritional management 
of diabetes in pregnancy

The evidence for the nutritional management of 
type 1 and type 2 diabetes has been extensively 
reviewed both nationally and internationally 
[1,14–16]. Broad consensus suggests that the 
composition of the diabetic diet in pregnancy is 
similar to that for non‐pregnant diabetic women 
and that dietary advice should be based on a 
healthy balanced diet that provides all the essen
tial macro‐ and micro‐nutrients in appropriate 
amounts for growth and development of the 
foetus.

Evidence suggests that the exact proportion of 
macronutrients (carbohydrate, protein and fat) in 
the diabetic diet should be consistent with the 
general population [17] as research does not 

Box 5.3.1 Pre‐pregnancy dietary advice for 
women with diabetes

Advice should include

•  Commence 5 mg folic acid
•  Achieve an acceptable body weight
•  Eat a balanced diet to optimise glycaemic 

control
•  Carbohydrate education and adjustment (if 

appropriate)
•  Smoking cessation
•  Alcohol abstinence
•  Hypoglycaemia management
•  Food hygiene and safety for pregnancy
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 support any ideal percentage of energy from 
macronutrients in people with diabetes [15]. 
Saturated and trans‐fatty acids should be limited 
and those with diabetes should be encouraged to 
adhere to a cardioprotective diet that is high in 
monounsaturated fats and low in saturated fats [1].

The aims of nutritional management 
in pregnancy

(1) Optimising glycaemic control and avoiding 
fluctuations of blood glucose, especially 
postprandial blood glucose, whilst avoiding 
hypoglycaemia and ketosis in women taking 
insulin.

(2) Provision of sufficient energy and nutrients 
to allow for foetal growth whilst avoiding 
accelerated foetal growth patterns [5].

Dietary modifications that limit postprandial 
glycaemia reduce the risk of macrosomia and 
other diabetic‐related perinatal complications 
when the peak postprandial response is blunted 
[2]. Therefore targeting postprandial hypergly
caemia is particularly important during preg
nancy [5] and adjusting treatment to postprandial 
blood glucose levels is recommended as it is 
associated with better outcomes in women with 
type1 or GDM than responding to fasting 
blood glucose levels [5]. Carbohydrate is the 
main nutrient that affects postprandial glucose 
 levels [18].

Carbohydrate

Carbohydrate restriction is no longer part of dia
betes management and there is no evidence for a 
recommended ideal amount [15]. Both the quan
tity (amount) and the type (high or low glycae
mic index) or source of carbohydrate (starch or 
sugar) found in foods influence postprandial 
glycaemia [14]. It is now believed that the total 
carbohydrate intake from a meal or snack is a 
relatively reliable predictor of postprandial 
blood glucose [19].

Carbohydrate should be consistently distributed 
throughout the day and incorporated into each 
meal and snack to improve glycaemic control [15] 
and minimise the risk of both hypoglycaemia and 

ketoacidosis that are associated with maternal 
morbidity [11]. Women with type1 should not 
restrict carbohydrate intake (minimum 175 g car
bohydrate/day) as low carbohydrate diets may 
increase the risk of ketosis and such foods provide 
important nutrients [1,11]. Adjusting insulin to the 
amount of carbohydrate consumed is an important 
strategy in achieving glycaemic control [18]. 
Structured education programmes that offer edu
cation in relation to carbohydrate counting and 
insulin dose adjustment are recommended for 
those pregnant women treated by multiple daily 
injections or by continuous subcutaneous insulin 
infusion (CSII) [5] where prandial insulin doses 
can be estimated according to dietary intake. For 
those on other insulin regimens consistency in the 
quantity and type of carbohydrate to encourage 
good postprandial glucose control is recom
mended [11].

Type and source of carbohydrate

Glycaemic index and glycaemic load

Individuals consuming a high glycaemic index 
(GI) diet show a modest benefit in controlling 
postprandial hyperglycaemia by reducing the 
GI [1], and most authorities recommend low GI 
or glycaemic load (GL) diets for the manage
ment of diabetes. There is limited evidence for 
the efficacy of low GI diets in diabetic pregnan
cies, with one small study showing no addi
tional benefit of a low GI diet compared to a 
conventional high fibre diet [20].

Dietary fibre

In pregnancy (type 1 and GDM) high intakes of 
fibre (50–80 g) have been found to be associated 
with lower insulin requirements, but not to be 
associated with fasting blood glucose or gly
cated haemoglobin concentrations [21,22]. 
However Kalwarf et al. [23] suggest that dietary 
fibre may affect the management of glycaemia 
as fibre intake within the low to normal range 
(8–20 g/day) was inversely associated with 
insulin requirements during the second and 
third trimester. Therefore increasing fibre intake 
may be beneficial in pregnant women with dia
betes, however, all women should aim to achieve 
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the guideline for daily amounts (GDAs) for 
fibre of 24 g per day.

Sugar and sweeteners

Fructose has been shown to produce a lower 
postprandial glucose response when it replaces 
sucrose or starch in the diet than other carbohy
drates, however, it is thought to adversely affect 
plasma lipids [24,25]. Therefore the use of added 
fructose as a sweetening agent is not recom
mended [1]. There is, however, no evidence to 
suggest avoiding naturally occurring fructose in 
fruits, vegetables and other foods [1].

There is no evidence for non‐nutritive sweet
eners in pregnancy, but it is assumed that they 
are safe to consume as substitutes for sucrose 
within the daily intake levels [20] and approved 
for use for those with diabetes in the UK as part 
of professional guidelines [14].

5.3.5 Physical activity

Pregnant women with uncomplicated pregnan
cies should be encouraged to continue to engage 
in physical activities [26]. The benefits of exer
cise for pregnant women include a sense of well
being, decreased weight gain, reduction of foetal 
adiposity, improved glucose control and better 
tolerance of labour [27,28] and therefore physi
cal activity should be an integral component of a 
healthy pregnancy [29]. Pregnant women with 
diabetes without contraindications should be 
encouraged to use physical activity as part of 
their overall diabetes management and aim for at 
least 30 minutes each day [11]. In pregnancy 
moderate intensity physical activity that does 
not have a high risk of falling or abdominal 
trauma, is recommended [26]. Adjustments to 
diabetes regimens are essential to decrease the 
risk of exercise‐induced hypoglycaemia that 
may be exacerbated in pregnancy [11].

Regular physical activity has been shown to 
lower fasting and postprandial plasma glucose 
concentrations and may be used as an adjunct to 
improve maternal glycaemia [1]. Supervised 
exercise programmes have been shown to 
improve maternal glucose tolerance when used 

as an adjunct to dietary treatment and have the 
potential to obviate the need for insulin [30]. 
Therefore, encouraging exercise in those with 
type 2 diabetes or GDM may help limit post
prandial hyperglycaemia and weight gain.

5.3.6 Lactation

Breastfeeding is recommended for women with 
pre‐existing diabetes or GDM [31] as the pre
ferred method of infant feeding due to the many 
multiple and long term benefits to both mother 
and child [32]. However, rates of breastfeeding 
are lower for women with diabetes than the gen
eral population [3]. Higher rates of pregnancy 
and neonatal complications among diabetic 
women can pose significant challenges to breast
feeding [33]. However, women with diabetes 
should be strongly encouraged to breastfeed 
because of maternal and childhood benefits 
specific to diabetes that are above and beyond 
other known benefits of breastfeeding [34]. 
Additionally, for women with GDM evidence 
suggests that lactation confers benefits by 
improving glucose tolerance in early postpartum 
[35]. Breastfeeding was found to show signifi
cantly lower postpartum glucose results with a 
two‐fold higher rate of postpartum diabetes in 
those who did not breastfeed [36], therefore 
influencing the future onset of diabetes.

Breastfeeding, however, can cause life‐threat
ening hypoglycaemia for lactating women on 
insulin and requires increased frequency of glu
cose testing, an increased carbohydrate intake 
and a reduced insulin dose [31]. The require
ment for carbohydrate is increased during lacta
tion for milk production [31]. It is estimated that 
an additional 60 g of carbohydrate/day is 
required to replace the carbohydrate secreted in 
human milk [31] therefore diabetic women 
should have a meal or snack with carbohydrate 
before or during feeds [5].

5.3.7 Summary

All women with diabetes should receive dietary 
education to promote healthy food choices to 
optimise glycaemic control before, during and 
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after pregnancy. Postnatal follow up should be 
seen as an opportunity to initiate pre‐pregnancy 
counselling for subsequent pregnancies. Although 
most women with GDM revert to normal glu
cose tolerance postpartum, they are at increased 
risk of GDM in subsequent pregnancies and 
type 2 diabetes later in life [37,38]. Lifestyle 
modifications after pregnancy aimed at reducing 
weight and increasing physical activity are 
recommended.

Key points

 • Pre‐conception advice for obese women 
recommends weight loss before conception.

 • There are no current guidelines for weight 
gain during pregnancy in women with 
diabetes, but limits are advised for those who 
are overweight or obese at conception.

 • Women with diabetes should take 5 mg folic 
acid until the 12th week of pregnancy.

 • Concensus recommends a diet similar to that 
recommended for non‐pregnant diabetic 
women.

 • Regular physical activity is recommended 
during pregnancy.

 • Breastfeeding is recommended.
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6.1.1 Introduction

Diabetes in childhood presents predominantly as 
type 1 diabetes, other forms of diabetes occur 
less commonly. The worldwide incidence of dia
betes in children is increasing with an average 
annual increase of 2.8%.

6.1.2 Epidemiology of 
childhood diabetes

Incidence of diabetes varies worldwide, 
although 90% of all cases of diabetes in child
hood are type 1 diabetes [1]. The variation in 
incidence shows correlation with the frequency 
of human leucocyte antigen (HLA) susceptibil
ity genes in populations of white Caucasian 
ancestry. The HLA complex confers about 
40–50% of the inherited risk. Across Europe 
there is a correlation between the frequency of 
HLA susceptibility genes and incidence of type 
1 diabetes. By comparison, China and Japan 
have different HLA associations compared to 
white Caucasians and very low incidence rates 
of type 1 diabetes [2].

The number of children worldwide develop
ing diabetes is increasing, with data from the 
EURODIAB study suggesting that the number 
of under‐5s with type 1 diabetes will double 
over the next decade and the number of older 
children will increase by 70% [3,4]. The increase 
in type 1 diabetes may be due to the lowering of 

the age of presentation due to increased insulin 
resistance. Increased insulin resistance has been 
postulated to overload the β‐cell, this is com
monly called ‘the Accelerator Hypothesis’, and 
has been proposed from epidemiological find
ings but is not universally accepted [5–8]. 
Children with type 1 have been observed to be 
heavier and taller at diagnosis than their peers 
[9]. Birth weight and early growth rates have 
been examined as a cause of earlier presentation 
of type 1 diabetes in childhood, with some stud
ies supporting the hypothesis that increased birth 
weight and rate of growth in the first 6 months 
are significant factors [10].

A number of countries have reported increas
ing incidence of diabetes in childhood [3,11–13]. 
This is predominantly type 1 diabetes, and inci
dence rates appear to be similar for migrant 
 populations [13]. The International Diabetes 
Federation (IDF) diabetes atlas provides data on 
the worldwide incidence and prevalence of dia
betes in children [14]. The rigour of some of the 
data varies from European data based on well‐
established, reliable national registers through to 
less reliable estimates of incidence across Africa, 
which need to be reviewed with caution. The 
worldwide estimate of the number of children 
aged 15 years and under who develop diabetes is 
76 000 per year [14]. Highest rates of diabetes 
are found in Scandinavia, with lower incidence 
in central and eastern Europe, however all 
regions are reporting an increase in incidence in 
childhood diabetes.

Epidemiology, aetiology and pathogenesis 
of childhood diabetes
Francesca Annan
Alder Hey Children’s NHS Foundation Trust, Liverpool, UK

Chapter 6.1
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Studies that provide reports on the incidence 
of diabetes use different methods of data presen
tation, some countries using prevalence and oth
ers annual incidence figures. The data from the 
IDF world diabetes atlas allow comparison 
between different populations.

In the United Kingdom (UK), data from the 
2009 national survey undertaken by the Royal 
College of Paediatrics and Child Health (RCPCH) 
to establish the number of children with diabetes 
in England identified the prevalence of type 1 
and type 2 diabetes as 186.3 and 2.3 per 100 000, 
respectively [15]. The number of children with 
diabetes identified in England in 2009 was 22 
783; the greatest number of cases occurred in the 
over‐10s and 51.1% of the population were male. 
The regional variations in prevalence were 137–
279.5/100 000. These figures may underestimate 
the actual number of cases due to missing data, 
but provide useful information about diabetes 
prevalence in age groups and across regions. 
Data from the Yorkshire and Humber region pro
vide some insight into the regional and ethnic 
differences in type 1 diabetes in the UK. Type 1 
diabetes incidence was reported as 18.1/100 000 
childhood population, with an annual percentage 
change of 2.8%. Within this population there was 
difference in the annual percentage change in 
incidence for South Asian (1.5%) and non‐South 
Asian populations (3.4%). These differences 
were not influenced by deprivation [16].

Type 2 diabetes is reported in increasing num
bers in specific populations [11,17,18]. The 
highest prevalence rates of type 2 diabetes occur 
in populations of non‐white‐European descent. 
Data from the SEARCH for Diabetes in youth 
study [11,19] in the USA showed variable rates 
of diagnosis according to ethnicity in 10–19 year 
olds, with 76% of the Native American cohort 
being diagnosed with type 2 diabetes compared 
to 6% for non‐Hispanic whites. Presentation of 
type 2 diabetes varies between countries; in 
Europe most cases of type 2 diabetes are associ
ated with overweight and obesity, as defined by 
body mass index (BMI) percentile greater than 
the 85th for age and sex. In contrast, in Japan 
around 30% of cases of children presenting with 
type 2 are of normal body weight [20]. The inci
dence of type 2 diabetes in the UK is rising but 

remains less common than type 1 diabetes, 95% of 
patients are overweight (83% obese) and it is more 
prevalent in the non‐white populations [21].

6.1.3 Aetiology, classification 
and pathogenesis

The American Diabetes Association (ADA) 
and the World Health Organisation (WHO) 
published the aetiological classification of dia
betes, giving three categories of disorders of 
glycaemia that may affect children. These cat
egories are: type 1 diabetes, type 2 diabetes 
and other specific types, which include genetic 
defects of β‐cell function formerly known as 
MODY (maturity‐onset diabetes of the young), 
defects of insulin action (e.g. Rabson–
Mendhall syndrome) and diseases of the 
 exocrine pancreas (e.g. cystic fibrosis‐related 
diabetes). This classification is summarised in 
Table 6.1.1.

6.1.4 Pathogenesis  
of diabetes in childhood

Type 1 diabetes

Type 1 diabetes occurs as a result of auto‐
immune destruction of the insulin‐producing  
β‐cells of the pancreas and results in a deficiency 
of insulin production, with most cases attributed 
to T‐cell mediated β‐cell destruction. Symptoms 
usually present when around 90% of the func
tion of the pancreatic β‐cells has been destroyed. 
Development of type 1 diabetes is precipitated 
by genetic and environmental factors but exact 
mechanisms are not well understood. Auto
immune type 1 diabetes is linked to multiple 
genes; Barrett et al. in 2009 [22] identified over 
40 genome locations associated with type 1 dia
betes. The environmental triggers to the devel
opment of diabetes remain unknown, although 
infection is often cited as a trigger within the 
paediatric population [2,23]. The seasonal varia
tion in onset of diabetes is used to support the 
argument for viral triggers, with some popula
tions showing seasonal increases in colder 
autumn and winter months [24].
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Type 1 diabetes does not have a recognisable 
pattern of inheritance, with familial aggrega
tion occurring in approximately 10% of cases. 
The risk for an identical twin is reported as 
36%, for a sibling the risk rises from 4% before 
the age of 20 years to 9.6% by 60 years, and 
type 1 diabetes is reported to be 2–3 times more 

common in offspring of diabetic men compared 
to diabetic women [25].

Diagnosis of type 1 diabetes in childhood is 
based on blood glucose concentrations and the 
presence of symptoms and is usually, but not 
exclusively, associated with the presence of 
autoimmune antibodies. Type 1 diabetes in 
childhood usually presents with polyuria, poly
dipsia associated with glycosuria and ketonuria/
ketonaemia [12].

Type 2 diabetes

Type 2 diabetes in childhood is usually associated 
with overweight and obesity and features of insu
lin resistance [26,27] including hypertension, 
hyperlipidaemia, acanthosis nigricans and poly
cystic ovarian syndrome [28,29]. Type 2 develops 
when insulin production does not meet the 
demand posed by insulin resistance. Presentation 
usually occurs after 10 years of age and is more 
common in those of non‐white European descent. 
Some children, commonly those with a lower 
body weight, present with autoimmune type 2 
diabetes [28], patients who are antibody positive 
will usually require insulin treatment sooner than 
those who are antibody negative. A United States 
(US) study reported positive insulin antibodies in 
8.1% and anti GAD in 30.3% of a study popula
tion [30,31]. Symptoms may or may not be pre
sent and problems with classification and 
treatment arise when ketonuria is  present at diag
nosis of type 2 diabetes [11].

Monogenic forms of diabetes

Genetic defects of β‐cell function form a distinct 
group of monogenic diabetes formerly known as 
MODY. These types of diabetes usually present 
in the post‐pubertal period with the exception of 
neonatal diabetes and glucokinase mutations 
and they have variable clinical presentation. 
Ketosis may occur in neonatal diabetes and there 
is usually a parent with diabetes [32]. Genetic 
testing to establish the diagnosis of monogenic 
diabetes is available in some countries, includ
ing the UK. A diagnosis of monogenic diabetes 
may be suspected when diabetes is diagnosed 
before 6 months of age, if there is evidence of 

Table 6.1.1 Aetiological classification of 
glycaemic disorders adapted from International 
Society for Pediatric and Adolescent Diabetes 
consensus guidelines 2009

Type 1 Βeta‐cell destruction 
leading to absolute 
insulin deficiency
Immune‐mediated
Idiopathic

Type 2
Genetic defects of 
Β‐cell function

Monogenic diabetes
Mitochondrial DNA 
mutation
Chromosome 7, 
KCNJ11(Kir6.2)

Genetic defects in 
insulin secretion

Leprechaunism
Rabson–Mendenhall 
syndrome
Lipoatrophic diabetes
Others

Diseases of exocrine 
pancreas

Pancreatitis
Cystic Fibrosis
Trauma/pancreatectomy
Neoplasia
Others

Endocrinopathies Acromegaly
Cushings syndrome
Glucagonoma
Others

Drug or chemical 
induced
Infections
Uncommon forms  
of immune mediated 
diabetes
Other genetic 
syndromes 
associated with 
diabetes

Downs syndrome
Wolfram syndrome
Klinefelter syndrome
Friedreich’s ataxia
Lawrence–Moon–Biedl 
syndrome
Others
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continued endogenous insulin  production (with 
detectable c‐peptide) after the so‐called honey
moon period, or in the absence of pancreatic 
auto‐antibodies, particularly at diagnosis. In 
those initially diagnosed with type 2 diabetes, 
monogenic diabetes may be suspected when 
there is an absence of insulin resistance, that is a 
normal fasting c‐peptide, in a specific ethnic 
group with low incidence of type 2 diabetes, in 
the absence of marked obesity or when there are 
family members who have diabetes and are a 
normal body weight [32].

The commonest familial forms of monogenic 
diabetes are HNF‐1α mutations (formerly known 
as MODY 3), HNF‐4α mutations (MODY 1) and 
glucokinase mutations (MODY 2). HNF‐1α and 
HNF‐4α can be treated with sulfonylureas in 
sensitive patients, glucokinase mutations result 
in fasting hyperglycaemia that does not require 
any treatment in childhood.

Neonatal diabetes

Diabetes diagnosed in the first 6 months is now 
recognised as unlikely to be type 1 diabetes. It 
is a rare condition and may be associated with 
intrauterine growth retardation. There are two 
recognised types of neonatal diabetes: perma
nent and transient [32]. Molecular genetic clas
sification is available in the UK for all diagnoses 
of diabetes made in the first 6 months of life. 
These infants may present with diabetic ketoac
idosis (DKA) and initial treatment is with insu
lin. Imprinting anomalies are the commonest 
cause of neonatal diabetes. Transient neonatal 
diabetes (TNDM) is due to imprinting anoma
lies and usually resolves at around 12 weeks, 
these patients may present with diabetes later in 
childhood and eventually require management 
with insulin. Permanent neonatal diabetes 
(PNDM) and some cases of TNDM are due to 
mutations in the ATP‐sensitive potassium chan
nel. Kir6.2 mutations are the second common
est cause of neonatal diabetes, the majority of 
cases are permanent and may be associated 
with neurological features. Despite presenting 
with ketoacidosis many patients with Kir6.2 
mutation will be responsive to treatment with 
sulfonylureas [33].

Cystic fibrosis‐related diabetes

Patients with cystic fibrosis (CF) have variable 
glucose levels, the earliest changes seen are inter
mittent post‐prandial hyperglycaemia, followed 
by impaired glucose tolerance, diabetes without 
fasting hyperglycaemia and diabetes with fasting 
hyperglycaemia. A normal oral glucose tolerance 
test (OGTT) does not exclude abnormal post‐
prandial glucose levels at other times [34,35].

There is an association between CF mutations 
and cystic fibrosis‐related diabetes (CFRD), the 
primary defect is not absolute insulin deficiency. 
First phase insulin secretion is delayed and a 
blunting of peak insulin levels is observed post 
OGTT. Insulin resistance occurs due to infection 
and inflammation as well as treatment with cor
ticosteroids. Fasting hypoglycaemia is rarely 
seen in those without liver disease or malnutri
tion [36]. For further details of CFRD, see 
Chapter 9.5.

6.1.5 Conclusion

Type 1 diabetes remains the commonest form of 
diabetes in children, accounting for over 90% of 
childhood diabetes worldwide. The increasing 
incidence of diabetes across this age group pre
sents challenges for the provision and delivery of 
lifestyle, clinical and nutritional management to 
achieve glycaemic control that will decrease the 
burden of diabetes complications and provide 
children and young people with healthy futures. 
A detailed and comprehensive review of the defi
nition, epidemiology and classification of diabe
tes in childhood can be found in the 2009 ISPAD 
clinical practice consensus guidelines [2].

Key points

 • Prevalence and incidence of type 1 diabetes 
in children varies by country, but is increasing 
around the world.

 • Type 2 diabetes is increasing in children and is 
associated with obesity and physical inactivity.

 • Other types of diabetes seen in children 
include monogenic diabetes, neonatal 
diabetes and cystic fibrosis‐related diabetes.



6.1 Epidemiology, aetiology and pathogenesis of childhood diabetes 189

References

 1. Karvonen M, Viik‐Kajander M, Moltchanova E, Lib
man I, LaPorte R, Tuomilehto J. Incidence of child
hood type 1 diabetes worldwide. Diabetes Mondiale 
(DiaMond) Project Group. Diabetes Care 2000; 
23(10): 1516–1526.

 2. Craig ME, Hattersley A, Donaghue K. ISPAD 
 Clinical Practice Consensus Guidelines 2006‐2007. 
Definition, epidemiology and classification. Pediatr 
Diabetes 2006; 7(6): 343–351.

 3. Editorial: Increase in childhood type 1 diabetes in 
Europe. Arch Dis Child 2009; 94(11): 875.

 4. Patterson CC, Gyürüs E, Rosenbauer J, Cinek O, Neu 
A, Schober E, et al. Trends in childhood type 1 diabe
tes incidence in Europe during 1989–2008: evidence of 
non‐uniformity over time in rates of increase. Diabe-
tologia 2012; 55(8): 2142–2147.

 5. Betts P, Mulligan J, Ward P, Smith B, Wilkin T.  
Increasing body weight predicts the earlier onset 
of insulin‐dependant diabetes in childhood: testing 
the ‘accelerator hypothesis’ (2). Diabet Med 2005; 
22(2):144–151.

 6. Kordonouri O, Hartmann R. Higher body weight is 
associated with earlier onset of Type 1 diabetes in 
children: confirming the ‘Accelerator Hypothesis’. 
Diabet Med 2005; 22(12): 1783–1784.

 7. Knerr I, Wolf J, Reinehr T, Stachow R, Grabert M, 
Schober E, et al. The ‘accelerator hypothesis’: rela
tionship between weight, height, body mass index and 
age at diagnosis in a large cohort of 9,248 German 
and Austrian children with type 1 diabetes mellitus. 
Diabetologia 2005; 48(12): 2501–2504.

 8. O’Connell MA, Donath S, Cameron FJ. Major 
 increase in Type 1 diabetes: no support for the Ac
celerator  Hypothesis. Diabet Med 2007; 24(8):  
920–923.

 9. Ljungkrantz M, Ludvigsson J, Samuelsson U. Type 1 
diabetes: increased height and weight gains in early 
childhood. Pediatr Diabetes 2008; 9(3): 50–56.

10. Kharagjitsingh AV, de Ridder MAJ, Roep BO, 
Koeleman BPC, Bruining GJ, Veeze HJ. Revisiting 
infant growth prior to childhood onset type 1 diabe
tes. Clin Endocrinol (Oxf) 2010; 72(5): 620–624.

11. Liese AD, D’Agostino RB, Jr, Hamman RF, Kilgo 
PD, Lawrence JM, Liu LL, et al. The burden of diabe
tes mellitus among US youth: prevalence estimates 
from the SEARCH for Diabetes in Youth Study. 
Pediatrics 2006; 118(4): 1510–1518.

12. SEARCH for Diabetes in Youth: a multicenter study 
of the prevalence, incidence and classification of 
 diabetes mellitus in youth. Control Clin Trials 2004; 
25(5): 458–471.

13. Söderström U, Aman J, Hjern A. Being born in 
Sweden increases the risk for type 1 diabetes ‐ A 

study of migration of children to Sweden as a natural 
experiment. Acta Paediatr 2012; 101(1): 73–77.

14. IDF. Diabetes in the Young: a global perspective. 
Brussels, 2009.

15. Haines LK, Z. Growing up with diabetes: children 
and young people with diabetes in England. London: 
Royal College of Paediatrics and Child Health; 
 2009.

16. Harron KL, McKinney PA, Feltbower RG, Bodansky 
HJ, Norman PD, Campbell FM, et al. Incidence rate 
trends in childhood type 1 diabetes in Yorkshire, UK 
1978–2007: effects of deprivation and age at diagno
sis in the South Asian and non‐South Asian popula
tions. Diabet Med 2011; 28(12): 1508–1513.

17. Matyka KA. Type 2 diabetes in childhood: epidemio
logical and clinical aspects. Br Med Bull 2008; 86: 
59–75.

18. Ehtisham S, Hattersley AT, Dunger DB, Barrett TG. 
First UK survey of paediatric type 2 diabetes and 
MODY. Arch Dis Child 2004 06; 89(6): 526–529.

19. Dabelea D, Bell RA, D’Agostino RB, Jr, Imperatore 
G, Johansen JM, Linder B, et al. Incidence of diabetes 
in youth in the United States. JAMA 2007; 297(24): 
2716–2724.

20. Rosenbloom AL, Silverstein JH, Amemiya S, Zeitler 
P, Klingensmith GJ. ISPAD Clinical Practice 
Consensus Guidelines 2006–2007. Type 2 diabetes 
mellitus in the child and adolescent. Pediatr Diabetes 
2008; 9(5): 512–526.

21. Haines L, Wan KC, Lynn R, Barrett TG, Shield JPH. 
Rising incidence of type 2 diabetes in children in the 
U.K. Diabetes Care 2007; 30(5): 1097–1101.

22. Barrett JC, Clayton DG, Concannon P, Akolkar B, 
Cooper JD, Erlich HA, et al. Genome‐wide associa
tion study and meta‐analysis find that over 40 loci 
affect risk of type 1 diabetes. Nat Genet 2009; 41(6): 
703–707.

23. The Environmental Determinants of Diabetes in the 
Young (TEDDY) study: study design. Pediatr 
Diabetes 2007; 8(5): 286–298.

24. Lévy‐Marchal C, Patterson C, Green A. Variation by 
age group and seasonality at diagnosis of childhood 
IDDM in Europe. The EURODIAB ACE Study 
Group. Diabetologia 1995; 38(7): 823–830.

25. Familial risk of type I diabetes in European children. 
The Eurodiab Ace Study Group and The Eurodiab 
Ace Substudy 2 Study Group. Diabetologia 1998; 
41(10): 1151–1156.

26. Liu LL, Lawrence JM, Davis C, Liese AD, Pettitt DJ, 
Pihoker C, et al. Prevalence of overweight and obe
sity in youth with diabetes in USA: the SEARCH for 
Diabetes in Youth study. Pediatr Diabetes 2010; 
11(1): 4–11.

27. Kershnar AK, Daniels SR, Imperatore G, Palla SL, 
Petitti DB, Pettitt DJ, et al. Lipid abnormalities are 
prevalent in youth with type 1 and type 2 diabetes: the 



190 SECTION 6: Diabetes in children and adolescents

SEARCH for Diabetes in Youth Study. J Pediatr 
2006; 149(3): 314–319.

28. Badaru A, Pihoker C. Type 2 diabetes in childhood: 
clinical characteristics and role of β‐cell autoimmunity. 
Curr Diab Rep 2012; 12(1): 75–81.

29. Pinhas‐Hamiel O, Zeitler P. Clinical presentation and 
treatment of type 2 diabetes in children. Pediatr 
Diabetes 2007; 8(Suppl. 9): 16–27.

30. Reinehr T, Schober E, Wiegand S, Thon A, Holl R. 
Beta‐cell autoantibodies in children with type 2 dia
betes mellitus: subgroup or misclassification? Arch 
Dis Child 2006; 91(6): 473–477.

31. Hathout EH, Thomas W, El‐Shahawy M, Nahab F, 
Mace JW. Diabetic autoimmune markers in children and 
adolescents with type 2 diabetes. Pediatrics 2001; 
107(6): E102.

32. Hattersley A, Bruining J, Shield J, Njolstad P, 
Donaghue K. ISPAD Clinical Practice Consensus 
Guidelines 2006‐2007. The diagnosis and management 
of monogenic diabetes in children. Pediatr Diabetes 
2006; 7(6): 352–360.

33. Støy J, Greeley SAW, Paz VP, Ye H, Pastore AN, 
Skowron KB, et al. Diagnosis and treatment of neo
natal diabetes: an United States experience. Pediatr 
Diabetes 2008; 9(5): 450–459.

34. Moran A, Brunzell C, Cohen RC, Katz M, Marshall 
BC, Onady G, et al. Clinical care guidelines for cystic 
fibrosis‐related diabetes: a position statement of the 
American Diabetes Association and a clinical prac
tice guideline of the Cystic Fibrosis Foundation, en
dorsed by the Pediatric Endocrine Society. Diabetes 
Care 2010; 33(12): 2697–2708.

35. O’Riordan SMP, Robinson PD, Donaghue KC, 
Moran A. Management of cystic fibrosis‐related dia
betes in children and adolescents. Pediatr Diabetes 
2009; 10: 43–50.

36. Moran A, Becker D, Casella SJ, Gottlieb PA, 
Kirkman MS, Marshall BC, et al. Epidemiology, 
pathophysiology, and prognostic implications of 
cystic fibrosis‐related diabetes: a technical review. 
Diabetes Care 2010; 33(12): 2677–2683.



Advanced Nutrition and Dietetics in Diabetes, First Edition. Edited by Louise Goff and Pamela Dyson. 
© 2016 John Wiley & Sons, Ltd. Published 2016 by John Wiley & Sons, Ltd.

6.2.1 Introduction

Type 1 diabetes is one of the most common 
chronic childhood diseases and its incidence 
has doubled during the last decade [1]. The 
goals of intensive management of type 1 diabe
tes were established in 1993 by the Diabetes 
Control and Complications Trial (DCCT), when 
it was shown that good glycaemic control sig
nificantly reduced the risk of developing long‐
term complications of diabetes in both adults 
[2] and adolescents [3,4], and this has now been 
confirmed in children [5,6]. It is important to 
prevent both sustained hyperglycaemia, due to 
its association with long‐term microvascular 
and macrovascular complications, and recurrent 
episodes of hypoglycaemia, especially in young 
children, due to its adverse effects on cognitive 
function, which may impede efforts to achieve the 
recommended glycaemic targets [7–9]. As a result, 
children with type 1 diabetes and their caregiv
ers continue to face the challenge of maintaining 
blood glucose levels in the near‐normal range.

The aim of diabetes management is to achieve 
glycated haemoglobin (HbA1c) of below 58 
mmol/mol (7.5%), without significant hypogly
caemia. It is recommended by both the Interna
tional Society for Pediatric and  Adolescent 
Diabetes (ISPAD) and the International Diabetes 
Federation (IDF) that children and adolescents 
with type 1 diabetes should have access to care by 
a multidisciplinary team, including a paediatri
cian with experience in diabetes and a specialist 

diabetes nurse and dietitian trained in childhood 
diabetes [10]. Education should be adapted to 
each individual’s age, maturity, stage of diabetes, 
lifestyle and culture. After the initial period of 
diagnosis and education (when frequent contact 
may be required), the child should be reviewed 
regularly throughout the year. This should be no 
less than three to four times per year, including 
one major annual review with the multidiscipli
nary team paying particular attention to growth, 
blood pressure, puberty, investigation of thyroid 
problems and coeliac disease, nutrition and com
plications [10].

6.2.2 Insulin management

All children with type 1 diabetes require treat
ment with insulin therapy. If the child is gener
ally well at diagnosis and does not have diabetic 
ketoacidosis (DKA), insulin therapy should be 
commenced immediately. The choice of insulin 
and the regimen depends on the age of the child, 
the child or caregiver’s preference to number of 
injections per day, the cost and availability of 
various formulations of insulin and injection 
devices, and also the presence of any needle 
phobia.

Insulin type and regimen

There are no randomised controlled studies com
paring the long‐term outcomes of using older, 
traditional (human) insulins with newer analogue 
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insulins, when both groups receive equal educa
tional input. However, traditional insulin does 
have some clinical limitations, including the 
need to be injected up to 30 minutes before eat
ing (meaning that dose adjustment of insulin to 
carbohydrate content of meals can be challeng
ing), and that it tends to have a longer profile, 
which means it may be more likely to cause 
hypoglycaemia than analogue insulin [11,12]. 
Anecdotal evidence from most Western countries 
has shown a move towards the use of analogue 
insulin via multiple daily injections (MDI) 
[13]  or use of insulin pumps (continuous sub‐ 
cutaneous insulin infusion – CSII) in an attempt to 
reduce hypoglycaemic episodes [14] and to strive 
towards improved long‐term diabetes control 
by aiming for near‐normal HbA1c concentra
tions. Recurrent hypoglycaemic episodes can 
lead to cognitive impairment and hypoglycaemia 
unaware ness in younger children and the use of 
analogue insulin has been shown to reduce the 
incidence in hypoglycaemic episodes in adoles
cents and younger children [15].

Biphasic (twice daily) injections

Pre‐mixed insulin (fixed ratio mixtures of pre‐
meal and basal insulin) injected twice daily is 
widely used in some countries, particularly for 
pre‐pubertal children with type 1 diabetes.

The advantages include

 • Wide variety of preparations including using 
NPH (neutral protamine Hagedorn) insulin 
and premixed insulin using analogue, human 
or porcine/bovine insulin

 • Ease of use, especially in school‐aged child 
who cannot self‐inject

 • Fewer injections for children with needle 
 phobia (consider CSII)

 • Less expensive
 • Many of these formulations are widely avail
able in most countries.

Dosage of Insulin

The starting dosage of insulin varies from 0.5 units 
in pre‐pubertal children to 0.75 units/kg body 
weight in adolescents. This can be administered as 
MDI (40 –50% as basal using intermediate acting 

insulin and the rest divided as pre‐meal boluses) or 
as a biphasic insulin regimen (two‐thirds of the 
total insulin as the pre‐breakfast dose, and one‐
third as the pre‐evening meal dose) or as CSII via 
insulin pump. Insulin doses are titrated according 
to pre‐ and post‐prandial blood glucose readings 
obtained by capillary blood glucose testing, until 
the target HbA1c is achieved. Pre‐pubertal chil
dren may need up to 0.7–1 unit/kg/day outside the 
partial remission phase, and during the natural 
insulin resistance of puberty the requirement can 
go up to 1–2 units/kg/day [16].

Injection sites and devices

The insulin injections are given subcutaneously 
using various devices ranging from traditional 
insulin syringe to pen injector devices and auto
matic injection devices that are particularly 
useful in children with needle phobia. The two‐
finger pinch technique is recommended for all 
types of injections to ensure a strict subcutane
ous injection, avoiding intramuscular injection 
[17]. The usual injection sites are abdomen, 
 lateral/front aspect of thigh, lateral aspect of 
arm  and buttocks (upper and outer quadrant) 
in  smaller children. The side‐effects associated 
with insulin injections include local hypersensi
tivity reactions, lipohypertrophy, painful injec
tion, leakage of insulin, bleeding and bruising at 
injection sites and lipoatrophy (uncommon).

6.2.3 Diabetes emergencies

Hypoglyacemia

Hypoglycaemia is one of the most common acute 
complications of the treatment of type 1 diabetes. 
For research and therapeutic purposes, and for 
maintaining consistency in reporting hypogly
caemia in children, it is defined as a blood glu
cose concentration of <3.9 mmol/l [18], and this 
level is the recommended lower target in children 
and adolescents with insulin‐treated diabetes. 
Symptoms of hypoglycaemia are similar in both 
adults and children, though behavioural symp
toms are more common in children [19].

Treatment of hypoglycaemia should be pro
vided promptly and should provide immediate 
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oral, rapidly absorbed, simple carbohydrate 
 calculated to raise blood glucose level to 5.6 
mmol/l. Glucose is the preferred treatment for 
hypoglycaemia as it does not require digestion 
or metabolism, 1g oral glucose will raise blood 
glucose by approximately 0.17 mmol/l [20]). All 
children and adolescents with diabetes are 
advised to carry glucose tablets or readily 
absorbed carbohydrate on their person and have 
glucagon injections available at home.

Treatment of mild to moderate hypoglycae
mia (blood glucose 3.5–3.9 mmol/l):

(1) It is advisable to confirm hypoglycaemia by 
testing capillary blood glucose concentra
tions before treating, if feasible

(2) The ‘rule of thumb’ is to use one glucose 
tablet (containing 3–4 g carbohydrate) per 
10 kg body weight, this amount has been 
shown to increase blood glucose concentra
tions by approximately 3–4 mmol/l [21]. 
Approximately 10 g of carbohydrate is 
needed for a 30 kg child, 15 g for a 40 kg 
child and 20 g for adolescents and adults, 
half of these amounts will raise blood 
 glucose concentrations by 2 mmol/l. Fast‐
acting glucose in the form of glucose tablets 
or glucose drinks is usually recommended, 
although there is evidence that sucrose in the 
form of boiled or fruit sweets is as effective 
in children [22]. Food and drinks containing 
fat (e.g. chocolate, milk, biscuits or milk 
shakes) should be avoided for initial treat
ment as they delay gastric emptying and the 
subsequent rise in blood glucose [18].

(3) Following initial oral treatment, it is advised 
to wait for 10–15 minutes, and then retest 
blood glucose concentrations. If blood glu
cose values have not risen to >5.0 mmol/l, 
oral intake should be repeated. A further test 
after 20–30 minutes is recommended in 
order to confirm that target glucose levels 
have been achieved.

(4) For initially lower glucose values, as 
symptoms improve, the next meal or snack 
may be ingested to prevent recurrence of 
hypoglycaemia, although not all hypogly
caemic episodes will require a starchy 
snack following resolution [20].

Treatment of severe hypoglycaemia:
Urgent treatment is required for severe hypo

glycaemia associated with deterioration of con
sciousness, vomiting or convulsions. It is 
recommended that an immediate injection of 
glucagon is administered at the dose of 0.5 mg 
for age <8 years, 1.0 mg for ages >8 years (10–30 
mcg/kg body weight) and this should be given 
either intramuscularly or subcutaneously [19]. 
Once the child has regained consciousness, they 
will require treatment with oral glucose to 
replenish liver stores. If there is no response to 
glucagaon, it is recommended the child is taken 
immediately to hospital.

Hyperglycaemia and diabetic 
ketoacidosis

Blood glucose concentrations above target (>7 
mmol/l fasting, >11 mmol/l post‐prandial) are 
caused by a variety of factors, including a missed 
or inadequate insulin dose, over‐consumption of 
carbohydrate, over‐treating a hypoglycaemic 
episode, stress or if a child becomes ill. Many 
illnesses and infections are accompanied by 
increased production of stress hormones, espe
cially cortisol, and this decreases insulin sensi
tivity and increases blood glucose concentrations 
by promoting gluconeogenesis in the liver [23]. 
This insulin resistance and increased blood glu
cose concentrations lead to a relative lack of 
insulin and ketone body production that can 
result in DKA.

The principles of management of intercurrent 
illness, with and without the presence of ketones, 
are often called ‘sick day rules’ and are designed 
to maintain blood glucose concentrations as near 
to normal as possible during illness. The follow
ing summarises sick day rules [24]:

 • Insulin administration should be maintained, 
even if the child is not eating. Additional 
rapid‐acting insulin may be given as a correc
tion dose if blood glucose concentrations are 
above target and blood ketones concentration 
are low (<0.5 mmol/l). Algorithms have been 
designed to support this decision making [25].

 • Blood glucose concentrations should be 
checked frequently, and at two‐hourly intervals 
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if blood ketones are moderate (>0.6 mmol) or 
high (>3 mmol). Additional rapid‐acting insu
lin will be required, and algorithms are availa
ble for guidance [25].

 • Re‐hydration is critical, and the child should 
be advised to drink plenty of water or sugar‐
free fluids.

Diabetic ketoacidosis

Diabetic ketoacidosis is a medical emergency. 
The condition can occur with absolute or relative 
insulin deficiency in children during initial pres
entation, with 30% of all newly diagnosed chil
dren presenting with DKA. DKA can also occur 
during illness, during the pubertal growth spurt, 
in those who omit insulin, those with limited 
access to medical care and those using CSII 
therapy.

Principles of management include [26]:

 • Emergency clinical evaluation to confirm 
 diagnosis, to assess the degree of dehydration 
and level of consciousness

 • Biochemical assessment including blood gas, 
blood glucose and ketones, electrolytes and 
infection markers

 • Admittance to a unit with experienced nursing 
staff, written DKA guidelines and easy access 
to the laboratory services

 • Goals of therapy include correcting dehydra
tion and acidosis; restoring fluid volume and 
blood glucose avoiding the complications of 
the therapy. Fluid resuscitation and mainte
nance using isotonic saline along with low 
dose insulin therapy (0.1 unit/kg/h) is the 
mainstay of treatment [27]. Delaying the insulin 
infusion by one hour after starting the fluids, 
together with electrolyte and blood ketone 
monitoring, seems to reduce the incidence of 
cerebral oedema.

6.2.4 Insulin pump therapy

Continuous subcutaneous insulin infusion 
(CSII) is arguably the most physiological 
method of intensive insulin therapy available at 
present, allowing continual delivery of short or 

rapid‐acting basal insulin with additional boluses 
with meals. There is evidence to show that CSII 
can reduce severe hypoglycaemia, marginally 
improve HbA1c, reduce glycaemic variability, 
reduce acute complications and improve quality 
of life in children [28,29]. Increasingly CSII is 
used as the first‐line therapy for diabetes in pre
school children [30].

However CSII is still an expensive mode of 
insulin delivery and patient selection is variable 
across the world. A ‘common sense’ approach is 
recommended, particularly because CSII eligi
bility in children depends not only on a patient’s 
capabilities, but also, to a large extent, on the 
child’s family’s psychological competence [28].

Structured education

Appropriate education, delivered by an experi
enced specialist diabetes team, to the child, fam
ily and caregivers at school or nursery is the 
cornerstone for starting any young person on 
CSII. The health care team’s initial task is to 
assess the young person’s and parent’s level of 
expertise in the basics of diabetes management, 
including carbohydrate counting skills. An edu
cation and training plan can be designed to 
address any gaps in knowledge and to provide 
information about the use of an insulin pump, 
adjusting basal rates and boluses, together with 
trouble shooting. Young age (<12 years), fre
quent blood glucose monitoring and lower 
HbA1c at pump initiation have been identified 
as predictors of achieving glycaemic targets 
with CSII [28].

Basal rates and insulin delivery

If the child has reasonable glycaemic control on 
MDI, a reduction in the total daily dose (TDD) 
for CSII is recommended for children as in adults. 
Reduction of 10–15% is usually recommended 
for toddlers and preschoolers, and 15–20% reduc
tion is required for adolescents, due to insulin 
resistance associated with puberty [28]. Between 
40–50% of the calculated dose is administered 
as a basal dose and this is delivered by changea
ble rate according to circadian rhythms by age. 
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A recent large observational study has shown less 
prominent dawn phenomenon with marked dusk 
phenomenon for preschool‐age children on CSII, 
while adolescents show typical dual rate require
ment with both marked dawn and dusk phenom
enon with relative increase in basal rates early 
morning and late afternoon [31]. Basal rates 
often vary during the week with changes in 
activity levels, and most school‐age children 
have separate basal rate profiles for weekdays 
and the weekend.

Guidelines for management of hypoglycae
mia for young people using CSII are similar to 
those treated by MDI, and it is important to find 
the cause for hypoglycaemia to prevent further 
episodes. CSII therapy offers more flexibility for 
treatment of hypoglycaemia as suspension of 
insulin delivery is an option. For example, if the 
blood glucose concentrations remain <4 mmol/l 
after two administrations of 5–15 g carbohy
drate, it is appropriate to stop the pump until 
blood glucose rises above 4 mmol/l.

Sick days for young people on CSII can be 
managed more effectively by increasing basal 
rates by 20–50% throughout the day, and utilis
ing meal and correction boluses as appropriate. 
It is essential to monitor blood glucose and 
blood ketones concentrations frequently and to 
seek professional help as soon as possible if the 
child is unwell and DKA is suspected or fluid 
intake is compromised.

Continuous glucose monitoring 
and closed loop systems

Standard use of glucose meters for self‐monitoring 
provides single blood glucose levels, without 
giving the ‘whole picture’ of glucose variabil
ity during a 24 hour period, and especially dur
ing the night when blood glucose levels are 
seldom measured and there may be an 
increased risk of hypoglycaemia. The use of a 
device such as real‐time continuous glucose 
monitoring (RT‐CGM) can help optimise gly
caemic control. RT‐CGM utilises a glucose 
sensor worn under the skin (independent of the 
pump) and communicates with the pump or a 
separate device to alert the wearer to trends in 

blood glucose concentrations. At present, users 
must still manually adjust the pump insulin 
doses via the pump and use self blood glucose 
monitoring for calibration, although automatic 
closed loop systems or the ‘artificial pancreas’ 
are in development [33]. The Star 3 study of 
485 patients (156 of which were children) with 
type 1 diabetes showed the benefit of sensor‐
augmented pump therapy, with a reduction in 
HbA1c of 5 mmol/mol (0.5%) in the interven
tion group, and significantly more children in 
this group achieving target HbA1c levels at 
one year [32]. Most paediatric patients with 
type 1 diabetes are potential candidates for 
the  use of RT‐CGM, although issues with 
resources mean that this technology is unavail
able to many.

6.2.5 Type 2 diabetes

Type 2 diabetes was almost unknown in children 
and adolescents until recently, and is strongly 
associated with obesity [34]. Global prevalence 
rates vary and range from 0 to 5.3%, with the 
highest prevalence reported in Pima Indians in 
the United States (US), and the lowest rates 
among white Caucasian populations [35].

Young people with type 2 diabetes have an 
increased risk of developing both micro and 
macrovascular complications [36]. The aims 
of  clinical treatment include weight loss, 
increased physical activity, reducing glycaemia 
to normal levels and treating co‐morbidities 
including hypertension, dyslipidaemia, retin
opathy and nephropathy [37]. The emphasis 
for treatment is on lifestyle change, especially 
for treating comorbidities such as hypertension 
and dyslipidaemia, although pharmaceutical 
therapy may well be required [38]. Management 
of glycaemia is particularly challenging, with 
a  recent study reporting that monotherapy 
with  metformin was effective in only 50% 
of a sample of 699 young people with type 2 
diabetes, and that it is likely that most young 
people will require combination therapy or 
insulin treatment within a few years after diag
nosis [39].
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Key points

 • Children with type 1 diabetes are treated with 
insulin, administered by injection or by an 
insulin pump.

 • The aim of treatment is to maintain blood 
glucose levels as close to the normal range as 
possible to minimise the risk of long‐term 
tissue damage.

 • Hypoglycaemia is common in children and 
adolescents.

 • Diabetic ketoacidosis may occur and should 
be treated as a medical emergency.

 • Type 2 diabetes in children is managed by 
lifestyle and medication.
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6.3.1 Introduction

National and international guidelines [1–4] on 
the management of childhood diabetes, nutrition 
and lifestyle are available to inform clinical prac
tice. Diet and lifestyle management are integral 
parts of diabetes care and are concerned with 
ensuring normal growth and development, deliv
ering improved glycaemic control and reducing 
the risk of long‐term complications. The delivery 
of management advice will depend on the avail
ability and choice of treatment regimen.

The 2009 International Society for Paediatric 
and Adolescent Diabetes (ISPAD) Clinical 
Practice Consensus guidelines [5] describe 
nutrition and exercise as key components of 
diabetes management, together with insulin 
therapy. Skinner and Cameron also acknowl
edge the importance of psychosocial aspects of 
diabetes management required to achieve good 
glycaemic control [6,7]. Paediatric diabetes 
management has a limited evidence base to 
support the efficacy of diet, lifestyle and educa
tion methods on outcomes. Self‐management 
education and advice should therefore be flexi
ble, adapted to the individual and designed to 
promote the best possible outcome.

6.3.2 Type 1 diabetes

The management aims for type 1 diabetes, 
adapted from the ISPAD guidelines [2], are sum
marised in Box  6.3.1. Nutrition and lifestyle 

advice have key roles to play in achieving health 
and well‐being, normal growth and development 
and glycaemic control [8]. The delivery of edu
cation should recognise the other psychosocial 
and cultural factors that will influence adherence 
to advice. The SEARCH for diabetes in youth 
research group have demonstrated that a large 
proportion of young people with type 1 and 2 
diabetes do not adhere to dietary guidelines, and 
factors such as diabetes self‐management skills, 
parental education, parental support and involve
ment and physical activity factors all impact on 
dietary behaviours [9,10].

Composition of the diet and 
education methods

Recommendations regarding dietary composi
tion do not differ from the non‐diabetic popula
tion. Teaching strategies for achieving a healthy 
diet in childhood include use of tools developed 

Lifestyle management of 
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Chapter 6.3

Box 6.3.1 Type 1 diabetes management 
guidelines for children

•  Promote normal growth and development, 
avoiding overweight and obesity

•  Establish healthy lifelong eating habits, preserv
ing social, cultural and psychological wellbeing

•  Prevent and treat acute complications
•  Reduce the risk of long term micro‐ and macro‐

vascular complications.

Source: ISPAD Guidelines, 2009 [2]
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for education of populations about healthy food 
choices, for example, food pyramids and food 
plates. The use of these tools with children and 
adolescents with type 1 diabetes has not been 
evaluated in large‐scale studies but is generally 
recommended for providing nutrition and health 
education [5].

Dietary choices in children and adolescents 
with type 1 diabetes in developed countries have 
been shown to be less healthy than those of non‐
diabetic peers; data from reviews in Western 
populations suggest that children and adolescents 
with type 1 diabetes consume more saturated fat 
and less carbohydrate than their peers [11,12]. 
This may be a result of the focus on carbohydrate 
education to achieve glycaemic control.

The results from the Diabetes Complication 
and Control Trial (DCCT) prompted a move 
towards intensive therapy in the paediatric popu
lation [13]. The focus of intensive therapy often 
relates purely to the number of injections or 
insulin pump therapy and has not replicated the 
level of input and psychosocial support to chil
dren and adolescents. The number of injections 
or insulin pump therapy alone has not been 
shown to improve glycaemic control [14]. Much 
of the focus of education in the paediatric popu
lation is on carbohydrate counting and insulin 
adjustment skills. Studies investigating psycho
social elements of diabetes education may guide 
delivery of education to support families to 
achieve improved glycaemic control [15,16].

Carbohydrate management

Current guidelines recommend treatment strate
gies which focus on flexible methods of managing 
diabetes that allow adaptation to a child or young 
person’s lifestyle using insulin to carbohydrate 
ratios and carbohydrate counting [17]. Evaluation 
of carbohydrate counting skills is restricted to 
small pilot studies [18–20], which limits the 
conclusions that can be drawn and findings to 
date are somewhat contradictory. However, there 
is limited evidence to support the argument that 
consistent and accurate estimation of the carbo
hydrate content of food is associated with better 
glycaemic control. Initial data from the pilot 
study looking at an adapted version of the Dose 

Adjustment for Normal Eating (DAFNE) pro
gramme for adolescents did not demonstrate 
improvements in  glycaemic control [21]. Further 
evaluation of carbohydrate counting and insulin 
adjustment skills in children and adolescents is 
needed. Carbohydrate counting and insulin 
adjustment require families and patients to cal
culate insulin doses based on carbohydrate, 
blood glucose and activity. This may be a diffi
cult process for some and consideration should 
be given to use of technology to support calcula
tions through the use of bolus advice [22,23].

Educating children and adolescents about car
bohydrate intake should include advice about 
timing and delivery of insulin in relation to the 
food consumed. Ideally fast‐acting insulin 
should be delivered prior to eating [24,25]. 
Patients using insulin pump therapy are able to 
match delivery of insulin to meal composition. A 
small study from Pankowska [26] suggests that 
protein and fat content of a meal can be used to 
establish both the insulin requirement and dura
tion of bolus delivery. For those using pump 
therapy, some small studies have investigated 
the use of different bolus delivery options 
(square or extended bolus and dual wave bolus) 
to improve post‐prandial glucose control [27]. 
These have considered the role of fat and  protein 
on the glucose response to the meal or  glycaemic 
index. Fat digestion produces fatty  acids and 
 triglycerides and then glycerol, whilst protein 
digestion produces amino acids. Gluconeo
genesis, which occurs in the liver in the presence 
of low insulin and raised glucagon concentra
tion, creates glucose from precursors including 
glycerol and amino acids. However, studies 
using the Pankowska formula (which calculates 
additional does of insulin for fat and protein 
intake) report increased frequency of night time 
hypoglycaemia. Using the concept of glycaemic 
index to inform bolus choice [28] has demon
strated improved post‐prandial control without 
the later increase in hypoglycaemia, as addi
tional insulin is not  calculated [28]. This is an 
area that requires further investigation to estab
lish how dietary education may need to evolve to 
allow adjustments in insulin dose calculation 
and bolus delivery according to meal composi
tion with insulin pump therapy.
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Fat and protein

Current management recommendations consider 
protein and fat in terms of their impact on long‐
term health and prevention of macrovascular 
complications, rather than effects on glycaemic 
control. Protein intake during adolescence should 
support pubertal growth and decline to adult rec
ommendations once growth is complete (0.8–1 g/
kg body weight). Adjustments to protein intake in 
the presence of microalbuminuria in the adoles
cent population have not been fully investigated.

Total fat intake should meet population rec
ommendations for reducing cardiovascular risk. 
There are no differences in the recommenda
tions about type of fat from those made for the 
general paediatric population, saturated and 
trans‐fat should be limited to less than 10% die
tary energy, saturated fats can be replaced with 
monounsaturated fats [5].

Evidence of dyslipidaemia in adolescents from 
Europe, North America and United Kingdom 
(UK) highlights the need to ensure dietary edu
cation is not limited to carbohydrate and insulin 
adjustment [29–32]. A recent trial of the Dietary 
Approaches to Stop Hypertension (DASH) diet 
in youth with diabetes has been shown to be 
associated with a reduction in cardiovascular 
risk factors. Patients with type 1 diabetes, with a 
higher adherence score for the DASH diet had 
lower LDL/HDL ratio and better glycaemic con
trol [33]. A small Italian study also suggests that 
lower saturated fat intakes are associated with 
improved glycaemic control in children with 
diabetes [34].

Obesity and physical activity

Promotion of a healthy lifestyle to reduce cardi
ovascular risk factors, including overweight and 
obesity, is recommended for all children. 
Children with diabetes have been shown to be 
heavier than their non‐diabetic peers [35]. 
Lifestyle management includes the promotion of 
physical activity for weight management and 
improvements in cardiovascular risk factors. The 
World Health Organisation (WHO) physical 
activity recommendation for all children are for 
60 minutes of daily moderate to vigorous physical 

activity [36], varying with age from play through 
to formal exercise. Levels of physical activity 
often decline with age. Studies on patterns of 
physical activity in diabetes show similar 
declines in activity that relate to age and gender 
as well as increased sedentary behaviours [37–
39]. Levels of television viewing in a type 1 dia
betes population from Norway correlated with 
low physical activity and overweight and obesity 
[40]. Data from a study of over 23 000 patients 
attending 209 centres in Germany and Austria 
examined lipid profiles, blood pressure, glycated 
haemoglobin and body mass index and com
pared them to levels of physical activity assessed 
by questionnaire [41,42]. Increased frequency of 
physical activity was associated with a lower fre
quency of dyslipidaemia (41% in the inactive 
group, 34% in the most active group) as well as 
lower glycated haemoglobin in the patient group 
with highest physical activity levels. The posi
tive impact of exercise on glycaemic control is 
not demonstrated in other studies [43]. This fail
ure to observe improvements in glycaemic con
trol is usually accounted for by the difficulties 
experienced in managing exercise and the use of 
inappropriate management strategies to control 
glucose excursions during exercise.

Physical activity and exercise 
management

All physical activity has the potential to disrupt 
glucose metabolism. The metabolic conse
quences of exercise vary with type, intensity and 
duration of exercise, blood glucose and insulin 
concentrations and diet [44].

Education for children and young people with 
type 1 diabetes needs to include strategies to achieve 
glycaemic control during and after exercise. The 
DirecNet [45] group have examined the impact 
of exercise on overnight glycaemia, demonstrat
ing that despite the use of American Diabetes 
Association recommendations on prevention of 
hypoglycaemia, 11 out of 50 patients developed 
hypoglycaemia during exercise and mean blood 
glucose concentrations at night were lower on 
exercise nights. The spontaneous nature of play in 
younger  children makes this type of planned man
agement difficult to implement, and therefore 



6.3 Lifestyle management of childhood diabetes 201

education for parents needs to include the man
agement of spontaneous activity as well as the 
 prevention of post‐exercise hypoglycaemia. A 
detailed review of the management of exercise can 
be found in the ISPAD consensus guidelines 2009 
[46]. A summary of strategies that may be used for 
planned regular activity can be found in Table 6.3.1.

6.3.3 Type 2 diabetes

Type 2 diabetes presenting in childhood has 
increased in prevalence over the last 10 years. 
The numbers of patients remain small and the 
majority of evidence about management in this 
group of patients comes from the SEARCH for 

diabetes in youth trial in the United States [47]. 
Most of the children presenting with type 2 dia
betes are overweight or obese and therefore 
weight management and prevention of comor
bidities are the main aims of nutritional advice 
[5,48] as two key risk factors are dyslipidaemia 
and hypertension [33,49]. A systematic review 
by Johnston et al. in 2010 found no high quality 
evidence to  support lifestyle modification in 
children and adolescents improving either 
short‐ or long‐term glycaemic control. In a 
study of 320 youths with type 2 diabetes, adher
ence to the DASH dietary intervention was 
associated with lower BMI and LDL concentra
tion but not improved glycaemic control. 
Examples of modifications needed include 

Activity Management advice

Exercise within peak insulin 
action

Check blood glucose concentration before, during and after activity.
If blood glucose below 4 mmol/L, treat hypoglycaemia and delay exercise 
until blood glucose concentration normalises.
If blood glucose concentration > 10 mmol/L delay carbohydrate intake until 
20minutes into activity.
If blood glucose concentration >15 mmol/L check for ketones and manage 
before exercise commences.
Consider decreasing pre‐exercise insulin food bolus by up to 50%.
If exercise is aerobic or duration greater than 45 minutes then consume 
carbohydrate (1 g/kg/h) at 20 minute intervals to maintain blood glucose 
concentration.
Consume adequate fluids.

Anaerobic activities e.g. 
basketball, athletic field 
events, sprint events

Check blood glucose concentration before, during and after to assess 
responses to exercise.
If activity lasts longer than 45 minutes consume carbohydrate during 
exercise.
Consume meal or snack within 1 hour of finishing exercise to reduce the risk 
of post‐exercise hypoglycaemia.

Aerobic activities Consume additional carbohydrate and/or adjust insulin dose when exercise 
lasts 45 minutes or longer.

Team sports Monitor blood glucose concentration before, during and after activity.
If within peak action of insulin consider reducing insulin doses
Consume snack and fluid at half time, if competition stress increases blood 
glucose concentration consider small corrective dose of insulin.

Post‐exercise Consume carbohydrate snack or meal with fluids after exercise.
If blood glucose concentration raised post exercise treat with caution.
Consume pre‐bedtime snack whenever exercise duration is 60 minutes 
or longer.

Table 6.3.1 Summary of strategies to support exercise management in children with  
type 1 diabetes
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increased physical activity levels, decrease 
in sedentary activities, for example TV watch
ing and reduction in consumption of sugar‐
sweetened beverages [50]. The Treatment 
Options for Type 2 Diabetes in Adolescents and 
Youth (TODAY) study has reported improve
ments in glycaemic control with metformin 
monotherapy, although lifestyle intervention 
plus metformin was not significantly better than 
metformin alone [51]. Education and support to 
engage families in lifestyle changes and paren
tal involvement in management has been shown 
to predict better outcomes [52].

Eating disorders and 
disordered eating

Type 1 diabetes management provides opportu
nities for manipulation of treatment to control 
body weight [53]. There is some controversy 
about the prevalence of eating disorders, with 
some studies reporting that they do not occur 
more commonly in adolescents with diabetes 
[54–56], and others suggesting anorexia ner
vosa and bulimia are 2.4 times more common in 
teenage girls with type 1 diabetes [57] Insulin 
omission is common, in one study, 30–40% of a 
young female population with type 1 diabetes 
reported deliberately omitting their insulin [58]. 
The most frequently cited reason for deliberate 
insulin omission in this group is body image 
and weight control [55]. Disturbed eating 
behaviours significantly affect the physical and 
emotional health of the individuals concerned 
and are associated with impaired metabolic 
control, diabetic ketoacidosis and a high risk of 
diabetic complications [59].

Management of diabetes needs to include assess
ment of insulin regimen, insulin omission, food 
manipulation, body dissatisfaction and family 
functioning to identify those at risk [60–62].

6.3.4 Summary

Nutritional management of diabetes in children 
and adolescents is delivered as part of a package 
of care that must be set within the context of the 
family and social support systems. Good nutrition 

and lifestyle behaviours are important for normal 
growth and development as well as improved 
glycaemic control. Further research is needed 
to guide how best to deliver nutritional care. 
Studies currently taking place will help us to 
understand how to deliver effective nutritional 
management to children and carers throughout 
their diabetes journey.

Key points

 • Dietary advice aims to promote normal 
growth and development and avoid 
overweight and obesity.

 • There is no evidence for the ideal macronutrient 
composition of the diet, but carbohydrate 
management is key to glycaemic control.

 • Physical activity is recommended, but children 
with type 1 need strategies to reduce the risk 
of hypoglycaemia.

 • Weight management is key for those with type 
2 diabetes who are overweight or obese.

 • Disordered eating and insulin omission is 
common in young people with type 1 diabetes.
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7.1.1 Introduction

Diabetes is associated with increasing age, 
 family history, ethnicity, obesity and sedentary 
life style. It causes premature morbidity, 
 mortality and is a substantial health burden 
on  individuals, health systems and society. 
Diabetes is the seventh leading cause of death 
in  the United States (US) and the incidence, 
prevalence and mortality caused by diabetes and 
diabetic  complications (mainly cardiovascular 
disease) increase with ageing [1]. Diabetes is 
similar to the ageing process itself; as it 
accelerates, ageing increases atherosclerosis 
and degenerative processes such as premature 
cataracts and is associated with geriatric syn-
dromes, such as cognitive dysfunction, physical 
disability, falls and fractures. With increasing 
ageing of the population and changes in life-
style worldwide, the prevalence of diabetes is 
likely to reach epidemic levels in most coun-
tries. Because type 2 diabetes is the most com-
mon type affecting older people, it will be the 
main focus of this chapter.

7.1.2 Epidemiology

Global changes in lifestyle leading to increased 
obesity and urbanisation, combined with an 
ageing population are predicted to increase 

 diabetes prevalence, especially among individuals 
aged ≥75 years.

7.1.3 Incidence and prevalence

The worldwide prevalence of diabetes is rising 
with increasing age. In France, the prevalence 
has increased to 14.2% in those aged 65–74 
years, peaking at 19.7% in men and 14.2% in 
women aged 75–79 years. More than half of 
those with diabetes were ≥ 65 years [2]. In the 
US, total diabetes prevalence is estimated to be 
14% of the population and is highest in those 
aged ≥65 years and by the year 2050 diabetes 
prevalence could be as high as 33% of the 
whole population [3]. However, the prevalence 
of undiagnosed diabetes is much higher. In the 
National Health and Nutrition Examination 
Survey the prevalence of diagnosed diabetes in 
those ≥75 years old was 14.9%, undiagnosed 
diabetes based on fasting plasma glucose and 2 
hours oral glucose tolerance test was 13.4%. 
This makes a total prevalence of diagnosed and 
undiagnosed diabetes of 28.3% and undiag-
nosed diabetes constitutes a proportion of 
around 47%. Pre‐diabetes, defined as either 
impaired fasting glycaemia (IFG) or impaired 
glucose tolerance (IGT) was prevalent in 
46.7% of those ≥75 years old. Therefore, the 
total prevalence of diabetes (diagnosed and 
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undiagnosed) and pre‐diabetes (IFG and IGT) 
reaches a peak of around 75% of older people 
≥75 years of age [4].

Race and ethnicity

The burden of diabetes is likely to grow faster in 
the low and middle‐income countries (LMIC). It 
is estimated that between 2010 and 2030, there 
will be a 69% increase in numbers of adults (aged 
20–79 years) with diabetes in LMIC countries 
and a 20% increase in higher income  countries 
[5]. This is likely due to growth and ageing of the 
population and urbanisation associated with life-
style change. The prevalence of diabetes among 
older Chinese in rural Taiwan was 16.9% in 2000 
(mean (SD) age 72.6 (6) years at baseline) and 
increased to 23.7% in 2005. The overall 5‐year 
cumulative incidence of new onset diabetes was 
6.8% [6]. In minority ethnic groups living in the 
developed world the incidence and prevalence of 
diabetes is higher than white populations. For 
example, the prevalence of diabetes in Mexican 
American older adults (≥75 years) has nearly dou-
bled between 1993–1994 and 2004–2005 from 
20.3 to 37.2%, respectively, in comparison to the 
increase in the general population of the same age 
group from 10.4 to 16.4% [7]. Prevalence of dia-
betes among African Americans and Hispanics 
has consistently been higher than whites and is 
projected to triple by the year 2050 while only 
doubling in whites. In addition, prevalence rates 
for Native Americans ranges from 5 to 50% in 
some tribes [8]. In the United Kingdom (UK), 
diabetes in people of South Asian descent and 
African or African‐Caribbean descent is six and 
three times, respectively, more common, than in 
the white population.

Care homes

In the US around 24.6% of nursing home resi-
dents had diabetes in 2004. Among residents 
aged 65–74, 75–84, and ≥85 years, diabetes 
prevalence was 36.1, 29.5, and 18.3%, respec-
tively [9]. There was a steady increase in the 
prevalence of diabetes in US nursing homes 
from 1995 to 2004 (16.9 to 26.4% in males and 
16.1 to 22.2% in females). The overall increase 

was from 16.3 to 23.4% with an average change 
of 0.8% per year. Level of comorbidity also 
increased. Residents aged ≥85 years and those 
with high functional impairment showed a sig-
nificant increasing trend as well as increasing 
prevalence of cardiovascular disease from 59.6 
to 75.4% for men and 68.1 to 78.7% for women 
[10]. A more recent survey showed a further 
increase in the prevalence of diabetes affecting 
32.8% of residents of nursing homes and sub-
jects with diabetes tended to have a greater 
comorbid burden, more medications, and had 
more hospitalisations than residents with no dia-
betes [11]. Ethnic disparities in diabetes preva-
lence are also well documented in care home 
settings. In US nursing homes, the odds of dia-
betes are about two times higher in black and 
Hispanic residents relative to white residents 
and diabetes was present in 22.5 and 35.6% of 
whites and non‐whites, respectively [9].

7.1.4 Aetiology and 
pathogenesis

Aetiology and pathogenesis of diabetes in older 
people is complex. Increased adiposity and 
decreased physical activity with increasing age 
predispose older people to develop insulin 
 resistance. On the other hand, normal ageing is 
associated with impaired insulin secretion and 
progressive increase in both fasting and post‐
prandial glucose levels, see Box 7.1.1.

Box 7.1.1 Determinants of glucose 
intolerance in older people

Age
Reduced number of glucose transport units
Defect in post‐receptor insulin signalling pathway
Increased β‐cell dysfunction
Mitochondrial dysfunction
Reduced β‐cell mass
Reduced muscle mass
Low concentrations of adiponectin
High concentrations of TNF‐α
Reduced levels of insulin‐like growth factor‐I
Physical inactivity
Increased body fat
Changes in body fat distribution.
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Increased insulin resistance

Ageing is associated with changes in body fat 
distribution with a reduction in subcutaneous 
fat and increased visceral fat [12] that is 
linked to glucose intolerance and diabetes, 
and a decline in skeletal muscle mass or 
 sarcopenia [13]. As the muscle tissue is the 
main site of glucose  consumption, the loss of 
muscle mass increases the risk of developing 
glucose intolerance and diabetes. Increasing 
muscle mass by resistance training in older 
people has been shown to improve glucose 
tolerance [14]. Increased truncal obesity 
 (visceral fat accumulation) with ageing leads 
to altered lipid metabolism. The rate of 
lipolysis increases causing high levels of 
free fatty acids that may have a role in 
 reducing peripheral insulin sensitivity [15]. 
Accumulation of lipids within the muscles is 
another factor leading to insulin resistance. A 
reduction in mitochondrial function [16] may 
also contribute to age‐related glucose intoler-
ance by reduced oxidative metabolism and 
decline in physical fitness and oxidative 
capacity of older people. Low concentrations 
of adiponectin (secreted by  adipose tissue 
that  improves insulin resistance by increas-
ing fat oxidation), low concentration of leptin 
(secreted by adipose tissue that decreases 
appetite and its decline may contribute to the 
increased adiposity and body composition 
changes seen in the elderly), high concentra-
tions of tumour necrosis factor alpha (which 
induces anorexia, weight loss and insulin 
resistance) and reduced levels of insulin‐like 
growth factor‐I (a peptide hormone that stimu-
lates glucose uptake) are associated with age-
ing and linked to increased insulin resistance 
and incident diabetes [17–19].

Decreased insulin secretion

Ageing is associated with a reduction in insulin 
secretion of 0.7% per year due to a combina-
tion of β‐cell dysfunction and reduced β‐cell 
mass (apoptosis) and individuals with glucose 
 intolerance demonstrate a 50% reduction in  
β‐cell mass [20]. β-cell autoimmunity may lead 

to activation of acute phase response in older 
people with diabetes [21]. In genetically pre-
disposed individuals long‐term hypersecre-
tion of interleukins, C reactive protein and 
tumour necrosis factor alpha may contribute 
to impaired β‐cell insulin secretion and insu-
lin resistance [21]. Disturbances in the physi-
ology of the gut‐derived incretins, gastric 
inhibitory polypeptide (GIP) and glucagon‐
like peptide‐1 (GLP‐1), may be another fac-
tor involved in β‐cell dysfunction [22]. Both 
peptides enhance insulin secretion after 
meals and may have a role in main taining β‐
cell growth, proliferation, and  inhibition of 
apoptosis. Ageing is associated with reduced 
level and function of these  peptides [23].

Progression to diabetes

Normal glucose homeostasis requires normal 
insulin secretion by β‐cells of the pancreas 
combined with normal peripheral glucose 
utilisation by peripheral tissues sensitive to 
insulin. In older people with diabetes, abnor-
malities in both insulin secretion and insulin 
sensitivity underlie the development of dia-
betes with a principle defect of insulin secre-
tion in lean individuals and insulin resistance 
in obese ones. It is likely that both genetic 
and environmental factors are involved in the 
pathogenesis of insulin secretory dysfunction 
and insulin resistance. As older people are 
heterogeneous the extent and rate of deterio-
ration in glucose homeostasis is variable, 
leading to insignificant changes in some 
 individuals and diabetes in others. It is 
 possible that insulin resistance develops 
in the pre‐diabetes state and β‐cells compen-
sate by increasing insulin secretion, causing 
hyperinsulinaemia and initially maintaining 
 normal glucose tolerance. Eventually, a com-
bination of reduced insulin secretory capac-
ity of β‐cells to compensate for insulin 
resistance and further diminution of periph-
eral tissue sensitivity to insulin, insulin 
 secretion becomes inadequate, leading to the 
progression to persistent hyperglycaemia, 
 glucose intolerance and then to diabetes, see 
Figure 7.1.1.
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7.1.5 Risk factors

Age per se is associated with changes that predis-
pose to development of diabetes. Physiological 
changes, as outlined above, are important. 
Additionally, psychosocial factors, such as 
depressive illness, stress, lower social support 
and poor nutrition appear to contribute to incident 
diabetes in older people, see Box 7.1.2.

Abdominal obesity

Body mass index (BMI) may not accurately 
reflect percentage of body fat in the elderly due 
to age‐associated loss of height caused by com-
pression of vertebral bodies combined with  age‐
related decrease in muscle mass and increase in 
abdominal fat [24]. This may overestimate the 
BMI value in older people. Risk of diabetes 
associated with overweight, expressed as BMI, 
tends to decline with age [25]. Recently BMI in 
the overweight range was not shown to be asso-
ciated with diabetes in the elderly cohort but 
obesity (BMI≥ 30.0 kg/m2) was a significant risk 
factor for diabetes [25]. Therefore the definition 
of healthy weight, expressed as BMI, may need 
to be set at a higher value in older people, but 
this needs further research. On the other hand 
waist circumference (WC) of 100 cm in men and 
92 cm in women was a predictor of incident dia-
betes in older people. BMI and WC yielded sim-
ilar risk prediction in older men whereas WC 
was a superior predictor in older women. The 
use of BMI combined with WC does not improve 
identification of diabetes risk beyond single 
measures of BMI (in men) or WC (in women) 

Age

Genetic predisposition Increased inflammation

Environmental factors Autoimmunity 

↓ Insulin secretion
(Main defect in lean patients)

 ↑ Insulin resistance 
(Main defect in obese patients) 

Type 2 diabetes

β-cell dysfunction 
β-cell apoptosis

Abdominal obesity, sarcopenia 

Humoral factors (↑TNF-α, 
↑adiponectin, ↓ILGF-1) 

↓Glucose transport 

Figure 7.1.1 Pathogenesis of type 2 diabetes in older people

Box 7.1.2 Risk factors for diabetes in older 
people

Age
Family history (two or more close relatives)
Abdominal obesity (waist circumference  

>100 cm in men, 92 cm in women)
High body mass index (>30.0 kg/m2)
Hypertension
Dyslipdaemia
Depression
Vitamin D deficiency
Sleep disturbance
Undernutrition
Low socioeconomic status
High carbohydrate diet
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[26]. Rate of change in central adiposity is 
another determinant risk factor for diabetes. In 
the Cardiovascular Health Study participants 
with >10 cm increase in WC from baseline had a 
hazard ratio of diabetes of 1.7 (95% CI 1.1 to 
2.8) compared with those who gained or lost 2 
cm or less in a cohort of 4193 subjects ≥65 years 
of age [27].

Vitamin D deficiency

Vitamin D receptors are present on the pancre-
atic β‐cells, suggesting that vitamin D deficiency 
may inhibit insulin secretion and vitamin D 
administration may improve insulin secretion, 
thus reducing the risk of developing diabetes. 
However, the relationship between low vitamin D 
levels and the risk of developing diabetes is not 
consistent. One meta‐analysis found an associa-
tion between low vitamin D status and increased 
risk of incident diabetes [28], although vitamin 
D supplementation in another study had no 
effect on glycaemia or incident diabetes [29]. 
Recently, lower serum vitamin D levels have not 
been shown to be associated with increased risk 
of developing diabetes in 5140 postmenopausal 
women (mean age 66 years) participating in the 
Women’s Health Initiative Clinical Trials and 
Observational Study who were free of diabetes 
at baseline and followed up for 7.3 years [30]. 
The protective effect of vitamin D in reducing 
the diabetes risk in older people may need higher 
doses of vitamin D supplementation. Also, expo-
sure to sun implies greater outdoor physical 
activity, which in itself may have beneficial 
effects on insulin sensitivity, unrelated to vita-
min D levels.

Depression

Depressive illness is another risk factor for dia-
betes although the nature of the association is 
not clear. Several factors are common in depres-
sion that may predispose to diabetes, such as 
lack of physical activity and obesity. However, 
it has been shown that depression is a risk for 
diabetes independent of these factors. In a lon-
gitudinal study of 4803 community sample of 
adults aged 55 years incident diabetes was 

associated with depression, independent of 
sociodemographic variables, antidepressant 
or antipsychotic use after 5 years of follow up 
[31]. Depression increased the risk of diabetes 
by 65% and the characteristics of depression 
that may play a role in the development of dia-
betes were non‐severe depression, persistent 
depression and untreated depression. The 
chronic stress state associated with depression 
may be an underlying factor leading to devel-
opment of diabetes.

Sleep disturbance

Long day napping (≥1 h) and short night sleep-
ing (<5 h) have been shown to be associated with 
high risk of diabetes in older people. This asso-
ciation may be partially explained by obesity 
and napping itself could be a marker of other 
health conditions that increase the risk of diabe-
tes [32]. Insomnia is another factor associated 
with ageing and increasing risk of insulin resistance. 
Sleep disturbances may cause insulin resistance 
through inducing sympathetic over‐activity or 
increasing secretion of counter regulatory 
 hormones during sleep [33].

Low socioeconomic status

Incident diabetes was associated with lower 
wealth (P 0.05 for men and 0.004 for women) 
after adjusting for socio‐economic and demo-
graphic factors among 9053 older adults selected 
from the English Longitudinal Study of Ageing 
and followed up for 4 years [34]. In Canada, prev-
alence of diabetes decreases steadily as income 
goes up. There is a graded association between 
income and diabetes with the lowest compared to 
those with the highest income [35]. This could be 
partly explained by differences in the distribution 
of obesity by socioeconomic status.

Undernutrition

Underweight may be associated with increased 
risk of diabetes among older adults. In a cohort 
of 127 213 older adults (aged 40–79 years), 
 subjects (aged 60–79 years) with a BMI <18.5 
kg/m2 had a higher risk of incident diabetes in 
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men and women compared with those with a 
BMI of 18.5–24.9 kg/m2 while no association 
was found in younger subjects (40–59 years old) 
after a mean of follow up of 5.3 years [36]. The 
explanation for the association of underweight 
and diabetes is uncertain but it could be related to 
malnutrition leading to impaired insulin release.

Other factors

Metabolic syndrome is common in older peo-
ple and is associated with increased risk of 
diabetes. In a cross‐sectional study, around 
one‐sixth (19.9% of males and 12.2% of 
females) of 623 non‐diabetic older adults 
(aged 58 to 93 years) had undetected diabe-
tes. The likelihood of having diabetes was 
higher for males, those with systolic blood 
pressure ≥130 mmHg,  triglycerides ≥1.7 mmol/l 
and large waist circumference, all are compo-
nents of the metabolic syndrome [37]. The 
main pathophysiology of metabolic syndrome 
leading to diabetes is insulin resistance. 
Other  factors, such as sedentary lifestyle, 
smoking, excess alcohol and high carbohy-
drate diet may be associated with increasing 
risk of insulin resistance and development of 
diabetes [38].

7.1.6 Screening

Screening and identification of diabetes in 
high risk individuals is of clinical interest as 
preventive interventions are likely to be cost 
effective [39]. Older people with fasting 
plasma glucose in the range 6.1–6.9 mmol/L 
or 2‐hour plasma glucose in the range 7.8–
11.0 mmol/L are at increased risk for develop-
ment of diabetes [40]. Due to the practical 
barriers of testing the fasting or post‐prandial 
blood sugar, the use of HbA1c alone, in the 
range 5.5 to <6.5% has been shown to identify 
a population with risk for developing diabetes 
(32.4%) over 7.5 years. This suggests that 
HbA1c‐based testing could be used in clinical 
settings to identify subjects who would benefit 
from intensive prevention programmes [41]. 
Persons with hypertension will also benefit 

from screening as blood pressure targets for 
persons with diabetes are lower than for those 
without diabetes. Obesity, dyslipidaemia, sed-
entary lifestyle, family history of diabetes and 
ethnicity are other factors to be considered in 
screening that may help reduce numbers of 
undiagnosed diabetes.

7.1.7 Prevention

Methods of prevention are summarised in 
Box  7.1.3. Lifestyle modification with a focus 
on weight loss and physical activity may improve 
insulin sensitivity and reduce development of 
diabetes. Resistance training may have an impact 
on improving body composition, body fat distri-
bution, inflammatory markers and blood glucose 
homeostasis reducing insulin resistance [42]. 
Any type of physical activity is useful in older 
age groups. Low‐intensity physical activity at 
least once a week was associated with reduced 
risk of diabetes in older people (≥70 years) 
 compared with no activity, while in relatively 
younger adults (aged 50 to 69 years) physical 
activity has to be at least moderate in intensity to 
have an impact on diabetes prevention [43]. 
Even short‐term exercise, for only seven days, 
improves insulin resistance and β‐cell function 
in older people with impaired glucose tolerance, 
independent of change in weight or lipid profile 
[44]. This emphasises the importance of exercise 
programmes in old age as a preventive measure 
for diabetes. Addressing poor nutrition and soci-
oeconomic inequalities are other  important 
factors, see Figure 7.1.2.

Box 7.1.3 Prevention of diabetes in older 
people

Weight loss
Increased physical activity
Exercise programmes

Low intensity
Resistance training
Repeated short term

Good nutrition
Addressing socioeconomic inequalities.
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7.1.8 Conclusion

Ageing is associated with changes in body fat 
distribution that predispose to increased insulin 
resistance and decreased insulin secretion, lead-
ing to glucose intolerance and diabetes in geneti-
cally susceptible individuals. The prevalence of 
diabetes in older people, therefore, is increasing 
as a result of the growing ageing of the popula-
tion and sedentary lifestyle with increased obe-
sity. There remain a  significant number of older 
people with either undetected diabetes or in a 
pre‐diabetes state. Increased physical activity 
and healthy diet are the main focus for diabetes 
prevention.
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7.2.1 Introduction

Diabetes is common in older people, affecting 
approximately 20% of older Caucasians [1,2] 
with a further 20% having diabetes risk factors 
but undiagnosed. Increasing age is a major risk 
factor for diabetes but the diagnosis is often 
missed or delayed because the clinical presenta-
tion differs from the ‘textbook’ signs and symp-
toms, thus recognising and managing diabetes in 
older people can be complex. Diabetes is a major 
cause of morbidity and mortality in older people 
[3]. Poor glycaemic control and chronic hyper-
glycaemia is associated with short‐ and long‐term 
complications in older people, such as ketoacido-
sis, hyperosmolar states and myocardial infarc-
tion [4]. Diabetes is rated as the sixth leading 
cause of death in older people, excluding deaths 
attributed to cardiovascular and other  diseases, 
many of which are associated with diabetes.

7.2.2 Brief overview of the 
pathogenesis of diabetes 
in older people

Diabetes in older people is metabolically dif-
ferent from that in younger people. Fasting 
hepatic glucose production is not  increased 
as it is in younger people with type 2 dia-
betes [5,6]. Lean older people with  type  2 
 diabetes have impaired insulin  secretion but 

insulin action is relatively normal. In contrast, 
overweight older people have relatively nor-
mal  insulin secretion but significant insulin 
resistance. It is likely that autoimmunity may 
be a  factor in the pathogenesis of diabetes in 
lean older people [7], thus it is important to 
measure autoimmune markers, such as anti‐
glutamic acid decarboxylase and/or islet cell 
antibodies to aid diagnosis and management 
decisions. These metabolic differences suggest 
management is likely to differ for lean and 
obese older people: lean people are likely to 
need insulin at, or soon after, diagnosis, 
whereas overweight older people might benefit 
initially from insulin sensitising medicines 
such as metformin, providing the individual 
does not have risk factors for lactic acidosis.

7.2.3 Clinical features of 
diabetes in older people

Diabetes usually presents differently in older 
people than in younger adults; the signs and 
symptoms are often non‐specific. The renal 
threshold increases; thus glycosuria might not be 
present until the blood glucose is very high and 
thirst recognition is often impaired. The diagno-
sis is often made during routine health checks, 
during a hospital admission or when the indi-
vidual presents with a diabetes complication or 
in a hyperosmolar state.
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The risk of complications increases with dura-
tion of diabetes and persistent hyperglycaemia 
[7]. Complications exacerbate functional decline 
and reduce independence, self‐care capacity and 
quality of life [8]. Vascular dementia and 
Alzheimer’s disease are associated with diabetes 
and older people with diabetes have higher rates 
of depression [9]. Complications put older peo-
ple at significant risk of under‐recognised and 
under‐treated pain, increased risk of pressure 
ulcers and falling and sustaining significant inju-
ries, such as fractures [10]. Renal disease affects 
medicine pharmacodynamics and pharmacoki-
netics that predispose the individual to anaemia 
and medicine‐related adverse events [10].

Therefore, primary prevention programmes 
and screening programmes to diagnose diabetes 
early are essential. Fasting blood glucose is not 
reliable in many older people and is not recom-
mended as a screening test [7]. The United States 
Centre for Disease Control and Prevention [11] 
recommend that people with diabetes risk fac-
tors and who are overweight and those over 45 
years be screened every one to three years using 
fasting glucose, HbA1c or an oral glucose toler-
ance test. HbA1c may be a viable option provid-
ing interfering factors that affect HbA1c assays 
are considered [12] but more research in this 
area is needed.

Geriatric syndromes and delirium

Geriatric syndromes (Box 7.2.1) and delirium 
are also common in older people. Delirium pre-
sents as changes over hours or days in a person’s 
mental state. Symptoms include confusion, ina-
bility to focus, hallucinations, disorientation 
and  personality changes, such as agitation and 
irritability not explained by dementia [13]. 
Delirium is due to many interrelated factors, 
such as age, especially over 80 years, dementia/
cognitive impairment, multiple comorbid condi-
tions, functional impairments, sensory  deficits, 
depression and some medicines, such as hypnot-
ics and sedatives, narcotics and anticholinergic 
agents such as frusemide [14]. Serotonin syn-
drome can result from interactions between two 
or more medicines; usually one is a serotonin 
reuptake inhibitor or a monoamine oxidase 

inhibitor [15]. Diabetes‐related predisposing 
factors include cardiovascular  disease, renal 
 disease, changes in electrolytes in hyperglycae-
mic and hyperosmolar states, infections and 
hypoglycaemia.

7.2.4 Overview of management 
strategies

There is little randomised control trial data for 
people over 70 years, thus, management rec-
ommendations are often extrapolated from 
studies involving younger people with diabetes 
and/or are based on consensus opinion. 
Generally diabetes management strategies for 
high functioning older people with diabetes are 
similar to younger age groups [16], but there 
are some significant differences, especially in 
residential aged care facilities (RACF) where 
older people are likely to have several comor-
bidities and are more vulnerable. Diabetes 
management is often suboptimal in older peo-
ple, especially those living in RACFs [17–19]. 
Many older people do not achieve optimal 
management targets and macrovascular and/or 
microvascualar disease and neuropathy is often 
present at diagnosis.

Box 7.2.1 Common geriatric syndromes

Geriatric syndromes are a group of conditions not 
usually present in younger people. Geriatric 
syndromes are subtle and often under‐recognised 
by individuals and caregivers (family and health 
professionals). When present, self‐care capacity 
is compromised. Inadequate self‐care or not 
achieving targets should trigger an assessment of 
the individual to determine whether one or more 
geriatric syndromes are present.

•  Falls
•  Pain
•  Urinary tract infection
•  Cognitive impairment, e.g. using Mini‐Mental 

State Examination, Mini‐Cog, Clock drawing test
•  Depression, e.g. Geriatric Depression Scale, 

Patient Health Questionnaire (PHQ2)
•  Hypoglycaemia
•  Delirium
•  Polypharmacy.
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Some countries are introducing ‘aging in 
place programmes’ to maintain older people in 
the community with appropriate support for as 
long as possible. In addition to maintaining/ 
supporting functional health status, such pro-
grams could adopt a proactive risk management 
approach to care that encompasses:

 • screening for diabetes
 • identifying and prioritising risks such as 
 nutritional deficiencies, pain, falls, delirium, 
increasing frailty, compromised driving and 
hypo‐ and hyper‐glycaemia

 • regular comprehensive medicine reviews, 
 including herbal medicine use and other 
 complementary therapies

 • regular mental status, cognitive functioning 
and self‐care assessments

 • a plan to stop driving
 • advanced care planning and a plan for end of 
life care

 • the need for medical alert and call systems to 
enhance safety

 • support for carers.

Management aims focus on safety, maintaining 
independence, functional status and quality of life, 
managing symptoms, reducing the impact of dia-
betes complications and comorbidities, and phar-
macovigilance. The importance of individualising 
management targets has been recognised [12,20] 
and involving the older person and their family/
other carers in management decisions is essential.

Controlling blood pressure and lipids has a 
significant impact on the risk of complications 
and quality of life [21–23]. The benefit of 
tight glycaemic control for older people is still 
debated [24], but there is some evidence that it 
is beneficial if it can be achieved early in the 
course of diabetes, especially before compli-
cations develop; however, complications are 
often present at diagnosis and hypoglycaemia 
and related risks need to be considered. 
Nevertheless, good glycaemic control could 
reduce the risk of microvascular complica-
tions in older people with longer duration of 
diabetes.

There is a significant risk of hypoglycaemia 
with some glucose‐lowering medicines that puts 
older people at risk of serious falls and myocar-
dial infarction. The symptoms of hypoglycaemia 
and myocardial infarction are often atypical 
and unrecognised. Regular blood glucose testing 
can help  identify hypo‐ and hyper‐glycaemia. 
Likewise, the individual, his or her carers and 
health professionals might need to learn to rec-
ognise cues that signify hypoglycaemia for the 
individual.

The European Geriatrics Society and The 
International Diabetes Federation guidelines for 
blood glucose and blood pressure and lipid 
 targets for healthy and frail older people are 
given in Table 7.2.1. Table 7.2.2 outlines some of 
the multifactorial interrelated factors that influ-
ence management decisions.

Healthy older people with 
diabetes

Frail older people 
with diabetes

Blood glucose
Fasting
Two hours post‐prandial
HbA1c

<7.0 mmol/L
<10.0 mmol/L
<7%

<10.0 mmol/L
<14.0 mmol/L
<8%

Blood pressure <150/90 mmHg

Lipids
Low density lipoprotein  
cholesterol (LDL‐C)
Triglycerides (TG)

<140/80 mmHg
<3.0 mM
<2.3 mM

–
–

Table 7.2.1 European Geriatrics Society and the International Diabetes Federation 
blood glucose, blood pressure and lipid targets for healthy and frail older people
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Issue Consequences

Hyperglycaemia Symptoms may be atypical and hyperglycaemia can be missed.
Hyperglycaemia can lead to:

Urinary frequency
Incontinence
Disturbed sleep
Dehydration and hyperosmolar states
Delirium
Increased risk of falls
Changed cognitive function and/or delirium
Infections
Exacerbated pain
Weight loss and nutritional deficiencies
Long term diabetes complications.
Other comorbidities such as cancer and sleep apnoea

may be caused/exacerbated by corticosteroid, antipsychotic or thiazide diuretic 
medicines.

Hypoglycaemia Often difficult to recognise because symptoms can occur at lower blood glucose 
levels.
Neuroglycopenic symptoms often predominate and include confusion, delirium, 
dizziness, weakness and falls.
Increases falls risk and likelihood of injury such as fractures.

Polypharmacy Risk of interactions and other adverse events.
Increased risk of falls.
Complicated regimens that make medicine self‐management difficult and   
non‐adherence likely.
Increased risk of delirium.
Serotonin syndrome especially if analgesics are used with antidepressant 
medicines.
Herbal medicine and other complementary therapy use can contribute to 
polypharmcay and interact with conventional medicines and use should be 
considered and documented.

Nutrition Age‐ and disease‐related changes in saliva production, swallowing, appetite, 
smell, and digestion affect food intake and enjoyment
May not tolerate high fibre diets.
Nutritional deficiencies such as vitamin D are common.
Anaemia often accompanies renal disease.
May require supplements to correct deficiencies and to enhance wound 
healing.
Nutritional deficiencies and changed eating habits can be due to some medicines, 
e.g. metformin affects vitamin B 12 and can cause bloating.
Alcoholism
In aged care facilities may be receiving enteral feeds, which influence medicine 
choices and hypoglycaemia management

Changed activity levels May be due to medicines, nutritional deficiencies, functional decline, fear of 
falling and about safety.
Affects mobility and balance.

Table 7.2.2 Overview of some of the factors that affect management decisions in older people 
with diabetes

(continued)
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7.2.5 Management guidelines

A range of guidelines for managing diabetes in 
older people is shown in Box 7.2.2.: In addition, 
comprehensive guidelines for managing diabetes 
in RACF have been published [25]. Interviews 
have been conducted with older people and their 
carers to ensure their perspectives are reflected in 
the management recommendations, promoting 
person‐centred care. The information will be com-
bined with the best available evidence to develop a 
guiding philosophy that underpins the guidelines.

Although there is little randomised control 
trial evidence to support care recommendations 
for older people, there is a considerable degree 
of consensus among the available guidelines:

 • Care of older people needs to be individual-
ised regardless of whether they live in the 
community or in RCAFs, and the care needs to 
be revised regularly including at any change in 
status or treatment, especially medicines.

 • It is important to prevent cardiovascular disease 
if possible. If cardiovascular disease is present, 
it needs to be treated early and effectively using 
healthy diet and activity, lipid‐lowering agents, 
aspirin and antihypertensive agents.

 • Hyperglycaemia should be controlled to promote 
comfort, reduce cardiovascular risks and micro-
vascular disease, enhance self‐care  capacity, 
 reduce falls risk, manage hyperglycaemia‐related 
symptoms and prevent  dehydration and conse-
quent risk of ketoacidosis, hyperosmolar states, 
delirium, cognitive impairment and depression.

Table 7.2.2 (continued)

Issue Consequences

Presence of diabetes 
complications and 
comorbidities

Affects self‐care (vision and hearing impairments, cognitive impairment) safety, 
functional status, independence and motivation.
Some complications such as gastric autonomic neuropathy can affect absorption 
of food and oral medicines.
Renal disease affects medicine excretion and affects appetite.
Can contribute to depression and cognitive changes.
Pain
Falls risk
Cognitive impairment, dementia and delirium
Hypoglycaemia
Risk of sudden death
Capacity to learn
Consider geriatric syndromes Box 7.2.1.

Box 7.2.2 Some guidelines for managing 
diabetes in older people

•  International Diabetes Federation. Managing 
older people with type 2 diabetes: Global 
 guidelines. IDF, Belgium 2014. Available at: 
http://www.idf.org/sites/default/files/ IDF‐
Guideline‐for‐older‐people‐T2D.pdf

•  A section in The American Diabetes Association 
(ADA) Diabetes Management Guidelines 
(2004), which was based on the Californian 
Healthcare Foundation/American Geriatrics 
Society Guidelines (AGS) [26].

•  Australian Diabetes Educators Association 
(ADEA) (2003) Guidelines for Managing 
Diabetes in the Elderly, ADEA, Canberra.

•  British Geriatrics Society Best Practice Guide 
(2009) reviewed 2012. http://www.bgs.org.uk/
Publishing%2DDownloads/good_practice_full/
diabetes>6‐4 (accessed September 2012).

•  Joslin Diabetes Centre and Diabetes Clinic 
(2007) Guidelines for the Care of the Older 
Adult with Diabetes [27].

•  Diabetes Australia (2012) Diabetes Management 
in Aged Care: a Practical Guide. Diabetes 
Australia, Canberra.

•  Royal Australian College of General Practitioners 
(RACGP) (2005) Medical Care of Older Persons 
in Residential Aged Care Facilities http:// 
www.racgp.org.au/silverbookonline/11‐2.asp 
 (accessed September 2012).

•  Sinclair et al. Diabetes Mellitus in Older People 
Position statement on behalf of the International 
Association of Gerontology and Geriatrics 
(IAGG), the European Diabetes Working Party 
for Older People (EDWPOP) and the International 
Task Force of Experts in Diabetes [20].



7.2 Lifestyle management, including nutrition, of diabetes in older people 223

 • Regular screening for and managing geriatric 
syndromes is essential, including in hospital, 
see Box 7.2.1.

 • Parmacovigilance, which can be achieved 
using quality use of medicines (QUM) [28]. 
QUM is a decision‐making framework that 
applies to the entire medication pathway but 
clinically it means:

 ○ selecting medicines options wisely based on 
a comprehensive assessment

 ○ using non‐medicine options where possible 
but choosing a suitable medicines/s if medi-
cines are indicated

 ○ using medicines safely and effectively and 
monitoring the outcomes, which encompasses 
regular clinical assessment and medicine 
reviews.

Significantly, older people are not a homoge-
neous group; therefore, research, even when it is 
well designed, cannot always be generalised to 
individual older people, which highlights the 
need to provide individualised, holistic, person‐
centred care that takes account of the individu-
al’s social situation and support systems. The 
significant number of diabetes complications 
and comorbidities and their severity in older 
people highlights the importance of involving an 
interdisciplinary team, including general practi-
tioners, diabetes experts, geriatricians and other 
experts as required.

7.2.6 General health care

It is essential that general health care is incorpo-
rated into diabetes management plans and guide-
lines for older people. General health care 
includes immunisation, health screening such as 
mammograms and bowel and prostate checks, 
oral health and hearing assessments, and assess-
ing functional status and capabilities, such as 
driving and self‐care.

In addition, it is important to regularly assess 
quality of life, for which standardised, valid 
tools can be used. It can be more useful to deter-
mine the individual’s top three to five quality of 
life issues and monitor changes in them, for 
example using a likert scale [26]. The latter is a 
patient‐generated quality of life tool and is likely 
to reflect issues relevant to the individual, such 

as pets. Such tools can be combined with stand-
ardised quality of life tools.

7.2.7 Blood glucose monitoring 
and blood glucose targets

Blood glucose monitoring

The value of blood glucose self‐monitoring in 
type 2 diabetes is debated and there is no 
 evidence that it reduces morbidity and mortality 
in older people [29]. It is argued that it is of 
 limited value in improving glycaemic control 
in people with type 2 diabetes on oral glucose‐ 
lowering medicines or diet unless it is accom-
panied by appropriate health professional and 
individual education about how to use the infor-
mation to titrate medicine doses[30].

However, Murata et al. [31] demonstrated 
intensive blood glucose monitoring improved 
HbA1c in veterans with type 2 diabetes (mean 
age of 65) on insulin. Blood glucose monitoring 
may depend on the treatment modality and gly-
caemic control and the individual’s capability 
[27]. It is imperative in older people with type 1 
diabetes, those with hypoglycaemic unaware-
ness and older people with type 2 diabetes on 
insulin and sulfonylureas to detect hypo‐ and 
hyper‐glycaemia and prevent short‐term compli-
cations that could lead to hospital admission. 
In  addition it is useful when the management 
plan is being actively modified. Blood glucose 
self‐monitoring is important for improving gly-
caemia and is a useful risk assessment and man-
agement strategy.

Blood glucose targets

The UKPDS [32] showed the benefits of good 
blood glucose control take at least eight years to 
manifest, whereas the benefits of controlling 
blood pressure and lipids are usually evident in 
two to three years [33] thus, considering the 
expected life span is important when determin-
ing management targets. Likewise, moderate 
blood glucose control enhances wound healing, 
reduces hyperglycaemia‐related symptoms 
such as lethargy, pain and lowered mood, and 
improves cognitive functioning.
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There is little evidence that tight blood glu-
cose control is beneficial in older people with 
functional deficits in activities of daily living 
[34]. However, older people with few functional 
deficits may benefit from optimising glycaemic 
control because they currently have worse mor-
bidity than age‐matched older people without 
diabetes [34].

The target blood glucose range should be indi-
vidualised; generally 4–11 mmol/L, and regu-
larly reviewed. Hypoglycaemia risk must be 
assessed and monitored, remembering hypogly-
caemia, including serious hypoglycaemia, can 
be difficult to recognise in older people. 
Neuroglycopaenic symptoms, such as confu-
sion, delirium, dizziness, weakness and falls, 
often predominate in older people with diabetes 
[27]. Consequently, hypoglycaemia is often 
overlooked and has serious mental and physical 
consequences.

7.2.8 nutrition and activity

Although several countries have dietary guide-
lines for older people, there is little evidence to 
support most of them. While overweight older 
people benefit from weight loss, rigorous diets 
do not result in significant improvements in gly-
caemic control in older people living in RACFs 
[35]. Many older people with diabetes are defi-
cient in essential amino acids and trace elements, 
thus supplements containing magnesium, zinc 
and vitamins C, D and E may be beneficial.

Underweight and undernutrition are key con-
siderations in older people. Nutritional deficien-
cies can affect medicine transport and affect 
medication safety; therefore regular nutritional 
assessments are essential. Indicators of poor 
nutrition include:

 • Significant change in weight: 10% of weight 
and/or unplanned weight loss or gain of >12 kg 
in six months.

 • Body mass index <22 or >27, mid arm 
 circumference <10th percentile.

 • Serum prealbumin <15 mg/dl, albumin <3.5 
g/dl, transferrin <200 mg /dl, cholesterol 
<160 mg/dl [1].

Older people often require less energy, depend-
ing on gender, body composition and activity. 
Carbohydrate and fat content should be individu-
alised. Protein requirements often increase during 
wound healing, such as after surgery and pressure 
and venous ulcers and other stressors, and may 
need to be modified in end‐stage renal disease.

Physical activity is also essential for optimal 
health and wellbeing, maintaining strength and 
mobility and managing blood glucose levels. 
Strength training and exercises to promote 
strength and balance are important and contrib-
ute to blood glucose control, improve mobility 
and prevent falls [36,37]. However, diet and 
exercise are often inadequate and glucose‐low-
ering medicines are required. Smoking cessation 
is also essential.

7.2.9 Medicines: The need for 
pharmacovigilance

Many older people take several medicines 
(polypharmacy) at various dose intervals 
throughout the day and are at significant risk of 
interactions and adverse events due to medicines 
mismanagement, and altered renal and liver 
function, which affects the pharmaocodynamics 
and pharmacokinetics of medicines and increases 
the risk of medicine‐related adverse events. Thus, 
regular medicines reviews are essential, includ-
ing when doses or the dose regimen change. In 
addition, individualised medicines education for 
the person with diabetes and carers is essential. 
As indicated, QUM and considering the Beers 
Criteria recommendations [38] are helpful when 
making medicine decisions.

Glucose‐lowering medicines

Long acting oral agents are contraindicated 
because of the risk of hypoglycaemia. Short 
 acting agents that have a lower hypoglycaemia 
risk are preferable. Renal function should be 
monitored when using metformin. It should not 
be used in older men with serum creatinine 1.5 
mg/dL, women with serum creatinine of 1.4 mg/
dL or in either gender if there is a risk of lactic 
acidosis. Older people on metformin should 
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have serum creatinine measured at least annu-
ally. A timed urine collection to assess creatinine 
clearance should be used for people over 80 who 
have reduced muscle mass. Metformin and alpha 
glucosidase inhibitors might also be contraindi-
cated in coexisting gastrointestinal disease.

There is concern about the risk of fluid reten-
tion, the effects on bone mineral density and car-
diovascular risks with thiazolidinediones in older 
people [7]. Some short‐term trials indicate that 
dipeptidyl peptidase‐4 inhibitors (DPP‐4) are 
effective in older people [39]. Although insulin is 
classified as a high risk medicine, and the Beers 
criteria suggest sliding scales should not be used 
in older people, rapid‐acting insulins and long‐
acting  insulin analogues can reduce polypharmacy 
and have a lower hypoglycaemia risk than other 
insulins, including premixed insulins. However, 
the latter can enable community‐dwelling older 
people to safely manage their insulin, especially 
if insulin pens are used [40].

Lipid‐lowering medicines

Where possible, and safe, dyslipidaemia should 
be corrected to reduce the risk of cardiovascular 
events, but clinical judgement is important. 
Controlling blood glucose helps control lipids. 
Diet and exercise should be first line treatment, 
but lipid‐lowering agents may be needed [8]. 
Lowering LDL cholesterol and increasing HDL 
is generally important; but the choice of lipid‐
lowering agent depends on the underlying lipid 
abnormality, life expectancy, age and frailty 
level. Frailty is associated with increasing age, 
lower cholesterol and increased mortality. High 
cholesterol in the very old is associated with 
longevity [41]. Lipid targets are shown in 
Table  7.2.1. Liver function needs to be moni-
tored within 12 weeks of prescribing niacin, 
statins and fibrates and when doses change [42].

Antihypertensive agents

Targets are shown in Table  7.2.1. The risk of 
postural hypotension and consequent falls must 
be considered. Diuretics, angiotensin converting 
enzyme inhibitors (ACE), beta blockers and cal-
cium channel blockers are used, depending on 

the underlying abnormality. Older people are 
less tolerant of rapid changes in blood pressure, 
therefore, using the lowest effective dose and 
slowly titrating the dose is likely to be safer and 
enhance medicine adherence. Renal function 
and serum potassium and electrolytes need to be 
monitored when using thiazide diuretics.

Aspirin

Aspirin might be beneficial if the individual is not 
using any other anticoagulant therapy and does 
not have contraindications to aspirin. Generally 
the dose ranges between 81 and 325 mg [29].

Education

Education programs for groups and individuals 
need to be adapted to suit the cognitive capabil-
ity and learning style and sometimes include 
family and carers. Education should be individu-
alised where possible. For example, when older 
people are sick and hyperglycaemic they are 
likely to have cognitive changes that affect their 
ability to make decisions. At such times the best 
advice for managing sick days might be to tell 
them or their carer to call the doctor. Significantly, 
cognitive and functional capability can change 
rapidly in older people. Therefore, educating 
health professionals about managing diabetes in 
older people is important.

7.2.10 Surgical care

Older people require surgery for a number of 
 reasons. Recently, the American College of 
Surgeons and the American Geriatrics Society 
released guidelines to help improve the surgical 
care of people over 65 [43]. The Guidelines 
emphasise the need for interdisciplinary team 
care and comprehensive pre‐operative assess-
ment to reduce surgical risks. Recommended 
assessments are encompassed in 13 key areas 
that reflect physical and mental functioning, geri-
atric syndromes (Box  7.2.3), nutritional status, 
cardiac and respiratory risk, and medicines.

Interestingly, although the guidelines suggest 
ascertaining whether the person is using herbal 
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medicines, they do not provide guidance about 
herbal medicines that could pose a risk in surgi-
cal patients. For example, commonly used herbal 
medicines such as Hypericum perforatum 
(St  John’s wort), Echinacea species, Angelica 
sinensis (Dong qua) interact with warfarin and 
increase the risk of bleeding. Others interact with 
oral glucose‐lowering medicines and increase 
the risk of hypoglycaemia, yet others interact 
with antihypertensive and lipid‐lowering agents 
and sedatives [44]. In addition, some need to be 
stopped  several days before surgery.

7.2.11 Annual health 
assessment

Comprehensive health assessments are essential 
in addition to regular diabetes‐related assess-
ments and may be required more frequently 
than  annually, for example when health status 
changes. As well as diabetes‐related assessments, 

the following issues should be assessed and 
included in a holistic care plan:

 • Functional status and the effect on independ-
ence, driving safely and pain. Pain is under 
 assessed and under treated in older people and 
contributes to hyperglycaemia, depression and 
reduced quality of life.

 • Geriatric syndromes and delirium see Box 7.2.1.
 • Hearing and vision
 • Advanced care planning
 • Home medicine review
 • Proactive risk assessment for pain, falls, hypo-
glycaemia and hyperglycaemia

 • Health screening: mammogram, pap smear, 
prostate check

 • There is strong evidence that many commonly 
prescribed medicines should not be used in 
older people. These include antipsychotic 
medicines to manage behavioural problems 
associated with dementia, long‐acting sulfo-
nylureas, sliding insulin scales [38]. Thus, 
regular comprehensive medicines reviews are 
needed especially when multiple prescribers 
are involved and can be undertaken at home. 
As indicated, QUM and The Beers Criteria 
[38] and the risks associated with high risk 
medicines influence medicine choices.

7.2.12 Summary

Managing diabetes in older people is complex. 
Hyperglycaemic and hypoglycaemic symptoms 
are often atypical and under‐recognised. Physical 
and mental changes are common and affect self‐
care capacity and safety. Delirium and geriatric 

Box 7.2.3 Strategies to improve the care of 
older people with diabetes

•  Keep the regimen as simple as possible
•  Individualise care based on:

 ° Individual’s preferences
 ° Self‐care capabilities
 ° Mental health
 ° Cognitive status
 ° Renal and liver status
 ° Functional status
 ° Life expectancy
 ° Availability of social and self‐care support.

•  Monitor blood glucose to detect hypo‐ and 
hyper‐glycaemia early

•  Treat hypertension and dyslipidaemia
•  Manage hyperglycaemia: generally HbA1c < 7% 

but HbA1c < 8% in vulnerable and frail older 
people at risk of hypoglycaemia and related risks.

•  Undertake comprehensive complication screen-
ing that includes functional capacity, cognitive 
status, oral health, self‐care capacity, falls risk, 
hypolycaemia risk, risk of nutritional deficien-
cies and presence of geriatric syndromes

•  Regularly review medicine regimen, especially 
when introducing new medicines or stopping exist-
ing medicines and when health status changes.

Key points

 • Diabetes is common in the elderly.
 • The elderly are not a homogeneous group 
and treatment and management should be 
individualised.

 • Weight management should address 
undernutrition and weight loss as well as 
obesity and overweight.

 • There is little evidence for nutritional 
guidelines for the elderly with diabetes.
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syndromes must be considered. Care should be 
individualised and holistic and the adoption of 
early detection and risk assessment and risk min-
imising strategies is essential.
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8.1.1 Introduction

Ethnicity can be described as a group to which 
people belong or are perceived to belong, 
according to a variety of individual factors 
they  share, including ancestral origins, genetic 
traits, social, economic, geographical, dietary 
and cultural traditions and languages [1,2]. The 
term ‘ethnic minority group’ is often used to 
describe migrant populations, that is people 
residing in a country different to that of their 
birth. However, in many regions of the world 
there are second and third generations of 
migrants for whom country of birth does not 
represent their ethnic origin, hence the use of 
terminology such as Black‐British and Asian‐
American, which accounts for ancestry and 
place of birth.

In any region of the world there is considera
ble variability in the prevalence of diabetes 
amongst different ethnic groups. Furthermore, 
within a given ethnic group there are significant 
differences in the prevalence of diabetes between 
different environments, suggesting there are 
both genetic and environmental factors contrib
uting to the development of diabetes.

Whilst in any given region of the world there 
are minority ethnic groups that have dispropor
tionately high prevalence of diabetes compared 
to both the relevant traditional population and 
the host population, it is important to also con
sider that in some regions of the world there are 
indigenous or native populations, for example 

the Aborigines of Australia and the Native 
Indians of North America, who may not be defi
ned as ‘minority ethnic groups’ but who are 
minority populations at very high risk of diabetes 
and therefore should be a target for prevention 
strategies.

8.1.2 Epidemiology

Within the United States (US), African‐
Americans, Hispanics and Asian Americans are 
the minority ethnic groups of most importance 
when considering diabetes prevalence. Data 
from the National Health Interview Survey 
(NHIS, 2007–2009) are listed in Table 8.1.1 and 

Epidemiology, aetiology and pathogenesis 
of diabetes in ethnic groups
Louise Goff
King’s College London, London, UK

Chapter 8.1

2007–2009 NHIS data for people aged 20 years or 
older, adjusted for population age differences.

Ethnic group
Diabetes 
prevalence (%)

Non‐Hispanic white 7.1

Asian American 8.4

Hispanic 11.8

Cubans and Central & 
South American

7.6

Mexican American 13.3

Puerto Rican 13.8

Non‐Hispanic black 12.6

Table 8.1.1 Diabetes prevalence, by ethnicity, 
in the United States
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show the prevalence of diabetes (types 1 and 2 
combined) amongst the main minority ethnic 
groups of the US, adjusted for age differences 
[3]. When compared to non‐Hispanic white 
adults, the risk of diagnosed diabetes was 18% 
higher among Asian Americans, 66% higher 
among Hispanics, and 77% higher among non‐
Hispanic blacks, driven predominantly by the 
high prevalence of type 2 diabetes in these com
munities [3]. The Strong Heart Study assessed 
the prevalence of diabetes and impaired glucose 
tolerance amongst native American Indian tribes 
from three geographical locations and reported 
age‐standardized diabetes prevalence of 44 and 
54% for men and women, respectively [4].

In the United Kingdom (UK), data from the 
2004 ‘Health Survey for England: the health of 
minority ethnic groups’ provides information on 
the prevalence of diabetes amongst important 
minority ethnic groups of the UK [5]. In all eth
nic groups, diabetes prevalence is highest in the 
55 years+ age group; the prevalence rates can be 
seen in Figure 8.1.1. As in the US, Black African 
and Caribbean and South Asian communities 
show higher prevalence, and although the preva
lence appears higher in the UK compared to the 
US, this is likely due to the older age of the pop
ulation in the UK data.

In Australasia, minority ethnic groups with 
a particularly high prevalence of diabetes 
include those from the Pacific Islands (e.g. 
Tonga, Samoa, Fiji), Singapore, Pakistan, 
India, the Philippines and Sri Lanka [6,7], 
although it is acknowledged that African and 
Middle Eastern communities are becoming 
increasingly important. The prevalence of dia
betes amongst the indigenous groups of 
Aborigines and Torres Strait Islanders has 
been reported as 8.9 and 45.2% for male and 
female Aborigines, respectively, and 34.2 and 
41.8% for male and female Torres Strait 
Islanders, respectively [8].

Type 2 diabetes is increasingly recognized in 
childhood and, similarly to adult prevalence, 
children from ethnic minority groups experience 
significantly higher risks of developing type 2 
diabetes than do children of White‐European 
ancestry. Data from the UK have estimated the 
relative risk of type 2 diabetes in South Asian 
children is 14 times greater than in White‐
European children [9], which may be driven by 
higher body fat and central fat accumulation 
[10]. Recent data from the US SEARCH for 
Diabetes in Youth study has demonstrated a 
30.5% increase in type 2 diabetes prevalence 
amongst 10–19 year olds between 2001 and 
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Figure 8.1.1 Prevalence of doctor‐diagnosed diabetes, by sex, within minority ethnic groups aged 55 years and over
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2009, driven predominantly by high rates amongst 
ethnic minority children: in 2009 the prevalence 
of type 2 diabetes was highest amongst American 
Indian youth (1.20 per 1000), followed by Black 
youth (1.06 per 1000), Hispanic youth (0.79 per 
1000), with lowest rates amongst White American 
youth (0.17 per 1000) [11]. Native American 
Indian children are also recognized for dispro
portionately high rates of type 2 diabetes [12].

Whilst much of the literature focuses on type 2 
diabetes amongst ethnic minority groups, there 
are other types of diabetes that are particu
larly prevalent amongst specific ethnic groups, 
for example atypical ketosis prone diabetes 
(AKPD). AKPD, also known as Flatbush diabe
tes and ketosis‐prone type 2 diabetes, was origi
nally described by Winter et al. [13] amongst 
African‐American patients who presented with 
diabetic ketoacidosis but subsequently resem
ble the progression of type 2 diabetes (i.e. spon
taneous remission requiring discontinuation of 
insulin therapy within a few weeks). This pres
entation has mainly been reported in people of 
African ancestry but also in Chinese [14], 
Japanese [15] and South Asian patients [16]. 
The natural course of AKPD is distinct from 
either type 1 diabetes or type 2 diabetes, how
ever, its pathogenesis is poorly understood.

8.1.3 Aetiology

The identification of ethnic patterns of health 
and disease has led to a wealth of research 
exploring the genetic and environmental or  
lifestyle factors that may be responsible. 
Epidemiological evidence, recognizing differ
ent rates of disease within an ethnic group 
 living in different countries (migration), shows 
that the prevalence of diabetes is influenced by 
environmental factors. For example, Asian‐
Indians  living in rural areas of India have a 
prevalence of diabetes of about 2%. Asian‐
Indians living in urban India have a prevalence 
of diabetes of about 8%. Asian‐Indians migrated 
to the UK or other westernized countries, such 
as Singapore, have about four times higher 
prevalence of diabetes compared to those living 
in India [17,18]. Similarly African‐Americans 

have been shown to have a prevalence of dia
betes at least 12 times greater than that observed 
among native African blacks (12 and 1%, 
respectively) [19–22].

Migration studies have been important in 
identifying, in more detail, the impact of west
ernization on diabetes development; the Pima 
Indian studies are the most frequently cited of 
these. The Pima Indians of Arizona have the 
highest reported worldwide prevalence of type 
2 diabetes [23]. Ravussin et al. [24] compared 
the prevalence of type 2 diabetes in Pima 
Indians living in Arizona to members of a popu
lation of Pima ancestry living in rural Mexico; 
the two genetically related populations had very 
different prevalence of diabetes. The Pima 
Indians living in Mexico were found to have a 
prevalence of 6 and 11%, for men and women, 
respectively, as compared to the frequency of 54 
and 37% reported in the Pima Indians living in 
Arizona [24]. Investigations of the environ
mental factors that may be responsible for this 
markedly different prevalence between two 
populations who share the same genetic back
ground have recognized parallel differences in 
obesity and body fat accumulation (including 
central obesity) between these traditional and 
migrant communities [25] and propose that they 
are a product of significantly reduced physical 
activity [26] and higher fat diets amongst the 
US Pimas than the Mexican group [27]: features 
of ‘Westernization’. These studies and others 
[28] provide compelling evidence that changes 
in lifestyle associated with Westernization 
play a major role in the development of type 2 
diabetes.

Epidemiological studies performed in North 
America, Europe and Australia have identified 
that ethnic minority groups (South Asian, Black 
African, Chinese) experience a higher risk of 
diabetes at lower levels of obesity than Whites 
[29–31]. This suggests that conventional clinical 
definitions for obesity that were derived from 
populations of White European descent (BMI 
≥30 kg/m2; waist circumference ≥88 cm in 
women and ≥102 cm in men) may not be 
 appropriate for identifying diabetes risk in non‐
white groups. In response the World Health 
Organization (WHO) and International Diabetes 
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Federation (IDF) have proposed Asian specific 
thresholds in which overweight is defined as a 
BMI >23 kg/m2 and obesity >27.5 kg/m2, with 
waist circumference cut‐offs of 80 cm for Asian 
women and 90 cm for Asian men [32,33]. At the 
time of publication there were insufficient data 
to derive specific cut‐offs for Black men and 
women and European thresholds were recom
mended for use in these communities. In recent 
data from the UK Biobank, Ntuk et al. have 
demonstrated that compared to White men and 
women with a BMI of 30 kg/m2, diabetes preva
lence was equivalent in Black men and women 
with a BMI of 26 kg/m2 [34].

Figure 8.1.2 summarizes the different preva
lence of diabetes within the same ethnic group 
under different environmental conditions. The 
process of urbanization/westernization is clearly 
associated with a progressive increase in the prev
alence of type 2 diabetes across all ethnic groups. 
However, there are differences in the reported 
prevalence of diabetes among various ethnic 
groups, suggesting that there is an ethnic suscep
tibility to diabetes. Epidemiological obser vations 
conducted in multi‐ethnic populations highlight a 
different predisposition of various ethnic groups 
to develop diabetes when exposed to similar envi
ronmental challenges (Figure 8.1.3).

8.1.4 Pathogenesis

The pathogenesis of type 2 diabetes involves 
both insufficient insulin secretion and tissue 
insulin resistance. It was originally proposed that 
the principal abnormality in the development of 
type 2 diabetes was that of insulin resistance. 
This resistance would subsequently lead to 
hypersecretion of insulin in order to maintain 
normoglycaemia and only when the β‐cells 
failed to secrete sufficient insulin to counteract 
the tissue resistance would hyperglycaemia 
result. However, it is now evident that there is a 
large variation in the relationship between insu
lin sensitivity and insulin secretion. A given indi
vidual may be severely insulin resistant but 
maintain normal glucose tolerance if β‐cell 
secretory capacity matches the degree of insulin 
resistance. On the other hand, an individual may 
have a low β‐cell secretory functional capacity 
but maintain normoglycaemia if insulin sensitiv
ity is maintained to match the low β‐cell func
tion. The predominant mechanism leading to 
impaired glucose tolerance and diabetes appears 
to differ between different ethnicities. Whilst 
insulin resistance and β‐cell dysfunction charac
terize the development of type 2 diabetes in Pima 
Indians [35], it is interesting to note that people 
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of African ancestry with diabetes have been 
reported to have relatively low rates of insulin 
resistance. Banerji and Lebovitz demonstrated 
that 50% of African‐American patients with dia
betes were insulin sensitive and the predominant 
mechanism leading to hyperglycaemia appeared 
to be β‐cell dysfunction [36]. A number of stud
ies in non‐diabetic children and adults of African 
ancestry support these findings of hyperinsulinae
mia. In the UKPDS study, South Asian diabetic 
patients were shown to be  the most insulin‐
resistant  ethnic group,  compared to white‐
European and black African‐Caribbean [37].

Insulin resistance is associated with the devel
opment of a clustering of metabolic abnormali
ties, now termed metabolic syndrome, which 
includes hyperinsulinaemia, increased plasma 
very low density lipoprotein (VLDL), triglycer
ide and small dense low density lipoprotein 
(LDL) and low high‐density lipoprotein (HDL)
concentrations, increased clotting activity (PAI‐1) 
and hypertension as well as dysglycaemia [38]. 
These abnormalities contribute to the high preva
lence of cardiovascular disease (CVD) in meta
bolic syndrome and type 2 diabetes [39,40]. 
South Asian and Hispanic populations commonly 
exhibit multiple features of the metabolic syn
drome in the pre‐diabetic and diabetic state, how
ever, African ancestry groups have a different 
presentation: whilst they are characteristically 

insulin resistant [41–45], they develop marked 
and early hypertension [44], with a cardioprotec
tive lipid  profile (low total and LDL‐cholesterol, 
high HDL‐cholesterol and low triglycerides) 
[41,45]. They do have high rates of CVD, at least 
in the diaspora [46] but their outcomes are differ
ent, with lower rates of myocardial infarction but 
high rates of stroke (and renal  failure) [47–49] 
relating to their hypertension [44]. It must be 
noted that, in the US, a changing  mortality profile 
in African‐American populations is already evi
dent with increasing levels of myocardial infarc
tion in younger populations [50], a marker of 
advanced ‘Westernization’.

Studies performed in a number of ethnic 
groups have shown that increasing body fat con
tent is linearly and inversely related to insulin 
resistance [51–53], however, only 50% of the 
variability of insulin sensitivity is explained by 
obesity. It is now accepted that fat distribution, 
particularly abdominal/visceral fat, is a more 
sensitive predictor of insulin sensitivity than 
BMI. Several studies have demonstrated that 
when fat is distributed preferentially in the vis
ceral area, insulin‐mediated glucose disposal is 
reduced, independent of overall degree of 
 adiposity [51–53]. Ethnic groups such as 
Hispanics and South Asians are more prone to 
developing visceral obesity and have more insu
lin resistance than African‐ancestry groups or 
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white‐Europeans, who develop less visceral obe
sity for a similar BMI. Lovejoy et al. assessed 
visceral fat accumulation in a group of African‐
American and European‐American women, 
matched for BMI and age, and showed that the 
African‐American women had significantly less 
visceral fat than the European‐American women, 
even though they were markedly more insulin 
resistant [54]. Such differences persisted after 
weight gain [55] and weight loss [56] and, fur
thermore, these differences have been recog
nized in African‐American youths, indicating 
that these differences manifest early in life [57].

Ectopic fat is defined by the deposition of tri
glycerides within cells of non‐adipose tissue that 
normally contain only small amounts of fat. 
Visceral fat has been the most widely researched 
ectopic fat depot but other depots of importance 
include the liver (intrahepatocellular lipid, 
IHCL), muscle (intramyocellular lipid, IMCL) 
and pancreatic cells. These are believed to be 
important in the development of insulin resist
ance [58], however, ethnicity specific patterns 
have not been well investigated. In European 
populations, IMCL has been shown to be con
sistently correlated with measures of insulin 
resistance; studies in South Asian populations 
have consistently shown elevated IMCL [59,60] 
and IHCL [61,62]. Ingram et al. have assessed 
IMCL in individuals of European and African 
ancestry and recognized that in people of African 
ancestry IMCL varies in a manner that is inde
pendent of insulin resistance [63]. Giday et al. 
report lower prevalence of hepatic steatosis 
in  African‐Americans compared with Euro‐
Americans, with Hispanics having markedly 
higher prevalence than any other group [64]. 
These findings of lower IHCL accumulation in 
African‐American people are likely explained 
by the lower visceral fat accumulation that is 
observed. Overall, studies of ectopic fat accu
mulation show that these features identify a sub
set of individuals at increased risk of type 2 
diabetes and CVD, although these relationships 
are affected by ethnicity. Data from across dif
ferent ethnicities highlight differences in the 
pathogenesis of insulin resistance. Importantly, 
while IMCL and IHCL accumulation is linked to 
insulin resistance in European, South Asian and 

Hispanic groups, studies of people of African 
ancestry indicate that ectopic fat is not an indis
pensable feature of insulin resistance in these 
populations.

8.1.5 Conclusion

Migrant populations across the world exhibit 
remarkably high prevalance of type 2 diabetes 
that appears to be associated with an underlying 
genetic predisposition coupled with adoption of 
‘Westernized’ lifestyles. The mechanisms by 
which diabetes develops in minority ethnic 
groups is not well understood and much work is 
needed. However, we know that South Asian and 
Hispanic groups develop visceral obesity and 
insulin resistance, which is accompanied by a 
detrimental lipid profile, whilst diabetes in peo
ple of African ancestry appears to be more 
strongly driven by β‐cell exhaustion following 
prolonged hyperinsulinaemia and is accompa
nied by a cardioprotective lipid profile but 
marked hypertension.

Key points

 • Ethnic minority populations are 
disproportionately affected by type 2 diabetes.

 • Changes in lifestyle associated with 
‘Westernization’ (e.g. sedentariness, excess 
energy, fat and sugar intakes) play a major 
role in the development of type 2 diabetes in 
migrant populations.

 • Diabetes risk occurs at lower levels of adiposity 
(body mass index) in ethnic minority populations.

 • The predominant pathological mechanism 
leading to impaired glucose tolerance and 
diabetes appears to differ between ethnic 
groups; insulin resistance drives diabetes 
development in South Asian communities 
whilst β‐cell dysfunction appears to be more 
important in African ancestry groups.

 • The metabolic syndrome presents classically 
in South Asian populations but atypically in 
African populations, in which lower levels 
of central adiposity are seen alongside lower 
triglycerides and higher HDL‐cholesterol.

 • Ectopic fat accumulation, principally liver, muscle 
and pancreatic fat, show ethnic specific patterns.
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8.2.1 Introduction

The worldwide explosion in the number of peo-
ple with diabetes continues with total numbers 
projected to increase from 171 million in 2000 
to 366 million in 2030 [1]. South Asians 
(Indian, Pakistani, Bangladeshi and Sri Lankan 
descent) have particularly high rates of type 2 
diabetes with India alone containing 32 million 
of the 285 million cases estimated worldwide 
in 2010 [2].

Much of our current knowledge is based on 
traditional classification of diabetes into type 1 
and type 2 diabetes, and the evidence base for 
clinical management is primarily centred on 
Caucasian populations of European descent. As 
the above epidemiological projections indicate, 
management of diabetes in other ethnic groups 
is increasing in importance. Different ethnic 
groups have atypical forms of diabetes, present 
in varying ways and have different rates of 
complications.

This chapter will focus on the presentation 
and clinical management of various aspects of 
diabetes, and review the current evidence base.

8.2.2 Classification and 
atypical presentation

Standard classification of diabetes into type 1, 
an autoimmune driven insulin‐deficient state 
that often presents as an emergency, and type 2, 

a predominantly insulin‐resistant state that often 
presents incidentally or with chronic symptoms, 
is likely to be inadequate. The most recent 
American Diabetes Association (ADA) classifi-
cation, which also includes gestational diabetes 
and diabetes secondary to other medication con-
ditions, identifies idiopathic diabetes as a sub‐
group of type 1 but otherwise there is little 
formal recognition of atypical presentations in 
different ethnic groups [3].

From the 1950s there have been reports of 
patients of African or African‐Caribbean origin 
presenting acutely with hyperglycaemic symp-
toms, weight loss, evidence of ketosis or frank 
diabetic ketoacidosis (DKA) [4]. They are 
treated with insulin but unlike in classical type 1 
diabetes, patients are able to discontinue insulin 
a few months after the acute episode and can 
remain on diet or minimal oral hypoglycaemics 
for many years before relapsing [5]. These 
patients have been described with various syno-
nyms from different centres, including ‘periodic 
insulin deficiency’, ‘flatbush diabetes’, ‘atypi-
cal ketosis prone diabetes’ and ‘idiopathic type 
1 diabetes’ and ‘ketosis‐prone type 2 diabetes’ 
[5–7]. The term atypical ketosis prone diabetes 
(AKPD) will be used for the remainder of this 
chapter.

Patients with AKPD are usually obese, aged 
over 40, autoantibody negative and of Black 
African or African-Caribbean origin [5]. However 
this phenomenon has been described in other 
ethnic groups including Caucasian [8], Pakistani 
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[9], Hispanic [10], Native American [11] and 
Chinese patients [12]. Table 8.2.1 shows some of 
the studies in AKPD in different ethnic groups. 
Patients can  remain in near normoglycaemic 
remission for many years before relapse to insu-
lin  dependence, which may be permanent or, 
again, temporary [5].

In stark contrast to AKPD, another atypical 
presentation is patients with a lean, ketosis 
resistant phenotype. Patients are typically very 
lean, with a history of previous malnutrition and 
usually under 30 years of age. Other typical fea-
tures are shown in Box 8.2.1. They present with 
marked hyperglycaemia, catabolic symptoms 
and yet do not develop significant ketosis or 
DKA. They improve with insulin therapy but 
then can remain off insulin therapy for many 
years. They have relapses with hyperglycaemia 
but, unlike type 1 diabetes, do not develop DKA. 
Patients with this clinical syndrome present from 
parts of Asia [13] and Africa [14]. This syndrome 
also has a long history and was described under 
a different name – ‘protein deficient pancreatic 
diabetes’ – which originally was a sub‐category 
of ‘malnutrition‐related diabetes’ [15]. This term 
was later discontinued and there only now 
remains the term ‘fibrocalculous pancreatic dia-
betes’ within the WHO classification. This is 
likely to refer to a different clinical entity – these 
patients have chronic calculous pancreatopathy, 
exocrine pancreatic deficiency and abdominal 
pain – but there are some overlapping features 
with lean, ketosis resistant diabetes. It has also 
been named tropical diabetes, J type, ketosis 

resistant diabetes of the young and malnutrition 
modulated diabetes [16].

Recent data from Ethiopia confirm that there 
are a large number of patients with diabetes, 
often needing insulin but surviving without 
insulin for long periods and who are slim (body 
mass index (BMI) around 20 kg/m2), show a 
male preponderance and 61% have low fasting 
c‐peptide and 35% positive glutamic acid decar-
boxylase (GAD) antibodies [17]. This was also 
seen in another large survey in Ethiopia show-
ing large numbers of insulin‐treated patients 
with low BMI and from poor socio‐economic 
background [14]. Large numbers of malnutrition‐
related diabetes have also been reported in 
Korea and India, with differing associations 
with islet cell antibodies and human leukocyte 
antigen (HLA) genes typical of type 1 diabetes 
[18,19].

Box 8.2.1 Clinical features of lean ketosis 
resistant phenotype

Aged < 30 years
Features of pancreatic exocrine insufficiency
Lean or underweight at presentation
Malnourished or previous history of malnutrition
Low socio‐economic status
Absence of ketones at presentation or after insulin 

withdrawal
Some populations have increased frequency of 

type 1 diabetes associated human leukocyte 
antigen (HLA)

Usually lower frequency of islet cell 
autoantibodies than seen in type 1 diabetes.

Year Authors Ethnic group
No. of 
patients % of cohort

Follow 
up

1995 Aizawa et al. Japanese  5 Case series 2.8 years

1997 Wilson et al. Apache Indian 17 2% (724 type 2 pts) None

1997 Pinhas‐Hamiel et al. African‐American 12 17% (70 type 2 pts) 2 years

1999 Balasubramanyam et al. Hispanic/African‐
American/white

55 39% (114 DKA pts) None

2000 Tan et al. Chinese 11 Case series None

2000 Pitteloud et al. White  7 16% (43 DKA pts) None

2004 Jabber et al. Pakistani 57 50% (114 DKA pts) None

Table 8.2.1 Retrospective studies in atypical ketosis prone diabetes in different ethnic groups

DKA: diabetic ketoacidosis.
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The clinical management of these patients is 
often dependent on resources. Patients are 
treated with insulin when available but can 
remain off any treatment for long periods of 
time. The pathophysiology is unclear but, as 
mentioned above, many have evidence of auto-
immunity and a background of chronic under‐
nutrition can lead to this particular phenotype.

8.2.3 Assessing glycaemic 
control

Glycated haemoglobin (HbA1c) is the universal 
method for the assessment of glycaemic control 
in diabetic patients. More recently, HbA1c has 
been recommended as a diagnostic test for dia-
betes [20]. However, there is ongoing debate 
about the interpretation of HbA1c values 
amongst patients of African-Caribbean and 
South Asian ethnicity and the possible need for 
ethnic specific targets and cut points [21,22]. 
African-Caribbean and South Asian people are 
known to have higher HbA1c values than White 
Caucasian people in both normal and hypergly-
caemic states [23,24]. It is unclear whether these 
disparities stem from  ethnic differences in fasting 
or post‐load glycaemia, the tendency of haemo-
globin to undergo glycation, erythrocyte turno-
ver or erythrocyte permeability to glucose [22].

8.2.4 Glycaemic control 
management

The United Kingdom (UK) is an increasingly 
multi‐ethnic society, and the UK Prospective 
Diabetes Study (UKPDS) provides useful evi-
dence of ethnic diversity with regards to diabetes 
risk factors and outcomes [25]. This was a large 
cohort study that randomised over 5000 newly 
diagnosed type 2 diabetic patients to intensive 
glycaemic control over standard care. The eth-
nicity breakdown in the study was 82% white 
Caucasian, 10% (South Asian including Indian, 
Pakistani, Bangladeshi and Sri‐Lankan) and 8% 
African-Caribbean.

At diagnosis African-Caribbean patients had a 
higher fasting plasma glucose and HbA1c than 

white Caucasian and South Asian patients. Of 
interest, South Asian patients were more insulin 
resistant than white Caucasian patients, and 
African-Caribbeans were more insulin deficient 
(measured by HOMA %S and %B). These find-
ings have been replicated by other studies in 
type 2 diabetes [26,27]. Recent data from a study 
of a large multi‐ethnic cohort in North‐West 
London followed over 20 years (the SABRE 
study) have confirmed that insulin resistance and 
truncal obesity increase the incidence of diabe-
tes by two‐fold in South Asian and African-
Caribbean women, but did not account for the 
increased incidence in men – it may be that 
ectopic fat outside the abdomen and other 
unknown factors are more relevant in men [28].

In the UKPDS, progressive worsening in gly-
caemic control over nine years was similar in all 
three groups, suggesting that, despite the initial 
group differences in insulin physiology, ethnic-
ity did not play a large role in determining gly-
caemic progression [29]. An early analysis of the 
UKPDS data suggested that African-Caribbean 
patients  benefited more with metformin, but this 
was not borne out in the final analysis after adjust-
ment for confounders [30]. Hence, although initial 
ethnic differences are noted, current guidelines on 
glycaemic control management are not different 
between ethnic groups.

Indeed, the most recent American Diabetes 
Association (ADA)/ European Association for 
the Study of Diabetes (EASD) guidelines sug-
gest metformin and lifestyle measures for all 
patients with type 2 diabetes as the first‐line, 
regardless of race, ethnicity or gender [31]. After 
metformin, the guidelines suggest that a number of 
anti‐hyperglycaemic agents can be considered – 
including sulfonylureas, thiazolidinediones, gliptins 
and glucagon‐like‐peptide 1 (GLP‐1) therapies. 
The choice of agent should involve a patient‐
centred approach and take into account weight 
gain and the risk of hypoglycaemia.

There are some small studies suggesting the 
benefit of thiazolidinediones in South Asian 
patients, but many are observational and no clear 
recommendations can be made [32]. Similar to 
insulin physiology, there are likely to be subtle 
differences in incretin response to a glucose 
load. One study suggests that African Americans 
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have higher fasted GLP‐1 and a larger GLP‐1 
response to glucose than white Caucasians [33]. 
Ethnic minorities are represented in the newer 
drug trials, but none are adequately powered 
or  designed to answer whether any particular 
 ethnic group is better suited to any particular 
therapy.

We know from the progressive nature of type 
2 diabetes that many patients will eventually 
need insulin therapy. An interesting small sub‐
group analysis of the Veterans Affairs 
Cooperative Study in Type 2 Diabetes Mellitus 
(VA CSDM) showed that African Americans 
responded better to intensive therapy with 
 insulin, than non‐African Americans despite 
correcting for baseline characteristics and 
other  confounders [34]. Nevertheless, African 
Americans tend to have worse outcomes, self‐
monitoring and glycaemic control, as well as 
significant cultural barriers to insulin therapy 
and poor adherence [35].

8.2.5 Clinical management 
of complications

Retinopathy

Diabetic retinopathy is the most common micro-
vascular complication and still remains the lead-
ing cause of blindness in the working‐age 
population in Western countries [36]. It is caused 
by prolonged exposure to poorly controlled diabe-
tes, particularly glycaemic control, and damages 
the microvasculature of the retina. The prevalence 
of diabetic retinopathy (DR) is decreasing in 
developed countries, secondary to improved 
screening and surveillance and probably effective 
multiple risk factor modification [37].

In type 1 diabetes the prevalence of DR world-
wide ranges from 10 to 15%. Type 1 diabetes 
remains a predominantly white northern 
European condition, but data from other non‐
white dominated countries are limited. 
Comparison of the prevalence of DR between 
countries is hampered by different methods of 
screening and recording health outcomes. The 
EURODIAB study showed prevalence ranged 
from 25 to 60% in 16 European countries, 
whereas the Asian Young Diabetes Research 

(ASDIAB) found prevalence of 5.3–15.1% in a 
young type 1 population in four Asian countries 
[38,39]. However, the absolute numbers of peo-
ple with type 1 diabetes were small in this study. 
Cross‐sectional data have not shown any differ-
ence in prevalence of DR between South Asians, 
African-Caribbeans and white Caucasians type 
with 1 diabetes in the United States (US), South 
Africa or Brazil when corrected for glycaemic 
control and duration of diabetes [40].

The Diabetes Control and Complications 
Trial (DCCT) compared conventional with 
intensive therapy in type 1 diabetes on the inci-
dence of microvascular and macrovascular com-
plications and showed that intensive therapy, 
particularly during the first five years of therapy, 
can reduce the rates of retinopathy [41]. Another 
risk factor is blood pressure, and control of 
blood pressure, particularly with angiotensin 
converting enzyme (ACE) inhibition or angio-
tensin receptor blockade (ARB) therapies have 
been shown to be beneficial [42]. Again, these 
data contain small numbers of ethnic minority 
patients, and hence the effectiveness of glycae-
mic control and blood pressure control in these 
groups must be extrapolated. High salt and 
energy intake are a risk factor for DR progres-
sion in African-Caribbean patients, however, 
whilst other factors, such as BMI and smoking, 
are common to all ethnic groups [43].

Therefore, in type 1 diabetes there are varia-
tions in DR prevalence worldwide, which gener-
ally reflect prevalence of type 1, but other factors 
such as socio‐economic circumstances may play 
a role.

In type 2 diabetes, consistent reports show an 
overall prevalence of DR of around 40% in 
Europe [44]. There are more multi‐ethnic data 
available, and there are consistent data showing 
an increased prevalence of DR in South Asian 
in the UK compared to white patients [45], and 
UKPDS showed that 17.5% of South Asians 
have DR at diagnosis compared to 7.9% in 
whites [46]. There are also data from the US 
suggesting that African American and Hispanic 
populations have higher rates of DR compared 
to non‐Hispanic whites [47]. However, access 
to healthcare in the US is inconsistent and 
patients may present late with increased  severity 
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of DR. By contrast, the prevalence of DR 
appears to be lower in India (around 20%) and 
5–7% at diagnosis. There are also wide varia-
tions in retinopathy in mainland China, Taiwan, 
the Middle East, sub‐Saharan Africa and 
Australasia. As with type 1 diabetes, these vari-
ations can be partially explained by different 
healthcare systems and different screening pro-
grammes, but variable insulin sensitivity and 
retinal vascular calibre are also potential 
factors.

Neuropathy and diabetic foot 
ulceration

Peripheral neuropathy is the most important 
contributor to diabetic foot ulceration, and yet 
the data on ethnicity and neuropathy have been 
limited until recently. The UKPDS and data 
from our group suggest that South Asians and 
African-Caribbeans have less neuropathy at 
diagnosis compared with white Caucasians 
[25,48]. More recent data from the UK con-
firmed that South Asian patients with type 2 dia-
betes have less large and small fibre neuropathy 
than white Caucasians, although this may, in 
part, be due to lower smoking rates and improved 
tissue oxygenation independent of smoking 
[44]. However, a large observational study from 
the same group showed that despite lower neu-
ropathy in South Asians (14%) compared with 
white Caucasians (22%) and African-Caribbeans 
(21%), South Asians had significantly higher 
rates of painful diabetic neuropathy symptoms, 
regardless of neurological deficit [49].

Diabetic foot ulcer disease is also less prev-
alent in South Asians (1.8%) and African-
Caribbeans (2.7%) compared to white 
Caucasians (5.5%) after adjusting for age [5]. 
In South Asians, reduced rates of peripheral 
arterial disease, neuropathy, foot deformities 
and lower insulin usage all contributed to less 
diabetic foot ulceration. Reduced neuropathy 
was the most significant protective factor for 
African-Caribbeans, although they also had 
less foot deformities than white Caucasians. 
Interestingly, abnormal vibration perception 
(utilising large Aβ fibres) was a particular risk 
factor for diabetic foot ulceration for all 

 ethnicities, but more significantly for South 
Asians and African-Caribbeans [50].

The aetiology behind reduced neuropathy in 
South Asians is unclear. Traditional risk factors 
such as hyperglycaemia and dyslipidaemia are 
similar to their European counterparts [51], and 
although smoking and alcohol rates were lower 
in South Asians, statistically this does not 
account for the lower neuropathy rate, but does 
contribute to reduced amputation rates [52].

Nephropathy

UKPDS analysis showed that South Asians 
were twice as likely to develop micro‐
albuminuria , macro‐albuminuria and doubling 
of serum creatinine, compared with European 
counterparts, independent of blood pressure, 
and this has been confirmed by several other 
studies [53]. UK and US data on African-
Caribbeans and African Americans show that 
the risk of end‐stage renal failure secondary to 
diabetes is six times higher than in white 
Caucasian patients [54].

Again, the reasons behind renal impair-
ment in South Asians or excess renal replace-
ment therapy in African-Caribbeans/African 
Americans remain unclear. Access to renal 
replacement therapy may be improved in 
African-Caribbeans in the UK due to living in 
inner city areas where referral to specialist 
centres takes place, but the contrary may be 
true of African Americans in the US where 
access to health care may be restricted.

Macrovascular disease

Blood pressure is lower in South Asians at 
 diagnosis compared to white Caucasians and  
African-Caribbeans, whereas African-Caribbeans 
have higher diastolic blood pressure than 
white  Caucasians and evidence of left ven-
tricular hypertrophy on electro‐cardiogram (a 
marker of end‐organ damage from hypertension) 
[25], but not all groups have found this [55]. 
Plasma lipid profiles are similar in white 
Caucasian and South Asian patients with type 2 
diabetes at diagnosis whereas African-Caribbean 
patients have higher high‐density lipoprotein 
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(HDL) cholesterol and lower plasma triglycer-
ides [25]. This is corroborated by other groups 
and may be secondary to lower truncal obesity 
and greater insulin sensitivity in African-
Caribbean patients compared with white 
Caucasians [55].

A recent analysis of long‐term vascular out-
comes in the UKPDS cohort has demonstrated 
significantly lower myocardial infarction rates in 
African-Caribbean patients with type 2 diabetes 
compared to South Asians and white Caucasians 
[56] that corroborates earlier reports of such pat-
terns [55,57]. Furthermore, a population study of 
African-Caribbean, Hispanics and Chinese found 
lower coronary calcification in African-
Caribbeans after adjustment for confounders 
[58]. US population studies have also found 
increased rates of stroke in patients of Black or 
Hispanic origin compared with white Caucasians 
[59], which is also true of African-Caribbean 
patients in the UK [56]. There are also data sug-
gesting increased cerebral small vessel disease in 
Black patients with stroke [60]. In contrast, rates 
of peripheral vascular disease are markedly lower 
in both African-Caribbeans and South Asian 
patients compared to white Caucasians [56].

The aetiology of these differences is not 
known. Genetic, cultural or lifestyle factors 
may influence the racial disparities in macro-
vascular outcomes but other vascular biomark-
ers, such as C‐reactive protein, fibrinogen, 
lipoprotein (a) and homocysteine could be 
important [61].

There is a perception that African-Caribbean 
patients have low plasma renin activity, and 
hence derive less benefit from blockade of the 
renin‐angiotensin‐aldosterone system [62]. 
However, most trials are underpowered to clearly 
confirm benefits of ARB and in diabetic patients 
use of ARB or ACE inhibitors remains the first 
line for the treatment of hypertension, regardless 
of  ethnicity [63].

8.2.6 Summary

Presentation with atypical forms of diabetes is 
more common in certain ethnic groups, and the 
early clinical management may be very different 

to conventional management. By contrast, gly-
caemic control and progression of type 2 diabe-
tes appears to be similar amongst all ethnic 
groups and management is not specific to eth-
nicity. Also, although there are few data in type 
1 diabetes, there is currently little to suggest 
 different clinical progression between ethnic 
groups. However, in both type 1 and type 2 dia-
betes differences in genetic, social, economic 
and cultural circumstances, as well as differing 
access to healthcare, will impact on clinical 
management.

There is considerable disparity in the preva-
lence of various complications amongst differ-
ent ethnic groups, but as most clinical trials have 
not been powered to examine this, the recom-
mended clinical management remains the same 
as for their European counterparts.

In conclusion, clinicians should be aware of 
the potential differences between ethnic groups 
in the presentation and complications of diabetes 
when determining clinical management.

Key points

 • Rates of type 2 diabetes are disproportionately 
high in ethnic minority groups.

 • Atypical forms of diabetes, such as atypical 
ketosis prone diabetes, present more commonly 
in ethnic minority groups.

 • HbA1c values are higher in South Asian and 
African‐Caribbean groups but at present there 
are no ethnic specific diagnostic cut‐offs for 
HbA1c.

 • There is only limited evidence for ethnic 
specific approaches to the management of 
glycaemia and at present no ethnic specific 
guidelines.

 • Ethnic patterns in microvascular complications 
are recognised; diabetic retinopathy and 
nephropathy is more common in ethnic 
minority patients but neuropathy is less 
common.

 • Ethnic patterns in macrovascular disease are 
recognised; hypertension and stroke are more 
common amongst patients of African ancestry, 
whilst myocardial infarction rates are low in 
these patients. Peripheral vascular disease rates 
are low in African‐Caribbean and South Asian 
patients.
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8.3.1 Introduction

Lifestyle intervention forms the cornerstone of 
diabetes management. Patients of all ethnicities 
often find it difficult to change their lifestyle in 
response to a diagnosis of a chronic disease, but 
environmental, economic and personal barriers, 
all of which impede the ability to make lifestyle 
change, are often greater in minority groups who 
have a higher burden of disease and fewer 
resources [1]. The healthcare professional’s 
awareness of the wider cultural influences dem
onstrates cultural competency [2] that has been 
shown to increase patient satisfaction and adher
ence to healthcare management [3].

8.3.2 Nutritional 
considerations in ethnic 
groups

Traditional lifestyles and 
acculturation

Dietary acculturation is the process by which 
diasporic racial/ethnic groups adopt the dietary 
patterns of the host country [4]. It is associated 
with poor dietary choices over generations, 
including surplus intakes of sweetened bever
ages, animal products, refined, processed and 
energy‐dense foods, and suboptimal intakes of 
pulses and grains, fruits and vegetables [5]. This 
results in excess intakes of energy, fat, saturated 

fat and sugar and low intakes of fibre in younger 
migrant generations [6] and an increased risk of 
chronic disease [7], highlighting an important 
area where healthcare professionals may affect 
the development of health problems among 
minority populations. It is, therefore, important 
for healthcare professionals to be aware of the 
varying levels of acculturation that exist in any 
ethnic minority community.

Overview of traditional diets 
of minority ethnic groups

South asians

The collective term ‘South Asian’ [8] usually 
refers to populations originating from the Indian 
subcontinent, with the main sub‐groups being 
Indians, Pakistanis, Bangladeshis and Sri 
Lankans; significant heterogeneity is recognised 
between these sub‐cultures.

Generally, the basis of a traditional South 
Asian diet is starchy foods, including various 
types of flat breads (e.g. chapatti, roti, naan, pitta 
bread), rice and potatoes; butter and margarines 
may or may not be used liberally on flat breads. 
Flat bread is often eaten with vegetables, includ
ing okra, aubergines, cauliflower, peas prepared 
as curries (many vegetable curries would also 
include potatoes, a further source of starch), 
beans and pulses in the form of dahls and meat 
or fish in a curry. South Asian cuisine is well 
known for the wide range of herbs and spices 
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that are used. Oily, sweet or salty pickles and 
natural yoghurt are commonly served with main 
meals. Fried snacks, such as Bombay mix and 
crisps are commonly consumed. High fat foods, 
including samosas, pakoras and Indian sweets, 
formerly reserved for special occasions, are now 
eaten more frequently as they are widely availa
ble and affordable. Fat intake may be high and 
can be difficult to assess due to traditional cook
ing practices where ingredients are not meas
ured, cooking oil is poured directly from a 
container and butter is added to cooked dahls ad 
libitum [9].

African Caribbean

The traditional Caribbean diet includes large 
portions of highly seasoned vegetable‐based 
soups with stewed meat (goat, lamb and beef), 
chicken and fish (tilapia, saltfish and snapper), 
called ‘one pot meals’. Meals are usually based 
on more than one portion of starchy carbohy
drate (rice, potato, plantain) and there are 
 multiple sources of protein in one meal (pulses, 
meat and fish). Fruit and vegetable consumption 
is high, vegetables are often processed and tropi
cal fruits are eaten in season (mango, papaya, 
 avocado, pineapple, breadfruits). Traditional 
Caribbean diets are high in starchy carbohy
drate, protein and fibre and low in total and satu
rated fat. Migrant communities have been shown 
to commonly adopt host foods and dishes into 
the diet, including take‐away meals, sugar‐
sweetened beverages and confectionary, and to 
reduce their intake of fruit and vegetables, which 
results in an increasing intake of fat and satu
rated fat and reduced starchy carbohydrate and 
fibre intake [10]. Excess sodium intakes in 
migrant diets are related to flavouring dishes 
with salt and the heavy use of pre‐prepared sea
sonings. Snacks that are commonly eaten include 
patties, salt fish fritters and dumplings that are 
fried and high in fat [11].

The traditional African diet contains little var
iation and, similarly to the Caribbean diet, is 
often based on ‘one‐pot’ soups and stews that 
are tomato‐based with added fish or meat and 
are usually cooked with palm oil as the main 
source of fat. The consumption of large portions 

of starchy staples, including maize, cassava,  
fu‐fu (made by boiling cassava or yam and then 
pounding them into a dense dough), rice, yams 
and plantain is also characteristic of the tradi
tional African diet. As with people of Caribbean 
ancestry, the nutritional composition of the diet 
is high in starchy carbohydrate and fibre and low 
in total and saturated fat [12].

Latinos

The traditional Mexican diet is low in fat and 
high in fibre and foods such as corn, tortillas, 
rice and beans are staples [13]. Many Hispanics 
still retain core elements of the traditional diet, 
including a reliance on grains and beans [14]. 
In  the United States, the American Dietetic 
Association and American Diabetes Association 
have conducted studies showing that it is impor
tant for healthcare teams working with these 
communities to assess the level of acculturation 
to mainstream American practices [15]. In recent 
work from the Multiethnic Cohort, Sharma et al. 
have described important foods in the diets of 
American Latino adults demonstrating the impor
tance of ‘Western’ foods, such as sugar‐sweet
ened beverages, beer, potato chips, burgers and 
ice cream [16]. Nutrition education programmes 
aimed at improving the quality of the Hispanic 
diet are  currently based on a combination of 
preserving some elements of the traditional diet 
(including a reliance on beans, rice and tortillas) 
and change in others, such as reduced consump
tion of high fat dairy foods and less use of fat in 
cooking [15].

Chinese descent

This ethnic group includes mainly people from 
China, Taiwan and Hong Kong. There is large 
variation in the traditional diet of people of 
Chinese descent from region to region. In 
Southern China rice is staple, whilst in Northern 
China wheat products (such as noodles), maize 
and corn are commonly consumed as a staple 
food. Communal dining is usual and a Chinese 
main meal consists of rice or Chinese bread plus 
several dishes cooked by different methods and 
using different ingredients to produce a variety 
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of textures and flavours. Chinese dishes often 
have an abundance of green, leafy vegetables 
(e.g. pok choi, and choi sum). Vegetables are 
often quick fried and served with a sweet and 
sour or soy sauce. There is also heavy reliance 
on soya milk and other soya products. Chinese 
food is not highly spiced, but salt and soy sauce 
are used in abundance [17]. Additionally, tradi
tional health remedies are important in these 
 cultures [15].

Specific dietary issues in relation 
to diabetes in ethnic groups

Religion and fasting

Religious laws and practices have a significant 
impact on the diets and eating patterns of some 
ethnic groups and food is an important part of 
many religious festivals and celebrations; it is 
beyond the scope of this chapter to give an over
view of these but such information can be found 
in the Multicultural Handbook of Food, Nutrition 
and Dietetics by Thaker and Barton [18].

Fasting is an important aspect of many reli
gions, particularly Islam, Hinduism, Jainism 
and Buddhism. For example, some members of 
the Hindu community fast regularly throughout 
the year with some fasting once a week. It is 
important to ascertain what ‘fasting’ entails in 
each community, in some groups fasting allows 
or excludes certain foods and food groups, 
whilst for others it involves complete abstinence 
from food [19,20]. The Islamic month of 
Ramadan is one of the longest periods of fast
ing. Ramadan takes place twice a year (in the 
9th month of the Islamic year) and involves 
abstaining from food from dawn to sunset. 
Muslims will rise before sunrise (sehri) to have 
a meal similar to breakfast and break their fast at 
sunset (iftari) with a meal of abundance and 
high sugar/high fat foods. Both meal times and 
meal composition change significantly during 
Ramadan, which has important considerations 
for blood glucose control and medication 
requirements. Educating patients with diabetes 
to prepare for Ramadan and other periods of 
fasting is vital in order to prevent hypoglycae
mia or hyperglycaemia. Patients should be 

advised to consume low  glycaemic index carbo
hydrates (e.g. basmati rice, pitta bread, chapattis 
and daal) to keep their blood glucose levels 
more consistent during their fast. Additionally 
patients should be counselled to minimise the 
amount of sugary and fatty foods (e.g. Indian 
sweets, cakes, samosas, puris) that are con
sumed when they break their fast at sunset. 
There is a range of information available on the 
Diabetes UK website and The Department of 
Health publication of Ramadan Health Guide 
(Communities in Action 2007).

Therapeutic foods, herbal and traditional 
remedies

South Asian cultures commonly practise and 
believe in ayurvedic (traditional) medicine, of 
which food is an important component. 
Particular foods are classified as ‘hot’ (e.g. man
goes and ginger) and ‘cold’ (e.g. potatoes), 
which may be recommended or avoided in cer
tain diseases and circumstances. Sour foods (e.g. 
lemon or taramind) are believed to exacerbate 
joint pain and may be avoided in older genera
tions. Herbal and traditional preparations are 
important in South Asian and East Asian com
munities; some have hypoglycaemic effects 
and  patients may take them on their own or 
in   conjunction with other therapeutic agents. 
Fenugreek seeds contain trigonelline, an alka
loid known to reduce blood glucose levels. South 
Asian patients may take fenugreek preparations 
in many different ways (e.g. as a powder incor
porated into daal or chapattis, or as seeds). 
Kerala (bitter gourd) is commonly consumed in 
the form of a vegetable juice, capsules or eaten 
raw for its hypoglycaemic effects. The active 
components of kerala are thought to be charan
tin, vicine and polypeptide‐p. To have a clinical 
effect kerala needs to be taken on a daily basis, 
but most people eat it on an ad hoc basis, which 
has implications for diabetes control. Other 
 traditional remedies include jamun juice and 
cinnamon. Assessment of the use of these reme
dies is an important part of management of 
patients with diabetes [21].

Caribbean cultures often exhibit a strong 
desire for natural remedies, with a distrust of 
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conventional medicine. ‘Bush teas’ (e.g. ceras
sie, annatto, periwinkle, dandelion, vervine, 
guaco, cashew bark, coconut shell, aloe vera) are 
commonly used amongst Caribbean patients 
with diabetes for their hypoglycaemic effects. 
Hibiscus tea (sorrel) is also commonly con
sumed amongst Caribbean patients for the blood 
pressuring lowering effects it is believed to 
exhibit.

Factors affecting dietary choices

Dietary habits are complex and influenced by 
many factors:

 • Availability and affordability of traditional 
and host foods – traditional foods may not be 
available or may be expensive [22].

 • Income – a low income may restrict food 
choice by limiting selection to cheaper foods 
that are often more energy‐dense and of poor
er quality [23].

 • Food beliefs, such as the concept of ‘hot’ and 
‘cold’ foods, may determine meal structure. A 
balance between the two is considered neces
sary for good health in Chinese, Mexican 
American and South Asian people [23].

 • Generation – older generations are more likely 
to follow traditional diets whilst younger gen
erations may eat more Western foods.

 • Gender roles – meals are usually prepared by 
women in the South Asian cultures and are 
based on family preferences, as the husband 
and children are seen as the priority [19,20].

8.3.3 Cultural barriers to 
lifestyle modifications

Cultural expectations around food can make 
behaviour change challenging. Ethnic minority 
patients often complain about the dietary advice 
they receive, finding the recommended diet 
expensive, lacking taste and traditional foods, 
and recommendations to limit or avoid tradi
tional or preferred foods are challenging for 
patients to adhere to [24]. The importance of the 
family unit and mealtime enjoyment can often 
mean that there is a lack of family support for 
lifestyle change, particularly for females who 

feel that preparing and eating foods that the fam
ily prefer is more important than adhering to 
dietary guidelines for the management of their 
diabetes [25]. This often means that women 
 living with diabetes neglect their own diets or 
spend less time managing their condition and 
lifestyle [25]. Work carried out with United 
Kingdom (UK) Muslim women found there was 
a broad awareness and knowledge of healthy 
eating, however, when attempting to eat healthy 
food, the main obstacles they encountered were 
the cost of goods, limited knowledge of how to 
prepare healthy, yet tasty meals and complex 
social relationships meaning it was the foods 
appearance, price and availability that deter
mined choices about what to eat rather than a 
focus on health [26]. Furthermore, patients from 
minority ethnic groups are likely to seek infor
mation and dietary advice from many informal 
sources, including relatives, other diabetic 
patients, traditional healers, Christian faith heal
ers and herbalists [24] and express a distrust of 
formal healthcare professional advice [27].

The importance of economic barriers in life
style adherence has been recognised. These bar
riers include limited access to healthy foods and 
supermarkets, which shape meal possibilities for 
families, along with food insecurity and insuffi
ciency [1]. Financial constraints also impact on 
adherence to physical activity interventions; 
patients from minority backgrounds often state a 
lack of time, multiple caregiving responsibilities 
and lack of facilities and safe areas for exercise, 
as barriers to taking up physical activity inter
ventions. In addition to financial considerations, 
ethnic minority patients often report a lack of 
information from healthcare professionals 
regarding the benefits of physical activity, per
haps due to language difficulties; family mem
bers inhibiting activity or being overprotective; 
females, in particular, feeling uncomfortable 
exercising alone; belief systems relating to fate 
and a general attitude that sedentariness is a nor
mal part of ageing; a lack of culturally sensitive 
facilities e.g. same gender classes or instructors; 
and a lack of time related to people’s obligations 
to others and contribution to community activi
ties as barriers to physical activity and reasons 
for not adhering to physical activity advice [28]. 
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With this in mind, activities that focus on the 
social context, for example incorporating family 
and friends into exercise programmes have been 
found to increase motivation in all ethnic groups, 
and walking is frequently identified as the pre
ferred form of physical activity by most minority 
ethnic groups. Undertaking physical activity in 
conjunction with blood‐glucose self‐monitoring, 
thus providing an instant sense of achievement 
and understanding of the benefits of exercise, is 
also recommended [28].

Overweight and obesity drive a significant 
proportion of diabetes risk in ethnic minority 
groups and therefore weight management is a 
principal focus of prevention and management 
strategies. It is important to consider cultural 
influences and attitudes towards body weight 
when working with or targeting ethnic minority 
populations. Many ethnic populations see the 
larger body as a source of power, prestige and 
financial status compared to Caucasian cultures 
where the emphasis is on thinness [29]. Ethnic 
populations are more likely to underestimate 
their weight than White populations, and this is 
particularly marked in men [30]. African and 
Middle‐Eastern Arab cultures particularly value 
bigger body sizes, with African women report
ing greater acceptance or satisfaction with their 
body size and expressing less negativity towards 
obesity than women from other ethnic groups. 
However, whilst the negative perception of obe
sity in White European women is focused on 
emotional and social consequences, Black 
women are more likely to concentrate on health 
implications and, therefore, it is important to 
approach weight loss with a health promotion 
focus with these patients [31].

8.3.4 Designing lifestyle 
interventions for ethnic 
minority groups

‘Culturally sensitive’ is a term used to describe 
interventions that have been tailored to 
increase their appropriateness for ethnic minor
ity groups. To work effectively with ethnic 
minority patients and communities it is essential 
that all healthcare professionals achieve an  

in‐depth knowledge of the targeted population’s 
culture, for example become knowledgeable on 
cultural influences on food consumption, includ
ing differences by ethnicity and between first 
and later generations. Additionally it is impor
tant that the healthcare professional has an 
awareness of their personal biases and examines 
their competency at working with individuals 
whose cultural backgrounds differ from that of 
their own.

In the absence of a detailed literature base for 
specific ethnic minority initiatives culturally 
sensitising interventions usually equates to 
adapting existing interventions [32]. Resnicow 
et al. have distinguished between interventions 
adapted at a ‘surface structure’, such as lan
guage, and those adapted at ‘deep structure’, 
including cultural, social, environmental and 
psychological forces that influence health 
behaviour [33]. It is also essential to consider the 
impact of deep‐rooted influences, such as lower 
socio‐economic status, on health and behaviours 
[34–36] when planning initiatives aimed specifi
cally at minority populations.

A systematic review by Netto et al. that evalu
ated interventions related to reducing the main 
causes of mortality for specifically South Asian 
and South‐East Asian communities identified 
five key principles of adaptations for behav
ioural interventions aimed at minority ethnic 
groups [32]:

(1) Use community resources to increase inter
vention accessibility by, for example using 
ethnic‐specific media and networks, local 
community leaders and community events.

(2) Identify and address barriers to access and 
participation in interventions, for example 
providing transport or keeping costs of par
ticipation low addresses the disadvantaged 
socio‐economic status of many target 
groups. Providing creche facilities over
comes barriers related to the gendered 
nature of caring responsibilities.

(3) Develop communication strategies that 
address language use and differential infor
mation requirements. Conventionally, 
bilingual facilitators can be employed to 
overcome language barriers, additionally 
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consider that the participants may be able 
to speak but not read their native language 
or have varying levels of literacy, further
more, participants may be better able to 
express their health concerns in their native 
language.

(4) Identify and work with cultural or religious 
values that either motivate or inhibit behav
ioural change. Ma et al. [37] recognises the 
importance of supporting participants in 
making behavioural or attitudinal changes 
by highlighting the compatibility of health 
promotion messages with their beliefs, for 
example using the value attached to persis
tence among Chinese‐American participants 
to encourage them to persist in their attempts 
to stop smoking [37]. Other cultural values 
hinder the adoption of healthier lifestyles, 
for example fatalistic views amongst some 
South Asian communities discourage them 
from taking preventative actions.
Accommodate degrees of cultural affiliation 
in the planning and evaluation of targeted 
interventions. The need to take account of 
varying degrees of cultural identification 
and acculturation among the target popula
tion, for example Sun et al. suggested that 
Chinese‐American youth who held both 
 traditional Chinese and mainstream American 
values need longer exposure to health meas
ures [38].

Di Noia et al. have reviewed the literature 
 specifically for designing dietary interventions 
for African‐American populations [39]. Their 
review provides an in‐depth discussion of the 
cultural influences that need to be considered 
and describes a range of strategies or recommen
dations for the development of culturally sensi
tive interventions for communities of African 
ancestry:

(1) Establish and maintain trust, for example 
conduct formative research to explore 
potential suspicions among community 
members regarding motives for the planned 
work. Acknowledge historical influences 
on trust, and appreciate that concerns are 
based in historical reality. Design interven
tions to give back to the community through 

long‐term sustainability and broader diffu
sion. Community forums and partnerships 
with local organisations are vital for identi
fying local priorities and concerns as well 
as the intervention strategies. Participatory 
approaches are essential for building and 
maintaining trust with community mem
bers, nurturing community strengths and 
problem‐solving abilities, and increasing 
social capital, community capacity, and 
ownership of health programs. By design, 
they ensure a ‘do with’ rather than a ‘do to’ 
approach to programme development that is 
essential to individual and community 
empowerment.

(2) Acknowledge the cultural meanings of 
food. Traditional food practices are often 
an important component of cultural iden
tity, and maintaining these practices is 
seen as a way of sustaining this identity. 
Explore connotative meanings of food, 
particularly those that may inhibit or facil
itate change.

(3) Improve access to healthy food – host events 
where only healthy food is offered and pro
vide transportation and free food as incen
tives to participation.

(4) Adapt materials for individuals with low 
 literacy and numeracy skills – simplify lan
guage and use delivery modalities that show 
promise for reaching low‐literature groups, 
for example audiovisual materials and inter
active media.

(5) Use cultural targeting and tailoring to 
enhance programme relevance and impact. 
Several strategies are recommended: incor
poration of pictures of group members, 
images and colours familiar to and preferred 
by group members; evidential strategies or 
the presentation of statistics on the health 
problem and its impact on the group; lin
guistic strategies or the use of the dominant 
or native language in communication mate
rials; constituent‐involving strategies or the 
identification of key roles for audience mem
bers in programme planning and decision‐
making; and sociocultural strategies or the 
discussion of health‐related issues in the 
context of core values and characteristics.
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(6) Raise awareness of links between beliefs 
and behaviours. Increase understanding of 
the potential for perceptions about ideal 
weight to raise risk for obesity or to limit the 
extent to which efforts to eat healthily are 
sustained.

(7) Target influential role models. Include 
women as a key focus of intervention and 
incorporate their unique needs and perspec
tives on dietary change. Encourage the 
involvement and support of extended family 
members, particularly those who occupy a 
central role in food‐related decisions and 
who may be unreceptive to dietary change.

(8) Use preferred delivery settings and modali
ties – the centrality of the church in African 
American culture suggests that it is an 
important venue for implementing inter
ventions. Church‐based interventions can 
improve access to hard‐to‐reach populations 
or those who may view traditional health
care with distrust. Nurture the values of col
lectivism by using group versus individual 
modalities.

(9) Incorporate strategies that resonate with cul
tural values and learning styles. Adapt theo
retical models and intervention approaches 
with evidence of effectiveness.

Peer leaders have been identified as an effective 
strategy for promoting lifestyle change in many 
ethnic minority communities [26,40]. The Eat 
Well Live Well Programme to combat obesity‐
related chronic disease in African‐American 
women has utilised peer leaders and was more 
effective compared to non‐peer‐led interven
tions that have previously been reported as being 
‘inherently biased towards the needs and values 
of Caucasian middle‐class women’ [41]. The 
Khush Dil project in South Asian communities 
based in the UK has additionally demonstrated 
the positive impact of peer leaders and educators 
[42]. Diabetes UK ‘Community Champions’ is 
an initiative to educate and raise awareness of 
diabetes to people from Black, Asian and minor
ity ethnic communities, which uses volunteers 
and figure heads from minority communities to 
act as peer leaders to improve engagement. In a 
review of the evidence for the effectiveness of 

interventions to improve glycaemic control in 
ethnic minority groups, Lirussi concluded that 
strategies adopted in community‐gathering 
places, family‐based, multifaceted, and those 
tackling the social context were likely to be 
more effective. Self‐management education was 
successful if culturally tailored and involving 
community leaders [40].

8.3.5 Culturally tailored 
care in practice

In 2008, Hawthorne et al. published a Cochrane 
systematic review and meta‐analysis of the 
effects of culturally appropriate health educa
tion for type 2 diabetes in ethnic minority 
groups [43]; reviewing 11 studies the authors 
concluded that there are short‐term positive 
effects of culturally appropriate diabetes health 
education on glycaemic control and knowledge 
of diabetes and healthy lifestyles. Their review 
included 11 trials, of which 5 focused on 
African‐Americans, 3 on South Asians in the 
UK, 1 on Surinam Asians in the Netherlands 
and 3 on Hispanic populations in the USA and 
Canada. The cultural tailoring of the South 
Asian interventions mainly focused on the 
delivery of education by educators and link 
workers with relevant language skills (e.g. 
Punjabi or Urdu speaking), separate sessions for 
women and men, and the use of culturally 
 relevant picture flashcards that have been 
shown to be effective in improving knowledge 
and self‐management practices amongst South 
Asian patients. The studies amongst African‐
Americans mainly focused on group‐based 
interventions and community settings that nur
ture the sense of collectivism to promote 
 behaviour change through theories of social 
learning. These interventions have demonstrated 
greater benefit in glycaemic control and self‐
management practices compared to the usual 
care, and confirm the recommendations set out 
by Lirussi that community‐based interventions 
are appropriate for ethnic minority groups.

Healthcare professionals working with individ
ual patients/clients from ethnic minority cultures 
should focus on the healthy components of 
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 traditional cultural diets. The traditional South 
Asian diet, whether Gujarati, Punjabi or 
Pakistani, is based on starchy carbohydrates, 
rich in vegetables, beans and pulses and is rela
tively low in fat. Patients should be encouraged 
to consume traditional dishes and educated 
about their benefits (e.g. low glycaemic index 
of basmati rice, pulses and daals (see Table 
8.3.1)) whilst being advised on the detrimental 
effects of increasing fat and sugar in the diet 
through the introduction of ‘westernised’ pro
cessed foods and increased consumption of tra
ditional South Asian foods (e.g. Indian sweets 
and deep fried snacks) that were historically 
only consumed occasionally (see Table 8.3.2). 

Similarly, patients of Caribbean and African 
culture should be educated on the healthy prop
erties of a traditional African and Caribbean 
diet that is high in carbohydrate and low in fat 
and be encouraged to consume traditional 
foods, for example yam and pulses that are 
used within traditional ‘soups’ have a low gly
caemic index. Overweight and obesity may be 
 particularly problematic amongst African and 
Caribbean patient groups and advice on portion 
sizes, particularly relating to starchy carbohy
drate foods, can be particularly important (see 
Table 8.3.3).

There are a range of resources available for 
healthcare professionals working with ethnic 
minority groups. In the UK the ‘DESMOND’ 
structured education programme has been adapted 
for South Asian communities and can be deliv
ered by interpreters or healthcare professionals in 
Punjabi, Gujarati, Urdu and Bengali, with use of 
culturally‐sensitive resources and images to avoid 
reliance on written information (Ref http://www.
desmond‐project.org.uk/bmefoundationnew 
lydiagnosed‐279.html). The American Diabetes 
Association (ADA) has a wide range of programs 
that target raising awareness of diabetes amongst 
all its minority communities, such as Project 
POWER a faith‐based program targeting the 
African‐American community (http://www.dia 
betes.org/in‐my‐community/awareness‐pro 
grams/african‐american‐programs/project‐power.
html), and the Office for Minority Health has a 
wide range of information and resources to assist 
healthcare professionals working with minority 
groups. Culturally tailored information sources 
are available for use by healthcare professionals, 
for example ‘O Taste & See Recipes’ from the 
ADA for African‐American patients, ‘Traditional 
Foods – Healthy Dishes’ and ‘Taste of South 
Asia’ from the British Heart Foundation for 
African Caribbean and South Asian patients, 
respectively, and ‘Enjoy Food’ for African and 
Caribbean patients from Diabetes UK. The 
Ismaili Nutrition Centre is a website featuring a 
library of recipes of foods with African, Central 
and South Asian and Middle Eastern origin, 
which are supported with nutritional information 
and healthy eating tips. The website recipe finder 
allows users to input their dish preferences with 

Food
Glycaemic 
index

Pulses and lentils
Chickpeas
Mung beans
Red lentils
Chana dal
Kidney beans
Bengal gram
Green gram
Black gram

28
31
21
12
29
47
48
48

Cereals
Chapatti
Basmati rice
Potato

60
58
70

Breakfast snacks
Pongal
Pasarattu
Upma
Idli
Chola

55
60
75
80
65

Vegetables
Karela
Saag (spinach)

65
 0

Fruit
Banana
Mango
Water melon
Dates (dried)

51
56
72
45

Ref: Thaker and Barton [18].

Table 8.3.1 Glycaemic index of South 
Asian foods



Table 8.3.2 Dietary modification of South Asian diet for diabetes

Food group Encourage Discourage

Carbohydrates Wholemeal/wholegrain bread, wholegrain 
cereals, chapatti made with wholemeal flour, 
boiled rice

Parathas, puri, fried toast

Protein Meat or chicken curry, daal (using small 
amounts of oil). Fish curry using oily and white 
fish. Boiled eggs. Boil/steam/grill meat/fish.

Fried egg/omelette. Fatty meats 
and fried meat/fish.

Dairy Semi‐skimmed or skimmed milk. Full‐fat milk, cream, evaporated 
milk.

Desserts Fresh or tinned fruit in natural juice
Rice pudding or vermicelli (made with semi‐
skimmed milk)
Fruit salad
Fruit yoghurt

Halwa (made with carrots or 
semolina), Zarda (sweet rice)

Snacks Oven‐baked samosas. Chana (chickpeas) and/or 
potato chaat, fruit chaat. Muthiya, dhokra, 
khaman. Grilled kebab with pitta/naan bread 
with salad. Fruit and vegetables.

Fried samosas, pakoras, chips. 
Bombay mix, chevdo, sev, 
ghatiya, crisps. Asian sweets 
(jalebi, halwa, burfi)

Drinks Water, unsweetened fruit juices. Diet or sugar‐
free soft drinks. Lassi.

Sugar sweetened fizzy and soft 
drinks and juices.

Fats and oils Reduce all fats and oils. Avoid deep‐frying and 
adding fat to chapattis/flat breads.

Ghee, butter. Oily pickles.

Ref: Thaker and Barton [18].

Food group Encourage

Starchy foods / root vegetables
Sweet potato, yam, dasheen, coco, potato, bammy, 
breadfruit, cassava, fufu, kenkey, cornmeal, oats, 
green banana, rice, plantain, bread, dumplings

Include a starchy food at each meal. Choose lower 
GI starches (e.g. yam, cassava, green banana). Limit 
portion sizes of starches.

Vegetables and fruits
Pumpkin, callaloo, cho‐cho, okra, sweetcorn, 
carrots, ackee, avocado. Mango, pineapple, 
grapefruit, melon, banana, paw‐paw

Add plenty of vegetables to soups and one‐pot 
meals. Aim for 5 portions of fruit and vegetables per 
day. Have fruit for snacks and desserts. If consuming 
tinned fruit, avoid syrup.

Meat, fish and pulses
Beef, chicken, goat, mutton, pork, turkey, offal. 
Snapper, bream, mullet, jackfish, mackerel, 
sardines, pilchards. Black‐eyed beans, red kidney 
beans, gunga peas.

Remove skin before cooking. Reduce oil in cooking. 
Reduce portion size. Steam or bake fish rather than 
fry. Aim to have two portions of oily fish per week. 
Use more beans, pulses and lentils and less meat in 
dishes. Add beans/lentils/pulses to soups and stews.

Milk and dairy
Fresh milk, condensed milk, evaporated milk, 
butter, cheese.

Use lower fat milks and avoid sweetened evaporated 
and condensed milks. Have low fat yoghurt and 
reduced fat cheese.

Sugary foods and drinks
Honey, molasses, brown sugar, ginger beer, fruit 
punch, carrot juice. Cakes, buns, biscuits, sweets, 
chocolate.

Choose diet or sugar‐free drinks. Add less sugar to 
cereals and drinks. Limit sweet snacks to small 
amounts.

Ref: Thaker and Barton [18].

Table 8.3.3 Dietary modification of African‐Caribbean diet for diabetes
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regard to their ingredients and nutritional values 
according to the UK FSA traffic light system 
(www.theismaili.org/nutrition).

8.3.6 Recommendations for 
future research, policy and 
practice

The FSA review [26] made six recommenda
tions for the evaluation of future dietary inter
ventions in minority ethnic groups.

(1) Evaluations of dietary interventions in 
black and minority ethnic groups should  
use rigorous and appropriate research 
methodologies.

(2) To collaborate with other agencies or groups 
to increase the funding for good evaluations 
of dietary interventions.

(3) Evaluations of dietary interventions for the 
general population should consider increas
ing the numbers of black and minority eth
nic participants so that conclusions can be 
made relating to these groups.

(4) To develop and validate evaluation tools for 
specific minority groups (e.g. food intake 
measurement techniques and various termi
nology used for dishes).

(5) Any future evaluations of dietary interven
tions to include the theoretical bases, for 
example behaviour change models, to struc
ture the intervention.

(6) Cost‐effectiveness and sustainability of 
evaluations of dietary interventions should 
be assessed.

8.3.7 Conclusion

People from minority ethnicities are dispro
portionately affected by diabetes, particularly 
type 2 diabetes. Diet and lifestyle education 
forms the cornerstone of diabetes management, 
however, specific cultural barriers may limit 
healthcare access and contribute to poorer out
comes for minority patients. Culturally‐tailored 
care improves diabetes management and is iden
tified as a priority by patient groups. Traditional 
diets may change because of acculturation, 

therefore, the needs of different generations are 
likely to vary. The recommendations and out
comes of the various reviews and reports high
lighted in this chapter demonstrate the crucial 
importance of tailoring lifestyle and nutritional 
interventions that emphasize patients’ ethnic 
preferences and traditions (for example adapting 
ethnic recipes to meet dietary goals), the use of 
available community resources for exercise, and 
should be delivered utilising appropriate strate
gies and materials in order to have any hope of 
modifying traditional eating patterns and effec
tively treating type 2 diabetes.

Key points

 • It is important that healthcare professionals 
working with ethnic minority groups have an 
in‐depth knowledge and understanding of the 
traditional, cultural dietary practices of their 
patient groups.

 • Many traditional, cultural dietary practices are 
healthy and should be promoted.

 • Fasting and religious food practices are 
important in many ethnic minority groups, 
which may impact on their diabetes 
management.

 • Ethnic minority groups may have a strong 
belief in traditional or herbal remedies for the 
management of their diabetes.

 • It is important that healthcare professionals 
working with ethnic minority groups have an  
in‐depth knowledge and understanding of cultural 
barriers and motivations to lifestyle change.

 • Culturally sensitive diet and lifestyle 
interventions are those that have been 
adapted in some way to target/engage 
specific cultural groups; culturally sensitive 
lifestyle advice has been shown to be more 
effective in the management of diabetes than 
standard care.
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9.1.1 Introduction

Diabetic nephropathy is currently the leading 
cause of chronic kidney disease (CKD) in peo-
ple starting renal replacement therapy [1]. In 
those with type 2 diabetes, worldwide estimates 
of CKD prevalence are 5–30% [2].

Diabetes‐related diet and lifestyle modification 
is of benefit across the CKD disease spectrum. 
Dietary modification contributes to CKD pre-
vention; minimising disease progression in 
early CKD; blood glucose management and 
malnutrition prevention in dialysis (CKD 5) and 
risk factor management for optimal graft sur-
vival in transplant recipients. The chronic and 
evolving nature of CKD complications calls for 
the fostering of a positive and collaborative ther-
apist–client relationship to help create a personal 
nutrition care agenda that enhances client auton-
omy and coping ability while improving health 
outcomes and quality of life.

9.1.2 Early diabetic ckd 
(stages 1–3) management

Diabetic nephropathy is characterised by a 
 progressive increase in urinary albumin excre-
tion and blood pressure leading to a decline in 
glomerular filtration rate (GFR) (Table 9.1.1). 
Clinical practice guidelines for diabetes and CKD 
suggest that screening for diabetic nephropathy 

should begin 5  years after the diagnosis of 
type 1 diabetes and at the diagnosis of  type 2 
diabetes [4].

The primary medical management aims 
for  people with diabetic nephropathy involve 
cardiovascular risk management and CKD pro-
gression minimisation [5]. The aim of dietary 
management is to achieve optimal blood sugar 
and blood pressure control within a moderate‐
protein, cardio‐protective diet.

cardiovascular risk management

People with diabetic nephropathy have a 20–40‐
fold increase in cardiovascular disease risk [6]. 
This increased risk begins very early, on detec-
tion of microalbuminuria even with normal 
GFR [7]. There is a strong association between 
abnormal blood lipid profiles and progression 
and severity of cardiovascular disease in type 2 
diabetes [8]. Risk factor control through cardio‐
protective diet and lifestyle modification, includ-
ing smoking, weight reduction and exercise, 
therefore remains relevant in CKD prevention 
and for risk factor management once CKD has 
become established.

Glycaemic control

Hyperglycaemia, the defining feature of diabe-
tes, is a fundamental cause of vascular target 
organ complications, including diabetic kidney 

Microvascular disease (renal) 
and diabetes
Thushara Dassanayake
Imperial College Healthcare NHS Foundation Trust, London, UK

chapter 9.1
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disease [9]. Therefore minimising renal disease 
progression through tight blood glucose control 
is a primary management aim in early diabetic 
nephropathy. Clinical trials on type 1 diabetes 
and type 2 diabetes patients have consistently 
demonstrated that HbA1c levels below 53 mmol/
mol (7%) are associated with decreased risk of 
clinical and structural manifestations of diabetic 
nephropathy [4]. In the Diabetes Control and 
Complications Trial (DCCT), intensive treat-
ment of diabetes reduced the incidence of micro-
albuminuria by 39% [10]. The UK Prospective 
Diabetes Study (UKPDS) data showed that 
reducing glucose exposure [HbA1c 53 mmol/
mol (7.0 %) versus 63 mmol/mol ( 7.9 %) over 
median 10.0 years], with sulfonylurea or insu-
lin therapy, reduced the risk of “any diabetes‐
related endpoint” by 12% and microvascular 
disease by 25% [11]. A recent 5‐study system-
atic review of intensive versus conventional 
glycaemic control in type 2 diabetic CKD and 
non‐CKD patients concluded that intensive 
glucose control reduced the risk of new onset 
micro‐ and macro‐albuminuria, however, it also 
resulted in a 2.5‐fold increased risk of severe 
hypoglycaemia [12]. These issues are reflected 

in the 2012 update of the KDOQI clinical 
practice guidelines [9] for diabetes and CKD, 
guideline 2, which recommends:

 • A target HbA1c averaging 7.0% to prevent 
or  delay progression of the microvascular 
complications of diabetes, including diabetic 
kidney disease.

 • Not treating to an HbA1c target of <7.0% in 
patients at risk of hypoglycaemia

 • Extending target HbA1c above 7.0% in 
 individuals with comorbidities or limited life 
expectancy and risk of hypoglycaemia.

diabetes medication in ckd

Table 9.1.2 presents a summary of the 2012 
KDOQI Diabetes Guidelines Update [9].

Blood pressure control

There is much evidence demonstrating that 
hypertension is the single most important factor 
that accelerates the progression of microvascular 
disease, including diabetic nephropathy [13]. In 
an embedded study, the UKPDS showed that 
microvascular endpoints, including microalbu-
minuria development, were reduced by 37% in 
an intensive blood pressure control group com-
pared to the less tightly managed controls [14].

Due to large inter‐individual variation in 
blood pressure response to sodium restriction, 
individual studies relating dietary sodium 
restriction to blood pressure improvements have 
been inconclusive. However meta‐analyses do 
demonstrate population reductions in blood 
pressure achieved by salt restriction [15]. A 
meta‐analysis of 11 studies showed that reduced 
sodium intake was as effective as antihyperten-
sive medication in maintaining good blood pres-
sure control [16]. Similarly in the CKD stages 
1–3 population, a multi‐centred crossover ran-
domised controlled trial of 52 subjects showed 
that, with a background of angiotensin convert-
ing enzyme (ACE) inhibition, a low sodium diet 
reduced proteinuria more effectively than did an 
angiotensin receptor blockade (ARB) [17].

People with diabetic nephropathy are thus 
advised to reduce dietary salt to at least 5–6 g/day 

Table 9.1.1 Chronic kidney disease 
classification [3]

Stage
GFR  
(ml/min/1.73m2) Description

1 >90 Normal or increased 
GFR with other 
evidence of kidney 
damage

2 60–89 Slight decrease in GFR 
with other evidence of 
kidney damage

3a 45–59 Moderate decrease in 
GFR with or without 
other evidence of 
kidney damage

3b 30–44

4 15–29 Severe decrease in 
GFR with or without 
other evidence of 
kidney damage

5 <15 Established renal failure

GFR: glomerular filtration rate.
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(80–100 mmol/d) [18]. This restriction should 
occur alongside drug therapies such as ACE 
inhibition and/or renin‐angiotensin blockers to 
achieve blood pressure targets [19]. From 
CKD‐3 onward, potassium lowering dietary 
management may also be necessary if serum 
potassium increases following the addition or 
dose increase of medications such as potassium‐
sparing diuretics, ACE inhibitors, ARBs or non‐
steroidal anti‐inflammatory medications.

Protein restriction

Although much evidence exists to demonstrate 
the efficacy of low protein diets in delaying the 
onset of dialysis through uraemic symptom 
management [20], the effect of protein restric-
tion in delaying diabetic nephropathy progres-
sion is not so well defined. One meta‐analysis of 
eight randomised controlled trials of low protein 
diets in diabetic nephropathy showed a small 3 
mmol/mol decrease (0.3%) in HbA1c, but not in 
GFR [21]. Another review based on 12 studies 
concluded that protein restriction marginally 
slowed CKD progression [22].

Epidemiological evidence exists to show that 
high protein diets lead to kidney damage and to 
the development of microalbuminuria in people 
with diabetes and hypertension [23]. A 2009 
Cochrane meta‐analysis, demonstrated that 
complying with a low‐protein intake modestly 
slows the progression of diabetic nephropathy 
and extrapolated that this can delay dialysis by, 
on average around 1–2 months [22]. Although 
improvement in GFR was greater with increas-
ingly tighter protein restriction, many studies 
were confounded by difficulties with dietary 
adherence, which worsened with the severity of 
the protein restriction.

The optimum level of protein intake in prac-
tice would therefore require a compromise 
between efficacy and achievability of protein 
restriction in a population who are already likely 
to be following other dietary restrictions relating 
to diabetes and CVD. The National Kidney 
Foundation/Kidney Dialysis Outcomes Quality 
Initiative (KDOQI) clinical practice guidelines 
for diabetes and CKD recommend a dietary pro-
tein intake at the lower end of the normal range 
(0.8 g/kg body weight/day), as an achievable 

Name Recommendation Rationalle for recommendation

Metformin Restrict in CKD
Re‐evaluate at GFR <45 ml/
min/1.73m2.
Stop at GFR <30 ml/min/1.73m2. 
(British National Formulary, BNF)

Cleared by the kidney.
Lactic acidosis (rare but serious 
side effect)

Thiazolidinediones
Pioglitazone

Limit use in advanced CKD Fluid Retention (side effect)
Linked to increased fracture rates 
and bone loss

Acarbose
(disaccharidease inhibitor)

Nor recommended at GFR  
<26 ml/min/1.73m2

Serum levels of drug and 
metabolites increase significantly 
with reduced kidney function.

Dipeptidyl peptidase (DPP‐4) 
inhibitors ‐ the ‘gliptins’

Suitable in CKD but some require 
downward dose adjustments

Decrease the breakdown of incretin 
hormones and improve both fasting 
and post‐prandial glucose levels.

Injectable incretin mimetics
Exenatide
Liraglutide

Exenatide: stop use at GFR  
<30 ml/min/1.73m2

Liraglutide Not recommended  
at GFR <60 ml/min/1.73m2

Exenatide is excreted by the 
kidneys. Case report associations 
with acute kidney injury.
Liraglutide is not excreted by the 
kidney, however, limited long‐term 
data available.

Table 9.1.2 Summary of the 2012 KDOQI Diabetes Guidelines
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goal for minimising CKD progression [4]. This 
can be achieved by reducing intake and portion 
size of high biological value protein sources while 
keeping low biological value protein quantities 
unchanged. When dietary protein intake is 
restricted, an adjustment to carbohydrates and/or 
fats intake is required to keep the diet isocaloric. 
Due to possible increased risk of malnutrition, 
care should be taken when advising protein 
restrictions below 0.8 g/kg body weight.

9.1.3 Nutritional requirements

Few specific guidelines exist for macronutrient 
intake (apart from protein) for diabetes‐related 
CKD or dialysis. The reader should refer to stand-
ard dietetic textbooks for dietary recommenda-
tions regarding macronutrient and micronutrient 
guidelines for renal patients [24,25]. Table 9.1.3 
summarises the main internationally recognised 
nutrition‐related targets in CKD stages 1–5.

9.1.4 Nutritional assessment

Nutritional assessment of people with diabetes 
and CKD stages 1–4 does not differ from stand-
ard nutritional assessment protocols. Table 9.1.4 
contains information about the dietetic assess-
ment of CKD stage 5 patients with or without 
diabetes.

9.1.5 Late diabetic ckd 
(stages 4–5) management

The use of HbA1c in ckd

Kalantar‐Zadeh et al. [26] demonstrated an asso-
ciation between increasing HbA1c and higher 
mortality rates in a study of 83 000 dialysis 
patients,  mirroring general population out-
comes in the UKPDS [14] and DCCT trials 
[27]. Current National Institute for Health and 
Clinical Excellence (NICE) guidelines for dia-
betes  recommend management including diet 
and lifestyle advice to achieve a reduction in 
HbA1c towards 48 mmol/mol (6.5%) or less 
where  feasible [8], however, KDOQI guidelines 

 recommend moderation for those with CKD. 
Individual targets should be set in conjunction 
with the patient and take into consideration life-
style, comorbidity and hypoglycaemic history.

Although HbA1c remains the most commonly 
used indicator of long‐term diabetic control, its 
validity in the haemodialysis (HD) population 
is questioned. Due to decreased metabolism, 
anaemia, shorter red cell life, transfusions, hae-
molysis, assay interferences from uraemia and 
increased glucose variability on HD, it is sug-
gested that HbA1c may not be adequately repre-
sentative of actual glycaemic control in this group 
[28]. Alternative parameters such as glycated 
serum protein (albumin corrected fructosamine – 
acF), have been investigated, although their 
validity also remains unproven. Thus, KDOQI 
suggest that currently HbA1c remains the best 
clinical marker of long‐term glycaemic control, 
particularly if combined with blood glucose self‐
monitoring [9].

Validity aside, it should be noted that neither 
spot capillary blood glucose nor HbA1c accu-
rately reflect the inter‐day variations or the inter‐
dialytic excursions in glycaemia experienced 
by the HD patient. Kazempour et al. [29], using 
continuous glucose monitors found that 24‐h 
mean glucose values were significantly lower on 
dialysis days compared to dialysis‐free days, 
with risk of asymptomatic hypoglycaemia high-
est within 24 hours of dialysis.

Therefore, when formulating dietary advice, 
inter‐day symptom variation in appetite, food 
intake, access to food and snacking frequency 
should be regarded. Modification of HD dialysate 
glucose concentrations, which vary from 1–2 g/L, 
could also be considered. A lower hypoglycaemic 
agent dose on dialysis days and/or a higher glu-
cose concentration dialysate (2 g/L compared to 
the standard 1g/L) could be used to ameliorate 
glucose variability in patients who frequently 
experience post‐dialysis hypoglycaemia.

Haemodialysis

Caplin et al. [30] who surveyed 550 HD patients 
to quantify dialysis‐associated symptoms found 
fatigue (82%), intradialytic hypotension (76%), 
cramps (74%), dizziness (63%) and headaches 
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(54%) to be the most commonly reported. 
This  illustrates that the typical symptoms of 
hyperglycaemia are also recognisable as common 
side‐effects of routine dialysis. This side‐effect 
duality can mask hyperglycaemic symptoms, 
thereby making it difficult for patients to manage 
their diabetes based on symptom recognition.

The effects of hyperglycaemia can also 
have additional repercussions in dialysis. For 
example, if excessive thirst caused by hyper-
glycaemia was addressed by drinking more, 
this could result in large inter‐dialytic weight 
gain, pulmonary oedema and hypertension. 
Similarly, severe hyperglycaemia can also lead 
to hyperkalaemia and subsequent associated 
life‐threatening effects.

Diabetes education should aim to be inclusive 
of an individual’s renal dietary adaptations and 
lifestyle restrictions and address the patient’s 
particular issues relating to balancing both con-
ditions. It should also focus on helping patients 
to recognise, understand and address their body 
signals in relation to both diabetes and dialysis 
and teach people how to convey these signals to 
the relevant healthcare professional [31].

Peritoneal dialysis

Energy requirements for peritoneal dialysis (PD) 
patients are partially met from dialysate glucose 
of which approximately 70% is absorbed [32]. 
Depending on the dialysate glucose concentra-
tion and volume, energy from glucose can pro-
vide 120–1200 kcal per day. Absorption of PD 
dialysate glucose may increase the requirement 
of hypoglycaemic agents [33]. If weight mainte-
nance is the desired therapeutic outcome, then 
dietary advice to compensate for dialysate 
energy by reducing energy from food is sug-
gested. In obese patients, weight reduction can 
result in a lower concentration and volume of 
dialysate glucose required to achieve an ade-
quate dialysis, thereby further reducing energy 
burden. Fluid and salt management will also 
help limit PD dialysate requirements.

There is growing evidence that regular use of 
hypertonic glucose dialysate solutions is associ-
ated with weight gain, poor diabetic control, 
delayed gastric emptying, hyperinsulinaemia 

and acceleration of detrimental peritoneal 
membrane changes [34]. An alternative osmotic 
agent could be considered to lessen glucose 
load; or when glucose‐based dialysates result in 
inadequate dialysis. Icodextrin, a starch‐derived, 
high molecular weight glucose polymer has 
been shown to promote sustained ultrafiltration, 
equivalent to that achieved with hypertonic glu-
cose dialysates. A multi‐centred RCT of 201 PD 
patients showed that substituting 2.5% glucose 
dialysate solutions with 7.5% icodextrin reduced 
the energy load, alleviated fluid overload by improv-
ing ultrafiltration and reduced blood cholesterol 
but did not affect fasting blood glucose levels [35].

Short‐term studies have shown that amino 
acid‐based peritoneal dialysis solutions, despite 
having a relatively short effective ultrafiltration 
duration, may be of benefit in supplementing 
amino acids during dialysis while also reducing 
glucose load. Solutions with an adequate lactate 
buffer, a high percentage of essential amino acids 
with glucose, used in malnourished patients have 
been associated with improved results [36], how-
ever, a few small studies have associated amino 
acid dialysate with culture negative peritonitis 
[37]. If used, the patient should be encouraged to 
consume a carbohydrate‐based snack to ensure 
maximum protein utilisation from dialysate.

Intraperitoneal insulin administration has been 
used in PD patients, as insulin passes directly 
into the portal vein and is thus absorbed more 
rapidly and evenly than subcutaneous insulin. 
However, reports of intraperitoneal insulin as a 
risk factor in the pathogenesis of hepatic subcap-
sular steatosis have led to a decline in this mode 
of administration [38].

Malnutrition and diabetes in renal 
disease

Chronic, low‐grade inflammation is implicated in 
the pathogenesis of diabetes. Inflammation, con-
founded by protein energy malnutrition (PEM) is 
common in the dialysis population and is consist-
ently linked to increased morbidity and mortality. 
Interrelated and concurrent conditions associated 
with both inflammation and PEM, such as poor 
appetite, hypercatabolism, nutrient losses via 
dialysis, oxidative stress, hyperphosphataemia, 
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uraemia and fluid overload have led to the term 
‘malnutrition‐inflammation complex syndrome’ 
(MICS).

In addressing MICS, there is evidence that 
conventional cardiovascular risk factors that 
reflect over‐nutrition may need to be modified 
for use in the renal patient population. For exam-
ple, although in the general population obesity 
confers an increased cardiovascular risk; in 
the renal population, obesity is associated 
with  protection from MICS and offers a sur-
vival advantage [26]. The use of standard body 
mass index (BMI) thresholds for determining 
cardiovascular risk should therefore be used 
with caution in this patient population. The 
European Best Practice Guidelines recom-
mend that HD patients should maintain a BMI 
>23 kg/m2 [39], however. no upper BMI limit 
has been advised.

Food fortification methods and nutritional sup-
plements should be considered to help combat 
malnutrition and meet nutritional requirements. In 
dialysis patients, intra‐dialytic parenteral nutrition 
can be considered if food fortification and other 
nutrition support routes are unsuccessful. There 
are no guidelines regarding specific macronutrient 
recommendations in diabetic CKD, however, 
KDOQI recommend a protein intake of 1.0–1.3 g/
kg/d with energy requirements being the same as 
for the general population [4].

Transplantation

New‐onset diabetes after organ transplantation 
(NODAT) has emerged as an increasingly 
important determinant of outcome and survival 
in transplant recipients [40]. With a prevalence 
of approximately 20%, NODAT is caused by a 
combination of insulin resistance and deficient 
insulin production [41]. Patients are initially at 
greatest risk during the first 6 months post‐ 
transplant after which time the number of patients 
developing diabetes increases progressively [42]. 
Early detection and appropriate treatment can 
lessen the long‐term complications of the con-
dition [40].

Key modifiable risk factors in the development 
of NODAT are type of immuno‐suppression 
(particularly steroid therapy and tacrolimus) and 

obesity [41]. In the absence of robust studies to 
inform the nutritional management of diabetes 
in kidney transplant recipients, general popula-
tion advice for diet in diabetes prevention and 
cardiovascular protection in high risk groups 
should be followed [43]. Additionally, because 
organ transplant recipients are considered to 
be  more susceptible to food‐borne infections, 
Australian Guidelines [44] recommend that it 
is prudent to incorporate general food safety 
guidelines into any advice given.

9.1.6 Future developments

Worldwide CKD rates are increasing in line 
with diabetes prevalence. Also an aging popu-
lation and improvements in healthcare mean 
that the time span over which this population 
lives with CKD is lengthening. There remains 
limited research conducted into the impact of 
these two chronic conditions and their interac-
tions on people’s daily lives.

It is known that, currently, patient concord-
ance with complex treatment regimes in dia-
betic CKD is poor, and that the effectiveness of 
diabetic CKD education programmes is often 
not sufficiently evaluated [45]. Thus, it seems 
there is need for further research into the lived 
experience of people with diabetes‐induced CKD, 
to help establish patient‐identified needs that 
will contribute to developing more interactive, 
responsive and effective dietetic management 
strategies.

key points

 • Diabetic nephropathy is the leading cause of 
chronic kidney disease.

 • Risk factors for the development of renal 
disease include poor glycaemic control and 
hypertension.

 • Standard nutritional assessment procedures can 
be used in people with diabetes.

 • Nutritional management is similar to that of 
people without diabetes.

 • Management of glycaemia can be challenging 
in those receiving dialysis.
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Since the advent of insulin in the early part of the 
last century, the cause of mortality in patients 
with diabetes has shifted from insulin deficiency 
causing metabolic complications of ketoacido-
sis, to the long‐term effects of cardiovascular 
sequelae [1]. Cardiovascular disease (CVD) 
accounts for the majority of deaths in diabetic 
patients and diabetes is an independent risk fac-
tor for CVD [2]. Although CVD is not specific to 
patients with diabetes, it is more prevalent amongst 
patients with type 1 or 2 diabetes than the general 
population. Macrovascular disease, characterised 
by damage to large blood vessels and the devel-
opment of atherosclerosis, is highly prevalent 
amongst the diabetic population and is responsible 
for higher rates of mortality and morbidity than 
within the non‐diabetic population from coronary 
heart disease (CHD), cerebrovascular disease 
and peripheral vascular disease [3,4].

9.2.1 Epidemiology of 
macrovascular disease 
in diabetes

The Framingham cohort demonstrated that the 
incidence of CVD was approximately twice for 
men (3.1 vs 19.1 per 1000 persons at risk) and 
three times for women (27.2 vs 10.2 per 1000 
persons at risk) in the diabetic population com-
pared to their non‐diabetic counterparts [1]. In a 
study that collated glucose exposure data from 52 
countries, it was found that cardiovascular mortal-
ity increased continuously with blood glucose 

 levels greater than 4.9 mmol/L, including levels 
below traditional thresholds for the diagnosis of 
diabetes. These data show that in 2001, 950 000 
deaths were directly attributed to diabetes; but a 
further 1 490 000 fatal coronary events (21% of 
all deaths) and 709 000 fatal stroke events (13% 
of all deaths) were attributable to high blood glu-
cose [5,6]. The relative risk for ischaemic heart 
disease for 1 mmol/L increase in fasting plasma 
glucose was 1.424, 1.196 and 1.196, respec-
tively in age groups <60 years, 60–69 years and 
>70 years [6]. In the UKPDS trial (United 
Kingdom Prospective Diabetes study) 5102 
patients with newly diagnosed diabetes aged 
25–65 years were recruited and followed up to 
establish whether, in patients with type 2 diabe-
tes, intensive blood‐glucose control reduced the 
risk of macrovascular or microvascular compli-
cations, and whether any particular therapy was 
advantageous. The highest rate of mortality 
(51.5%) was attributable to CVD, followed by 
24.2% related to cancer [7,8]. The annual rate of 
macrovascular events has been reported to be 
2.2–3.0% [9].

Type 1 diabetes is associated with at least a 
10‐fold increase in CVD compared to an age‐
matched non‐diabetic population [1]. In the 
Epidemiology of Diabetes Interventions and 
Complications trial (EDIC), 143 cardiovascular 
events occurred in 83 patients over 17 years 
follow‐up, of 1394 patients in the original 
Diabetes Control and Complications Trial 
(DCCT) (97%); with event rates of 0.38–0.8 per 
100 patient years (intensive vs standard insulin 
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treatment) [3]. There were 12 deaths from all 
CVD, 6 non‐fatal cerebrovascular events occurred 
and 51 non‐fatal or silent myocardial infarctions 
(MIs) [1]. In a 30 year follow‐up observational 
study there was a cumulative incidence of 
9–14% CVD (intensive insulin therapy versus 
conventional therapy) and less than 1% required 
an amputation [10].

Cardiovascular death accounts for 51–55% of 
all‐cause mortality in diabetic patients [2,5]. In 
the Multiple Risk Factor Intervention Trial 
(MRFIT) 347 978 men aged 35–57 years were 
followed up over 12 years; the risk of cardiovas-
cular death in men with diabetes was five times 
higher compared to men without diabetes; 
with a relative risk of 3.0. The relative risk in 
diabetic compared to non‐diabetic men was 3.2 
for CHD (65.91 vs 17.05 per 10 000 person 
years) [2]. Clinically manifest CHD has a worse 
prognosis in diabetic patients than non‐diabetic 
patients [11].

In a Finnish study of patients with type 2 diabe-
tes, there was a similar incidence of MI amongst 
the non‐diabetic patients who had experienced a 
prior event, compared to the diabetic patients who 
had not [12]. A prior history of MI was associated 
with increased incidence of MI, stroke and death 
from cardiovascular causes [6], suggesting that 
diabetes is as strong a risk factor for future car-
diovascular event as having experienced a previ-
ous cardiac event. In the diabetic population in 
this study the incidence of MI was 45% in those 
with prior MI and 20.2% in those without prior 
MI [6]. This was further investigated some years 
later, in a cohort of 4045 men aged 60–79 years, 
demonstrating that both diabetes and prior MI 
increase the risk of future major cardiovascu-
lar event, regardless of duration of diabetes. 
However, only those with longer duration of 
 diabetes (average 16.7 years) showed a similar 
relative risk of vascular events to men with a prior 
history of MI [13]. In the OASIS registry, an 
unstable angina outcome study, diabetes increased 
mortality by 57% [14,15].

Similarly, diabetes increases the risk of stroke. 
In a subset of the UKPDS study 3776 patients 
aged 25–65 years with newly diagnosed type 2 
diabetes, without known CVD, were followed up 
for a median of 7.9 years. Of the 3776 patients, 

2.6% (99 patients) had a stroke. In addition to dia-
betes, other significant risk factors for stroke were 
age, male sex, hypertension and atrial fibrillation 
[16]. In the MRFIT study [2] of nearly 350 000 
individuals there was a three‐fold risk in diabetic 
patients; the relative risk of stroke in diabetic men 
was 2.8 compared to non‐diabetic men (6.72 vs 
1.75 per 10 000 person years). Stroke risk was 10‐
fold in the Baltimore‐Washington Cooperative 
Young Stroke Study in patients < 44 years old 
[17]. Absolute excess risk of cardiovascular death 
(CHD and stroke) was progressively higher with 
increasing age, serum cholesterol level, systolic 
blood pressure and cigarette smoking for diabetic 
compared to non‐diabetic men [2].

Peripheral arterial disease (PAD) has a simi-
lar underlying pathophysiology and as a result 
prevalence is also increased in the diabetic pop-
ulation. Diabetic PAD often affects distal limb 
vessels, such as the tibial and peroneal arteries, 
limiting the potential for collateral vessel develop-
ment and reducing options for revascularisa-
tion. Therefore, these patients are more likely to 
develop symptomatic disease, such as intermit-
tent claudication and critical limb ischaemia, and 
undergo amputation [17]. In an analysis of data 
from the 1999–2000 National Health and 
Nutrition Examination Survey in the United 
States of individuals over the age 40 years, the 
prevalence of PAD (based on measurements of 
ankle‐brachial index <0.9) in the diabetic popu-
lation was 10.8% compared to 3.6% in individu-
als who did not have diabetes, and increased 
with age in both groups [18]. In the Framingham 
cohort, there was a three‐ and eightfold increase 
in symptomatic claudication in diabetic men 
and women, respectively, compared to non‐dia-
betic individuals [19].

9.2.2 Effects of intervention 
on glycaemic control

Type 1 diabetes

Although there is now clear evidence of the 
benefit of intensive glycaemic control on the 
development and progression of microvascular 
complications, this has not been as clear for 
macrovascular complications.
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In the Diabetes Control and Complications 
Trial (DCCT); the original study investigating the 
progression of long‐term complications in 1441 
patients aged 13–39 years with type 1 diabetes 
(evidenced by deficit of C‐peptide secretion); 
demonstrated a non‐significant trend of reducing 
the risk of CVD in the intensive treatment group 
(0.5 vs 0.8 events per 100 patient years) [4]. 
Intensive therapy reduced the development of 
hypercholesterolaemia by 34% (p=0.02) [4]. The 
subsequent Epidemiology study of Diabetes 
Interventions and Complications (EDIC) followed 
up 1394 patients (97% of original cohort) from the 
DCCT for 17 years on an intention to treat basis, 
investigating the effects on macrovascular disease. 
A total of 144 cardiovascular events occurred in 
83 patients; 46 among 31 patients originally 
assigned to the intensive treatment group and 98 
among 52 patients originally assigned to the con-
ventional treatment. Event rates were 0.38 and 
0.80 per 100 patient years (p=0.007) [3]. This gave 
a prevalence of 5.95% of at least one cardiovascu-
lar event within the 17 year follow‐up period, 
regardless of treatment group.

Intensive insulin therapy reduced albuminuria 
and microalbuminuria by 54% and 39% in the 
DCCT study [2] and a history of microalbumi-
nuria or albuminuria was associated with a sig-
nificant increase in the risk of CVD by a factor 
of > 2.5 [3,10].

Cumulative incidence of the first cardiovascu-
lar event showed that intensive treatment was 
associated with a 42% relative reduction in risk 
compared to the conventional treatment group 
(p=0.02); and the risk of the first occurrence of 
non‐fatal MI, stroke or death from CVD was 
reduced by 57% with intensive treatment [3]. 
This suggests that intensive insulin treatment 
from the outset in patients with type 1 diabetes is 
protective against future cardiovascular events. 
Further analysis of the EDIC trial showed that an 
HbA1c of 10% (86 mmol/mol) or lower was 
associated with a hazard ratio of 0.80, equating 
to a 20% relative reduction in the risk of cardio-
vascular event [3]. The DCCT/EDIC trials dem-
onstrated that a 6.5 year period of intensive insulin 
therapy had sustained effects on development of 
microvascular and macrovascular complications, 
even after the intensive treatment period had 

 finished [3]. Intensive as compared with conven-
tional therapy reduced the progression of athero-
sclerosis, and the prevalence of coronary‐artery 
calcification, due to improvements in endothe-
lial function, platelet function and reduced for-
mation of glycoslyated end products with plaque 
formation [3].

Type 2 diabetes

The UKPDS was associated with a reduction of 
16% in the relative risk of MI, but this effect was 
not significant (p=0.052) [7]. However, there 
was a significant relative risk reduction of 39% 
in the obese patients, primarily treated with met-
formin (p=0.01) [7]. There was no difference 
between the two groups in all‐cause mortality. 
The ten year follow‐up study to UKPDS found 
no difference in the proportion of patients that 
experienced a silent MI, cardiomegaly or evidence 
of PVD [7]. However, within the 10 year post‐trial 
monitoring study, not only were significant risk 
reductions maintained for microvascular end 
points, but post‐trial risk reductions emerged for 
any diabetes‐related death and MIs (17% vs 15%, 
respectively, at p=0.01) despite the loss of differ-
ence between HbA1c after one year post‐trial, 
referred to as the legacy or metabolic memory 
effect [8]. However, no significant risk reduction 
was observed in the post-trial period for stroke or 
PVD [8]. In the overweight group treated with 
metformin the relative risk reductions for any 
 diabetes‐related death and MI (30% and 33%, 
respectively) were maintained at 10 years 
 follow‐up [8], but there were no significant risk 
reductions for stroke or PVD in this group.

In contrast to this, the ACCORD study (Action 
to Control Cardiovascular Risk in Diabetes) was 
terminated after 3.5 years due to an increase in 
all‐cause death rates in the intensive therapy 
group [20]. This trial randomised 10 251 diabetic 
patients, aged 40–79 years with either previous 
CVD or at least two high cardiovascular risk 
factors, to intensive therapy aimed at lowering 
the HbA1c <6%, or standard therapy to target 
HbA1c 7.0–7.9% (53–63 mmol/mol). There were 
257 and 203 deaths in the intensive therapy group 
and standard group, respectively, suggesting 
harm of intensive glucose control in these high 
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risk individuals. It did also demonstrate, however, 
that the rate of non‐fatal MI was lower in the 
intensive treatment group (3.6% vs 4.6%) but 
found no significant difference between the 
intensive therapy group and standard therapy 
group for rate of non‐fatal stroke [20].

The ADVANCE study followed up 11 140 
people with type 2 diabetes over the age of 55 
years, with at least one additional risk factor, for 
five years, from 20 countries across Asia, 
Europe, North America and Australasia. They 
also found no significant difference in rates of 
cardiovascular and cerebrovascular events in the 
intensive blood glucose‐lowering arm (using 
Gliclazide modified release (MR) and other glu-
cose‐lowering medication as needed to achieve 
HbA1c <6.5%) [21].

Although the ACCORD and ADVANCE tri-
als dispute the UKPDS finding of a protective 
 cardiovascular effect of intensive glycaemic 
control, it is worth noting that the populations in 
ADVANCE and ACCORD had more advanced 
diabetes than UKPDS participants with longer 
duration of diabetes (mean duration 8–11 years), 
and either known CVD or multiple cardiovascu-
lar risk factors [22].

The Veterans Affairs Diabetes Trial (VADT) 
randomised 1791 military veterans with poorly 
controlled type 2 diabetes to intensive therapy 
(aiming for a target absolute reduction of 1.5% in 
HbA1c) or standard therapy and followed them 
over a median of 5.6 years. They observed no dif-
ference between the two groups in the rates of 
macrovascular or microvascular complications, 
although there was an increase in sudden death in 
the intensive arm [23].

To overcome the uncertainty regarding inten-
sive glucose‐lowering on cardiovascular out-
comes, the trial investigators from ADVANCE, 
ACCORD, VADT and UKPDS collaborated to 
facilitate a meta‐analysis [24]. A total of 27 049 
participants with type 2 diabetes were included, 
and a total of 2370 major cardiovascular events 
occurred. The analysis demonstrated a modest 
reduction in major cardiovascular events with 
greater glucose‐lowering; with a relative risk 
reduction by 9% of major cardiovascular event, 
and relative risk of MI was reduced by 15%. 
They found a non‐significant reduction in risk of 
stroke and no difference for hospitalised fatal 

heart failure or cardiovascular death. An addi-
tional finding was that participants who did not 
have a prior history of macrovascular disease 
tended to benefit more from intensive glycaemic 
control, compared to those with a history of a 
macrovascular disease [24].

Table 9.2.1 shows the current American 
Diabetes Association (ADA), National 
Institute for Health and Clinical Excellence 
(NICE) and International Diabetes Federation 
(IDF) guidance on HbA1c targets and treat-
ment interventions to achieve glucose control 
[22,25–28].

9.2.3 Effects of intervention 
on other cardiovascular risk 
factors

Blood pressure

Atherosclerosis is diffuse in diabetic patients 
and requires aggressive treatment to minimise 
cardiovascular risk [15]. There are numerous 
risk factors, both modifiable and non‐modifia-
ble, that contribute to CVD and these need to be 
addressed in diabetic patients in the same way as 
they are within the non‐diabetic population. 
These primary preventions need to include 
addressing smoking, hypertension, raised lipids 
and obesity [3,15,29]. Targeted intervention at 
multiple risk factors reduces the risk of cardio-
vascular events, as well as microvascular events, 
by approximately 50% in patients with type 2 
diabetes [15,30].

The UKPDS trial demonstrated a 32% relative 
reduction in risk of death related to diabetes 
(p=0.019), a 44% reduction in stroke (p=0.013) 
and a 56% reduction in risk of heart failure 
(p=0.0043) in the tight blood pressure control 
group (targeting BP <150/85mmHg) compared 
to the less intensive blood pressure control group 
(targeting BP <180/105mmHg) [31]. Every 10 
mmHg decrease in systolic blood pressure 
resulted in an 11% relative reduction in risk of 
MI (p<0.001) [32]. These effects were equal in 
both the group treated with beta receptor block-
ers and those with angiotensin converting enzyme 
inhibitors (ACE‐i) [33]. There was a 21% non‐
significant trend in reduction of MI and a 49% 
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non‐significant trend in reduction in amputations 
[30]. However in the 10 year follow‐up study 
these significant reductions were not maintained 
after loss of the blood pressure  difference 
between the original intensive control group and 
the standard treatment group [34]. The exception 

to this was the effect on the development of PVD, 
although only a small number of these patients 
developed this complication (21 in each original 
group). There was a significant reduction in 
amputations of at least one digit or death from 
PVD at year 10 of 50% (p=0.02) [34].

American Diabetes 
Association [23,24] NICE [20]

International Diabetes 
Federation [25,26]

HbA1c targets 
in non‐pregnant 
adults

<7% individualised goals HbA1c below 7.0% / 53 
mmol/mol to minimise 
the risk of complications

More stringent goals for 
selected individuals such as 
those with short duration of 
diabetes, no underlying 
CVD and long life 
expectancy and less 
stringent goals for those 
with multiple 
comorbidities, advanced 
micro‐ or macrovascular 
complications, history of 
severe hypoglycaemia and 
limited life expectancy

No target should be  
< 6.5%, and many will 
need to be higher than this 
based on side effects and 
comorbidities

Treatment 
of type 1 
diabetes

Multiple daily injections or 
continuous subcutaneous 
insulin infusion with 
matching carbohydrate 
intake with prandial insulin

Multiple daily injections or 
continuous subcutaneous 
insulin infusion with 
matching carbohydrate 
intake with prandial insulin

Treatment 
of type 2 
diabetes

Early intervention with 
lifestyle interventions and 
metformin; with timely 
augmentation of treatment 
as needed

Start metformin treatment 
in a person who is 
overweight or obese, whose 
glucose is poorly controlled 
with lifestyle measures and 
add another agent (usually 
a sulfonylurea) if glucose is 
inadequate (see Figure 9.1 
in NICE guideline for full 
details of augmentation 
strategy)

Begin oral glucose 
lowering medications 
when lifestyle 
interventions alone are 
unable to maintain blood 
glucose control at target 
levels and review at 3 
months. First line therapy 
is with metfomin, then 
sulfonylurea can be 
added. Other options 
include an a‐glucosidase 
inhibitor, a dipeptidyl (see 
page 57 of guideline for 
algorithm) peptidase 4 
(DPP‐4) inhibitor or a 
thiazolidinedione or 
rapid‐acting insulin 
secretagogue

Table 9.2.1 Current guidance on HbA1c targets and treatment interventions to achieve 
glucose control
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The ADVANCE trial demonstrated additional 
benefit of further lowering systolic blood pres-
sure to less than 145mmHg in diabetic patients; 
showing an 18% reduction in cardiovascular 
deaths, 9% reduction in major vascular events 
and 14% reduction in total coronary events. In 
contrast to the ACCORD trial there was no evi-
dence of increased risk of death in the intensive 
treatment group [35].

The Heart Outcomes Prevention Evaluation 
(HOPE) study randomised 3577 people over the 
age of 55 years with diabetes who had had a pre-
vious cardiovascular event or at least one other 
cardiovascular risk factor to ramipril (an ACE 
inhibitor) or placebo. The HOPE study demon-
strated a clear benefit of ramipril versus placebo 
on reducing cardiovascular events and was 
stopped six months early because of this clear 
protective benefit. Ramipril lowered the relative 
risk of MI by 22%, stroke by 33% and cardio-
vascular death by 37%. These benefits were 
evident in both the type 1 and type 2 diabetic 
populations (albeit the actual number of 
patients with type 1 diabetes was small) and 
were maintained during follow‐up over 4.5 
years. They also demonstrated the benefit of 
ramipril on nephropathy, with a reduction of 
24% in the treatment group above and beyond 
that expected by the effects on blood pressure 
alone [36], this renal benefit is likely to 
 further protect against CVD.

The HOT study (hypertension optimal treat-
ment) investigated the benefit of lowering 
 diastolic blood pressure in over 19 000 patients 
across 26 countries in Europe, North and South 
America and Asia [37]. They randomised 
approximately 500 patients with diabetes into 
each of the diastolic blood pressure groups and 
demonstrated that the rate of cardiovascular 
events decreased with the diastolic blood pres-
sure. The risk of major cardiovascular events 
was halved in the target blood pressure group 
<80 mmHg compared to the group <90 mmHg. 
They also demonstrated a relative risk reduction 
of 30% of stroke in the lowest blood pressure 
group compared to the highest [37].

Table 9.2.2 shows the current ADA, (NICE) 
and IDF guidance blood pressure targets and 
treatment regimens [22,25–28].

In type 1 diabetes, hypertension is usually the 
result of underlying nephropathy and this there-
fore needs to be addressed as a priority [26].

Lipids

Serum lipid abnormalities in patients with type 2 
diabetes are characterised by decreased high‐
density lipoprotein (HDL) and elevated total 
cholesterol, low‐density lipoprotein (LDL), very 
low‐density lipoprotein (VLDL) and triglycer-
ides levels [11,15,38] and these are positively 
associated with coronary artery disease [39]. In 
the Scandinavian Simvastatin Survival Study 
(4S) [38] 4444 patients with angina or previous 
MI and cholesterol of 5.5–8.0 mmol/L were 
 randomised to simvastatin or placebo. Lipid‐
lowering therapy produced a greater reduction 
in the rate of coronary events in diabetic subjects 
than in non‐diabetic subjects (55% vs. 32%). 
However, in the Cholesterol and Recurrent 
Events study (CARE), there were similar reduc-
tions in diabetic and non‐diabetic subjects (27% 
and 25%, respectively) [40]. They demonstrated 
that the benefits of lipid‐lowering in cardiovas-
cular events, extends to patients with coronary 
artery disease and cholesterol levels within the 
normal range [40]. In a meta‐analysis of 14 stud-
ies an approximately linear relationship was 
identified between the absolute reductions in 
LDL‐cholesterol and the reduction in the inci-
dence of coronary and other major vascular 
events. They identified a 0.75 risk reduction in 
cardiovascular events per mmol/l reduction in 
LDL cholesterol. There was a 19% reduction 
in CHD death, 23% reduction in incidence of 
first major coronary event (RR 0.75 p<0.001); 
17% reduction in incidence of first stroke 
(RR 0.83 p<0.001) and 21% reduction in major 
vascular events [41].

In both CARE and 4S studies the lipid‐lowering 
treatment groups had significant reductions 
in  total cholesterol, LDL, triglycerides and 
increased HDL. The reduction in CHD mortal-
ity was not statistically significant, but the risk 
of a major CHD and cerebrovascular event was 
significantly reduced in both studies [11,38,40].

Fibrates have also been shown to be beneficial 
in diabetic patients. These are PPAR-α agonists 
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that raise HDL cholesterol levels and lower tri-
glyceride levels. The Veterans Affairs High 
Density Lipoprotein Cholesterol Intervention 
Trial (VA‐HIT) demonstrated a 24% reduction 
in death from CHD, non‐fatal MI and stroke in 
both diabetic and non‐diabetic patients [15]. In 
the FIELD study 9795 participants aged 50–75 
years with type 2 diabetes were randomised to 
fenofibrate (200 mg daily) or placebo and effects 
on cardiovascular events were monitored over 5 
years. They demonstrated a significant 24% rel-
ative reduction in non‐fatal MIs (p=0.01), but no 
significant difference between the two groups in 
death from CVD [42].

Table 9.2.3 shows the current ADA, (NICE) 
and (IDF) guidance for lipid profile targets and 
treatment options [22,25–28].

Antiplatelet therapy

The HOT study demonstrated the benefit of treat-
ing patients with aspirin 75 mg per day with a 
reduction of 9% in cardiovascular events, including 
silent MI, and this benefit was similar between the 
diabetic and non‐diabetic populations. However, 
there was no benefit in the  prevention of stroke 
with aspirin [37].

Table 9.2.4 shows the current ADA, NICE and 
IDF guidance for antiplatelet therapy [22,25–28].

Lifestyle therapy

As demonstrated in the MRFIT study there is sig-
nificant potential for the prevention of cardiovas-
cular deaths if lifestyle aspects such as cigarette 

American Diabetes 
Association [23,24] NICE [20]

International Diabetes 
Federation [25,26]

Blood Pressure 
targets

<130/80 mmHg <140/80 mmHg and <130/80 
mmHg in individuals with a 
raised microalbuminuria, 
retinopathy or with prior stroke 
or transient ischaemic attack

≤130/80 mmHg. 
Higher targets should 
be used in the elderly

Lifestyle 
intervention

Initial interventions for 
maximum of 3 months if 
BP< 140/90 mmHg. 
Sodium intake <1500 mg/
day. Reduce excess body 
weight. Increase fruit and 
vegetable intake to 8–10 
servings per day and low 
fat diary products 2–3 
servings per day. Increase 
activity levels

Offer lifestyle advice if blood 
pressure is confirmed as being 
consistently above 140/80 
mmHg (or above 130/80 
mmHg if there is kidney, eye 
or cerebrovascular damage

Aiming to reduce 
energy intake, salt 
intake, alcohol intake 
and inactivity

Alcohol intake No more than 2 servings/
day in men and no more 
than 1 serving/day in 
women

Pharmological 
treatment

If >140/90 mmHg start 
ACE‐i or ARB2 
immediately

First line treatment is ACEi 
unless African‐Caribbean 
descent (start should be an 
ACE inhibitor plus either a 
diuretic or a generic calcium 
channel) or women planning 
pregnancy (start calcium 
channel blocker)

Any agent can be used 
of ACE‐, ARB2, CCB 
or diuretic that is 
effective for individual 
patients

Table 9.2.2 Current guidance blood pressure targets and treatment regimens
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smoking are addressed, as well as hypertension 
and cholesterol levels, as these  factors all increase 
cardiovascular mortality more significantly in 
diabetic compared to non‐diabetic patients [2]. 

The absolute excess risk of cardiovascular death 
for men with the highest daily cigarette use was 
more than double for diabetic patients compared 
to non‐diabetic patients [2]. Cardiovascular death 

American Diabetes 
Association [23,24] NICE [20]

International Diabetes 
Federation [25,26]

Lipid profile 
targets

LDL <100 mg/dl (2.6 
mmol/l) if no CVD or 
LDL<70 mg/dl (1.8 mmol/l). 
 HDL >40 mg/dl  
(1.0 mmol/l) in men and 
>50 mg/dl (1.3 mmol/l) in 
women

Total cholesterol level  
<4.0 mmol/l or LDL 
cholesterol level  
<2.0 mmol/l

LDL cholesterol  
<2.0 mmol/l (<80 mg/dl), 
triglyceride <2.3 mmol/l 
(<200 mg/dl), HDL 
cholesterol >1.0 mmol/l 
(>39 mg/dl), non‐HDL 
cholesterol <2.5 mmol/l 
(<97 mg/dl). LDL 
cholesterol should be  
<1.8 mmol/l (<70 mg/dl) 
in established CVD.

Triglycerides 
targets

<150 mg/dl (1.7 mmol/l) If cardiovascular risk is high, 
consider adding a fibrate if 
triglyceride levels remain in 
the range 2.3–4.5 mmol/l

Consider the addition of 
fenofibrate where serum 
triglycerides are >2.3 
mmol/l (>200 mg/dl) and 
high density lipoprotein 
(HDL) cholesterol is low, 
especially when 
retinopathy is present. 
Combination of 
gemfibrizol with a statin 
is not recommended

Initial 
treatment

Lifestyle modification 
focusing on the reduction 
of saturated fat, trans‐fat, 
and cholesterol intake; 
increase of omega‐3 fatty 
acids, viscous fibre, and 
plant stanols/sterols; weight 
loss (if indicated); and 
increased physical activity

Simvastatin 40 mg in diabetic 
patients over the age of 40 years, 
unless the cardiovascular risk 
from non‐hyperglycaemia‐
related factors is low, or under 
40 years old, if the 
cardiovascular risk factor 
profile is poor (multiple 
features of the metabolic 
syndrome, presence of 
conventional risk factors, 
microalbuminuria, at‐risk 
ethnic group, or strong family 
history of premature CVD).

Initial lifestyle measures. 
Treat high risk individuals 
with statins unless 
contraindicated.

Augmenting 
treatment

Add statin therapy if 
patients have overt 
cardiovascular disease, or 
>40 years that have one 
additional risk factor or if 
LDL remains >100 mg/dl 
(2.6 mmol/l).

See triglyceride treatment See triglyceride treatment

Table 9.2.3 Current guidance for lipid profile targets and treatment options
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rates progressively increased with increasing 
number of major risk factors (hypertension, 
cholesterol levels and smoking) from 30.7 with no 
major risk factors to 125.2/10 000 person years 
with the highest level of all three risk factors. 
However the effect of modifiable risk factors on 
the occurrence of stroke is less clear. In a sub‐
analysis of the UKPDS study of 3776 patients with 
newly diagnosed type 2 diabetes, male gender, 
increasing age and hypertension were posi-
tively associated with stroke, but obesity, lack 
of exercise, smoking, poor glycaemic control, 
hyperinsulinaemia, dyslipidaemia, and microal-
buminuria were not significantly associated with 
the occurrence of stroke [16].

In the Steno‐2 study multiple factor intensive 
intervention, including a 3 month initiation of diet 
(total daily intake of fat that was less than 30% and 
of saturated fatty acids that was less than 10% of the 
daily energy intake) and physical activity (light‐to‐
moderate exercise for at least 30 minutes three to 
five times weekly), followed by a stepwise pharma-
cological approach to hyperglycaemia and blood 
pressure management if required, was compared to 
conventional therapy. A total of 118 cardiovascular 
events occurred; with 85 events in 35 patients (44%) 
in the conventional therapy group compared to 33 

events among 19 patients (24%) in the intensive 
therapy group. This included 20 versus 3 non‐fatal 
strokes, 14 versus 7 amputations and 12 versus 
6  vascular surgical interventions for PAD for 
conventional therapy versus intensive therapy 
groups, respectively [30].

However, in the Look AHEAD trial, a large 
randomised control trial investigating solely 
lifestyle interventions on cardiovascular out-
comes in type 2 diabetes, there were no signifi-
cant differences in cardiovascular outcomes 
between the lifestyle intervention and control 
groups, despite significant differences in weight 
loss, HbA1c and other cardiovascular risk fac-
tors. These differences diminished over the 
course of the trial and the trial was stopped due 
to futility at 9.6 years [20,43] however the over-
all conclusions of this trial are a matter of debate 
as there were much lower than expected rates of 
major outcomes in both groups due to optimised 
CVD risk management. Furthermore, the con-
trol group were managed more aggressively 
with medication and therefore an alternative 
interpretation of the results is that the lifestyle 
group achieved the same rates of CVD as the 
control group despite significantly less use of 
medications for risk management.

American Diabetes 
Association [23,24] NICE [20]

International Diabetes 
Federation [25,26]

Aspirin once 
daily as 
primary 
prevention

Aspirin 75–162 mg: all 
diabetic patients with 
increased cardiovascular 
risk (10 year risk >10%. 
eg. Men >50 years and 
women >60 years who have 
one additional risk factor

Aspirin 75 mg: diabetic 
patients >40 years of BP 
<145/90 mmHg and <50 
years who have other 
cardiovascular risk factors

Anti‐platelet therapy is not 
routinely recommended in 
high risk individuals who 
have not had a CVD event.

Aspirin as 
secondary 
prevention

All adults with diabetes and 
CVD

Offer low‐dose aspirin, 
75 mg daily, to a person 
who is 50 years old or over 
if blood pressure is below 
145/90 mmHg

People with a previous CVD 
event should be treated with 
lifestyle modification, low‐
dose aspirin (or clopidogrel), 
statins and blood pressure 
lowering medications, unless 
contraindicated

Post ACS Combination aspirin and 
clopidogrel 75 mg for up to 
1 year and β‐blockers for at 
least 2 years

Table 9.2.4 Current guidance for antiplatelet therapy
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Approximately 24% of men and 26% of women 
are now classified as obese (defined as a body 
mass index >30 kg/m2) and 65% of men and 58% 
of women are overweight (defined as a body mass 
index 25–29.9 kg/m2) in the United Kingdom [44]. 
The distribution of body fat is also important and 
excess fat stored around the waist is also a risk fac-
tor for diabetes. Regular physical activity lowers 
the risk of developing type 2 diabetes by increasing 
insulin sensitivity, and reduction in the risk of dia-
betes is independent of body weight [45]. Physical 

activity rates are low across the entire adult popu-
lation – around six in ten men and seven in ten 
women are not sufficiently physically active [45].

Exercise therapy, specifically individualised 
programs, may greatly benefit many patients 
with diabetes by reducing hyperglycaemia, 
insulin resistance, dyslipidaemia and hyperten-
sion; these reductions may translate into an 
improved vascular disease risk profile, as well 
as benefits in weight loss and improved physi-
cal function [46]. Supervised exercise training 

American Diabetes 
Association [23,24] NICE [20]

International Diabetes 
Federation [25,26]

Lifestyle 
interventions 
for patients 
at risk of 
diabetes

Individuals with diabetes or 
pre‐diabetes should receive 
individualised medical 
nutrition therapy

Provide individualised and 
ongoing nutritional advice, 
sensitive to the individual’s 
needs, culture and beliefs

Offer lifestyle advice to all 
people with type 2 diabetes 
around the time of 
diagnosis. Individualise 
advice on food/meals to 
match needs, preferences 
and culture

Physical 
acitivity

Minimum 150 min per 
week

Introduce exercise 
gradually; up to 30–45 min 
on 3–5 days per week or an 
accumulation of 150 min 
per week of moderate‐
intense aerobic activity 
(50–70% of maximum 
heart rate) and resistance 
training 3 times per week

Diet Reduce energy intake and 
dietary fat intake with 
saturated fat intake of <7% 
of total energy

People who are overweight, 
an initial body weight loss of 
5–10%.
Encourage high‐fibre, low 
glycaemic index sources of 
carbohydrate in the diet, 
such as fruit, vegetables, 
wholegrains and pulses; 
include low‐fat dairy 
products and oily fish; and 
control the intake of foods 
containing saturated and 
trans‐fatty acids.

Advise on reducing energy 
intake and control of foods 
with high amounts of added 
sugars, fats or alcohol.

Supplements Routine supplementation 
with antioxidants, such as 
vitamins E and C and 
carotene, is not advised 
because of lack of evidence 
of efficacy

Table 9.2.5 Current guidance for lifestyle interventions for patients at risk of diabetes
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in people with PAD has been shown to be 
highly beneficial in terms of walking distance 
and time, time to claudication and pain, and 
quality of life [46].

Table 9.2.5 shows the current ADA, NICE and 
IDF guidance for lifestyle interventions for 
patients at risk of diabetes [22,25–28].

9.2.4 Conclusions

Cardiovascular disease is more prevalent 
amongst patients with diabetes than the general 
population [3,4] and accounts for the majority of 
deaths in diabetic patients [2].

Optimising glycaemic and blood pressure 
control, with lifestyle interventions and/or phar-
macological measures can reduce the risk of car-
diovascular events. People with diabetes who 
develop CVD can benefit from secondary pre-
vention measures, including treatment with low 
dose aspirin, β‐blockers and lipid‐lowering 
agents. People with diabetes, identified as being 
at increased risk of developing lower limb com-
plications, can reduce this risk by participating 
in a foot care programme and prompt interven-
tion can minimise their risk of subsequent disa-
bility and amputation [22,45].
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9.3.1 Introduction

Coeliac disease (CD) is defined as a state of 
heightened immunological responsiveness to 
ingested gluten in genetically susceptible indi-
viduals [1]. It is considered to be a primarily 
digestive systematic disorder consisting of a 
common inflammatory disease of the small 
intestine triggered and maintained mainly by an 
immunological response following gluten expo-
sure in the diet [2]. The characteristic clinical 
response is triggered by exposure to gluten, the 
name given to the proteins present in a group of 
cereals including mainly gliadin (wheat), secalin 
(rye), hordein (barley) and triticale (hybrid of 
wheat and rye) [2]. Individuals display various 
degrees of intestinal inflammation in the small 
intestinal mucosa, ranging from mild intraepi-
thelial lymphocytosis to severe mononuclear 
infiltration resulting in total villous atrophy at 
the most evolved stages [3,4].

CD is frequently found in conjunction 
with other autoimmune diseases such as type 1 
diabetes. Individuals with type 1 diabetes have 
been shown to have a 4–7% chance of having 
concomitant CD [5], which is significantly 
higher than the estimated prevalence of CD in 
the general United Kingdom (UK) popula-
tion, which ranges from 0.8 to 1.9% [6]. There 
is no increased risk of CD in those with type 2 
diabetes, with the frequency being similar to 
that of the general population [7].

The increased prevalence of CD in type 1 
diabetes can partly be explained by the similar 
genetic background, with both sharing disease‐
specific alleles. The presence of the common 
HLA markers B8 and DR3 [8–10] and the DQB1 
*0201 allele that encodes a particular heterodi-
mer [11,12] are present in the majority of people 
with both type 1 diabetes and CD.

The diagnosis of CD should be made in 
people with diabetes as mucosal atrophy 
and inflammation can alter the absorption of 
nutrients affecting glycaemic control and 
body mass index and causing hypoglycaemia 
[13,14].

9.3.2 Clinical onset and 
symptoms

CD can develop at any age and is no longer 
regarded as a childhood disorder. Reported 
 frequencies of CD among people with type 1 
diabetes are generally higher in adults [15]. In 
most cases (90%) type 1 diabetes is diagnosed 
before CD [10]. However, the delay in diagnosis 
of CD is usually many years [16], making it dif-
ficult to specify the order in which diseases 
appear [17]. Evidence suggests that when CD is 
diagnosed before diabetes, the clinical presen-
tation of diabetes is reported to be more severe 
and there is a higher prevalence of multiple 
autoimmune diseases [18].

Coeliac disease and diabetes
Alyson Hill
University of Ulster, Londonderry, UK

Chapter 9.3
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Most cases of CD with diabetes are reported 
to be asymptomatic (silent) or present with only 
mild symptoms detected by serologic screening 
[19]. Gastrointestinal symptoms may be present 
but are often mild and recognised retrospec-
tively [20]. Severe malabsorption is unusual 
with most having few or no symptoms or conse-
quences of malabsorption [20]. Iron or folic acid 
deficiency with or without anaemia is the most 
common laboratory abnormality [17]. Failure to 
grow in children has been reported in about one 
third of children with CD [10,12,21]; however, 
this has not been reported by others [22,23]. 
Recurrent and symptomatic hypoglycaemic epi-
sodes and a reduced insulin requirement and 
poor metabolic control have been reported prior 
to diagnosis of CD [13,24], possibly related to 
malabsorption.

In those detected by screening, evidence is 
controversial as to the effect of a gluten-free diet 
(GFD) on metabolic control and insulin require-
ments. Acerini et al. [25] reported no difference 
between coeliac and non‐coeliac in terms of gly-
cosylated haemoglobin or total insulin needs. 
However a study by Page et al. [7] found better 
metabolic control in those with CD than in those 
without. Others reported less hypoglycaemic 
episodes [12,26], which may be a reflection of 
the limited damage to the mucosa of the small 
intestine in subclinical CD [15]. In some cases, 
however, adherence to a GFD was not strict. 
However, Kaukinen et al. [27] observed that 
adherence to a strict coeliac diet had no detri-
mental effect on metabolic control of diabetes, 
suggesting that both conditions can be treated at 
the same time.

9.3.3 Diagnosis

CD is diagnosed by small intestinal (duodenal) 
biopsy that reveals characteristic morphological 
changes, typified by villous atrophy and intra‐
epithelial lymphocytosis [5] that recover on a 
GFD. This remains the ‘gold’ standard test for 
diagnosis of CD, which requires the consumption 
of gluten‐containing foods in more than one 
meal every day for a minimum of 6 weeks before 
testing [6].

Serological antibody testing is routinely used 
as a preliminary non‐invasive screening test 
for those being investigated for CD. It is rec-
ommended that anyone with type 1 diabetes is 
screened for CD [6].

Tests for immunoglobulin A IgA endomysial 
antibodies (EMA) and IgA tissue transglutami-
nase antibodies (tTGA) are the preferred choice 
as they have a sensitivity and specificity of >90%. 
Test accuracy is dependent on normal levels of 
IgA antibody; therefore a false‐negative test result 
will occur if the patient is IgA deficient. CD occurs 
more frequently in patients with IgA deficiency 
than in the general population [28]. However, a 
study on patients with type 1 diabetes reported 
none with IgA deficiency [29]. Patients with 
deficiency of IgA will require IgG class of tTGA 
and EMA testing.

Immunoglobulin G (IgG) and IgA anti‐gliadin 
antibody (AGA) lack sensitivity by comparison 
with IgA EMA and are not recommended in the 
diagnosis of CD [6].

9.3.4 Treatment of coeliac 
disease

CD is treated by life‐long adherence to a strict 
GFD that usually leads to resolution of symp-
toms and a reduction in the long‐term risks of 
complications for most patients [30]. For many 
of those with diabetes, the additional dietary 
restrictions imposed by a GFD make adherence 
difficult.

Gluten is a generic term to encompass all the 
proteins derived from wheat, rye and barley. The 
specific proteins are gliadins in wheat, secalins 
in rye and hordeins in barley. Foods containing 
these proteins should be avoided. Table 9.3.1 
indicates foods that must be avoided. Oats con-
tain proteins called avenins and are not toxic, 
and most people with CD can eat oats. However, 
many oats are produced in the same place as 
wheat, barley and rye that makes them unsafe 
due to contamination. Trace amounts of gluten 
may provoke intestinal inflammation as individ-
uals have variable sensitivity to gluten [5]. There 
are limited data available on the safe threshold 
for daily consumption of gluten; however, the 
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Foods suitable for GFD Foods not suitable for GFD

Starches/grains oats*, rice & wild rice, rice flour, rice 
bran, rice malt, rice rusk, corn (maize), 
corn starch, cornflour, polenta 
(cornmeal), potato flour, potato starch, 
soya, soya flour, bean flours chickpea 
flour, sago, tapioca, cassava, 
arrowroot, amaranth, buckwheat, 
chestnut flour, gram flour, millet, 
quinoa, sorghum, teff, modified starch, 
mustard flour

Wheat, rye, barley, barley flour, barley 
malt & malted barley, bulgar wheat, 
durum wheat, wheat flour, wheat bran, 
wheat protein, wheat starch, wheat rusk, 
rye flour, semolina, spelt, couscous, 
rusk, dinkel, einkorn, emmer wheat, 
kamut, triticale

Meat, poultry and fish 
and alternatives

Fresh meats, poultry, cured pure meats, 
plain cooked meats, smoked meats. 
Dried, fresh, kippered and smoked 
fish, fish canned in brine, oil, water, 
shellfish, game, eggs, plain tofu, peas, 
beans, lentils, plain nuts and seeds

Cooked/coated in batter or breadcrumbs, 
haggis, meat pies, meat puddings, 
sausages, sausage meat, faggots, 
rissoles, scotch eggs

Milk and milk 
products

All milk (liquid & dried), all cream 
(single, double, whipping, clotted, 
soured, crème fraiche, buttermilk, 
plain fromage frais, plain yoghurt, 
cheese

Yoghurts containing muesli or cereals

Fruits vegetables and 
potatoes

All canned, dried, fresh, frozen and 
pure fruit and vegetable juices; 
vegetables pickled in vinegar. Plain 
potatoes, baked, boiled or mashed

Battered, breadcrumbed or dusted with 
flour. Pies and pastries

Fats and oils Butter, cooking oils, margarine, 
reduced and low fat spreads, ghee, lard

Soups, sauces, 
seasonings

All vinegars (including barley, malt 
vinegar), garlic puree, ground pepper, 
herbs and spices, mint sauces, salt, 
tomato puree, Worcestershire sauce

Chinese soy sauce, stuffing and stuffing 
mixes

Savoury snacks Home made popcorn, rice cakes, rice 
crackers

Preserves, spreads 
and confectionary

Honey, sugar, glucose, golden syrup, 
jam, marmalade, glucose molasses, 
treacle, yeast extract, boiled sweets/
jellies

Ice cream cones and wafers, communion 
wafers

Drinks Clear fizzy drinks & fruit squash, fruit 
juice, mineral water, cocoa, coffee, tea, 
ginger beer, cider, spirits, port, sherry, 
wine

Barley waters/squash, malted drinks, 
beer, lager, stout

Home baking Arrowroot, artificial sweeteners, 
bicarbonate of soda, cream of tarter, 
food colouring, gelatine, icing sugar, 
yeast (dried & fresh)

Oats* uncontaminated oats are permitted.
Broad list of foods; Always check the food label and refer to your local Gluten-Free Food and Drink Directory  
(e.g. www.coeliac.org.uk).

Table 9.3.1 Foods permitted and not permitted on a gluten free diet
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safe daily limit is likely to be in the region of 
10 mg each day [5]. The current threshold level 
of gluten permitted in gluten‐free (GF) food as set 
by the Codex standard used in the UK and Europe 
(Codex Alimentarius Commission) suggests that 
food containing less than 20 ppm (parts per mil-
lion) of gluten can be labelled as ‘gluten free’ and 
that foods containing between 21 and 100 ppm of 
gluten can be labelled as ‘very low gluten’.

Given that all patients will be exposed to small 
amounts of gluten contamination within their diet 
adherence to a strict GFD is recommended [31].

9.3.5 Dietary sources 
of gluten

Table 9.3.1 summarises the main food sources of 
gluten that should be avoided with suggested GF 
alternatives. However, adherence also involves the 
elimination of any foods containing wheat, rye 
and barley, which are not always easily identifia-
ble. Wheat flour is added as an ingredient, 
binder, filler or a carrier for flavourings and 
spices and can be present in almost any type of 
manufactured product and can vary between 
brands. Cross‐contamination of GF foods by 
gluten can also occur during preparation, stor-
age and transport, adding difficulty for patients 
adhering to this diet.

It is essential that food labels be consulted and 
checked against listings for GF foods. Coeliac 
UK (or equivalent association) publishes annual 
updated food lists that should be used. Some 
supermarkets and food manufacturers may have 
their own symbol/flag labelling foods ‘suitable 
for coeliacs’ or ‘gluten free’. Coeliac UK licenses 
their Crossed Grain symbol to many food manu-
facturers who produce GF foods and drinks. 
Patients should always be encouraged to read 
labels and check product information to ensure 
the foods are suitable.

Alternative gluten-free foods

Most foods that have not been processed, such 
as fresh meats, fish, eggs, cheese, milk, fruit and 
vegetables can be included safely in the diet. 
Various manufacturers produce a range of GF 

substitute products, such as breads, pizza bases, 
biscuits and flours, although GF foods are 
generally more expensive to purchase than 
conventional foods. In some countries financial 
assistance to compensate for the additional costs is 
available. In the UK, GF products are available on 
prescription labelled ACBS (Advisory Committee 
on Borderline Substances). Published guidance 
(Gluten‐free foods: A prescribing guide www. 
coeliac.org.uk) is available on the minimum 
monthly prescription of GF foods on the basis of 
approximately 15% of energy intake derived 
from these products. However, in some countries 
GF foods are tax deductible, and in many 
European countries monthly financial assistance 
is available. Regional coeliac associations can 
provide further information in relation to avail-
ability of products and financial assistance, for 
example in the USA (csaceliacs.org; celiac.org; 
gluten.net; celiac.com).

GF products are based on GF wheat or other 
cereals that are safe, such as maize, rice, and 
oats. GF wheat is wheat starch separated from 
wheat flour and can be an alternative used in 
cooking and baking to improve the texture and 
taste. Evidence suggests that GF wheat starch is 
tolerated by the majority of people with coeliac 
disease [32]. Codex wheat starch is specially man-
ufactured wheat starch that has been processed to 
remove the gluten to a trace level within the Codex 
Standard. However, very small amounts of gluten 
can remain that may be sufficient to cause intesti-
nal injury in sensitive patients [33]. Certain suffi-
ciently sensitive individuals may require a wheat 
and GFD that entails avoiding any products that 
are manufactured from wheat starch.

9.3.6 Diet in diabetes

People with diabetes are encouraged to adhere to 
a healthy balanced diet based on adequate energy 
and carbohydrate to achieve satisfactory glycae-
mic control (Diabetes UK). The exact proportion 
of macronutrients (carbohydrate, protein and 
fat) in the diabetic diet should be consistent with 
the general population [34] as an ideal percent-
age of energy from macronutrients in people 
with diabetes is not supported by evidence [35]. 
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Saturated and trans‐fatty acids should be limited 
and those with diabetes should be encouraged 
to adhere to a cardioprotective diet that is high 
in monounsaturated fats and low in saturated 
fats [36].

Carbohydrate should be consistently distributed 
throughout the day and incorporated into each 
meal and snack to improve glycaemic control 
[35] in all those with diabetes. Lowering the 
 glycaemic index (GI) of the diet is an effective 
method in improving glycaemic control in 
those with diabetes [37] as evidence suggests 
that there is an inverse correlation between the 
GI of carbohydrates and glycaemic control in 
those with type 1 diabetes [38]. Foods with a low 
GI are digested and absorbed more slowly than 
foods with a high GI. Evidence suggests that 
dietary fibre is associated with lower HbA1c 
levels with additional benefit of reduced risk of 
severe ketoacidosis [39].

Adjusting insulin to the amount of carbohydrate 
consumed is believed to be an important strategy 
in achieving good glycaemic control [40]. 
Structured education programmes that offer 
education in relation to carbohydrate counting 
and insulin dose adjustment are recommended 
for those treated by multiple daily injections or by 
insulin pump therapy (continuous subcutaneous 
insulin infusion).

Gluten‐free diet for people 
with diabetes

Carbohydrate is the main nutritional consideration 
for glycaemic control in those with type 1 diabetes 
and often is a primary source of gluten requir-
ing the use of substitute GF foods. Many GF 
foods are made with rice flour and other con-
centrated, low fibre, highly refined starches 
(potato, corn starches). Therefore adherence 
to a GFD may result in a diet higher in GI and 
reduced fibre.

There is limited information on the GI of GF 
foods and available evidence is conflicting as to 
the GI of GF breads and pasta. Saadah et al. [41] 
suggests that GF foods have a much higher GI 
than those gluten‐containing equivalents however, 
Packer et al. [42] showed the GI to be similar in 
both GF and gluten‐containing foods.

Naturally GF foods which are high in fibre 
and have low GI should also be encouraged, for 
example pulses, legumes, seeds, nuts, buckwheat, 
rice, millet, sweet potato, sweet corn, fruit and 
vegetables. Therefore patients with type 1 dia-
betes and coeliac disease should be encouraged 
to choose less refined higher fibre GF flours 
and foods that should not compromise glycae-
mic control and may improve blood glucose 
control.

Adherence to a gluten‐free diet

Adherence to a GFD varies among those with CD 
(with and without diabetes) with rates ranging 
from 24–81% who admitted either occasional or 
prolonged lapses [43]. Lapses are more likely to 
occur in those who are asymptomatic [5]. Factors 
reported to affect the likelihood of compliance 
include unavailability of GF foods, inconvenient, 
restrictive, unpalatable, lack of available nutri-
tional information, psychological factors and 
cost [5]. The clinical impact of adherence to a 
GFD in those with diabetes is unclear as studies 
are inconclusive, showing varying results in 
relation to improvements in hypoglycaemia, 
weight and glycaemic control [43].

Monitoring

Blood glucose levels should be monitored closely 
following diagnosis of CD and introduction of a 
GFD as insulin levels often need to be adjusted 
due to the increased absorption of carbohydrate.

Those who experienced weight loss prior to 
diagnosis of diabetes and/or CD may gain weight 
as absorption of food increases with intestinal 
recovery. Therefore patients should be educated 
about weight management.

Complications of coeliac disease

CD requires ongoing review and management. 
People with undiagnosed CD or those with CD 
who are not adhering to a strict GFD are at 
higher risk of complications. CD is associated 
with reduced bone mineral density, which 
increases the risk of osteoporosis and osteope-
nia that is present in 20–50% of people with 
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newly diagnosed CD [5]. This is likely to be due 
to a delay in diagnosis of coeliac disease with a 
significant latent period of calcium malabsorption 
[5]. Establishing a GFD will optimise calcium 
absorption and improve bone mineral density, 
although it may not restore it to the level found in 
comparable non‐coeliac people [44]. It is recom-
mended that a daily intake of 1500 mg calcium 
provides maximal benefit [5]. If dietary intake is 
likely to be insufficient then supplementation is 
recommended [5].

People with CD have modest increases in over-
all risks of malignancy and mortality [45] although 
the overall number of cases of malignancy and 
absolute risk remains low [30]. Evidence suggests 
that the relative risk of all types of malignancy in 
those with CD has been historically overestimated 
[30] and is not as significant as was initially esti-
mated. Most of this excess risk occurs in the year of 
follow‐up after diagnosis [45]. The most common 
association is an increased incidence of intestinal 
lymphoma, however, the risk is low and this is still 
a rare condition [5]. Evidence suggests that adher-
ence to a strict GFD may be protective and reduce 
the risk of malignancy to that of the general popu-
lation (after at least 5 years on a GFD) [46,47].

CD has been associated with reproductive 
problems at various stages in adulthood. However, 
there is a lack of evidence on the impact of CD on 
reproduction in those with type 1 diabetes [43]. 
CD is associated with infertility in both men and 
women and poorer outcomes in pregnancy. 
Evidence does suggest that for women with CD 
there is a shortened fertility period and also a 
greater risk of low‐birth‐weight babies [43].
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9.4.1 Introduction

As part of the developing pandemic of type  
2  diabetes many individuals are experiencing 
increased risk of developing insulin resistance and 
progression to diabetes [1]. This chapter focuses on 
three conditions associated with insulin resistance: 
polycystic ovary syndrome, non‐alcoholic fatty liver 
disease and human immunodeficiency virus (HIV) 
infection. Insulin resistance refers to an impaired 
ability of insulin action, principally a reduced glu-
cose‐lowering effect, but also a reduction in uptake 
of circulating triglycerides and increased hydrol-
ysis of fat stores. Peripheral insulin resistance 
reduces glucose uptake in muscle and fat cells. 
Insulin resistance in liver cells leads to both reduced 
glycogen synthesis and storage, and reduced sup-
pression of gluconeogenesis. Together these con-
tribute to elevated blood glucose levels, leading to 
metabolic syndrome and type 2 diabetes.

Several diseases and conditions are associated 
with insulin resistance and its aetiology within 
these conditions may be inherent or extrinsic. In 
polycystic ovary syndrome, an inherent factor 
associated with the condition is currently thought 
to lead to the development of insulin resistance. 
In liver disease, localised insulin resistance may 
be extrinsic secondary to obesity or infection. 
The aetiology of HIV‐associated insulin resist-
ance is complex, but may be inherent secondary 
to inflammation and/or extrinsic secondary to 
antiretroviral therapy or obesity.

9.4.2 Polycystic ovary 
syndrome

Disease pathogenesis and 
consequences

Polycystic ovary syndrome (PCOS) is a heter-
ogeneous condition, with a prevalence of 5 to 
20% depending on diagnostic criteria and 
 population investigated [2]. Clinical presentation 
is heterogeneous, women present with a com-
bination of symptoms including menstrual 
dysfunction, infertility or increased pregnancy 
complications, hirsutism (excess hair) or alopecia, 
acne, central adiposity and insulin resistance 
[3]. The current diagnostic criteria for PCOS 
involve the presence of two of the following 
three features with the exclusion of other 
endocrine disorders [4]:

(1) Oligo‐ovulation leading to oligomenorrhoea 
(defined as less than nine menses per year) 
or anovulation leading to amenorrhoea.

(2) Hyperandrogenism defined clinically 
(hirsutism, male pattern alopecia, acne) 
and/or biochemically.

(3) Polycystic ovaries (identified on ultrasound).

Although insulin resistance is not included in 
the current diagnostic criteria, the majority of 
women with PCOS present with some degree 
of insulin resistance, which is suggested to be 
an intrinsic, rather than typical obesity‐related 
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extrinsic insulin resistance [5]. The inherent 
 factor is largely unknown, however, a post insu-
lin receptor defect has been proposed as in vitro 
studies on adipocytes from women with PCOS 
show a significant reduction in the number of 
GLUT‐4 transporter molecules, in the absence 
of abnormalities in insulin receptor number or 
affinity [6]. Studies are also ongoing in relation 
to genetic susceptibility of PCOS and insulin 
resistance. Some studies have suggested an 
autosomal dominant inheritance, however, others 
propose an oligogenic basis, due to the hetero-
geneous nature of PCOS [7], and may be the 
consequence of the interaction of several genes 
(in addition to environmental factors). Insulin 
resistance and compensatory hyperinsulinemia 
promotes ovarian hyperandrogenism and in 
turn reduces hepatic production of sex hormone 
binding globulin (SHBG) thereby increasing 
free testosterone levels, leading to disrupted 
follicular growth, menstrual irregularity and 
anovulatory sub‐fertility [8].

Increased risk of type 2 diabetes is common as 
a result of intrinsic insulin resistance, with up to 
50% of women with PCOS developing impaired 
glucose tolerance or type 2 diabetes by the age of 
40 years, and a similar proportion also exhibit 
features of the metabolic syndrome [9]. Further 
studies also demonstrate that women with PCOS 
have greater prevalence of cardiovascular disease 
risk factors, including hypertriglyceridaemia, low 
high‐density lipoprotein (HDL) cholesterol, 
hypertension and endothelial dysfunction [10].

Obesity and abdominal obesity are more preva-
lent in PCOS [11], estimated to affect 30–70% of 
women [12, 13] and worsen the reproductive and 
metabolic features including insulin resistance 
[14]. Weight gain exacerbates symptoms, with 
obese women generally more symptomatic and at 
increased health risk compared with lean women 
with PCOS; however, lean women with PCOS are 
also at increased disease risk compared with 
matched controls [14].

Genetic heritability

The exact pathophysiology of PCOS is complex 
and remains largely unclear, however, it is 
thought there is a genetic heritability that is 

enhanced by environmental factors such as obe-
sity or lifestyle [15]. PCOS prevalence also var-
ies by ethnic background, being more prevalent 
in South Asian and Black women than in 
Caucasians [3]; yet there is relatively little 
research in this area.

Patient‐centred consequences

The psychological effects of PCOS should also 
not be neglected, as increased levels of anxiety, 
depression and reduced quality of life have been 
described in women with PCOS [16]. This has 
been attributed to presenting features, such as 
oligomenorrhoea, hirsutism, acne and obesity 
[17]. There is some additional evidence that a 
higher prevalence of eating disorders exists in 
women with PCOS [18], however, further 
research is needed in this area.

Nutritional assessment

In addition to standard nutritional assessment, 
some additional factors should be considered 
for women with PCOS, as detailed in Box 9.4.1. 
Clinical (acne, hirsutism), psychological (anxiety 
and depression), economic and social factors 
should be considered in the context of dietary 
and lifestyle recommendations, which should 
also include behavioural change techniques 
such as motivational interviewing where 
appropriate.

Clinical and nutritional 
management

Clinical management of PCOS focuses on the 
treatment of presenting symptoms [19] as pres-
ently there is no cure for PCOS. Despite this, 
lifestyle management is widely advocated as the 
primary therapy in overweight and obese women 
with PCOS. Clinical management includes sup-
pression of androgen secretion by systemic 
treatment (such as oral contraceptive pill or anti-
biotics) or by topical treatment of excess hair 
growth or acne [19]. Clomiphene citrate is 
widely used for the induction of ovulation and 
metformin is commonly prescribed to insulin‐
resistant individuals [20].
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Weight and nutritional management

Weight loss achieved through dietary restriction 
and increased physical activity remain the key 
management strategy for overweight and obese 
women with PCOS. Modest weight loss of just 
5–10%, without medical intervention, has been 
shown to improve many of the symptoms associ-
ated with PCOS by lowering fasting insulin lev-
els, increasing SHBG, reducing free testosterone, 
improving reproductive function, improving 
symptoms of hirsutism and improving risk factors 
for diabetes and CVD [21,22]. The optimal 
method of achieving sustainable weight loss is 
under debate and, as with the general population, 
a range of weight loss strategies appropriate to the 
individual are available.

The optimal dietary composition remains 
unknown, with proposed modifications to diets 
including lowering glycaemic index or load, 
increasing monounsaturated or polyunsaturated 
fat intake, lowering carbohydrate or increasing 
protein intake. Studies have demonstrated vary-
ing clinical and biochemical benefits to these 
modifications [22,23] with no conclusive opti-
mum diet advocated to manage PCOS.

There remains a limited body of literature 
investigating dietary strategies for PCOS, with 
existing studies comprising small sample sizes, 
being of short to medium duration, and focused 
predominantly on Caucasian women, indicating 
the lack of generalisability of results and contrib-
uting to the lack of consensus on the optimum 
dietary recommendations for this population.

It has been proposed that dietary modification 
to improve insulin resistance may produce ben-
efits greater than those achieved by weight loss 
alone and would also be suitable for lean women 
with PCOS [24], yet few studies have included 
lean women with PCOS. One small study, which 
included lean women, demonstrated an improve-
ment in insulin sensitivity through an isocaloric 
diet with a reduction in dietary glycaemic index 
[25]. Additional research is warranted to investi-
gate the effects of dietary modification on meta-
bolic and reproductive factors in lean women 
with PCOS, many of whom are symptomatic 
and insulin resistant. Clinical guidelines have 
been recently published in Australia [26], and 
include comprehensive information on lifestyle 
strategies and weight management; however, 
there is a clear need for further clinical guidelines 
to be developed worldwide.

9.4.3 Non‐alcoholic fatty 
liver disease

Disease pathogenesis and 
consequences

Non‐alcoholic fatty liver disease (NAFLD) is 
characterised by a spectrum of liver disease, 
from the relatively benign hepatic steatosis 
where lipid accumulation within hepatocytes 
accounts for more than 5% of liver weight, to 
non‐alcoholic steatohepatitis (NASH) where 

Box 9.4.1 Nutritional assessment for PCOS

•  BMI and waist circumference. Anthropometric 
measurements can be used to inform risk of 
 comorbidities and dietary management.

•  Oral glucose tolerance test (OGTT). Due to 
the increased prevalence of impaired glucose 
tolerance and type 2 diabetes, OGTT should be 
undertaken in women with PCOS with a BMI 
>30 kg/m2, aged >40 years, a personal history 
of gestational diabetes or a family history of 
type 2 diabetes. Where an OGTT is not possible, 
fasting blood glucose levels may be of value.

•  Blood pressure, plasma total, LDL and HDL 
cholesterol and triglycerides. Due to the 
 increased prevalence of cardiovascular risk  factors, 
measurements of these are recommended.

•  Hormone levels may be considered, however 
these may not be measured routinely*.

•  A dietary assessment to determine habitual 
 dietary habits should be undertaken, which 
should also include details relating to eating 
behaviours due to increased possibility of eating 
disorders in this population.

*Typical biochemical features of women with 
PCOS are elevated testosterone. However, free an-
drogen index (FAI) measurements are generally 
recommended: FAI = 100 × (total testosterone/
SHBG) as direct measurement of biochemical 
androgens lacks accuracy in women. Women with 
PCOS also have a raised LH:FSH ratio (raised 
luteinising hormone (LH) and normal follicle stim-
ulating hormone (FSH)), however these hormones 
are not routinely measured.
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fibrosis and cirrhosis can lead to end‐stage liver 
failure [27]. NAFLD occurs in up to 24% of all 
adults, 53% of obese children and 74% of obese 
adults. Insulin resistance is central to the devel-
opment of NAFLD through influx of free fatty 
acids, and NAFLD itself can accelerate the onset 
of type 2 diabetes, as well as being caused by it 
[28]. In addition to insulin resistance, a range 
of factors are associated with onset of NAFLD, 
including rapid weight gain, central (visceral) 
obesity, dyslipidaemia, hypertension, sleep 
apnoea, inflammation, excessive dietary fat intake 
and a sedentary lifestyle [27]. It is important to 
recognise NAFLD at an early stage and intervene 
to prevent progression.

Clinical and nutritional 
management

Primary management of NAFLD is through treat-
ment of insulin resistance and weight loss [29]. 
A systematic review [29] suggests that weight 
loss through diet and exercise is safe in NAFLD, 
improving cardio‐metabolic risk. The review 
suggests that a weight loss ≥7% improves a wide 
range of measures of NAFLD histological dis-
ease. However, less than 50% of patients were 
able to achieve this goal, but weight loss of 5% 
is also associated with a reduction in steatosis in 
isolation. The review also suggests a beneficial 
role for treatment with metformin, statins and 
thiazolidinediones, and a potential for treatment 
with vitamin E supplements.

More recently, diet and exercise without weight 
loss have been shown to be of benefit in the treat-
ment of NAFLD. After only 7 days of an aerobic 
exercise programme a significant impact was seen 
in markers of progression of NAFLD, including 
insulin resistance [30]. In adults, a 4‐week low 
glycaemic index diet, with a reduced intake of 
saturated and overall fats resulted in reduced liver 
steatosis [31]. In children and adolescents with 
NAFLD, modest reductions in fructose intake and 
a reduced glycaemic index had a positive impact 
on markers of NAFLD progression [32].

Bariatric surgery has been observed to have a 
profoundly beneficial effect on NAFLD, with a 
rapid reduction in insulin resistance and liver fat 
following surgery [33]. Observations from a study 

published in 1991 [34] that rapid weight loss 
may worsen fibrosis in NAFLD have since been 
disproven, as long as adequate dietetic treatment 
and support is provided [33].

Finally, advanced NAFLD requires careful 
nutritional assessment and management. Obese 
NAFLD patients with decompensated cirrhosis 
may experience significant protein malnutrition, 
necessitating care to meet protein requirements 
when restricting overall energy intake [35].

Lifestyle treatments in NAFLD are summarised 
in Box 9.4.2.

9.4.4 HIV

Disease pathogenesis and 
consequences

The hiv pandemic

More than 25 million people have died from HIV 
since the first cases were reported in 1981. Today 
there are 35.3 million people in the world living 
with HIV, two‐thirds of whom live in sub‐Saharan 
Africa. In South Africa the prevalence of HIV is 
17.3%, with almost 6 million people HIV posi-
tive. This compares to the United Kingdom (UK) 
where 78 000 people are HIV positive – a preva-
lence of 0.01%. The advent of effective anti‐HIV 
medicines used in combination – highly active 
antiretroviral therapy (HAART) – has dramati-
cally improved morbidity and mortality for the 
9.7 million HIV positive people with access to 
treatment. In the UK, where HIV treatment is 

Box 9.4.2 Lifestyle treatments in NAFLD

•  Weight loss of 5% improves hepatic steatosis, but 
≥7% has a significant impact on wider measures 
of improvement in NAFLD.

•  Reduced fructose and fat intakes, and a lower 
glycaemic index have benefits.

•  The beneficial effect of exercise is almost 
immediate.

•  Rapid weight loss is not harmful as long as 
nutritional intake is adequate.

•  In advanced NAFLD with decompensated cir-
rhosis, it is essential that protein requirements 
are met when restricting energy intake.



298 SECTION 9: Complications and comorbidities of diabetes

universal and free, people newly diagnosed with 
HIV are told to expect a near‐normal life expec-
tancy. In low and middle income countries access 
to HAART is more variable and the United 
Nations has published a short‐term aim that half of 
the world’s HIV positive people should have access 
to HAART [36]. Taken as a whole, people with 
HIV are ageing, and in both the UK and the United 
States (US), 50% of people with HIV will be aged 
50 or over by 2015. Conditions associated with 
normal ageing, including cardiovascular disease, 
cancer, cognitive decline, osteoporosis and type 2 
diabetes are occurring more frequently and earlier 
than expected in HIV, attributed to infection and 
antiviral therapies [37]. These conditions are now 
the major cause of morbidity and mortality in HIV 
amongst those with access to HAART.

The phenotype of insulin resistance in hiv

The mechanism of development of insulin resist-
ance in HIV is not fully understood [38]. There is a 
high prevalence of impaired fasting glycaemia 
amongst people newly diagnosed with HIV and 
not yet prescribed HAART [39]. In treated patients, 
studies report the estimated risk of development of 
type 2 diabetes to be up to four times higher than in 
matched HIV negative controls, although the 
estimated relative risk varies between populations 
studied [40–42]. This increased risk may include 
components directly attributable to certain 
antiretroviral medicines, chronic inflammation, 
alterations in fat metabolism with resulting body 
shape changes, and surprisingly high levels of 
obesity in this cohort [43]. In the US, 12 months 
after initiation of HAART, patients experience 
an average 4.5 kg weight gain, with rates of 
overweight and obesity increasing from 52 to 66%. 
This compares to rates in matched HIV negative 
controls of 91%. Women, those with a lower CD4 
count, and those initiating onto protease‐inhibitor‐
containing HAART regimens are more likely to 
gain excess weight [44]. Factors associated with 
the development of type 2 diabetes in HIV include 
increasing age [39–42], higher BMI [39–42], 
higher waist to hip ratio [40], lower nadir CD4 
count (lowest ever surrogate marker of strength 
of the immune system) [39] and the presence of 
HIV‐associated body shape changes [40, 41].

The consequences of insulin 
resistance in hiv

Type 2 diabetes is more difficult to treat in HIV 
patients, with a significantly poorer response to 
anti‐diabetic medicines when compared to matched 
HIV negative controls [44]. There is growing 
evidence that diabetes is associated with acceler-
ated cognitive decline in HIV, and is particularly 
associated with neurocognitive impairment in 
older participants [45]. In the large international 
D:A:D study, type 2 diabetes was independently 
associated with a 2.4‐fold increased rate of incident 
coronary heart disease. With the risk of developing 
type 2 diabetes up to four times higher, unless pre-
vention can be achieved, in the UK alone, by 2020 
as many as 15 000 new HIV‐associated diabetes 
diagnoses will present, with an annual financial 
burden exceeding £30 million [46,47].

Nutritional assessment

In addition to a standard nutritional assessment, 
there are several factors to include for people 
with HIV, at risk of or with type 2 diabetes, as 
outlined in Box 9.4.3.

Box 9.4.3 Nutritional assessment 
considering insulin resistance in HIV

•  A wide range of anthropometric measures should 
be used to assess for presence of HAART‐ 
associated body shape changes:

 ○ BMI
 ○ Circumferences: mid‐arm, chest, waist, hips, 

mid‐thigh
 ○ Skin folds: biceps, triceps, subscapular, 

 suprailiac, mid‐thigh
 ○ Patient‐reported facial wasting.

•  Given the association of type 2 diabetes with higher 
BMIs, higher waist to hip ratios, lower nadir CD4 
counts, and presence of body shape changes, if 
any of these are present screen for impaired fasting 
glucose, ideally using an oral glucose tolerance test.

•  The potential for the presence of cognitive 
impairment should be borne in mind when 
carrying out a nutritional assessment.

•  An assessment of dietary intake should be per-
formed, and extended to enquire about timing 
of and adherence to HAART.

•  The dietary assessment should refer to cardiovas-
cular risk as well as diet for insulin resistance.
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Clinical and nutritional 
management

Clinical management of insulin 
resistance in hiv

In addition to considering the HIV‐specific risks 
for developing insulin resistance and type 2 dia-
betes mentioned in Box 9.4.3, 10‐year diabetes 
risk can be calculated by a range of online tools. 
Those at higher risk should be regularly 
screened, ideally with an OGTT. For those with 
type 2 diabetes, an assessment of cognitive func-
tion should be routinely carried out. Current 
European HIV guidelines state that management 
of diabetes should follow general principles, 
with lifestyle management being a primary treat-
ment [48]. However the following factors should 
be considered:

 • HbA1c values may be slightly changed in those 
on HAART: underestimated in regimens con-
taining non‐nucleoside reverse transcriptase 
inhibitors and abacavir, and overestimated in 
regimens containing protease inhibitors, although 
a value of ≥48 mmol/mol (6.5%) is highly spe-
cific in diagnosing type 2 diabetes in HIV [49]

 • Metformin should be used as a first line agent 
if lifestyle interventions prove insufficient, but 
care must be taken as its use can exacerbate 
lipoatrophy

 • Pioglitazone is of limited use in people with 
HIV due to side effects.

Nutritional management of insulin 
resistance in hiv

There are few published studies investigating 
lifestyle interventions for insulin resistance in 
HIV and so international guidelines recommend 
the following general principles [46]. These 
include: achieving and maintaining weight and 
waist size within the normal range, with caloric 
intake balanced with energy expenditure; mod-
erating fat intake to provide <30% of caloric 
intake; increasing intake of fruits and vegetables 
to between 5 and 7 portions per day, and who-
legrains to comprise more than 50% of carbohy-
drate intake; consuming less than 40 mmol 
sodium daily; consuming 2 portions of oily fish 

weekly; and limiting foods and drinks containing 
added sugar. A review of lifestyle interventions 
for insulin resistance in HIV [46] contrasts two 
small studies showing no statistical effect of diet 
and exercise interventions on measures of insulin 
resistance in HIV with three small studies that 
show limited effects. The strongest evidence is 
presented in a Danish study (n = 20) showing 
that intensive strength and endurance exercise 
has a positive effect on HIV‐related peripheral 
insulin resistance [50]. There are no published 
studies investigating prevention of type 2 diabetes 
in HIV, however, a Brazilian study (n = 83) 
demonstrated that HIV patients receiving dietetic 
advice prior to and for 12 months following 
commencement of HAART, did not experience 
the weight gain seen when starting treatment [51]. 
Further research is needed for both the prevention 
and treatment of insulin resistance in HIV.
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9.5.1 Introduction

Cystic fibrosis (CF) is the most common auto-
somal recessively inherited genetic condition in 
Caucasians, affecting 1 in 2500–3000 births and 
causing premature death. Mutations of the cystic 
fibrosis transmembrane regulator (CFTR) gene 
lead to thick viscous secretions, causing obstruc-
tion and fibrosis in the lungs and pancreatic tissue. 
The most important clinical manifestations are 
pulmonary disease, leading to respiratory failure 
and mortality, and pancreatic insufficiency (PI). 
The median age of survival has dramatically 
improved due to advances in medical therapies; 
patients born in the 1990s are expected to live into 
their 40s [1–3]. Currently median life expectancy 
is 34.4 years and 37.4 years in the United Kingdom 
(UK) and the United States (US), respectively [4,5]

As the age of survival increases, long term 
comorbidities will occur, requiring screening, 
diagnosis and appropriate management.

Cystic fibrosis‐related diabetes (CFRD) is 
the most common comorbidity in CF, cur-
rently diagnosed at median age of 18–21 years 
[6,7]. CFRD is associated with deterioration 
in clinical status and contributes to poor nutri-
tional status, decreased lung function, more 
frequent hospital admissions and increased 
mortality, particularly in women in their 30s 
[3,8,9]. CFRD is a distinct entity which shares 
features of type 1 and type 2 diabetes as shown 
in Table 9.5.1.

9.5.2 Epidemiology of cfrd

The prevalence of CFRD progressively increases 
with age, 20% of adolescents and 40–50 % of 
patients over the age of 30 are affected [3]. 
Women are diagnosed on average 5–7 years 
 earlier than men; the reasons for this are not 
completely understood. Marshall et al. suggest 
that female hormones, a lack of anabolic male 
hormones and oral contraception are possible 
reasons [10]. Historically, mortality rates in 
CFRD were higher than in CF patients without 
diabetes, along with a higher rate of mortality in 
women with CFRD than men; one paper indi-
cated that only 25% of patients with CFRD 
reached the age of 30 compared to 60% of CF 
patients without diabetes [3]. However, recent 
studies show a narrowing of these differences 
[3]. Mortality in CFRD is due to respiratory fail-
ure and not macrovascular complications. 
Incidence of CFRD increases with age, however, 
reports have been made in patients as young as  
3 months [5].

9.5.3 Pathophysiology 
of cfrd

Understanding the pathogenesis of CFRD 
 supports optimization of treatment and ensures 
appropriate management. The aetiology of CFRD 
is complex and not completely understood; 

cystic fibrosis‐related diabetes
Kerry‐Lee Watson
King’s College Hospital NHS Foundation Trust, London, UK

chapter 9.5
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it is likely a combination of insulin deficiency, 
varying insulin resistance and possibly has a 
genetic predisposition. Adler et al. showed that 
CFTR mutation classes, female gender, poor 
hepatic or pulmonary function, pancreatic 
insufficiency, and steroids increased the risk of 
developing CFRD [11].

CFRD mainly occurs in patients with more 
severe CFTR mutations and PI. Insulin defi-
ciency is believed to be the primary cause of 
CFRD; however, insulin resistance also occurs 
in the CF patients without diabetes [1,8]. Insulin 
deficiency is due to the progressive fatty infiltra-
tion and fibrosis of the pancreatic tissue, which 
causes disruption and progressive destruction of 
the islet cell architecture leading to the loss of 
endocrine, beta, alpha and pancreatic polypep-
tide cells. Beta‐cell loss and dysfunction is not 
related to autoimmune disease in CF, although 
there are a few reported cases of type 1 diabetes 
in CF [12]. Autopsy studies in CF patients with 
and without CFRD showed that the diabetes 
patients had a decreased number of Islets of 
Langerhans, with approximately 50% reduction 
in beta‐cell mass and islet amyloidosis [5]. 
Insulin deficiency is severe in CFRD but not 
complete. Almost all CF patients with PI have 
some evidence of beta‐cell dysfunction, whether 
they have diabetes or not. Fasting c‐peptide and 
insulin levels are normal; however, there is a 
delay in peak insulin secretion, which becomes 
more noticeable as glucose tolerance worsens 

and is caused by a loss of first phase insulin 
response, which is present in CF patients with 
normal glucose tolerance [13]. Impaired islet 
hormones include a loss of glucagon responses, 
thus reducing the likelihood of diabetic ketoac-
idosis (DKA) [13,14]. Insulin sensitivity in CF 
patients is variable. Clinically stable, patients 
with or without CFRD are insulin sensitive, how-
ever, as clinical status worsens insulin resistance 
occurs. Reduced lung function, infection, inflam-
mation and corticosteroid therapy are linked 
to  increased cytokine production and counter 
regulatory hormones, which cause insulin 
resistance [15].

All patients with severe CFTR mutations are 
pancreatic insufficient and need enzyme replace-
ment therapy but only 50% develop diabetes; the 
reason for this is unclear. The less severe muta-
tions are less likely to develop CFRD, possibly 
due to less likelihood of pancreatic dysfunction 
[16]. Laguna queries whether there are genetic 
factors related to the severity of CFTR mutation 
which may predispose a patient with CF to CFRD 
[5]. Research continues to look for a genetic link 
between types 1 and 2 diabetes and CFRD.

9.5.4 Screening

CFRD is usually insidious and asymptomatic. 
Studies showed weight loss, protein catabolism, 
deteriorating lung function and increased  mortality 

CFRD Type 1 diabetes Type 2 diabetes

Average age of onset (y) +/− 20 <40 >40

Body weight Thin/ malnourished Average Obese

Insulin secretion Reduced Absent Reduced

Insulin sensitivity Normal or reduced N/A Reduced

Autoimmune Aetiology No Yes No

Ketoacidosis Rare Yes No

Microvascular 
complications

Yes Yes Yes

Macrovascular 
complications

Unseen (survival in 
years with CFRD)

Yes Yes

Treatment Insulin Insulin Diet and lifestyle modifications/ oral 
hypoglycaemic agents and insulin.

Table 9.5.1 Characteristics of cystic fibrosis-related diabetes, type 1 and type 2 diabetes
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2–4 years prior to diagnosis of CFRD [7,16], and 
thus regular screening is warranted. Currently, an 
oral glucose tolerance test (OGTT) appears to be 
the most specific and sensitive tool for screening of 
CFRD; and should be performed annually in clini-
cally stable patients over the age of 10 (US) and 12 
(UK) [8,17].

Screening should be considered if weight 
loss, unexplained decline in lung function, or 
hyperglycaemic symptoms occurs. Monitoring 
of blood glucose concentrations is recom-
mended during an infective exacerbation, gluo-
cocorticoid therapy and overnight enteral 
feeding. Screening in pregnancy is essential due 
to increased insulin resistance. An OGTT should 
be performed pre‐conception, or when preg-
nancy is confirmed. CF patients are at increased 
risk of gestational diabetes and therefore 
OGTT should be completed at the end of the 
first and second trimester. Patients with gesta-
tional diabetes should have an OGTT 6–12 
weeks post partum [17]. It is recommended 
that glycated haemoglobin (HbA1c), continu-
ous glucose monitoring (CGM), fasting plasma 
glucose and self‐monitoring of blood glucose 
are not used as screening tools [17–19]. 
Transplant patients often require insulin post‐
operatively and many require it long term. 
Screening should occur pre‐operatively and close 
blood glucose monitoring post‐operatively. 
CFRD prior to transplant must be managed 
aggressively due to the negative impact on sur-
vival, especially post procedure [17].

9.5.5 diagnosis

CFRD is part of a continuum of glucose toler-
ance abnormalities, with only a few CF patients 
having completely normal glucose tolerance. 
Glucose metabolism is affected by unique fea-
tures in CF; see Box 9.5.1, which may lead to 
fluctuations in glucose tolerance. Patients 
move along the glucose tolerance spectrum 
depending on their clinical status. Normal glu-
cose tolerance patients may have impaired fast-
ing glucose (IFG 5.6–6.9 mmol/l) and they may 
have increased levels midway through the OGTT 
categorized as indeterminate glucose tolerance 

(INDET), however, the clinical significance of 
these is unknown. Ode et al. have shown that 
impaired glucose tolerance (IGT) and INDET 
are associated with an increased risk of CFRD 
in children [20]. The spectrum of glucose 
 tolerance abnormalities as per OGTT is seen in 
Table 9.5.2.

Clinical care guidelines have provided diag-
nostic criteria for different conditions.

In clinically stable patients, criteria for CFRD 
can be made using standard American Diabetes 
Association (ADA) diagnostic criteria or Diabetes 
UK recommendations (i.e. WHO classification) 
[8,21]. The tests should be repeated on 2 sepa-
rate occasions to eliminate error. An HbA1c of 
≥48 mmol/mol (6.5%) and fasting plasma 
 glucose >7 mmol/l can be used as confirmatory 
tests together with the positive OGTT. However, 
HbA1c is spuriously low in CF, therefore levels  
< 48 mmol/mol (6.5%) should not exclude CFRD. 
CFRD is diagnosed in the presence of a random 
glucose ≥11.1 mmol/l inclusive of hyperglycaemic 
symptoms (polydipsia and polyuria).

Patients may be diagnosed during an acute 
 illness, continuous enteral feeding and preg-
nancy where the beta‐cell stress is heightened. It 
is recommended that blood glucose monitoring 
occurs during the first 48 hours of an exacer-
bation or steroid use. If fasting hyperglycaemia 
(≥7 mmol/l) or recurrent post prandial hypergly-
caemia (≥11.1 mmol/l) occurs in a previously 
NGT patient, CFRD is diagnosed and insulin 
should be commenced. This status can be inter-
mittent and may resolve within 2 days to 6 
weeks by which time insulin treatment may be 
discontinued [17,21].

Box 9.5.1 Factors affecting glucose 
metabolism in cystic fibrosis

 • Respiratory infection
 • Inflammation
 • Malnutrition
 • Increased energy expenditure
 • Glucagon deficiency
 • Malabsorption/maldigestion
 • Delayed gastric emptying
 • Slow transit time
 • Liver disease
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There is controversy around the use of the 
OGTT as a diagnostic tool due to its sensitiv-
ity. Some studies have shown abnormal glu-
cose tolerance between baseline and 2‐hour 
post‐glucose load levels using CGM and 30, 
60 and 90 min blood levels. CGM is validated 
in CFRD and can detect abnormalities earlier 
than the OGTT but clinical significance needs 
to be ascertained and therefore it cannot be 
used as a diagnostic tool [22]. Early diagnosis 
and aggressive treatment have recently been 
associated with a decline in mortality rates in 
CFRD [3].

9.5.6 clinical consequences 
of cfrd

CFRD is associated with worsening clinical 
outcomes, poor nutritional status and decline 
in lung function, more frequent hospital 
admissions and a higher prevalence of liver 
disease, increased morbidity and mortality 
[3,7,10,16].

Acute clinical complications

Mild hypoglycaemia (ability to treat oneself, 
blood glucose concentrations <3.9 mmol/l) is 
common in CF, even in patients without diabe-
tes [23]. Fasting hypoglycaemia reflects mal-
nutrition or increased energy requirements due 
to inflammation and infection. Post‐prandial 
hypoglycaemia (reactive hypoglycaemia) is 

thought to be due to dysfunctional endogenous 
insulin secretion, usually occurring before the 
development of IGT [23]. Severe hypoglycae-
mia (inability to treat oneself) may be less 
 frequent in CFRD. Patients have a delayed 
glucagon response to hypoglycaemia, how-
ever, they do have a brief catecholamine 
response and normal hypoglycaemic aware-
ness, unless altered by poor glycaemic control 
[24]. DKA is rare in CFRD due to endogenous 
insulin and impaired glucagon secretion, and 
if reported in a CF patient, assessment of T1 
diabetes should be considered.

chronic complications

Microvascular complications, such as retinopa-
thy, nephropathy and neuropathy, do exist in 
CFRD and are related to the duration of 
CFRD and poor glycaemic control, as in 
 diabetes generally [25,26]. Microvascular 
complications are apparent 5 years post 
 diagnosis and therefore retinal screening, 
albumin/ creatinine ratio and a full neurologi-
cal assessment are recommended annually. 
Currently there is no evidence of macrovas-
cular complications in CFRD patients [26]. 
However, this does not exclude macrovascu-
lar complications occurring as age of survival 
and duration of CFRD increases. Annual 
monitoring of blood pressure and lipid pro-
file is suggested in CFRD patients, although 
they are less likely to have an abnormal lipid 
 profile [27].

Glucose tolerance
Fasting plasma 
glucose mmol/l

2 hour OGTT 
glucose mmol/l

Normal glucose tolerance (NGT) <7.0 <7.8

Impaired glucose tolerance (IGT) <7.0 >7.9–11.1

Indeterminate glucose tolerance (INDET) <7.0
Mid OGTT >11.1 mmol

<7.8

CFRD FH‐ a <7.0 ≥11.1

CFRD FH + a ≥7.0 ≥11.1

Impaired fasting glucose (IFG) 5.6–6.9 N/A

a These groups can now be regarded as similar Moran et al., 2010 [17].

Table 9.5.2 Classification of glucose tolerance abnormalities in cystic fibrosis
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9.5.7 Management of cfrd

A collaborative multidisciplinary approach 
between CF specialists and a diabetes team that 
is familiar with CFRD and its unique features is 
advised [8,17]. Successful diabetes management 
is facilitated by excellent communication 
between the teams and the patient, along with 
self‐management tools and dietary and treat-
ment education. It is noted that the additional 
diagnosis of CFRD is a significant burden on the 
CF patients, which needs to be managed by the 
MDT. Quarterly joint CFRD clinics are advised 
[8]. Optimal glycaemic control is essential, as 
it  has been shown that insulin intervention 
and optimizing glycaemic control improves 
nutritional status and pulmonary function, and 
reduces mortality [28].

Medical management

CFRD is primarily due to insulin insufficiency 
and, therefore, insulin is the only form of treat-
ment that is recommended. A few studies, dis-
cussed in a review article by Laguna, have 
compared the use of oral hypoglycaemic agents, 
showing that they are less effective at improving 
nutritional status and HbA1c outcomes [5] 
Concerns were raised about gastrointestinal 
side‐effects, and fatal lactic acidosis in 
hypoxic patients, associated with metformin. 
Sulfonylureas are known to bind and inhibit 
CFTR and therefore are not appropriate in CF 
[28,29]. Insulin treatment in CFRD patients 
with and without fasting hyperglycaemia (CFRD 
FH+) (CFRD FH‐) showed improved clinical 
status and a reduced number of exacerbations. 
Moran et al. report a reversal in weight loss 
when patients with CFRD FH‐ were treated with 
insulin thus suggesting no difference between 
the two groups [28].

Varying insulin regimens are used in the 
treatment of CFRD but there is limited evidence 
to recommend one regimen over another. 
Individualized treatment plans based on clinical 
judgement should be provided. A basal bolus 
regimen or multiple injections of rapid acting 
insulin matched to carbohydrate intake are most 
frequently recommended, due to flexibility. It is 

important to remember that CFRD patients have 
some endogenous insulin available and therefore 
may need lower doses of basal insulin than 
patients with type 1 diabetes. Alternatively, a 
positive impact has been seen with the use of 
insulin pumps [30]. Twice daily isophane insulin 
with or without rapid‐acting insulin is an alter-
native which is often used in adolescents. 
However, this may be problematic in patients 
with nausea or anorexia. In acute illness or glu-
cocorticosteroid use, where there is an increased 
insulin resistance, insulin requirements can 
increase 2–4‐fold and may take up to 4–6 weeks 
to gradually reduce back to baseline levels. 
Treatment of IGT and INDET glucose abnor-
malities which do not meet the criteria of CFRD 
is not known and therefore close monitoring is 
suggested.

Nutritional management

Optimizing nutritional status

The main treatment goal for CFRD patients is 
optimizing nutritional status which is associated 
with increased longevity [31]. Nutritional 
requirements in CF are well established but mal-
nutrition is common due to numerous factors, 
including maldigestion/malabsorption, declin-
ing lung function, increased resting metabolic 
rate, anorexia and gastro‐oesophageal reflux 
which leads to vomiting. CFRD profoundly 
affects nutritional status and weight, resulting in 
greater morbidity and mortality than that of non‐
diabetic CF patients [7]. CFRD‐associated poor 
weight gain may be related to insulin deficiency, 
anabolic effects of insulin as a hormone and the 
effect of hyperglycaemia on protein catabolism 
[29,32]. Adequate calorie intake is required to 
achieve and maintain an optimal BMI, which is 
critical to health and survival; therefore no die-
tary restrictions are recommended. A high fat, 
high energy, high salt diet is advised. However, 
as CF survival increases, it may be that we need 
to review and alter these recommendations. See 
Table 9.5.3 for the differences in nutritional 
advice between type1 and type 2 diabetes and 
CFRD. All patients should be provided with an 
individually tailored nutrition treatment plan. 
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Optimizing glycaemic control is imperative to 
reduce the risk of long‐term complications along 
with normalizing metabolism and optimizing 
nutritional status.

Optimal body mass index (BMI) goals are 
recommended, as per the CFF guidelines: BMI 
centile of ≥ 50th in 2–20 years age group, BMI ≥ 
22 in adult CF females and BMI ≥ 23 in adult CF 
males is recommended to achieve optimal lung 
function and longevity [33].

Nutrition support in CFRD

Oral nutritional supplements and/or overnight 
enteral feeding are often necessary to meet the 
CF patient’s high nutritional requirements. Close 
monitoring of blood glucose levels before, dur-
ing and after‐feeds is needed to provide an opti-
mal insulin regimen and glycaemic control.

Carbohydrate counting

Carbohydrate counting and insulin dose adjust-
ment enables patients to maintain their CF diet 
and manage their diabetes optimally. Whilst 
considered the most flexible approach to CFRD 
treatment, it does involve multiple injections, 
which may be difficult for some patients to man-
age. Insulin pumps can also be advised and have 
been shown to improve outcomes in CFRD [30]. 

Insulin doses are prescribed by the doctors and 
are matched to either 15 g carbohydrate in the US 
or 10 g carbohydrate in the UK, a recommenda-
tion of 0.5–2 units of insulin to 15 g carbohy-
drate [33]. Twice daily isophane insulin regimens 
are managed by encouraging patients to con-
sume similar amounts of carbohydrate at each 
meal and spread intake throughout the day. 
Education tools and support are vital for CFRD 
patients and therefore regular dietetic input 
along with support from the diabetes specialist 
nurses with CFRD knowledge is advised.

Exercise

Exercise is recommended in all CF patients. 
CFRD patients are advised to monitor blood glu-
cose levels pre‐ and post‐exercise and to keep high 
glycaemic index carbohydrate with them. The 
insulin regimen may need to be altered depending 
on the intensity, type and duration of the exercise.

Alcohol in cfrd

Patients are advised to discuss alcohol intake 
with the CF team due to possible drug interac-
tions. They are advised to adhere to guidelines 
for alcohol consumption and drink sensibly. 
However, education on the hypoglycaemic 
effects of alcohol must be provided and patients 

CFRD Type 1 diabetes Type 2 diabetes

Energy 120–150% RDA for age 100% RDA/restriction  
for weight loss

100% RDA/restriction  
for weight loss

Advice Weight gain Weight maintenance/ 
weight loss

Weight loss/ weight  
maintenance

Fat 40% 30–35% 30–35%

Refined sugar Nil restriction 10% TE 10% TE

Carbohydrate 45–50% Flexible Flexible

Fibre Encouraged, without  
compromising high energy  
intake

Encouraged Encouraged

Protein 20% 10–15% 10–15%

Salt Increased Restricted <6 g/day Restricted <6 g/day

High energy, high fat,  
high salt

Flexible, according  
to lifestyle

Low fat, healthy,  
well‐balanced meals

Table 9.5.3 Nutritional management of cystic fibrosis-related diabetes, type 1 and type 2 diabetes [34]
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are advised to consume alcohol with meals and 
to monitor blood glucose levels regularly [8].

Pregnancy in cfrd/gestational 
diabetes

Pregnancy has become a more common occur-
rence in CF and is safe if planned and monitored 
closely by the CF specialist team. Adequate 
weight gain is very important for optimal out-
comes. Strict blood glucose goals are set for 
CFRD patients as they are for the general diabetes 
population in pregnancy, and therefore aggres-
sive treatment is maintained. Gestational diabe-
tes has been shown to have a high incidence in 
CF, due to the association with insulin deficiency 
[35]. No calorie restrictions are recommended in 
CFRD pregnancy to ensure weight gain.

Treatment goals

Glycaemic goals are the same as for the general dia-
betes population according to ADA, Diabetes UK 
and WHO guidance [8, 22]. These are based on the 
need to reduce the risk of microvascular complica-
tions. However, due to the negative impact of CFRD 
on clinical outcomes it may be that more stringent 
goals need to be followed in CFRD. Currently there 
is no evidence to support this [18].

recommendations

Achieve optimal glycaemic control, blood glu-
cose target levels as per general diabetes targets. 
Self-monitoring of blood glucose at home is 
essential to achieve optimal glycaemic control 
and should be done at least 3 times daily.

HbA1c target recommendation is ≤ 53 mmol/
mol (7%) due to microvascular complications 
occurring in patients with HbA1c of 53 mmol/
mol (7%) [25].

9.5.8 conclusion

As survival increases due to advances in therapies, 
so the prevalence of CFRD and glucose toler-
ance abnormalities will increase. CFRD is mainly 
caused by insulin deficiency with varying insulin 

resistance, along with possible genetic links. 
CFRD is a distinct clinical entity which shares 
 features with type 1 and type 2 diabetes. Annual 
OGTT over the age of 10 is recommended, and if 
CFRD is diagnosed early intervention is advised. 
Insulin is the only treatment for CFRD. The over-
all management goal for CFRD is to improve and 
maintain optimal clinical status, optimize glycae-
mic control and limit the risk of microvascular 
complications. Early detection, diagnosis and 
treatment is advised, due to increased morbidity 
and mortality associated with CFRD.

9.5.9 Unanswered questions

 • Should target goals for glucose and HbA1c in 
CFRD be lower than those recommended by 
the ADA?

 • Would CF patients with abnormal glucose 
 tolerance benefit from insulin and, if so, what 
method of treatment would provide the great-
est impact on clinical status?
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9.6.1 Introduction

Diabetic gastroparesis (DGP) is a well‐established 
complication of diabetes and is defined as a 
clinical syndrome characterised by delayed 
gastric emptying in the absence of mechanical 
obstruction of the stomach, together with spe-
cific symptoms [1]. Stomach emptying is nor-
mally under the control of complex interactions 
between muscles and autonomic nerves (vagal 
and splenic) and DGP appears to be associated 
with a degree of central neuropathy causing 
vagal autonomic dysfunction. The symptoms of 
DGP are similar to those of idiopathic gastropa-
resis; early satiety, nausea, vomiting, abdominal 
bloating, upper abdominal pain, heartburn, gastro‐
oesophageal reflux (GORD), but also include 
diabetes‐specific symptoms of erratic blood glu-
cose control and post‐prandial hypoglycaemia in 
those treated by insulin [2].

9.6.2 Prevalence

The true prevalence of DGP is unknown, with 
estimates ranging from 1% among those in the 
community with type 2 diabetes, to 50% in 
 people with long‐standing type 1 diabetes. 
Prevalence in community studies in the United 
States estimate that 5% of people with type 1 
and 1% of people with type 2 diabetes have DGP 
[3]. Studies from tertiary centres in people with 

long‐standing diabetes suggest higher rates, with 
reports of delayed gastric emptying in 30% of 
people with type 2 diabetes [4], and DGP preva-
lence rates of 30–50% in people with type 1 dia-
betes [5]. There is recent evidence of increasing 
prevalence, with reports of a three‐fold increase 
over the past ten years, and indication of a gen-
der difference, with women having a four‐fold 
increased risk of gastroparesis [1].

9.6.3 Risk factors for DGP

The risk factors for DGP include those that are 
non‐modifiable – female gender, age and dura-
tion of diabetes – and modifiable ones including 
erratic blood glucose control and use of pharma-
ceutical agents that delay gastric emptying (nar-
cotic pain medication, calcium channel blockers, 
some antidepressants, aluminium‐containing 
antacids and GLP‐1 receptor agonists) [2]. Some 
have suggested that the presence of the so‐called 
‘triopathy’ of retinopathy, nephropathy and neu-
ropathy indicate that DGP is also likely to be 
present.

9.6.4 Diagnosis

Diagnosis of DGP is made on the basis of 
symptomology together with an assessment of 
delay in gastric emptying. The gold standard 
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for the assessment of gastric emptying is scin-
tigraphy (gastric emptying scintigraphy, GES), 
where a standard radiolabelled meal is admin-
istered after an overnight fast, and images of 
the stomach are taken at 5–30 minute intervals 
over 4 hours [1]. General preparation for GES 
includes an overnight fast and cessation of all 
agents, including prokinetics and narcotics, 
that affect gastric emptying for 48 hours before 
the test. In addition, tobacco should be avoided 
for 12 hours before testing. There are additional 
preparations for people with diabetes and they 
include stopping GLP‐1 receptor agonists for 
48 hours before the test, reducing pre‐test insu-
lin dose by 50% and aiming for blood glucose 
levels of >11.1 mmol/l [6]. Blood glucose con-
trol is of importance in testing for the presence 
of gastroparesis, as hyperglycaemia delays 
stomach emptying and will directly affect the 
results.

Gastroparesis is diagnosed if more that 10% 
of the stomach contents are retained at 4 hours 
[6]. The severity of gastroparesis is graded from 
1–4 depending on the amount of retention, see 
Table 9.6.1.

9.6.5 Effects of DGP

DGP has far‐reaching effects on people with dia-
betes, including a negative effect on glycaemic 
control. Unpredictable duodenal food delivery 
increases the risk of post‐prandial hypoglycae-
mia in those treated with insulin or insulin 
 sectretagogues [7]. Historically, gastroparesis 
has been associated with an increase in both mor-
tality and morbidity [8], although more recent 
evidence suggests that DGP is not associated 

with increased mortality [9]. DGP increases the 
risk of phytobezoars leading to intestinal 
obstruction and has a negative impact on quality 
of life [10].

9.6.6 Treatment of DPG

There are a variety of options available for the 
treatment of DGP including:

Maintaining blood glucose levels as near to the 
normal range as possible

Avoiding pharmaceutical agents that delay 
 gastric emptying, including GLP‐1 agonist 
therapy

Dietary modification
Prokinetic therapy
Gastric pacing, also known as gastric electrical 

stimulation
Surgical treatment (partial or total gastrectomy)
Acupuncture.

These options are discussed fully in the first 
book in this series: Advanced Nutrition and 
Dietetics in Gastroenterology [21] and only 
 diabetes‐specific strategies are explored here.

9.6.7 Glycaemic control

The inter‐relationship between blood glucose 
levels and gastric emptying is extremely com-
plex and is only now being understood [11]. 
Post‐prandial blood glucose levels both influ-
ence and are influenced by the rate of gastric 
emptying, highlighting the challenges of deter-
mining cause and effect, although evidence 
shows that blood glucose control is fundamental 
to successful management of DGP [12]. There is 
no evidence‐base for guidelines for blood glu-
cose management in DGP, although recommen-
dations include frequent blood glucose testing to 
assess post‐prandial fluctuations, transferring 
from oral medication to insulin therapy in those 
with type 2 diabetes, adopting a basal prandial 
insulin regime, taking smaller and more frequent 
insulin doses and taking short‐acting insulin 
after meals in order to minimise post‐prandial 
hypoglycaemia [13].

Grade Severity
Retention at 
4 hours (%)

1 Mild 11–20

2 Moderate 21–35

3 Severe 36–50

4 Very severe >50

Source: Abell et al. [6].

Table 9.6.1 Grades of severity of gastroparesis 



314 SECTION 9: Complications and comorbidities of diabetes

9.6.8 Dietary treatment

Dietary interventions are the first‐line treatment 
for DGP [14] and are an effective sole therapy in 
mild to moderate cases. Dietary advice is based 
on consensus recommendations [1,2,5,13] and 
can be summarised as follows:

Small, regular meals
Food should be chewed well before swallowing
Liquid intake should be increased, and liquid‐

based meals may be necessary
Carbonated drinks, high fat foods, high fibre 

foods and alcohol should be avoided.

Small, regular meals are recommended as large 
amounts of food delay gastric emptying and 
exacerbate GORD [15]. In people treated with 
insulin, doses of short‐acting insulin should be 
matched to food intake, resulting in more fre-
quent injections, and insulin doses may need to 
be delayed until after eating [13]. The consist-
ency of meals may need manipulation as large 
food particles delay gastric emptying [16] and 
liquid‐based meals may be necessary, as gastric 
emptying of liquids is frequently maintained 
where there is a delay for solid foods [17]. In 
practice, this translates to advice to the patient to 
chew foods thoroughly before swallowing, 
increasing the liquid component of a meal and, 
in moderate to severe cases, a soft or liquidised 
diet may be instigated.

A low fat, low dietary fibre diet is recom-
mended for people with DGP as both fat and 
fibre delay gastric emptying [2]. Alcohol is also 
contraindicated [18], as are carbonated drinks as 
they may promote gastric distension [19].

In mild and moderate cases of DGP, maintain-
ing good oral intake is the goal, but in more 
advanced cases of DGP, nutrition may be com-
promised and deficiencies in energy, vitamins 
and minerals are common [20]. In patients who 
are unable to maintain adequate nutrition 
through oral intake, enteral or, in extreme cases, 
parenteral nutrition may be required [2]. It is 
recommended that enteral feeding by‐passes the 
stomach, and jejunal feeding has been shown to 
improve nutritional status and relieve symptoms 
in people with gastroparesis [2].

In summary, DGP is a widely over‐looked 
complication of diabetes that is more common in 
women, those who have had diabetes for more 
than 10 years and who have evidence of other 
complications. DGP causes erratic blood glu-
cose control and post‐prandial hypoglycaemia 
and, although there is no cure, it can be managed 
by a combination of diet and medication.
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9.7.1 Introduction

People with diabetes make up a dispropor-
tionately high percentage of hospital inpa-
tients in the United States (US) and the United 
Kingdom (UK) [1,2]. This is unsurprising as 
people with diabetes have an increased risk of 
disorders such as coronary artery disease, 
stroke, peripheral artery disease, chronic kid-
ney disease, neuropathy, lower extremity 
infection, ulceration and amputations. The 
causes of emergency admissions in diabetes 
patients include diabetic ketoacidosis (DKA), 
hyperosmotic hyperglycaemic state (HHS) and 
hypoglycaemia, however, the UK National 
Diabetes Inpatient Audit (NaDIA) [3] report 
suggests that the majority of admissions in 
people with diabetes are not directly diabetes‐
related and are for other medical or surgical rea-
sons [3]. The NaDIA established that  diabetes 
patients have a longer length of hospital stay than 
other patients, an average of 8 nights compared 
with 5 nights for all patients. Hyperglycaemia is 
associated with an  increased risk of adverse 
clinical outcomes, for example delayed surgical 
healing and healing of foot ulcers and pressure 
sores [4]. Furthermore, patients with unstable blood 
 glucose levels are likely to experience delayed 
discharges as it takes time to ensure safety at 
home in this potentially vulnerable population.

Dietetic management is an essential com-
ponent of inpatient blood glucose manage-
ment and in the coordination of appropriate 
insulin therapy [5–7]. Nutritional needs often 

differ in the hospital setting and are affected 
by hospital routines, such as investigations 
and procedures and strict meal delivery times, 
which can make optimising glucose manage-
ment challenging [4]; this chapter explores 
the role of the dietitian in providing advice 
about food or artificial feeding during the 
inpatient stay and the impact of this on gly-
caemic management.

It is well established that inadequate intake 
of energy and protein in hospital patients 
results in slower recovery rates, increased 
length of admission and increased rates of 
readmission, morbidity and mortality [8]. In 
addition, it has been shown that optimising 
blood glucose concentrations can speed up 
recovery times in hospitalised patients [9]. 
Appropriate and adequate nutrition is, there-
fore, vitally important for diabetes patients 
receiving any kind of nutrition support.

In the UK, national initiatives such as ‘Think 
Glucose’ have highlighted the importance of 
improving the management of patients with dia-
betes, and offer a structured programme with 
resources to improve the hospital experience and 
quality of care for these patients [10].

9.7.2 Standards of care

Blood glucose targets

There is controversy surrounding optimal blood 
glucose targets. The Leuvan study [11] cited in the 
ESPEN guidelines [12] reported that maintaining 
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blood glucose concentrations below 6.7 mmol/l 
(110 mg/dl) in patients with diabetes reduced 
hospital mortality by 34%. However, a review of 
the evidence by Sawin et al. [9] suggests that 
hospitalised patients do not benefit from very 
tight blood glucose control and that levels should 
be maintained only at random levels of less than 
10 mmol/l (180 mg/dl). The Joint British 
Diabetes Society (JBDS) guidelines state that 
evidence for target ranges is weak but the 
expert opinion of the authors is that blood glu-
cose concentrations should be kept above 
6 mmol/l and below 12 mmol/l during enteral 
nutrition in stroke patients with diabetes [13]. 
The NaDIA defined acceptable control as 
blood glucose concentrations above 4 mmol/l 
but below 11 mmol/l [3]. A Cochrane review of 
glycaemic control for prevention of surgical site 
infections recommended blood glucose concentra-
tions below 11 mmol/l (<200 mg/dL), concluding 
that there was insufficient evidence for strict gly-
caemic control when compared with conven-
tional management [14]. Although there is no 
consensus on exact targets, it is agreed that a 
strategy to avoid extremely high or low blood 
glucose concentrations is important, and blood 
glucose targets should be individualised.

Dietetic review

The aims of inpatient dietetic care for patients 
with diabetes are to optimise glycaemic control, 
provide adequate nutrition to meet needs, address 
individual needs and preferences, and provide a 
discharge plan for ongoing care [15–17]. 
Individualised dietetic care, alongside intensive 
medical management, is usually required for 
patients with diabetes to achieve optimal blood 
glucose control [18]. 69% of diabetes patients 
interviewed in the latest NaDIA had not been seen 
by a member of the diabetes team [3]. A draft 
report by the Diabetes Management and 
Education Group (DMEG) of the British Dietetic 
Association recommended that diabetes patients 
who are enterally fed, or who have gastroparesis, 
should be seen within 48 hours of admission by a 
diabetes specialist dietitian [19]. The recommen-
dation by Diabetes UK is that there be four dieti-
tians specialising in diabetes for every 250 000 

members of the population [20], but unfortunately 
this is not always the case in UK hospitals and 
diabetes services concentrate heavily on outpa-
tients, where longer‐term education and goals to 
improve glycaemic control are agreed. This usu-
ally means that diabetes healthcare professionals 
have the opportunity to form relationships with 
people with diabetes, and visiting them during a 
hospital admission may provide reassurance for 
patients and improve continuity of care.

Treatment changes

Infection and physical trauma, including burns, 
surgery or stroke, initiate a stress response and an 
increase in the production of pro‐inflammatory 
cytokines and counter‐regulatory hormones, 
which raise blood glucose concentrations by 
increasing glucose production and decreasing 
glucose uptake [21]. The introduction of new 
medications, such as corticosteroids (which 
inhibit  glucose uptake and thus significantly 
affect post‐prandial glycaemia), also increases 
blood glucose concentrations in a hospital setting 
[9]. This is often frustrating for patients who usu-
ally have good glycaemic control and they are 
likely to need more frequent monitoring and 
advice about dietary and medication changes. The 
dietitian needs to have a good understanding of 
the mechanisms by which diabetes medications 
work in order to advise patients on relevant food 
changes that complement revised drug regimes.

In patients with gastroparesis, dietitians may 
need to incorporate advice on delaying insulin 
injections in line with reduced gastric emptying. 
Reduced fat and fibre content of meals may be 
relevant in some patients to reduce symptoms, 
however, it may be more appropriate, in patients 
who are under‐nourished, to maximise the use of 
regular prokinetic medications and relax food 
restrictions to ensure adequate energy and protein 
intake [22]. It is important to check renal function 
in hospitalised diabetes patients and note decreases 
in medications as a result of decreasing eGFR and 
enhanced circulation of oral agents and insulin. It 
is also worth noting that raised blood glucose con-
centrations may also be responsible for raised serum 
potassium levels in renal patients and dietary 
advice to limit potassium intake should be given 
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cautiously to prevent an excessively restricted diet 
once glycaemia is normalised.

The American Association of Clinical 
Endocrinologists (AACE) guidelines for opti-
mal glucose goals in hospitalised patients [23] 
recommend a consistent carbohydrate intake 
for patients, which would need liaison with 
catering services and information provision to 
patients on the carbohydrate content of meals 
and snacks. This should always be available at 
ward level but is frequently an underutilised 
resource.

9.7.3 Oral nutrition support

The hospital meal service

There is no consensus on a diabetes meal plan 
that is ideal for hospitalised patients. Bantle 
et  al. suggested that a consistent carbohydrate 
load in which the daily carbohydrate content of 
the main meals and snacks is kept consistent 
may be beneficial, however, there is a lack of 
controlled trial evidence to demonstrate clinical 
benefit of such an approach [6, 24].

The NaDIA was designed to look at a number 
of questions, including how patients rated their 
stay in hospital in various areas, such as the pro-
vision of meals and snacks [3]. 27 and 23%, 
respectively, reported that choice and timing of 
meals were only sometimes or rarely suitable. 
Those reporting poor meal timing or choice 
were more likely to have had a severe hypogly-
caemic episode during admission.

Food choices and flexibility for hospitalised 
patients are frequently limited because food 
preparation is often off‐site, with 34% of hospi-
tals buying in ready‐made meals in the UK [24]. 
Current meal provision planning usually aims to 
ensure adequate energy through a combination of 
main meal, dessert and, frequently, sweet snacks 
such as biscuits and cakes. Food choices will not 
necessarily match advice given in an outpatient 
setting, where the bulk of dietary education takes 
place. Increased energy requirements relating to 
illness, in addition to frequent taste preferences 
for sweet foods (e.g. in uraemic patients), mean 
that there is a reliance on desserts and sweet 

snacks for energy provision. Readily available 
fats such as butter and cream are very useful for 
fortification. Diabetes patients should not be 
denied foods that many would not think of as 
suitable if they were well. Working with the mul-
tidisciplinary team (MDT) and the patient to re‐
educate on dietary recommendations in an 
inpatient setting is crucial to ensure food choices 
are not restricted and that medication changes are 
made when necessary to accommodate (some-
times limited) hospital food choices.

Complaints about meal choice and timings 
are among the most common patient concerns 
but have not, as yet, been addressed in most 
hospitals. The Diabetes Inpatient Treatment 
Satisfaction (DIPSat) study also investigated 
this area, and although their findings were 
 similar, they did not gather any qualitative 
information useful for shaping change in hos-
pital food provision [25]. Further research in 
this area is needed.

Oral nutritional supplements

The majority of oral nutritional supplements 
(ONS) contain carbohydrate in varying forms 
and quantities, which is fairly rapidly absorbed 
since it is in liquid form. Drinks that are higher 
in protein or fibre, in theory, should increase 
blood glucose levels more gradually. There 
are not,  however, any readily available data 
about the glycaemic index (GI) of ONS. In 
order to minimise impact on appetite for 
meals, ONS are usually prescribed between 
meals, potentially resulting in extended peri-
ods when blood glucose concentrations maybe 
elevated. Low carbohydrate ONS drinks are 
available, although not globally, and provide 
carbohydrate in the form of isomaltulose, 
which has a lower GI than other carbohydrates 
used in ONS. Additionally, there are various 
fat and fat and protein‐only supplements avail-
able in liquid and powder forms, which can be 
prescribed in combination with a multivitamin 
and mineral tablet to reduce the intake of 
carbohydrates.

Many of the neutral flavour ONS contain 
hydrolysed starch, which is likely to have the 
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same impact on raising blood glucose concentra-
tions as the sugars in some of the flavoured sup-
plements, which needs to be considered when 
prescribing.

It is generally accepted that carbohydrate is 
absorbed more slowly when it is accompanied by 
fibre, protein and fat, due to delayed gastric emp-
tying [26]. Those ONS with particularly high 
total carbohydrate content but low fibre, protein 
and fat, such as some of the juice‐based drinks 
will probably have the greatest impact on glycaemia 
and should ideally be used in diabetes patients 
only as a last resort, or as suitable treatment for 
hypoglycaemia. If milk‐based ONS are disliked, 
they may be advised for consumption in medici-
nal doses or fat and fat/protein supplements may 
be prescribed to add to food or again to be taken 
in medicinal ‘shot’ form.

9.7.4 Enteral nutrition

Exclusive enteral nutrition induces a more pro-
nounced insulin and glucose response than solid, 
oral nutrition. It is important to consider, there-
fore, whether the type of formulas used in 
enteral nutrition plays a part in managing gly-
caemia in diabetes patients. The guidelines con-
sidered below investigated the effect of specialist 
enteral formulas on blood glucose control.

Specialist enteral formulas

ESPEN guidelines have reviewed the evidence 
for the use of different enteral formulas in dia-
betes [12]. Traditionally, formulas used in diabe-
tes have been rich in complex carbohydrate 
(55–60%) with low lipid content (30%), whilst 
newer formulas have replaced some of the car-
bohydrate with monounsaturated fatty acids 
(MUFAs), and may include dietary fibre [27, 
28]. Although there is no consensus on the 
most relevant markers to measure, studies of 
high MUFA formulas report lower mean fasting 
and/or post‐prandial glucose levels and trends 
towards lower HbA1c or fructosamine and 
lower insulin requirements [29–34]. Some stud-
ies have also shown improved lipid profiles on 

such formulae [29, 31]. Further reported benefits 
include a trend towards fewer pressure ulcers 
and infections [30] and reduced length of hospi-
tal stay compared with higher carbohydrate for-
mulas [32]. These formulas may be of more 
importance outside the intensive care setting 
where less stringent monitoring is carried out. 
Whilst there is a general acceptance of the bene-
fits of these specialised formulas [27, 35] 
ESPEN concludes that more evidence demon-
strating clinical outcome benefits is needed, 
particularly to justify the additional expenditure 
on specialised formulas [12].

The JBDS report for inpatient care of stroke 
patients with diabetes was published in 2012 [13]. 
Athough diabetes patients are at increased risk of 
stroke and myocardial infarction and also have 
increased risk of death or poor functional recovery 
with hyperglycaemia [36, 37], the report does not 
consider there to be sufficient evidence or clinical 
experience in the UK to recommend the use of 
diabetes‐specific enteral formulas. The use of 
standard enteral formulas is advised [37].

A US review in 2005 suggests that enteral 
 formulae with reduced carbohydrate and modi-
fied fat content have been shown to result in 
lower blood glucose concentrations and should 
be used, if possible, in hyperglycaemic patients, 
but persistent hyperglycaemia should be treated 
with scheduled insulin doses [35].

Fluid requirements

Dehydration is a common complication in 
enteral nutrition and is an often‐overlooked cause 
of hyperglycaemia. The risk of dehydration 
should be routinely checked and either high-
lighted to nursing staff, patient and family to 
encourage increased oral fluids or changes made 
to flushes on the enteral regimen.

The role of the dietitian in a 
 multi‐disciplinary approach

The JBDS report [13] makes a wide range of 
recommendations, many of which are aimed at 
nursing care, for the management of this patient 
group. It is an important reference document 
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outlining the roles and responsibilities of the 
MDT in ensuring that standards of care are being 
met at ward level during enteral nutrition. Blood 
glucose monitoring, for example, should take 
place every 4–6 hours during feeding or hourly 
if feeding is unexpectedly switched off. Dietetic 
reviews represent an ideal opportunity to moni-
tor these standards.

This report highlights the risk of hypoglycae-
mia if insulin has been administered and feeding 
stopped and recommends intravenous (IV) glu-
cose substitute feed, if there is no alternative to 
stopping enteral nutrition. Treatment of hypo-
glycaemia in patients with impaired swallow 
involves administration of glucose‐based liquids 
via the feeding tube or glucogel and a water 
flush, to provide 15–20 g of rapidly absorbed 
carbohydrate followed by 15–20 g of carbohy-
drate from the enteral formula.

The overall recommendation to dietitians start-
ing enteral nutrition in diabetes patients is to:

 • Be clear on the dietetic rationale for the  enteral 
regime and rest periods proposed and assess 
the amount of carbohydrate provided per hour.

 • Involve the diabetes specialist team before start-
ing any enteral regime and subsequently if 
blood glucose concentrations are outside 
 target  levels. Provide rationale and information 
on the  formula (as above), previous blood 
 glucose monitoring, HbA1c and existing 
 mediation/insulin regime and weight of patient.

 • Advise the MDT on aspects of care such as hypo 
treatment and frequency of blood glucose moni-
toring in accordance with guidelines or refer to 
the diabetes specialist team as appropriate.

9.7.5 Medication changes

Dietitians should be aware of appropriate insu-
lin and medication regimes suited to different 
feeding rates and timings. Factors to be consid-
ered when planning nutritional support include 
individual nutritional requirements, gut absorp-
tion, suitability and tolerance of night‐time 
enteral nutrition and the need for breaks for 
procedures or other events. Metformin powder 
is highlighted in the JBDS guidelines as being 
suitable for nasogastric administration, whereas 

other forms of oral medications in a crushed 
form are not recommended. Different insulin 
regimens are detailed with a biphasic regimen 
of mixed insulin being used with continuous 
feeding, or basal bolus insulin regimes with 
short‐acting insulin given at 6 hourly intervals. 
It suggests that rapid‐acting insulin be adminis-
tered as part of a basal bolus regime, 20 min-
utes prior to administration of a bolus feed (due 
to the rapid digestion and absorption of enteral 
formulas). Some guidance on insulin to carbo-
hydrate ratios is provided depending on insulin 
sensitivity levels and usual total daily doses.

The AACE guidelines recommend that oral 
agents be discontinued during acute illness and 
that glycaemia be managed with insulin only, 
partly due to the slow onset of action and dissi-
pation of oral medications and partly due to 
unsuitability in a number of acutely unwell 
patient groups [38].

Principles recommended in these guidelines 
are very similar to those used in the DAFNE 
course (dose adjustment for normal eating), 
which is widely utilised in Europe and Australia 
for those with type I diabetes. It recommends 
glucose monitoring before meals and at bed‐
time and suggests the calculation of a sensitivity 
or correction factor. This can be calculated by 
the formula: 100/total daily dose of insulin 
and calculates the predicted mmol/l decrease in 
blood glucose concentration from administering 
one unit of insulin.

The guidelines make recommendations for 
those patients who are newly started on insulin 
and suggest that many patients will not need to 
continue with insulin post hospital discharge.

Basal bolus insulin regimens

A review by Umpierrez suggests that basal bolus 
insulin regimens (rapid‐acting and background 
insulin) are superior to sliding scale regimens for 
patients on oral intake, in terms of numbers of 
patients reaching target blood glucose concentra-
tions [39]. They are also generally preferred to 
IV insulin for patients who are consuming food 
orally or via enteral nutrition support, as it less-
ens the risk of hypoglycaemia. It has been rec-
ommended that basal bolus regimens based on 
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0.4–0.5 units of background insulin/kg/day, com-
bined with rapid‐acting insulin with meals may 
provide improved blood glucose control com-
pared with a sliding scale approach [9].

In the NaDIA, insulin was reported to have 
been given at inappropriate times, with 6.7% of 
those patients on insulin prescribed or given insu-
lin at the wrong time [3]. Dietitians are well 
placed to support the MDT in providing correct 
information about insulin administration with 
appropriate carbohydrate. Information about the 
type and quantity of carbohydrate in food should 
be available from hospital food services and nutri-
tional data about ONS and enteral or parenteral 
nutrition are available from the manufacturers.

Variable rate intravenous insulin 
infusion – previously known as 
sliding scale

The protocol for using variable rate intravenous 
insulin infusion (VRIII) will vary between hos-
pitals but is generally used perioperatively for 
patients on insulin and sometimes for those on 
oral medications. It is also used in patients who 
are unable to manage a normal diet and may 
occasionally be used in patients admitted with 
DKA or HHS for ongoing glycaemic control.

VRIII requires regular blood glucose monitor-
ing and adjusting of insulin given intravenously 
via a dedicated cannula, usually together with 
a  glucose infusion. Insulin doses are calculated 
based on patients’ usual requirements or on 
guidelines based on units of insulin per kg (patient 
weight) and an hourly infusion rate is calculated, 
which is adjusted also according to blood glucose 
concentrations. Protocols that consider the rate of 
change of blood glucose in addition to current 
values are more effective than those that look at 
current values only [23].

Frequency of monitoring is usually 2–4 hourly. 
Discontinuation of VRII needs cautious manage-
ment. There may be decreased requirements of 
basal insulin associated with reductions in illness 
or surgery‐related stress, and increases in appetite 
and food intake will require increased rapid‐acting 
insulin. Initially, IV insulin should be continued 
when basal bolus is re‐started, to prevent ketoaci-
dosis in patients with type 1 diabetes.

9.7.6 Total parenteral nutrition

Current guidelines do not make full recommen-
dation for management of patients requiring 
total parenteral nutrition (TPN). It is known that 
patients receiving exclusive TPN have substan-
tially higher insulin requirements to achieve the 
same blood glucose targets compared with those 
receiving enteral nutrition [40]. Nutrients enter 
the systemic circulation directly, thus bypassing 
the splanchnic circulation and the insulino-
trophic effect of incretins. TPN commonly leads 
to hyperglycaemia, even in the absence of diabe-
tes. 75% of patients with type 2 diabetes not pre-
viously treated with insulin will require insulin 
with TPN. In patients in intensive care units, 
strict glycaemic control is relatively easily 
achieved, probably because more frequent moni-
toring and adjustment of insulin takes place [40].

Studies have shown that TPN‐associated 
hyperglycaemia is a risk factor for development 
of infection, cardiac, and renal dysfunction and 
increased mortality in critically ill and non‐
critically ill patients [41].

In TPN patients, blood glucose concentrations 
of over 10 mmol/l have been shown to be associ-
ated with an increased risk of pneumonia and 
acute renal failure. Pre‐TPN blood glucose con-
centrations between 8.3 mmol/l and 10 mmol/l 
independently predicted mortality as well as a 
blood glucose>10 mmol/l within 24 hours of 
TPN when compared with normoglycaemia. It 
is hypothesised that immune function and 
inflammatory response may be the underlying 
 mechanisms for this result. Any hyperglycaemia 
(>8.3 mmol/l) was an indicator of increased hos-
pital stay and risk of complications [40].

The AACE guidelines recommend 0.1 units of 
insulin for every gram of carbohydrate adminis-
tered, with daily increases of 80% of the previ-
ous day’s correctional insulin. IV insulin can be 
used to correct hyperglycaemia more rapidly 
[23]. This is a typical approach that would be 
outlined in individual hospital guidelines on 
TPN. It has been considered that cyclical rather 
than continuous nutrition allows insulin concen-
trations to drop, helping to prevent further 
 insulin resistance. In addition it may be possible 
to manipulate proportions of fat, protein and 
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 carbohydrate in TPN in order to reduce the 
impact on BG concentrations. Since there is 
some evidence that if fat provides more than 
50% of the required energy it impacts on 
 clearance by the reticuloendothelial system, it is 
usually restricted to 30% of total energy [42].

9.7.7 Discharge from hospital

DMEG have made recommendations regarding 
those patients who should be followed up by a 
dietitian post hospital discharge as a priority, 
including those with newly diagnosed type I, those 
started on insulin for the first time in  hospital, and 
those with pancreatitis/pancreas surgery and hypo-
glycaemia linked to undernutrition. It also provides 
guidance on which patients should have routine fol-
low up by dietitians and is a useful guide for 
General Practitioners, since many of these patients 
will not be routinely reviewed by ward dietitians 
and will not, therefore, always be referred into 
appropriate outpatient clinics.

9.7.8 Conclusion

Increasing numbers of diabetes inpatients across 
all hospital wards and specialities means that 
dietitians working in all areas need to have a 
good understanding of the guidelines for diabetes 
inpatients and how these apply to their  particular 
patients’ needs. They should liaise closely with 
their hospital’s diabetes team to ensure the opti-
mal glycaemic management while patients are in 
hospital, especially if they are receiving nutrition 
support during their stay. Optimising glycaemic 
management during the delivery of appropriate 
nutrition support is beneficial in terms of a wide 
range of patient outcomes.
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