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Introduction

The Ancient Greeks were the first to advocate diet and lifestyle management
for people with diabetes. Until the discovery and use of insulin in the 1920s and
suphonylureas in the 1940s, diet and lifestyle intervention were the only
treatment options available. For people with Type 1 diabetes this was woefully
ineffective and consisted of near starvation diets imposed on already severely
malnourished individuals. While such diets may have prolonged life by a few
months, an inevitable early death from ketoacidosis was all too often replaced
with death from infections due to the severe malnutrition and other co-
morbidities. The introduction of insulin radically reduced the death rates from
ketoacidosis and problems associated with malnutrition, however, survival
brought other lethal problems in the form of microvascular and macrovascular
disease.

The dietary management of Type 1 diabetes over the last 80 years has had to
adapt to the many changes in insulin formulations as well as changes in staple
foods and eating patterns. Over the years the premise for the dietary advice
given, of optimising growth while minimising diabetes associated complica-
tions, has not changed. By contrast the dietary advice given has radically
changed in response to advances in our understanding of the biochemical and
physiological mechanisms involved in diabetic complications. Today the
dietary advice offered for people with Type 1 diabetes has little resemblance to
the advice given by R. D. Lawrence three-quarters of a century ago. R. D.
Lawrence’s diet advocating a high-fat and low-carbohydrate intake has been
replaced by the more healthy low-fat and high-carbohydrate diets of today. To
what extent today’s dietary advice will resemble that in 75 years time, will, we
believe, reflect the quality of the scientific evidence behind this advice.

Since the advent of insulin and oral agents, other changes to the dietary
management of diabetes have included the way dietary advice is imparted.
There has been a move away from prescriptive diets given by authoritarian
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physicians towards trying to achieve the necessary dietary and lifestyle changes
through educating individuals to a level such that they can make their own
informed choices regarding their management. However, a greater under-
standing of the factors that influence the uptake of lifestyle advice is required if
more effective dietary management for people with diabetes is to be achieved in
the future.

Despite the availability of several different classes of oral hypoglycaemic
agents for the management of Type 2 diabetes, dietary and lifestyle manage-
ment remains crucial for the optimal effectiveness of these drugs. It might at
first appear strange that this book contains only a summary chapter dealing
with Type 2 diabetes. This is because the lifestyle messages for the management
of people with Type 2 diabetes are covered in other chapters throughout the
book, including those addressing guidelines, exercise, counselling and obesity.
Lifestyle and dietary changes for people with Type 2 diabetes are required, not
only for glycaemic control but also for reducing important cardiovascular risk
factors.

The aim of this book is to provide a practical guide for the dietary
management of diabetes based on basic physiological principles as well as
nutritional and clinical evidence. We hope this book will aid health
professionals to provide their patients with informed evidence-based advice
in a way most likely to achieve the meaningful nutritional changes that will
improve their quality of life.

Acknowledgement

We wish to thank Dr Louise Goff for her help in proof reading this book.
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1

Nutritional Recommendations in
DiabetesManagement
NORMAMCGOUGHBSc SRD
Aylesbury, Buckinghamshire, UK

INTRODUCTION

The first position statement on diet in diabetes care was made by Diabetes UK,
formerly the British Diabetic Association, 20 years ago (1). The recommenda-
tions liberalised the diet for people with diabetes. Previous advice had focused
specifically on carbohydrate intake and sugar restriction. The new recommen-
dations promote a diet in line with healthy eating recommendations for the
general population and compatible with dietary advice for people at high
cardiovascular risk. Further review, 10 years later, resulted in an update that
re-enforced the high-carbohydrate, low-fat diet (2). These recommendations
have now been superseded by recommendations from other parts of the world
including Europe (3) and America (4). A more recent technical review of the
nutritional management of patients with diabetes also helps to put a clear
perspective on dietary education in diabetes care (5).

CURRENT POSITION

Recommendations will change in time as new data becomes available and
consensus and views on emphasis differ. Any recommendations require careful
interpretation and communication for the maximum benefit of those
individuals with diabetes.
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The biggest change in emphasis of the recommendations currently in use
compared to previous recommendations focuses on a greater flexibility
between the proportion of energy from carbohydrate and fat, with promotion
of the use of monounsaturated fat. Diets rich in monounsaturated fat reduce
total and low-density lipoprotein cholesterol without adverse effects on high-
density lipoprotein cholesterol or triglyceride levels (6). It is necessary to
restrict the total fat content of the diet where obesity is an issue and calorie
intake needs to be limited. Otherwise, a range of carbohydrate (45–60%) and
fat (25–35%) intakes is compatible with good diabetes control provided that
low glycaemic index carbohydrates and foods high in monounsaturated fat are
promoted.

Other significant changes in the recommendations include:

. There is less emphasis on the benefits of cereal fibre other than for
gastrointestinal health and its satiety value.

. The precise effects of antioxidant nutrients with regard to being potential
cardio-protective factors is still uncertain and so clear guidance is not
possible in the light of the evidence available.

. In most European countries, the average intake of protein is in excess of the
recommended intake and for those people with Type 1 diabetes, especially
in those with hypertension, intakes of protein should not exceed 10–20%
total energy because of the increased risk of nephropathy.

. The benefits of physical activity for people with diabetes are becoming
increasingly evident. Regular, moderate intensity exercise is associated with
a reduced risk of developing Type 2 diabetes in men, women and individuals
who are overweight (7,8). Exercise can produce a reduction in plasma
triglycerides, increases HDL and can also aid weight loss (9). The overall
impact of exercise on blood pressure is also beneficial (10).

AIMS OF THE NUTRITIONAL RECOMMENDATIONS

The goals of dietary advice are to achieve and maintain good health and
quality of life, with avoidance and management of short-term symptoms,
including hypoglycaemia and freedom from the long-term complications of the
disease, for as long as possible. Evidence available from America from the
Diabetes Control and Complications Trial in Type 1 diabetes (11) and also
from the United Kingdom Prospective Diabetes Study in Type 2 diabetes (12)
suggests that normalisation of metabolic markers like blood glucose levels and
management of blood pressure constitute key aims. There needs to be a balance
between the attainment of objectives of care and the demands that they may
impose on the individual person with diabetes.
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The recommendations should be adapted to an individual’s lifestyle, culture
and socio-economic status. Personalised targets, based on the recommendations,
need to be negotiated, clearly defined and communicated. There should be
regular review and on-going dietary education.

The Practice Guidelines for Medical Nutrition Therapy developed in the
USA for Type 1 diabetes have been shown to result in significant
improvements in glycaemic control, and require more frequent and longer
contacts between dietitians and patients (13). Patients from UKPDS, in centres
with a greater availability of dietetic advice, lost more weight than those with
less advice and also tended to have a greater decrease in plasma glucose (14),
thus showing the need for more intensive care of diabetic patients.

APPLICATION OF THE NUTRITIONAL GUIDELINES

Since diabetes is a life-long disease that affects all groups of the population,
irrespective of age, culture or socio-economic status, it is vitally important to
identify the most appropriate approach to the application of the nutritional
guidelines, from the outset. Dietetic intervention requires an appropriate level
of knowledge, experience and skill if dietary habits and eating behaviour are to
be adjusted, effectively (15). The Clinical Standards Advisory Group (CSAG)
in the UK recommended that all newly diagnosed patients should be offered a
dietetic consultation within four weeks of diagnosis and that non-crisis dietetic
review should be available, annually, to all people with diabetes (16). UKPDS
showed that the first three months were vitally important in determining
response to dietary intervention (14). Currently in the UK one current issue of
dietary management in diabetes care is the under-provision of dietetic services
in diabetes care (17).

PROVISION OF SERVICES IN DIABETES CARE

In 1997, Diabetes UK, formerly the British Diabetic Association, investigated
the provision of dietetic services in diabetes care. They carried out a postal
survey to dietitians in the UK to assess level of provision and current practices
including application of nutritional guidelines, audit and evaluation. The
survey showed that 85% of dietitians worked in situations where dietetic
provision was less than the current recommendation of 22.5 hours per 100 000
of the population, made by Diabetes UK, in 1999 (18). One of the outcomes of
this situation is that people with diabetes may not receive dietary education
from a State Registered Dietitian. Dietary education may be part of an
education package offered in general practice by the practice nurse. The
evolution of the nutritional guidelines for people with diabetes to a status
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which is in line with healthy eating recommendations for the general
population may have ‘de-mystified’ the diet in diabetes care to the extent
that it was perceived as being a package that could be relayed without the
expertise of a dietitian.

There is a need for a consistent approach from health care professionals. Co-
ordination of training of all health care professionals involved in diabetes
education on nutrition and diabetes as well as overall management of dietary
education in diabetes care is essential to ensure a high-quality service to all
people with diabetes. Continuing professional development is essential to
update knowledge and skills.

THE ROLE OF THE DIETITIAN INDIABETES CARE

Ideally, it is the role of the dietitian to provide the dietetic intervention. A vital
part of the dietetic consultation is the assessment of readiness to change eating
behaviour (19). Exploration of barriers to change and awareness of psycho-
social issues form part of the dietary consultation process. In the short term,
food intake needs to be regulated and balanced against medication, in order to
optimise blood glucose control. This also includes assessment of whether
current medication matches the meal pattern and therefore whether it is
appropriate, as well as the management and prevention of hypoglycaemia and
hyperglycaemia. Long-term dietary control can offer protection against
cardiovascular disease with weight management and modification of other
lifestyle factors being essential. Dietary counselling should be innovative and
specific to the requirements of the individual, rather than being rigid,
prescriptive and restricted to a particular system of teaching, as may be the
case when knowledge, experience and skills in diet therapy are limited.

AUDIT AND EVALUATION

Since the 1970s, the success or failure of diet in diabetes care has been based on
compliance (20). The most important consideration being whether or not a
patient was deemed to have modified their dietary intake and achieved a
particular dietary prescription. Evaluation needs to consider the impact of diet
on clinical outcomes like body weight, lipid levels and HbA1C. Application of
the nutritional guidelines is not about achieving the gold standard but about
the modification of an individual’s dietary intake to shift the balance in the
direction of the gold standard and at the same time, maximise health benefits
and quality of life for that individual.

Findings of the Diabetes UK survey in 1997 show that a quantitative method
of dietary prescription is no longer applied in practice. The survey also shows
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that most dietitians reported, at the time, following the 1992 nutritional
guidelines. The nutritional recommendations in the UK are under review and
the more up-to-date guidelines from Europe and America should be applied
until updated recommendations are published in the UK.

RECOMMENDATIONS: TYPE 1AND TYPE 2 DIABETES

Although the nutritional recommendations for people with Type 1 and Type 2
diabetes are in essence the same, there may be a difference in emphasis.
Cardiovascular disease is the main cause of mortality in both Type 1 and Type
2 diabetes, so restriction of saturated fat is a prime aim for all people with
diabetes. However, there should be greater emphasis on modification of fat intake
for people with Type 2 diabetes where lipid abnormalities are more common.

People with diabetes who are overweight or obese have a wide range of
complications of their obesity: more symptoms can be related to BMI (body
mass index) than can be related to blood glucose, so weight management is a
fundamental aspect of treatment in Type 2 diabetes.

For Type 1 diabetes greater emphasis should be placed on attempts to
modify the progression of microvascular disease, especially nephropathy, by
restricting protein intake.

The ultimate goals of management depend on the priorities relevant to the
individual person with diabetes.

ENERGY BALANCE ANDBODY WEIGHT

Obesity is recognised as a leading cause of insulin resistance (21). It therefore
contributes to the development of Type 2 diabetes. This is particularly true for
a central distribution of body fat, associated with a range of metabolic
disturbances. Weight management is crucial in controlling blood glucose levels
in people with Type 2 diabetes, although from UKPDS there is evidence that to
normalise glucose tolerance usually requires major weight loss. Studies suggest
that at least 80% of newly diagnosed patients with Type 2 diabetes are
overweight and weight loss in people with Type 2 diabetes who are overweight
increases life expectancy. Obesity is an additional risk factor for coronary heart
disease and stroke. All cardiac risk factors (glycaemia, hypertension, lipids) are
improved with weight management (22). This is true for individuals with Type
1 diabetes as well as Type 2 diabetes. However, it is also important to make
sure that energy requirements are adequate in children and adolescents with
Type 1 diabetes.

Dietary strategies for weight management should be based on realistic target
weights. Assessment of target weights and the appropriate level of energy
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restriction is not a precise science. Equations are available for estimating basal
metabolic rate and daily energy expenditure from body weight in kilograms
and activity level, when prescribing calorie-controlled diets (23), see Table 1.1.

In general, long-term lifestyle changes and strategies are more likely to result
in sustained weight loss. Realistic calorie deficits of 500 kcal/day usually
produce better end results than very restrictive diets (24). Strategies to support
individuals trying to lose weight may range from individual counselling to
group therapy. The use of very low calorie diets (VLCDs) in people with
diabetes has however been shown to have positive effects on plasma lipids,
lowering triglyceride levels and raising HDL cholesterol (25). Most of the
benefits relate to energy restriction not weight loss (26). Although more weight
is lost over a 3–6 month period than using conventional diets there is no
evidence that in the long term (1–2 years) the continued benefit of using
VLCDs is maintained. VLCDs should only be used in a specialist setting as
complications of VLCD therapy can include alterations in body composition
including bone loss and possibly loss of cardiac muscle (27). As a generalisation
the use of anti-obesity drugs should be restricted to specialist medical centres in
the absence of large-scale studies of their application in diabetes. The Royal
College of Physicians (28) produced guidelines for the use of anti-obesity drugs
for obesity treatment.

Individuals who are overweight should have the necessary advice and
support to reduce their calorie intake and to increase their energy expenditure
in order to shift their energy balance and weight in the direction of a more ideal
BMI. Sustained weight loss and prevention of weight regain are important
goals which are preferable to more rapid weight loss which usually results in
excessive loss of lean body mass. Even modest weight loss confers benefits to
health (29). Whenever possible those people who are overweight should be

6 NUTRITIONALMANAGEMENTOFDIABETESMELLITUS

Table1.1

Age range (yr) BMR (kcal/day) Activity level 24-h Energy expenditure
(kcal/day)

Men
10–18
18–30
30–60
4 60

17.5W+651
15.3W+679
11.6W+879
13.5W+487

Inactive
Light
Moderate
Heavy

BMR�1.30
BMR�1.55
BMR�1.78
BMR�2.10

Women
10–18
18–30
30–60
4 60

12.2W+746
14.7W+496
8.7W+829
10.5W+596

Inactive
Light
Moderate
Heavy

BMR�1.30
BMR�1.56
BMR�1.64
BMR�1.82

W¼weight (kg).



offered a multi-disciplinary structured approach to weight management.
Dietary advice should take into account an increase in physical activity,
which may also facilitate weight loss and help to maintain muscle mass.
Normally, people’s appetites increase with exercise automatically. However,
for those with Type 1 diabetes adequate or additional carbohydrate before,
during and after exercise as well as insulin adjustment needs to be anticipated,
see Chapter 2. For those people with Type 2 diabetes on oral hypoglycaemic
therapy, adjustment of medication is usually not necessary unless on
sulphonylureas where hypoglycaemia may be a risk with sustained exercise.
The level of activity will depend on age and degree of fitness but moderate
activity (walking) for at least 20–30min a day will be beneficial. Adjustment of
medication for both Type 1 and Type 2 may be necessary if weight loss occurs
and is maintained in the long term.

MACRONUTRIENT COMPOSITION OF THE DIET

The main dietary components of the diet for an individual with diabetes should
be carbohydrate-containing foods with a low glycaemic index and cis-
monounsaturated fat.

Although it is important to give people with diabetes advice to modify their
dietary intakes so that they shift the balance of their nutritional intake in the
direction of the recommendations, the relative proportions of macronutrients
may vary depending on the markers of diabetes control for the individual.

A combination of carbohydrate and cis-monounsaturated fatty acids should
provide 60–70% total daily energy intake. Total fat intake should be restricted
to 35% total energy. Cis-monounsaturated fatty acids should provide between
10 and 20% total energy. Saturated and trans-fatty acids should provide under
10% total energy. Polyunsaturated fatty acids should not exceed 10% total
energy. Protein intake should range between 10 and 20% total energy. Protein
intake should not go below 0.6 g/kg normal body weight/day but should be at
the lower end of the range (0.8 g/kg body weight/day) in cases of nephropathy
or where abnormal microalbuminuria has been identified.

The relative proportions of macronutrients recommended in diabetes:

Protein (10–20%)
Carbohydrate (45–60%)
Cis-monounsaturated fat (10–20%)
Polyunsaturated fat (5 10%)
Saturated/trans fat (5 10%)

NUTRITIONALRECOMMENDATIONS INDIABETESMANAGEMENT 7



CARBOHYDRATE

The proportion of energy derived from carbohydrate is related to the level of
fat intake. Recommendations in the past have tended to be narrow and precise
with regard to fat and carbohydrate intake. Although good diabetes control
can be achieved with a range of carbohydrate intake (45–60%), it can be
difficult to maintain a high-carbohydrate/low-fat balance in practical terms.
The current emphasis is on a more flexible approach dependent upon the
individual’s lifestyle, habits and diabetes management.

To minimise the risk of hypertriglyceridaemia and an associated increased
risk for cardiovascular disease, high-carbohydrate diets for people with
diabetes should incorporate a high intake of soluble fibre and resistant starch
(30).

In cases where a lower carbohydrate intake is optimal for control and
lifestyle, intake of energy from monounsaturated fat can be increased, as long
as calorie control is monitored.

GLYCAEMIC INDEX

The glycaemic index (GI), see Chapter 11, was proposed as a method to guide
food selection in the early 1980s by Jenkins and colleagues. It is based on the
assessment of carbohydrate foods in terms of glycaemic response compared to
the same amount of a standard carbohydrate-containing food (usually bread or
glucose) (31).

The GI of a food is determined by a number of factors, including the rate
of digestion and absorption. The soluble fibre content as well as the
structure of the food and other meals and foods consumed as part of the
overall diet are all significant influences on the glycaemic index of a
particular food (32).

FIBRE

Dietary fibre or non-starch polysaccharides may broadly be classed as soluble
fibre (gums, gels and pectins) and insoluble fibre (cellulose and lignin).

There is epidemiological evidence that low intakes of insoluble fibre are
associated with an increased risk of Type 2 diabetes (33). In general, the
benefits of insoluble fibre are limited to promoting healthy gut functioning.
The intake of soluble fibre is however beneficial to glycaemic and lipid
control (34).
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SUGAR AND SWEETENERS

SUCROSE

The diabetic diet has in the past been referred to as the sugar-free diet but many
studies have shown that consuming iso-caloric amounts of other carbohydrates
can raise blood glucose levels and aggravate hyperglycaemia more than sucrose
itself (35,36). The consensus view is that sucrose may be consumed in the diet
of people with diabetes at the same level, 10% of total calories, as that
recommended for the general population.

FRUCTOSE

Fructose has been shown to invoke a lower glucose and insulin response
compared to other carbohydrates (37). However, dietary fructose in amounts
comparable to those of sugars in Western diets (7.5–20% daily energy) can
result in raised fasting triglycerides and LDL concentrations. There may also
be a greater risk of gastrointestinal disturbances with large doses (38). There is
no reason to believe that fructose either confers special benefits for people with
diabetes or that it is detrimental to health in the amounts found in everyday
foods.

NUTRITIVE SWEETENERS

Polyols or sugar alcohols like sorbitol, xylitol, mannitol and isomalt are bulk
or nutritive sweeteners which contain calories and raise blood glucose levels.
They must still be accounted for in meal planning. They have a slightly lower
glycaemic response than sucrose and a slightly lower calorie value (2.4 kcal/g)
because they are not completely digested and absorbed. Polyols may therefore
cause diarrhoea, particularly if consumed in large amounts (4 25 g). Although
they have a lower cardiogenic effect compared to sucrose, polyols offer no
special benefit to people with diabetes.

NON-NUTRITIVE SWEETENERS

Intense or non-nutritive sweeteners are sugar-free and calorie-free. Permitted
sweeteners in the UK and Europe include aspartame, saccharin, acesulfame
potassium, cyclamate, sucralose and alitame. These substances are very often
used in combination as table-top sweeteners or in food products in order to
produce a better flavour synergy or heat stability. There has been ongoing
public debate about the safety of these substances, but there is no conclusive
evidence to suggest that particular health problems are implicated by their use.
In the UK the government Food Standards Agency (FSA) (formerly the
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Ministry of Agriculture, Foods and Fisheries (MAFF)) monitors consumption
of sweeteners and provides guidelines to the food industry regarding levels of
intense sweeteners permitted in foods. In this way there is deemed to be control
over intake.

ALCOHOL

Recommendations regarding alcohol consumption and diabetes currently
relate to a number of different sources but focus on two main issues,
hypoglycaemia for Type 1 diabetes and the increased cardiovascular risks with
Type 2 diabetes, see Chapters 9 & 12. The Nutrition Subcommittee of Diabetes
UK produced a paper in 1985 which refers to a maximum safe intake of 30 g
(3 units) per day for men and 20 g (2 units) per day for women (39). The
government’s report, Sensible Drinking, published in 1997 (40), refers to a
maximum intake of 3 units per day for women and 4 for men. Precautions
which apply to the general population also apply to people with diabetes.
However, for people on insulin therapy and sulphonylureas, alcohol should
always be consumed with carbohydrate-containing foods. This is because of
the increased risk of hypoglycaemia as alcohol suppresses gluconeogenesis (41).
Alcohol can also interfere with the action of glucagon in insulin-induced
hypoglycaemia (42). People taking sulphonylureas can experience facial
flushing with alcohol.

Daily alcohol intake has been associated with cataract development which is
independent of the effects of diabetes itself.

Alcohol contributes 7 kcal/g and so may contribute to calorie intake and
impact on weight control in people with Type 2 diabetes as well as aggravate
hypertriglyceridaemia.

More recent studies on people with Type 2 diabetes suggest that people with
well-controlled diabetes can safely consume 21–28 g/d alcohol with no change
in glycaemic control (43). There are possible beneficial effects of alcohol on
blood lipids and coagulability. Moderate intake of wine (one or two glasses per
day) which contains flavonoids and phenolic compounds may confer benefits
by virtue of antioxidant properties (44).

DIETARY FATS

People with diabetes have a two- to fourfold increased risk of coronary heart
disease, and an increased risk of mortality due to the low HDL with high
triglyceride syndrome that is seen in Type 2 diabetes, even when well treated
(45). Epidemiological evidence suggests that populations of people with
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diabetes who consume a low-fat diet have a lower mortality rate, see Chapters
9 & 12 (46).

SATURATED FAT

Reducing intake of saturated fat can lower levels of total and LDL
cholesterol, risk factors for coronary heart disease (47). The recommended
level is less than 10% energy from saturated fat. Although there are no large
studies of diabetic populations it is considered appropriate to base the
prevention and management of heart disease on the same principles as in
non-diabetic populations.

Individual fatty acids have different effects, with lauric, myristic and palmitic
having a hypercholesterolaemic effect and stearic being neutral.

TRANS FATTYACIDS

Most trans fatty acids are formed during partial hydrogenation of vegetable
oils to produce margarine and certain baked foods including biscuits and
pastries. Trans fatty acids have a similar impact on lipid levels as saturated fat,
decreasing HDL and increasing LDL (48). Specific information relating to
people with diabetes is lacking but there are some large studies that show the
evidence is not conclusive regarding coronary risk and trans fatty acid intake.
The Nurses Health Study (49) shows that high intakes of foods that are a
significant source of trans fat may be associated with a risk of coronary heart
disease. The EURAMIC study (50) however found no significant effect.

POLYUNSATURATED FATS (n-6)

The WHO recommendation for the general population is a maximum intake of
3–7% dietary energy. This is because polyunsaturated fats are more susceptible
to oxidation and therefore more atherogenic. In addition, a reduction in HDL
may occur when larger amounts are consumed.

FISH OILS (n-3)

The general recommendation with regard to fish oils for the population as a
whole is not to take therapeutic doses but to consume one helping of oily fish
per week. Increasing fish intake in the non-diabetic population is associated
with reduced mortality from coronary heart disease. However, despite
available evidence showing that fish oils can reduce plasma triglycerides and
VLDL concentrations in the diabetic population (51), as well as reducing blood
pressure (52), there are also potential deleterious effects of fish oils on LDL
cholesterol and glycaemic control in people with diabetes (53).

NUTRITIONALRECOMMENDATIONS INDIABETESMANAGEMENT 11



MONOUNSATURATED FATS

In the Mediterranean, where the prevalence of coronary heart disease is lower,
the typical diet is high in monounsaturated fatty acids (54). The beneficial
effects of monounsaturated fats include the fact that they are more resistant to
lipid peroxidation and increased MUFA intakes have also been associated with
lower daytime blood pressures. There have been studies in both diabetic and
non-diabetic populations which show falls in total cholesterol with no changes
in HDL levels or triglyceride levels. The choice of MUFA as the prime source
of dietary fat is therefore recommended.

CHOLESTEROL

Restriction of saturated fat will also limit intake of cholesterol. The EASD
recommendations refer to a maximum intake of 300mg/day.

PROTEIN

There is a need for more long-term studies on protein intake for people with
diabetes in order to be able to make evidence-based recommendations. The
WHO (55) recommendation for intake of protein for adults is 0.8 g/kg/day (56)
but most European populations consume more than this. There is epidemio-
logical evidence to suggest that diets rich in protein may contribute to the
pathogenesis of early nephropathy (57). There are also studies which indicate
that protein intakes at the lower end of the recommendation may have
advantages in people with diabetes with renal changes. In people with evidence
of clinical diabetic nephropathy a protein restriction to 5 0.6 g/kg/day can
reduce the elevated GFR and albuminuria (55). In people with persistent
proteinuria a similar protein restriction has been shown to modify the
progression of the disease (58). There is no conclusive evidence about the
different properties of animal or vegetable proteins and their effect on diabetic
renal disease. The recommendation for protein intake for people with diabetes
is that it should range between 10 and 20% of total energy.

VITAMINS AND ANTIOXIDANTS

There is a need for more conclusive evidence on the benefits of vitamins and
antioxidant nutrients in terms of protection from cardiovascular disease and
general health benefits for the diabetic and non-diabetic population.
Pharmacological doses of supplements are therefore not advised. However, it
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is recommended that a diet rich in foods which naturally contain significant
quantities of antioxidants, especially fruit and vegetables, is followed.

MINERALS

SALT

The general population has been recommended to restrict intake of salt to
6 g/day. Normal intake in Northern Europe is twice this amount. Dietary
sodium restriction can reduce systolic blood pressure in mild hypertension in
Type 2 diabetes (59). However, there is still debate about the efficacy of sodium
restriction with regard to hypertension. In addition, the impact of weight loss
in treating people who are overweight with hypertension also makes it difficult
to distinguish between the benefits of salt restriction and energy restriction.

People with diabetes should be advised to eat plenty of fruit and vegetables
and other fresh, rather than processed, foods, which contribute to a significant
proportion of the sodium in the diet, in order to cut down on salt intake.

CHROMIUM

There has been a lot of media hype over chromium and its ability to improve
glycaemic control in people with Type 2 diabetes. Chromium is an essential
trace element that has a role in glucose, insulin and lipid metabolism. Sub-
optimal dietary intake of chromium is related to increased risk factors
associated with diabetes and cardiovascular disease. There are a number of
small clinical trials which show supplements of chromium have been related to
improvement in glucose tolerance in Type 1, Type 2 and steroid-induced
diabetes. However, these studies are very small and carried out over a short
period of time. There is an urgent need for properly powered research before
the reported benefits of chromium supplementation can be assessed (60).

MEAL PLANNING

There are a number of teaching systems available for meal planning but they
are all subject to limitations. The emphasis should be on appropriate advice
conveyed in the most appropriate way for a particular individual. There should
not necessarily be a focus on one specific teaching system.

In the past, the main educational tool in the dietary education of people with
diabetes, particularly for Type 1 diabetes, was the exchange system.
Measurement of carbohydrate intake by using an exchange system devised
by R. D. Lawrence was considered to be essential for good blood glucose
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control. The exchange system was devised to ensure that carbohydrate was
included with meals and snacks but it resulted in a restriction of carbohydrate.

People with diabetes were advised on the amount of carbohydrate they
should consume by the prescription of a number of exchanges per meal or
snack, over the day. The exchanges were based on units of 10 g carbohydrate
and lists of foods containing 10 g were used to swap foods and vary dietary
intake.

Another tool, the plate model, can be used to assess and convey the
proportions of the different foods that make up the appropriate macronutrient
composition of the diet. There are various adaptations including the Balance of
Good Health, a national teaching model for food selection, launched in 1993 in
the UK, by the Department of Health, Ministry of Agriculture, Fisheries and
Food and the Health Education Authority.
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Diabetes and Physical Activity
PAMELA DYSON
Oxford Centre for Diabetes, Endocrinology andMetabolism, Oxford, UK

INTRODUCTION

It is now widely accepted that increasing physical activity leads to great health
benefits whether or not people have diabetes (1). Increased physical activity has
been associated with physical, mental and social benefits including the
following:

. Reduction in all-cause mortality (2,3).

. Reduction in cardiovascular disease (CVD) including coronary heart
disease (CHD), stroke and heart attack (4).

. Blood pressure reduction (5).

. Improved weight loss in the obese and weight maintenance in those of
normal weight (6).

. Prevention of Type 2 diabetes and improved glycaemic control (7–10).

. Prevention of osteoporosis (11).

. Improved flexibility and strength (12).

. Increased self-esteem and confidence (13).

These benefits apply to all people whether they have diabetes or not, but the
benefits of improved glycaemic control are especially appropriate to people
with diabetes. In addition, a reduction in the incidence of CVD and the positive
effect on body weight associated with physical activity can only benefit the
health of people with diabetes.
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PREVENTION OF TYPE 2 DIABETES

There is now unequivocal evidence that physically fit people are less likely to
develop Type 2 diabetes and some intervention trials have shown that
encouraging people with impaired glucose tolerance (IGT) to increase their
physical activity significantly reduces their risk of developing diabetes (14–16).
This benefit is independent of body mass index (BMI) and there is some
evidence that physical activity has a greater protective effect as BMI increases
(17). It may be of more importance for people at risk of Type 2 diabetes to
increase their physical fitness rather than concentrate on weight reduction.

GLYCAEMIC CONTROL

The benefits associated with improved glycaemic control are related to changes
in insulin sensitivity, and are more pronounced in people who have Type 2
diabetes (18) or who are overweight (19). For many people with Type 1
diabetes, who do not exhibit insulin resistance, the main benefits of exercise
may be related to improvements in dyslipidaemia, enhanced cardiovascular
function and blood pressure reduction (10).

CARDIOVASCULAR RISK FACTORS

The role of exercise and the prevention of coronary heart disease in the general
population have been well documented, but there is less evidence of a similar
effect in people with diabetes. Modification of risk factors for CHD, including
decreased total and LDL (low-density lipoprotein) cholesterol and triglyceride
concentrations, have been demonstrated in Type 1 diabetes (20). People with
Type 2 diabetes have two to four times the cardiovascular risk of those without
diabetes and low cardiorespiratory fitness has been shown to be a predictor of
mortality in men with diabetes (21).

BODY WEIGHT MANAGEMENT

Physical activity has a role in weight reduction and aids weight maintenance in
those of normal weight. As 80% of people with Type 2 diabetes are overweight,
most individuals would benefit from weight reduction.
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EXERCISE AND DIABETES

Despite the widespread beliefs of the benefits of physical activity and the
promotion of exercise by many health professionals, people with diabetes are
reluctant to increase their physical activity (22). This is not restricted to those
with diabetes as it applies to the British population as a whole. A UK study in
1990 showed that only 15–30% of British adults are taking sufficient exercise
for optimum health and that there is a large discrepancy between people’s
perception of their fitness and the amount of exercise they actually take (23). A
recent Canadian study has shown that while 84% of people with diabetes
thought they should be exercising, only 45% were actually doing so (24).
Against this background of reluctance to exercise there is also a lack of
knowledge of the physiology of exercise. In order to maximise the advice given
to people with diabetes who wish to increase their physical activity, it is
essential to gain an understanding of the physiology of physical activity,
exercise and sport.

PHYSICAL ACTIVITY, EXERCISE AND SPORT

DEFINITIONS

Physical activity refers to any body movement made by the skeletal muscles
and resulting in energy expenditure, e.g. walking, gardening, housework.

Exercise is planned, structured repetitive body movements usually taken as a
leisure time pursuit, e.g. aerobics, jogging, swimming.

Sport is physical activity which involves competitive situations which are
usually governed by rules, e.g. football, rugby, netball.

The effects of physical activity programmes depend upon the intensity,
frequency and duration of exercise.

INTENSITY

Physical activity, exercise and sport can all be classified as either light,
moderate or vigorous.

Light activities require little exertion and do not cause a significant change in
breathing.

Moderate activities require sustained muscular movements and will result in
heavier breathing and a feeling of warmth.

Vigorous activities require sustained muscular movements and result in a
feeling of being sweaty or out of breath.

Examples of different activities and their intensity are shown in Table 2.1.
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FREQUENCYANDDURATION

The exercise guidelines issued by the American College of Sports Medicine
(ACSM) in 1978 recommend at least three sessions of 20–40min of vigorous
activity each week. This was revised in 1990 and 30min of moderate activity
daily is now recommended (25).

In 1994, the UK Health Education Authority (HEA) adopted an
international consensus statement and recommended the following:

moderate intensity activity;
of 30 minutes duration or more;
at a frequency of 5 or more days each week (1).

The majority of research has concentrated upon the effect of physical activity
on CHD rates and as a result the emphasis has been on increasing aerobic or
vigorous activity. Recent research has shown the benefit of moderate activity
and for many people with diabetes the greatest health benefit may be in
changing from a sedentary lifestyle to a moderately active lifestyle (26).

PHYSIOLOGYOF EXERCISE

In people without diabetes, a precise endocrine response ensures that the
energy needs of the exercising muscle are met and glucose homeostasis is
maintained. This metabolic response is ameliorated in Type 2 diabetes and lost
in Type 1 diabetes and the challenge is to reproduce the physiological state of
the non-diabetic individual. A brief review of the metabolic, hormonal and
physiological responses to exercise is given below.

22 NUTRITIONALMANAGEMENTOFDIABETESMELLITUS

Table 2.1 Intensity of various activities

Intensity of activity Examples

Light Slow walking, light gardening (weeding, mowing with power
mower), light housework (dusting, hoovering), light DIY
(decorating), bowls, golf, snooker

Moderate Brisk walking, heavy housework (scrubbing, spring cleaning),
heavy gardening (digging), heavy DIY (sawing, mixing
cement), football, tennis, cycling, swimming, aerobics, all at
a level to produce some breathlessness and a feeling of
warmth, working as a labourer, roofer or refuse collector

Vigorous Sport and exercise at a level to induce sweating and breath-
lessness, e.g. squash, running, football, rugby, swimming,
tennis, aerobics, cycling, gym work, any work or occupation
involving frequent climbing, lifting, carrying, e.g. mining,
forestry



Metabolic changes provide the energy required for exercise. Glucose uptake
by exercising muscle increases and at the onset of exercise, muscle glycogen is
converted to lactate to provide the energy substrate. When muscle glycogen is
exhausted, energy is provided by glucose from the liver following glycogen-
olysis and eventually from metabolism of free fatty acids in adipose tissue. The
metabolic response depends on a number of factors:

. Intensity and duration of exercise. High intensity/short duration of exercise,
e.g. sprinting, will utilise carbohydrate (glycogen) as energy substrate and
low intensity/long duration, e.g. marathon running, will utilise carbo-
hydrate (glycogen) initially, but predominately fat (FFA).

. Exercise timing. The amount of available glucose will depend upon whether
exercise is taken in the fasting or post-prandial state.

. Level of fitness. Athletes who train for endurance events show reduced rates
of glycogen breakdown and are able to utilise FFA more efficiently.

. Dietary intake. The amount and type of carbohydrate consumed routinely
and pre- and post-events will affect performance.

Hormonal responses to exercise are characterised by the action of insulin
and its counter regulatory hormones glucagon, cortisol and catecholamines.
The key response to exercise is the suppression of insulin secretion,
accompanied by a rise in catabolic hormones (Figure 2.1). This stimulates
release of glucose from the liver and FFA from adipose tissue and maintains
energy levels during exercise.
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Physiological responses are shown by the increased heart rate, stroke volume
and cardiac output which accompanies exercise and which facilitates increased
oxygen delivery and removal of carbon dioxide.

At the end of a period of exercise, recovery takes place as hormone
concentrations return to their pre-exercise levels and glycogen stores are
replenished. There is continued oxidation of fat, which limits the use of glucose
as an energy substrate and allows replenishment of liver and muscle glycogen.
Muscle uptake of glucose is enhanced through increased glucose transporters
(GLUT-4) and this process of glycogen storage can last up to 12–18 h after
exercise. The speed of this process depends upon the type and duration of
exercise.

People with Type 2 diabetes usually have sufficient circulating insulin to
precipitate the normal metabolic response to exercise and any risk of hypoglycae-
mia is associated with the use of either insulin or oral hypoglycaemic agents.

People with Type 1 diabetes depend upon exogenous supplies of insulin and any
exercise may pose some risk of hypoglycaemia. When a person with Type 1
exercises with too little insulin the counter-regulatory hormonal response may
elevate both circulating glucose and ketone levels. On the other hand, too much
insulin increases the risk of hypoglycaemia by blocking the exercise-induced
increase in glycogenolysis and gluconeognesis. The risk of hypoglycaemia can
continue for 6–14h after strenuous exercise as glucose is synthesised to replace lost
glycogen stores and insulin sensitivity is increased during the recovery period.

Advice to people with diabetes who wish to increase their physical activity or
improve performance will cover the whole range of activities from a gentle
stroll to competing at the top level. Advice should take into consideration the
following:

. Perceptions and beliefs

. Type, intensity, frequency and duration of exercise

. Medication

. Contraindications to exercise

. Dietary intake

Perceptions and beliefs

Barriers to increasing physical activity include time constraints, usually linked
to domestic or work commitments, health status, age, performance expecta-
tions and lack of will power. The emphasis should be on adapting advice to fit
in with the individual’s lifestyle and avoiding prescriptive advice, which may
fail to address the individual’s perceptions and beliefs.

People with Type 2 diabetes who wish to increase their levels of general
activity will need encouragement, motivation and the choice of a physical
activity or sport which matches their individual needs. For the majority of this
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middle-aged sedentary population, an increase in gentle exercise, e.g. walking,
can be safely recommended. Exercise at this level has been shown to have
health benefits for people with Type 2 diabetes (27). It is feasible for people
with Type 2 to increase physical activity at a higher intensity, but
recommendations should include checking with their physician before
beginning a programme of vigorous exercise and exercising under supervision.

Type, Intensity, Frequency and Duration

Advice to people with diabetes will depend upon the type of exercise they wish
to do. Gentle exercise at light or moderate intensity does not place the same
demands upon diabetes management as that caused by vigorous exercise.
People with Type 1 diabetes may be at risk of hypoglycaemia and it is
important to consider the effect of the type, intensity, frequency and duration
of exercise and its effect on blood glucose. Timing of meals and sessions of
physical activity should be planned wherever possible and exercise should
avoid the peak action of insulin as this has been shown to precipitate
hypoglycaemia. The majority of people with Type 1 who take exercise find that
they may have to adjust their insulin, their carbohydrate intake or a
combination of both. People who are taking part in competitive sports or
who wish to take part in endurance races or increase their activity to a vigorous
level are strongly recommended to consult a specialist diabetes professional.

Medication

People with Type 2 diabetes who are controlled by diet alone, or who take
metformin or acarbose, are able to exercise without risk of hypoglycaemia.
They do not need to make any adjustment to their medication when increasing
physical activity. Those taking insulin or oral hypoglycaemic agents will need
to time exercise sessions to avoid peak action of agents and may need to take
extra carbohydrate during training to prevent hypoglycaemia. It is difficult to
adjust insulin for exercise in people taking an insulin mixture twice daily and in
Type 2 diabetes this is further complicated by an inability to measure
accurately insulin resistance. Because of the action of increasing insulin
sensitivity, people with Type 2 diabetes who increase their physical activity may
find that their insulin requirements decrease over time and that they may need
less insulin. This is best measured on an individual basis and should be
monitored by frequent blood glucose tests.

People with Type 1 diabetes will need to plan ahead for exercise and make
appropriate insulin adjustment. One study has shown that moderately intensive
exercise sessions lasting 45min can lead to hypoglycaemia and this was
effectively overcome by a reduction in insulin by 30–50% before exercise (28).
The effects of exercise are mediated by the timing of exercise (pre- or post-
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prandial) and the blood glucose levels at the start of exercise. It is impossible to
formulate precise guidelines for insulin adjustment for those with Type 1
wishing to exercise, but consultation and experimentation accompanied by
frequent blood glucose tests can help to identify the most effective strategies in
individuals with Type 1 diabetes.

The absorption of insulin injected subcutaneously can be accelerated by
exercise and may precipitate hypoglycaemia. To prevent this, it is advised that
insulin is injected away from the site of exercising muscle, e.g. into the
abdomen in the case of runners and cyclists, and that exercise does not take
place at the time of peak insulin action.

Contraindications to Exercise

Although the health benefits of exercise are well established, there are certain
areas where caution must be observed. Encouragement to increase physical
activity for people with diabetes will be affected by some underlying features
and physical exercise is not without risk in diabetes. All people with diabetes
are advised to have a medical examination prior to beginning an exercise
programme to identify any complications which may be adversely affected by
exercise. Those wishing to take part in strenuous activity will find the following
are relative contraindications: poor glycaemic control, the presence of ketones,
proliferative retinopathy, microangiopathy, neuropathy, nephropathy and
cardiovascular disease. Although strenuous activity may be contraindicated,
some individuals may be able to increase general everyday physical activity.

Practical implications of increasing physical activity include consideration of
possible damage to the soft tissues and joints, especially in the feet, and it is
recommended that those with diabetes consult a podiatrist and purchase good,
supportive footwear.

Precipitation of cardiac events is possible, especially in those with Type 2
diabetes, and exercise should not be encouraged without giving the following
guidelines: avoid irregular, strenuous exercise, do not exercise when unwell and
stop exercise immediately if any pain, especially chest pain, is experienced. It is also
important towarmup and cool down thoroughly before and after exercise sessions.

DIETARYADVICE FOR EXERCISE

PRACTICALMANAGEMENT

Dietary advice to people with diabetes wishing to increase physical activity is
individual and will depend upon many factors including medication, type,
frequency and duration of exercise and for many people it is a process of
experimentation. For those taking insulin, there is more than one way to
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regulate blood sugar levels during exercise either by reducing insulin, increasing
carbohydrate intake or a combination of the two. Advice should be tailored to
the individual depending upon the following:

. Dietary intake

. Insulin regime

. Blood glucose levels

. Type of activity

. Timing of activity

Dietary Intake

It is now universally accepted that the best diet for maximising exercise
tolerance and performance is one that is high in carbohydrate (50–60% energy
from carbohydrate). Athletes routinely use high-carbohydrate diets when
training. The Diabetes UK recommendations for all people with diabetes
encourage a high-carbohydrate diet and this should apply whether people are
exercising or not. This diet should help protect against the risk of
hypoglycaemia during periods of increased physical activity.

There is some discussion about the type and amount of carbohydrate. The
glycaemic index (GI) of carbohydrate foods has been shown to be a useful tool
in maximising performance in athletes and sportsmen and women and there
may be a role for it in people with diabetes who exercise at a strenuous level for
more than 60min (29). It is recommended that low GI foods are consumed at
the meal or snack before exercise takes place and that high GI foods are
consumed during endurance events and after exercise to replenish glycogen
stores. Examples of low GI foods, which can be eaten before an exercise session
and high GI foods/drinks, which can be taken during or after an event, are
given in Table 2.2.
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Table 2.2 Examples of high and low GI carbohydrate foods

GI Examples of food Timing

Low Pasta, Basmati rice, couscous, instant noodles,
barley, wholegrain products, porridge, muesli,
All-Bran, oat-based cereal bars, lentils and
pulses including baked beans, chick peas and
kidney beans, dried apricots

2–3 h before exercise,
especially endurance
events

High Isotonic sports drinks, fruit juice, ordinary squash,
jelly beans, ripe bananas, honey sandwich

During an exercise
session (if required)

High Corn Flakes, Rice Krispies, sugared cereals, white
bread, rice (other than Basmati), potatoes

Within 30–60mins of
completing an
exercise session



It is recommended that people with diabetes eat before exercising and that
they should exercise approximately 3 h after a large meal to ensure digestion
and absorption of food. Additional carbohydrate may be needed immediately
before exercise, during exercise and after exercise to replenish glycogen stores.
The amount of carbohydrate will depend upon blood glucose levels.

Intake of sufficient fluid should be advised to avoid dehydration. Water,
sugar-free squashes and sugar-free sports drinks are suitable for rehydration if
fluid only is required. Fruit juice, ordinary squash and isotonic sports drinks
are useful for replenishing fluid and carbohydrate. Hypertonic drinks, e.g.
Lucozade, are not suitable for rehydration and should be used only to treat
hypoglycaemia. Fizzy drinks and sodas may cause problems with bloating and
wind and are best avoided.

Insulin Regime

For those who are on a basal/prandial regimen it may be necessary to reduce
insulin by 30–50% before strenuous activity. Extra carbohydrate should be
taken when engaging in unplanned activity where it is impossible to reduce
insulin. It is advisable that people avoid periods of strenuous physical activity
when short-acting insulin is peaking, i.e. within 2 h of use. People with Type 1
diabetes may find they can reduce their insulin after an endurance event, e.g.
marathon running, and that it may take several days before they return to their
pre-race insulin dose. This process should be supported by frequent blood
glucose tests.

Blood Glucose Levels

It is recommended that people with diabetes monitor their blood glucose levels
before, during and after exercise. Optimum blood glucose levels are those
between 6–13mmol/l before exercise begins. If blood glucose levels are
5 6mmol/l, people should be advised to take some carbohydrate with a high
glycaemic index, e.g. isotonic sports drinks, ripe bananas. If blood glucose
levels are above 13mmol/l, then exercise should be delayed until blood glucose
falls to the acceptable levels. If blood glucose drops below 5mmol/l during
exercise, fast-acting carbohydrate should be taken immediately to prevent
hypoglycaemia.

Type of Activity

The amount of carbohydrate to be taken during exercise depends upon the type
of activity. People with Type 2 diabetes who are increasing physical activity at
low/moderate intensity by going for a walk often need to make no change to
their medication or dietary intake. However, if they take insulin and are
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planning on taking up strenuous exercise, they may need to reduce their insulin
dose. As they become physically fitter, insulin sensitivity will improve and
overall insulin requirements may decrease. This can be judged by frequent
blood glucose monitoring.

People with Type 1 diabetes are unlikely to require extra carbohydrate if
blood glucose levels are above 10mmol/l at the start of exercise and if they are
taking part in light or moderate activity for 20–30min. During moderate
activity lasting 30–60min, an additional 10–20 g carbohydrate may be
required. During strenuous activity lasting 30–60min, an extra 30–50 g
carbohydrate may be required. A general rule of thumb is that 10–20 g
carbohydrate should be taken every 30min during moderate or strenuous
exercise lasting more than 30min.

T|ming of Activity

It is important to consider the timing of exercise or physical activity sessions in
order to reduce the risk of hypoglycaemia. For those taking oral hypogly-
caemic agents exercise should be avoided at high-risk times, e.g. immediately
before the mid-day meal. For those taking insulin, exercise should be avoided
at peak action of short-acting insulin. The risk of hypoglycaemia appears to be
lowest if exercise is taken in the morning, before taking any insulin or food.
Conversely, late afternoon or early evening exercise may increase the risk of
late hypoglycaemia during the night. The adjustment of diet and insulin for
exercise is facilitated if the timing of exercise from day to day is consistent.

Summary of advice for people with diabetes wishing to exercise

Before exercise:

. Monitor blood glucose regularly – before, during and after exercise.

. Eat a low GI meal 2–3 h before an endurance event.

. Reduce insulin by 30–50% for strenuous or endurance training.

. Optimum blood glucose levels are 6–13mmol/l.

. If blood glucose 5 6mmol/l, take 10–20 g fast-acting carbohydrate.

. If blood glucose 4 13mmol/l, delay exercise.

During exercise:

. 20–30min of light/moderate activity should not require extra carbohydrate.

. 30–60min of moderate activity may require an extra 10–20 g high GI
carbohydrate.

. 30–60min of strenuous activity may require an extra 30–50 g high GI
carbohydrate.

DIABETES ANDPHYSICAL ACTIVITY 29



. Endurance training may require an additional 10–20 g high GI carbo-
hydrate for each 30min of exercise.

. Remember to consume adequate fluid to prevent dehydration.

After exercise:

Replenish glycogen stores by consuming high GI carbohydrate-rich foods
within 30–60min of exercise. After endurance training, e.g. marathon running,
cycling, monitor blood glucose levels, replenish glycogen stores with high GI
carbohydrate and adjust insulin accordingly.
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Counselling inDiabetes
TRACEY PARKIN
Queen Alexandra Hospital, Portsmouth, UK

INTRODUCTION

The day-to-day management of diabetes includes appropriate use of
medication, monitoring of blood or urine glucose levels and lifestyle issues
such as exercise and diet. These self-care behaviours are all determined by the
patient. Effectiveness of treatment will therefore be limited by the patient’s
actions.

The current culture of patient training tends to be strongly influenced by the
medical model, an issue that was first raised in dietetic training in 1987.
Evidence highlighted dissatisfaction with this method and non-compliance
(1). This predominant style is still often used by both dietitians and other
health professionals to advise patients on diet. This model assumes that
patients are ready and motivated to change because a credible professional has
told them to. The traditional educational strategies employed have relied on
the health professional’s perception of what the patient with diabetes needs to
know. A didactic process of persuasion is then entered into, in which the health
professional attempts to persuade the patient to change his or her diet. The
conversation is one-sided and based on information gathering to help the
health care professional determine what the patient needs to be told to do. In
practice this method of communication is only likely to work for a small
number of patients, and this type of expert-led, confrontational counselling
style could lead to resistance and a poor outcome (2,3).

Information overload is another common practice, and relates to the fear
that the patient may not attend another session and hence must be given all the
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information necessary in case this occurs. By doing this however there is a real
danger of overloading the patient with information and thus demotivating
them with the sheer volume of change that is required (4). It also carries the
risk that the health care professional’s own health beliefs and priorities will be
involved in the changes dictated. This is unrealistic and counterproductive as
patients’ concerns are very different from those of health professionals, and
unless we take these into account we will fail to meet their needs (5). The end
result is frustration both on the part of the health care professional, who labels
the patient as non-compliant or a failure, and on the part of the patient, who
feels their needs are not being met (6).

The way we deliver our message therefore needs to change. If something is
not working it is clearly ineffective to continue to practise in the same way.
Most studies tend to review knowledge as an outcome, but there is ample
evidence to indicate that although essential, knowledge alone is not sufficient to
change behaviour or establish healthy eating (2,7–9). The information-giving
and instructional aspects of dietary counselling must therefore be extended to
incorporate motivational and behavioural components (9,10).

Reviews of available data on educational and psychosocial interventions for
adults with diabetes, and other chronic illnesses, indicate that a ‘patient-
centred’ approach is more effective in enhancing patient communication and
their subsequent health (11–13). For example, interventions designed to
increase patient participation and autonomy have resulted in improvements in
self-care behaviour and glycosolated haemoglobin (HbA1c) (14,15). Some
studies however fail to clearly define what is meant by ‘patient-centredness’. In
diabetes care we can take the definition of ‘patient-centredness’ to mean a
process that involves the health care professional being open and responsive to
the concerns and needs of patients, including needs for information and
participation in decision making (16). This definition encompasses the basis of
the majority of counselling models currently used in behaviour change for
diabetes care.

It has long been recognised that changing behaviour takes more than a
directive approach of telling people what to do. Whole person care is
important, and this involves identifying psychological issues which may
influence how patients respond to the disease and its treatment. By identifying
these issues we can help patients to find ways of coping more effectively with
their diabetes. The ultimate aim is to improve the level of knowledge and health
locus of control of the patient, as well as trying to help develop a positive
attitude to active self-care (17). Not everyone with diabetes will require formal
counselling, but exposure to the theories and ideas behind counselling can help
everyday diabetes education (18,19).

To practise, we require a range of skills, which involve being able to give
information where appropriate, teaching, counselling and advising (20). To
practise effectively we must also review our basic skills in communication,
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although this would appear to be fundamental as it underpins the majority of
the work that we do.

Key stages in the consultation are outlined in Figure 3.1.

ESTABLISH RAPPORT

The discussion should begin with open questions to get patients talking, and is
an ideal opportunity to find out what it is they want to know and what they
expect from the health care professional. Questions should begin with words
like how, what and could you/can you. For example, ‘How did you feel when
you were told that you had diabetes?’, ‘What concerns you most about your
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diabetes?’. Avoid phrases including words such as ‘difficulties’, ‘problems’ and
‘help’ as this implies that you perceive them as having problems when this may
not be the way that they see things themselves. Closed questions require a yes
or no response; they can be used once discussion has been initiated and are a
useful way of checking your understanding of the conversation. ‘Did you say
that you have tried that diet five times before?’ Another useful opener to
establish rapport would be to use a typical day (21). For example, ‘Can you
take me through a typical day in your life, so that I can understand in more detail
what happens?’ or ‘Can you think of a recent typical day? Take me through this
from beginning to end ’.

Active listening is an essential skill for this process of communication and
counselling to work effectively. It is hard work, as it includes attending to your
own non-verbal and verbal behaviour as well as that of your patient. It uses
minimal encouragements such as mmm’s, aah’s, nods and varying degrees of
eye contact to encourage people to continue and to let them know that you are
listening. Silence can be one of the most useful tools in this arsenal, but for
many it proves to be difficult, as the urge to speak and fill the silence is so great.
This is a greatly missed opportunity, as it allows patients time to collect their
thoughts for a response rather than having them hijacked with your ideas or
solutions. This can be very premature as you may not fully understand the real
dilemma for the patient. Silence has long been noted to be a difficult tool for
health providers, Rollnick et al. (21) suggest saying a rhyme to yourself to
allow that passage of time before the patient speaks. Silence enables a period of
reflection on what has passed and a guide to the direction of the conversation
so far, and therefore helps you and the patient move forward.

Once a rapport has been established reflect back comments both to show
that you are listening and to check that you have correctly understood what the
patient is trying to say. A simple reflection could be ‘You’ve tried many diets
then’.

Paraphrasing is another method to use, and is a way of summing up the
essence of the conversation and providing more concrete information than
simple reflection. It conveys to patients that you are with them, crystallises
comments, checks accuracy and gives direction. It is aimed more at content
rather than feeling. ‘It sounds as if you have tried lots of diets in the past, one of
which you found particularly good for you as it resulted in the 2 stone weight loss
that you were after.’ Paraphrasing should always be applied tentatively to show
that you are checking your understanding of the conversation so far. It is a way
of clarifying the conversation for both of you, and can be a useful way of
highlighting good and positive aspects of a patient’s situation which can often
be overlooked (22). For example, ‘It sounds like you were really pleased with the
way that you dealt with that hypo.’

Being able to keep the conversation to the point is an essential skill when
using this approach, and clarifying questions and paraphrasing concisely can
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help. ‘It sounds as if you have a number of concerns about your eating and weight.
Which would you like to talk about, or shall we talk about these one by one?’
Vague solutions to vague problems will never be effective, so clarify statements;
‘You say that ‘‘it ’’, that is the diet, always makes you feel bad ’. By drawing out
these emotions and feelings it is possible to clarify exactly what the patient is
trying to say. It is important to identify their concerns about diet, health,
weight and diabetes as these will influence both their behaviour and outcomes,
and determine the agenda for the discussion.

Reflecting feelings is important and needs to be dealt with as they arise.
Recognising signs, verbal and non-verbal, will help with this. Watch out for
giggling, tearfulness, fidgeting, wringing of hands, crying, etc. Feelings must be
acknowledged and labelled; ‘you seem to be angry with the way events have
gone’, . . . ‘I sense you’re frustrated with your diabetes’, . . . ‘it sounds like you felt
let down’, . . . Acknowledging feelings as they arise is another way of indicating
that you have heard what the patient said, and are able to empathise with the
feelings that a certain situation or event has caused. It shows understanding
and demonstrates active listening is taking place.

Open discussion provides valuable insight into the attitudes, beliefs and
lifestyle that have influenced patients’ eating behaviour. They may have
encountered different messages, approaches and attitudes towards diabetes,
weight and eating in the past. These will have influenced their behaviour and
need exploring (23). While information-giving can improve confidence and
reduce anxiety, be clear why information is being given, find out what the
patient already knows, ask patients’ views before giving your own (20).
Patients need to be given the opportunity to talk and the environment should
be conducive towards this. Acknowledge the patient’s expectations and allay
their anxieties. The key to any good discussion is an understanding of the
patient’s current situation. How are they coping with the diagnosis, are they
ready to make changes, and what is the level of personal responsibility for the
management of their diabetes (24)? These factors will determine the type of
responses that are required, as well as the type of strategies that may be used
(24,25).

In summary, to start the consultation:

. Use open questions

— to establish rapport

— to identify patients’ concerns

— to examine patients’ beliefs, attitudes, values and understanding of
diabetes, weight, eating and exercise

—A typical day can help to open discussion
. Use closed questions to clarify points.
. Use silence to allow thoughts to be gathered.
. Reflect content to check understanding.
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. Acknowledge and reflect emotions as they arise.

. Paraphrase and clarify points as they arise.

EXPLORING PROBLEMS WHICH PATIENTS PRESENT

Eating habits are intensely personal and are a result of nutritional, emotional
and social components such as family pressures, lifestyles, beliefs about food
and diet (26). Successful management means considering all of these factors. If
only the nutritional component is taken into account, poor dietary compliance
may be the result of a failure to adopt a comprehensive educational model that
considers emotional and social dimensions (27–29).

Past problems may need exploring to enable patients to examine their
understanding of previous events and help them identify what was difficult about
the task that they had been set and how it could have beenmade easier. This is an
essential step if they want to avoid similar pitfalls in the future. We learn from
our mistakes and from our own life experiences, not from other people telling us
what to do. This is probably the hardest lesson for health professionals, as we
want them to get it right all the time. Letting go can be difficult.

Concreteness can be a way of interrupting long vague stories, with clarifying
questions, concrete paraphrases and reflections. ‘What happened exactly . . .
what did you say . . . How did you react . . . Have I got this right, on the one hand
you have had all these difficulties that have prevented you from doing the things
that you want to do, and equally you have discovered an amazing ability to cope
and get on with things?’

Emotions experienced by the patient need to be explored and expressed by
the patient. They form an important part of the picture of how the patient is
coping in relation to food, weight and diabetes, and as such provide valuable
insight. They can help to explain why people eat when they are not hungry.

In practice this can prove a dilemma, as responding to emotional issues
and avoiding a problem-solving approach is difficult. Instead of providing
answers we need to help patients draw from their own conclusions about how
to manage or solve such issues for themselves. Dealing with emotions can be
hard, and professionals can find it upsetting, or even frightening, and may
worry that they will make things worse if people shout or cry. However, the
reality is that people appreciate expressing their feelings or even simply
having them labelled. Completely ignoring emotions, or belittling them by
saying ‘It’s not that bad, everyone feels that’, is not helpful but it may serve to
make you feel better and safe. Emotions have a major role to play in dietary
education, and the link between emotions and eating is well established
(28,30–32). So aim to get people thinking through their behaviour and
reflecting on past experiences.
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Empowerment is a philosophy of diabetes care that uses as its base a four-step
counselling approach. Its use in diabetes care has been increasing over the last
few years, and it encompasses a lot of the areas discussed in this chapter (33).

Useful questions from this work are ‘What part of your diet is the most
difficult or unsatisfying for you?’, ‘How does that situation make you feel?’, ‘How
would this situation have to change for you to feel better about it?’

In summary, to explore the issues raised:

. Use open questions.

. Explore the emotional aspect of issues raised.

. Aim to get people thinking through their behaviour and reflecting on past
experiences.

. Clarify by paraphrasing and concreteness to check issues being addressed
are the real concerns of the patient.

Agreeing goals

Having clarified a patient’s concerns and focused on the emotions behind them
it is now necessary to look at self-care management options available to the
patient. What self-care behaviour are they willing to make and commit to?
Remember that you are still facilitating the process and the patient should be
fully instrumental in the decision process, so negotiation is vital (31).

If a patient suggests a change, they are far more likely to follow it through
and to understand their responsibility for the solution and ultimate control of
the diabetes lies with them. Inflexible advice can be negative as it will lower self-
esteem and make the patient more resistant to change (34). By allowing the
patient increased autonomy, on the other hand, you can identify those who are
poorly motivated and find ways to increase their motivation and alter methods
of care appropriately.

Rollnick et al. (21) describe two aspects to motivation or readiness to
change. These are ‘importance’ and ‘confidence’. Importance looks at the ‘why’
aspect of change, and confidence looks at the ‘how’ and ‘what’ aspect of change
(see Figure 3.2). This can help to break down a difficult area of behaviour
change by focusing on the aspect that, for the patient, is inhibiting or
preventing change. For example, the patient may understand the importance of
change but lack the understanding or skills to make the practical changes
required. Alternatively, you may have a patient who is confident that they
could change their diet as they have done so in the past. They have the
necessary information to do this, but they do not perceive the change as
important and so action has not been taken.

Decisional balance can also help, as weighing up the pros and cons with
patients can assist them to focus on the issues around change. List factors that
will support change and highlight how the proposed action will be beneficial.
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At the end of the discussion key concerns should have been identified,
summarised and key points or individual goals negotiated and written down. A
patient-centred personalised problem-solving educational process should have
taken place where collaborative goals are set, and both barriers and supports in
patients’ social environments are identified. Useful empowerment questions to
help this process would be:

‘Are you willing to take action to improve the situation for yourself?’, ‘Are
there some steps that you could take to bring you closer to where you want to
be?’, ‘Is there one thing you will do when you leave here to improve things for
yourself ?’

In summary, when agreeing goals:

. Weigh up the pros and cons of change.

. Explore the patient’s motivation, using Rollnick et al. (21).

. Allow the patient to identify and set their own goals.

FACILITATING CHANGE

EVALUATING EFFECTS OF DECISIONS AND ACTIONS

When focusing on dietary management of diabetes, discussions of issues other
than food will achieve a clearer picture of the events or triggers related to
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certain eating behaviours, and allow better understanding of why the patient
eats in a particular way. Exploring ‘what if’ situations helps to equip the
patient with more life-management skills, especially once they have a greater
understanding of their own behaviour. For patients, their real concerns are
being listened to and knowing they are learning to cope with their diabetes.

PROFESSIONAL PRACTICE

In order to develop consultation skills effectively we need to evaluate the way
that we practise as an individual; to let go of advice giving and let the patient
take charge (33,35). Before we can practise differently we need to examine the
way that we currently practise. We need to examine our own preconceptions
first, and over time develop a less judgmental approach to our care. This
means that behaviour change takes time both for the professional and the
patient.

Rollnick et al. (21) state that all models of education are only as effective as
the practitioners who use them. A review of their study on behaviour change in
2000 showed the model of education used, wasn’t as effective as anticipated, as
the professionals found it hard to change their behaviour and therefore lapsed
into a previous consultation mode. Encouraging patients to make their own
decisions and to set their own targets was harder than anticipated, especially
when good diabetic control was not being achieved. This posed a number of
questions, one of which was ‘Do we need to reconsider the issue and extent of
professional responsibility?’ Further, ‘Do we aim for the change in patient
behaviour that the professional wants or facilitate informed choice by the
patient?’ Not all professionals will behave in the same way, and patients’
perceptions of their condition, their coping strategies and the implications of
these on their long-term health status, will also vary considerably (36). So
although we may think that we have encountered a situation before, the
solution will always vary as the patient’s needs and drive will be different. More
research is needed into professional perspectives on chronic care, the strategies
used by professionals to manage patients and to cope with their own feelings,
and the implications of these strategies for patients (16,37).

If you are trying to change your behaviour to enable you to work more
effectively with patients, you need to constantly review the process. It will
continuously evolve over time, and within the educational models you will
adapt and find certain aspects that work best for certain patients – this is
not a process set in stone. It does, however, require a core set of basic
counselling skills, as all models require the application of these during their
use. Videos of consultations and case reviews are an effective way to enrich
and develop your practice and that of others. In Doherty’s study in North
Shields the most valuable training methods were individual supervision and
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video examples. Videos of consultations can be used as a teaching aid to
illustrate certain techniques or as a way to assess current practice. Reflective
practice is a vital part of personal development. This is essential in
developing and supporting practice, as perceived and actual communication
can vary (37).

You could use the following questions at the end of a consultation to reflect
on your practice:

. How much was I able to accomplish by just asking questions?

. Was I tempted to jump in with advice and solutions?

. How did the patient respond to my questions?

. Was the session effective?

. Who did most of the talking?

. Did the patient express any concerns with regard to their diabetes and
management, and were these acknowledged?

. Who set the agenda?

. Who set the goals?

. Did I listen?

. Do I feel that I understood what motivates the patient?

. Do I know how confident the patient feels to follow through the changes
discussed?

. Do I know how competent the patient feels to follow through changes and
the impact this will have on their life?

Giving patients a greater role in the management of their own condition
corresponds to current views stressing the importance of being more patient-
centred and developing an equal partnership with patients with a chronic
illness. There is work starting to emerge that suggests behavioural counselling
leads to improvements in healthy behaviour. It suggests that extended
counselling to help patients sustain and build on behaviour changes may be
required before differences in biological risk factors emerge. On the whole
behaviours change simply, and it may be unrealistic to expect people to
embrace a consistently healthy lifestyle in one fell swoop. Patient-centred
empowerment and behavioural problem-solving skills training interventions
produce results superior to both usual care and more traditional knowledge-
based diabetes education (39). Interventions that help facilitate self-
management have been proven to be effective, and sometimes even cost-
effective (40).

There is still a need to provide additional strong data to support this work,
as many educational models support its ideology but the evidence is sometimes
lacking (41,42).
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4

Dietitian andDiabetic:Thoughts on
Working and LivingwithDiabetes
JO SUTTON
Knaphill, Surrey, UK

I have been invited to share with you some of my thoughts and experiences on
working in and living with diabetes, so that you may gain another perspective
in diabetes care. Through my professional knowledge and personal experience
I hope to give you a greater insight into this condition, that will aid you in the
education and support of people with diabetes. I have included various topics,
not just food and nutrition, to emphasise the importance of taking a holistic
approach to diabetes management, regardless of your specific role. These are
my thoughts and experiences and I do not imply they are those of all people
who live with diabetes. I start by telling you a little of my story.

I was diagnosed with insulin-dependent diabetes 20 years ago. Back then, I
didn’t know anything about diabetes, nor how much it would influence my life
and ultimately determine my future career. My only understanding of diabetes
then was that my great uncle injected himself daily, was not allowed sweet
foods and was certainly not a picture of health. I can still remember how scared
and anxious I felt, waiting for those final blood tests to confirm my, and my
parents’, worst fears. Injections frightened me, I didn’t know what I was
allowed to eat and I seriously thought I might die. Perhaps many people with
diabetes share these feelings when they are first diagnosed.

. Because of the well-intended advice given by family and friends, some of us
may have preconceived ideas about what having diabetes means. Please
clarify any misconceptions by ensuring you give us all the necessary
information, regardless of how knowledgeable we may appear. This is
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. particularly important when it comes to nutrition. Many believe people with
diabetes should never eat sugar and this perception could mean we are
unnecessarily restricting our diet.

. For young children newly diagnosed with diabetes, what you don’t say can
be just as frightening as what you do say. We usually need reassurance
about all aspects of diabetes, including what we can and cannot eat.

. Be very careful how you word things and remember to talk to the children
too, not just the parents.

Following my diagnosis, I spent two weeks in hospital (how things have
changed), getting better, but more importantly learning how to manage my
diabetes. I realised that insulin injections were not that bad, there were still
some things I could eat (more about this later) and that I wasn’t going to die.
When my blood sugars had finally returned to normal levels, I no longer felt
lethargic and thirsty and I began to ‘help’ the nurses. Whether I was helping or
not is questionable, I was probably more of a hindrance than a help. None the
less, I diligently filled water jugs for patients, and felt an extremely important
nine-year-old, handing patients their drugs with a glass of water during the
drug rounds. For the most part I loved being in hospital and had lots of fun.
The care and support I received from staff was invaluable in helping me to
adjust to life with diabetes and planted a seed that would later grow into a
passion and subsequent career in health care. Of course the love and support
from friends and family was also extremely important and I would not have got
through it without them. Meeting someone else who had diabetes while I was
in hospital gave me hope and reassurance that I would be OK.

But it was not always smooth sailing during my hospital stay. I shed tears
every night when Mum left the hospital, and the death of the elderly lady
opposite me did nothing to reassure me. I was scared and worried. Although I
seemed to handle my diagnosis with ease, perhaps I was putting on a brave face
during an obviously traumatic time. Others must have done the same for me.

. Support from family and friends helps us to cope with the transition of living
with diabetes, but please do not underestimate the importance of having
health professionals nearby. Your support can make all the difference.

. If possible, introduce us to other people who have diabetes, because this
gives us a sense of normality and proof that there are other people
successfully coping with diabetes. They may also be able to give us some
practical tips on how they manage on a day-to-day basis.

During my hospital stay health professionals taught me everything they
thought I should know about living with diabetes. They were fantastic at
demonstrating insulin injections, blood glucose monitoring and what I could
and couldn’t eat. They also taught me to fear the never-ending list of
complications that would inevitably result if I didn’t follow their never-ending
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list of advice. As a child, I had no idea what insulin injections, glucose
monitoring and avoiding sugar had to do with my eyes, heart and kidneys, let
alone my feet! All I knew was that from that point on my life would need to
revolve around injecting, testing and eating.

. Teach us how to manage our diabetes independently and encourage us to
take responsibility for our own health.

. Don’t underestimate our fear of diabetic complications, even when our
behaviours don’t reflect it.

. But, sometimes we need reminding of the complications that can result from
poor lifestyle habits!

What health professionals didn’t prepare me for was the frustration I would
experience in trying to achieve what I sometimes felt was the impossible:
normal blood glucose levels. It sounded so easy in hospital, inject this, eat this,
don’t eat that, but in reality it became harder the older I got. Life became a
choice between being different with normal blood sugars or sacrificing my
health to fit in. The two rarely coincided. Occasionally I would do what was
best for my diabetes, but more often than not I would ignore it and carry on
regardless. Nobody prepared me for the emotional aspects of living with
diabetes. Whether this was dealing with the guilt of missing blood sugar tests,
eating things I was told not to or feeling like a failure when, despite following
all the ‘rules’, my blood sugars seemed to have a mind of their own. What was
the matter with me and my diabetes?

. Diabetes does not always take first priority in our lives, just as looking after
your own health is not always your first priority. We need your support and
encouragement to help keep diabetes on our agenda.

. Often our inability to achieve normal blood sugars can make us feel like
failures. Try not to reinforce this with your body language and the words
you use. For example, referring to abnormal blood glucose results as ‘bad’ is
often interpreted as ‘I am bad because I cannot achieve normal sugar levels’.

. Most people with diabetes wouldn’t mind performing blood glucose tests and
injections every day, as long as they were guaranteed normal blood glucose
results. If only diabetes was this simple!

. When you are frustrated with our blood glucose results, try to imagine how
frustrated we may feel.

Like life, living with diabetes has its ups and downs. Often, our lifestyle habits
and those of our family are better than most, because of the information we
have received from health professionals, particularly on diet and exercise. On a
more serious note, the personal responsibility for blood glucose control can
bring a rare level of maturity and dependability early on in life. Conversely,
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there are no holidays from diabetes and sometimes the juggling act of insulin,
food, exercise and stress can feel draining, time-consuming and often difficult.

. Occasionally we need reminding of the positive aspects of living with
diabetes.

. Sometimes, living with diabetes can feel very serious – try to laugh with us
once in a while.

. Try not to make assumptions about us – we may all have diabetes, but we
may cope and manage things in very different ways.

Since getting diabetes I have been privileged to meet some very talented health
professionals. Sadly, I have also been disappointed by professionals who did
little to help me. My first paediatrician literally jumped for joy and seemed
more pleased than I was when my HbA1c’s were near-normal. Occasionally I
was lucky enough to see Joan, a paediatrician living some distance away, who I
saw on and off into adulthood. She was very good at identifying the gaps in my
diabetes management that other doctors never seemed to notice. For example,
falsifying my blood glucose results when I didn’t want anyone to know how
‘bad’ they were or when I simply wanted to pretend that I didn’t have diabetes.
Other doctors and dietitians appeared to be far removed from what it was like
to live with diabetes, and I just couldn’t connect with them. I don’t doubt that
they were fine professionals, but they seemed to operate to their own agenda
without asking what was concerning me.

. We like you to share our enthusiasm when we achieve our goals but we also
need your understanding and empathy when things aren’t going so well.

. If you feel you are not getting anywhere with us, put the ball in our court by
asking us where we need you to help.

. Just because we don’t ask for help doesn’t mean we don’t need it.

. It may sound obvious, but remember to keep probing and asking questions
until we find the best solutions to our diabetes-related problems.

. With your help, managing our diabetes can feel achievable.

Having diabetes and regular exposure to health professionals over the years
has certainly fuelled my interest in nutrition and dietetics. From an early age, I
learnt much about how my body worked and this fascinated me. I was amazed
at how directly food could affect my blood glucose levels and overall feeling of
well-being on a daily basis. I was sure that food and nutrition must also affect
people without diabetes, perhaps in a less obvious way, and I wanted to learn
more. My frustration with the ever-changing dietary advice given to people
with diabetes was also instrumental in my decision to become a dietitian.

When I was diagnosed (with diabetes), I was told to totally exclude sugar
from my diet and follow very strict carbohydrate exchanges, which was the
advice given by dietitians at that time. I can remember drinking gallons of fruit
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juice at mealtimes to ‘make up’ my set exchanges because I couldn’t fit another
mouthful in. I was repeatedly forced to snack when not hungry to avoid hypos,
often unable to eat with everyone else because it wasn’t the right time for my
set diabetes regime. Cakes, chocolates, biscuits, etc. were of course strictly
forbidden, as was any food containing added sugar, including baked beans!
This made parties, sleepovers and canteen lunches difficult and, although
allowed the indulgence of ice cream, it was only once a week and if my blood
glucose levels were well controlled. Thankfully things have now changed.

As a dietitian I have lived and worked in Australia, the USA and the UK
and have noted variations in the nutritional recommendations given by
dietitians and diabetes specialist nurses in their everyday practice. Essentially,
the same dietary information is given, but the emphasis varies considerably.
Speaking in very general terms, the nutritional focus in the UK is on very good
but quite general ‘healthy eating’ advice using the plate model, such as reducing
saturated fats, increasing fruit and vegetable intake, increasing fibre,
moderating refined sugar and salt, and so on. Only small consideration is
given to the carbohydrate content of foods, at least from the patient’s
perspective. In Australia, similar approaches are taken to healthy eating using
the food pyramid, but with a much greater emphasis on glycaemic index. In
many centres in the USA, more time is devoted to estimating the carbohydrate
content of foods/carbohydrate exchanges and how this relates to the need for
varying insulin doses at meal times. Although ‘healthy eating’ concepts are
discussed, there is a much smaller emphasis given to the glycaemic index.

Although we are all clear on many aspects of diabetes nutrition guidelines,
such as the need to reduce fat intake in relation to heart disease, there are still
many aspects upon which the jury is still deliberating. For example, should we
be teaching patients in depth about how to estimate the carbohydrate content
of foods and hence deliver variable amounts of insulin based on what and how
much is eaten. Here in the UK, the development of new insulins and insulin
delivery systems such as pens and infusion pumps is fuelling a returned interest
in the need to teach patients about the carbohydrate content of foods. An
ongoing interest in the glycaemic index is also being seen, and how it can be
applied in a practical way to the nutritional management of all types of
diabetes. Further discussion of these issues is included elsewhere in this book.

The best way of course to achieve consistency in diabetes nutrition
recommendations is to carry out research. I believe it is important to
remember that demonstrating the effectiveness of nutritional advice by
assessing improvements in diabetes outcomes is not enough. We need to go
further and ask ourselves whether or not people with diabetes are willing and
able to follow our recommendations in the long term. This is a subject which
continues to fascinate me, as I know that I did not always follow the advice
given to me when I was growing up with diabetes. Why? A scientifically proven
approach may well deliver the desired outcomes in a controlled clinical
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environment, but is it simple to apply in the real world and does it make a
notable difference to diabetes control and perhaps more importantly quality of
life? Assuming that you do not have either the time or resources to carry out
your own clinical research, the time-tested approach of talking and listening to
your patients can provide you with valuable information. The point here is that
dietary advice is not a ‘one size fits all’ approach. The type and complexity of
information given, how and when it is delivered will depend on the individual,
the resources available to you and your professional judgement.

. Don’t rattle off the same piece of information to all of us, based on your own
agenda. Make sure it is relevant to us, otherwise we see little point in
following your advice or returning to see you.

. Dietitians are often not very realistic or practical. Talk to us about our
everyday foods and how we can still eat the things we enjoy every now and
again while maintaining our diabetes control.

. Remember to listen.

. Question tradition.

As a dietitian who also has diabetes, what nutritional guidelines do I now use
to manage my own diabetes? I believe I have taken the best from all I have
learnt about food and diabetes over the years. I have not always followed
‘current thinking’ on nutritional guidelines, but rather I have used what works
for me. I started insulin pump therapy five years ago to improve my glycaemic
control and introduce greater flexibility to my daily life. I have therefore moved
away from the strict ‘sugar-free’ diet that I followed on diagnosis, to what I
think is a much more healthy and balanced approach to food and nutrition. I
generally follow ‘healthy eating’ guidelines but occasionally have a sugar and
fat-loaded treat. I estimate the carbohydrate content of foods, which allows me
to adjust my insulin doses according to what and how much I feel like eating. I
also use the glycaemic index to fine tune the way I deliver my food bolus, such
as split or extended boluses and during exercise.

I remember very clearly during my dietetic training an eight-year-old boy,
Josh, who was admitted to the children’s ward with ketoacidosis. I spoke in
great detail with Josh and his mum about juggling diet and insulin doses and
answered their many questions about what he would be able to eat. After
spending some time with them, his mum became quite upset. I told her that I
had diabetes and her attitude seemed to change. The next day, I returned to the
ward to review what we had spoken about. As I walked onto the ward, I
remember hearing Josh’s mum say to her friend, proudly and with enthusiasm,
‘There is Josh’s dietitian – she also has diabetes’. I don’t routinely tell all the
patients I see that I have diabetes, but for many patients it can be beneficial.
Having diabetes has allowed me to:
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. Gain a greater understanding and acceptance of patients when they do not
follow the advice I give them, e.g. testing blood sugars or following dietary
advice. This makes it less frustrating for me, and the patient usually feels
less judged and better understood.

. Recognise in patients what they do not always recognise in themselves, e.g.
denial, fear, anger, etc.

. Empower and inspire patients, ‘If you can do it, then I can too’ (you don’t
need diabetes to prove this, try following your own dietary guidelines
coupled with saline injections for a week).

. Address, in small and subtle ways when appropriate, the emotional aspects
of living with diabetes.

. Do not forget that there are many aspects involved in managing diabetes
and that for many patients food and nutrition is not always the first priority.

. Realise that patients not only need information, they also need support,
even if they don’t admit or show it.

I firmly believe that all health professionals without diabetes can achieve this
kind of empathy by working towards understanding their patients and
believing that they can make a valuable contribution to the quality of life of
people with diabetes.

As someone who has lived with and cared for people with diabetes, I would
encourage you to teach them the necessary knowledge and skills to manage
their own diabetes on a day-to-day basis, so that they take responsibility for
their own health. Consider all aspects of diabetes not just the nutritional issues,
so that you give your patients the best possible care. Ask questions and listen. I
have tried to share with you some of my ideas and I realise that my experience
is not that of all people with diabetes, but I hope this has enhanced your
understanding and inspired you to give your patients the information and care
they need to live a long and healthy life with, not despite, their diabetes.

I wish you all the best in educating and caring for people with diabetes.
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INTRODUCTION

There is considerable consensus on the nutritional management of children and
adolescents with diabetes, which has been brought together in the ISPAD
Consensus Guidelines 2000 (1), having initially evolved from adult nutritional
recommendations (2,3). Effective nutritional management for children and
adolescents with diabetes is important not only for glycaemic control but also
for long-term cardiovascular risk prevention in a group particularly susceptible
to future heart disease (4,5).

To achieve these nutritional objectives paediatrically trained dietitians with
experience in diabetes are essential (1,6). The assessment and management of the
nutritional needs of diabetic children is both skilled and complex, requiring an
understanding of childhood and adolescent psychology and family dynamics
alongside a detailed knowledge of diabetes care. Simply transferring knowledge is
not enough as effective management requires motivating behavioural changes,
which is more difficult in the young than other age groups, especially in
adolescence, when adherence to all aspects of their diabetic care is poor (7). This
makes negotiation and compromise essential tools.
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The safety and quality of life of children and adolescents with diabetes must
not be compromised while trying to achieve the nutritional objectives outlined
above. Consideration therefore needs to be given to an individual’s:

. age

. lifestyle

. culture and beliefs

. food preference

. eating patterns

. food availability

. financial circumstances

An understanding and appreciation of the family’s dietary habits is paramount
before nutritional advice and education can begin. Ideally a home visit around
the time of diagnosis by the dietitian should be made as this provides an insight
into the family way of life and highlights potential constraints upon future
dietary compliance. Not only will foods vary within households but also the
timing of meals and styles of eating. Special attention needs to be given to the
level of psychological and social development of the child and any dietary
advice given should be set in the context of the whole family as this helps to
prevent psychosocial isolation and makes meal planning within the family
easier. Peer pressure must be acknowledged and discussed as it can contribute
to major nutritional changes, especially in adolescence.

Today it is necessary for the paediatric dietitian to be able to provide
nutritional advice for an increasing variety of different types of diabetes. Up
until recently childhood diabetes was almost exclusively Type 1 in origin, this
however is changing as the incidence of Type 2 diabetes in adolescents is
increasing and predicted to continue to increase with the rapid rise in
childhood obesity (8–13). Diabetes secondary to chronic childhood disorders
such as cystic fibrosis and haemoglobinopathies is also increasing, as more of
these children live on into young adulthood (14,15). Other forms of diabetes
due to specific monogenetic gene defects of insulin secretion (MODY) are
being increasingly diagnosed (16).

There are numerous challenges ahead for the paediatric dietitian treating
diabetes. Despite overwhelming evidence that tight metabolic control matters
and can reduce the development of microvascular complications (17), the
changes in the environment in which we strive to achieve this level of diabetic
control are increasingly hostile to good lifestyle behaviour. The disestablish-
ment of the family unit and with it set family meals has helped fuel the
deteriorating diets and rise in consumption of fast foods, and these eating
patterns have been confounded by the rise in levels of physical inactivity in
young people.
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MAIN NUTRITIONAL RECOMMENDATIONS

These are similar to nutritional recommendations for adults with diabetes (2,3).
Children above 5 years should be encouraged to adopt these adult nutritional
recommendations, while children under 5 years require a more energy-dense
diet, see Table 5.1.

AIMS OF NUTRITIONAL MANAGEMENT OF CHILDHOOD
AND ADOLESCENT TYPE 1DIABETES

. Provide appropriate energy and nutrients for optimal growth, development
and health

. Achieve and maintain ideal body weight

. Achieve and maintain optimal glycaemic control on an individual basis,
balancing food intake with metabolic requirements, physical activity and
insulin treatment

. Prevent hypo- and/or hyperglycaemia due to insulin, illness and exercise

. Reduce the risk of long-term micro- and macrovascular complications

. Preserve social and psychological well-being
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Table 5.1 Nutritional recommendations for childhood and adolescent Type 1 diabetes

1. Healthy eating principles applicable to the whole family

2. Distribution of energy and carbohydrate intake to balance insulin action profiles and
exercise (and adjustment of insulin doses to varying food patterns)

3. Total energy needs to be sufficient for growth but to avoid overweight and obesity

4. Total daily energy intake should be distributed as follows:

(i) Carbohydrate >50%
mainly as complex unrefined higher fibre carbohydrate
promote soluble fibre
moderate sucrose intake

(ii) Fat 30–35%
5 10% saturated fat
5 10% polyunsaturated fat
4 10% monounsaturated fat

(iii) Protein 10–15% (decreasing with age)

5. Fruit and vegetables (recommend five portions per day)



‘PROVIDE APPROPRIATE ENERGYAND NUTRIENTS FOR OPTIMAL
GROWTH, DEVELOPMENTANDHEALTH’

Energy and Nutrients

Children with well-controlled diabetes have similar average energy intakes and
nutrient requirements as their peers. As individual daily intakes and
requirements vary due to growth, maturity and exercise, nutritional require-
ments need to be reviewed regularly with the use of height/weight growth
charts. All advice should aim to achieve ideal body weight while meeting the
recommendations specified in the Dietary Reference Values (DRVs) for the
United Kingdom (18).

Growth in Relation to Energy Balance andMetabolic Control

Children’s growth rate is continually changing but the phases of particularly
rapid growth are in infancy and puberty. Health care professionals need to be
made aware that for optimal growth between 6 and 12 years children with
diabetes must double their energy intake. Total energy and protein intake
needs to increase at this time. However after these rapid phases of growth, or
cessation of growth, failure to reduce energy intake will lead to obesity.
Adjusting dietary intake during these continually changing metabolic demands
is central to the dietary management of childhood diabetes and requires
ongoing regular review by a trained paediatric dietitian.

Growth potential may not be fulfilled when glycaemic control is poor, as
glycosuria can cause significant urinary energy loss while insufficient insulin
treatment can cause inadequate anabolism. Energy requirements, carbohydrate
intake and insulin doses increase throughout childhood and rise markedly
during puberty. Adolescents and parents need to be reassured that increasing
carbohydrate intake is both normal and essential at this time and will not
jeopardise overall metabolic control. Parents often compensate for the
increased appetite of puberty by increasing inappropriate non-carbohydrate
foods that are high in fat and/or protein. In boys, particularly, appetite can
increase dramatically during the pubertal growth spurt and parents and
adolescents need to appreciate that any increase in food intake should be
accompanied by an increase in insulin dose.

Protein

The normal protein requirements are:

. 2 g/kg per day in early infancy

. 1 g/kg per day for a 10-year-old

. 0.8 g/kg in later adolescence towards adulthood
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Children in Western countries however find it easy to exceed these
requirements, obtaining 15–20% of their total energy intake as protein (19),
while a safer level is nearer 10–15% (1,19,20).

Proteinuria (albumin excretion rate >300 mg/min) is uncommon before
puberty but microalbuminuria may start or accelerate during puberty.
Sustained high protein loads may be detrimental to renal function, especially
if there is renal disease (19,21), and this is particularly important in adolescents.
However, any protein restriction should not be allowed to compromise normal
growth and maturation and it is essential under these circumstances that
careful nutritional and metabolic assessment is carried out.

Animal sources of protein are associated with higher fat intakes, especially
saturated fat and therefore should not be consumed in large amounts.
Vegetable protein is lower in fat, higher in fibre and complex carbohydrates
and should therefore be encouraged. Until further evidence is available it is not
necessary to decrease protein intake below that recommended for non-diabetic
children and in the UK the national standard DRVs for Food Energy and
Nutrients for the United Kingdom should be adhered to (18).

Carbohydrate

Children in the UK achieve 51% of total energy intake from carbohydrate (22);
however, children with diabetes find it more difficult to achieve the
recommended targets and have a lower reported carbohydrate intake of 49%
(23). More practical suggestions may be useful to encourage larger amounts of
carbohydrate to prevent excess protein and fat intakes.

Sucrose

Work in adults with diabetes has shown that sucrose has a lower glycaemic
index than most starches (24,25). Studies in children have shown no correlation
between glycaemic control and ‘total’ sucrose intake; however, if sucrose is
eaten in isolation and excess this will affect control (26,27). These findings
support a more liberal approach to sucrose intake when part of mixed meals or
mixed with foods with a low glycaemic index, and this more flexible approach
to sucrose can make food more palatable to children. It is reasonable to follow
the recommendations for sucrose for the general population, that for many
countries is less than 10% of total energy. In addition to glucose, sucrose can
be used before exercise and for the treatment of hypoglycaemia. A reduction in
sucrose must however also be considered in overweight children.

Dietary Fats

Dietary fat intake and the fatty acid composition are important in diabetes
because of the associations with cardiovascular disease. The dietary
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recommendations for fat and fatty acids have been formulated for adults (18)
but not separately for children. Therefore the intake of children above 5 years
should follow the DRVs for adults. Up to the age of 5 years it is expected that
the proportion of energy derived from dietary fats will fall from about 50%, as
supplied by breast feeding or infant formula, to those recommended for adults.
This change should not occur before 2 years old. In practice this means that the
change from whole fat milk to semi-skimmed or even skimmed milk should be
delayed until the age of 2. Below this age a high energy density of foods is
important, and in addition if low-fat foods are given to toddlers there can be
associated rapid gastric emptying and diarrhoea.

Saturated FattyAcids

A diet low in saturated fat can lower total and low-density lipoprotein (LDL)
cholesterol (28), which are strong predictors of coronary heart disease. In
European adults with Type 1 diabetes, the saturated fatty acid intake represents
14–17% of total energy (29). In children without diabetes it is 14 (22) and
although at the lower end of the adult range, it is above the 10–11% of dietary
energy recommended (1,2,3,18). These figures support the view that children as
well as adults require greater practical advice on reducing saturated fat intake.

Polyunsaturated FattyAcids (PUFAs)

The DRV for PUFAs is 6.5% (18); WHO recommendations for the general
population are 3–7% (18) and the ISPAD Consensus Guidelines 2000 (1) for
children with diabetes are <10% of total energy.

Cis polyunsaturated fatty acids can be divided into two main groups, cis n-3
and cis n-6. These groups have different beneficial biological functions and are
found in different foods. Fish oils are the richest source of cis n-3, with seed oils
and margarines also providing alternative sources. Cis n-6 polyunsaturated
fatty acids are found mainly in plant oils, including soya, corn and sunflower
oils, and margarines manufactured from these oils.

In the UK childhood population the average total intake of energy from cis
polyunsaturated fatty acid is 6% (22). For infants, children and adults the
DRV recommendations (18) are that linoleic acid (cis n-6) should provide at
least 1% of total energy and a-linolenic acid (cis n-3) at least 0.2% of total
energy. A report on nutritional aspects of cardiovascular disease (30)
recommended that no further increase in average intakes in respect of cis n-6
was required but cis n-3 should increase from around 0.1 g a day to 0.2 g. Data
are not available for individual fatty acids intakes for the general childhood
population, however intakes of total cis n-3 and cis n-6 are above the DRVs set
for individual fatty acids (22), suggesting that young people meet the DRV
levels. Guidance with emphasis on a good balance of both cis n-3 and cis n-6
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seems appropriate, as encouraging moderate intakes of these polyunsaturated
fatty acids in a mixed diet will in consequence help to reduce overall saturated
fat intake. Supplementation is not recommended as evidence of any benefit is
conflicting on LDL cholesterol or glycaemic control.

CisMonounsaturated FattyAcids (MUFAs)

Ideally most dietary energy should be derived from a combination of cis
MUFAs (13% of total energy) and high soluble-fibre carbohydrate. High
MUFA intakes have several potential metabolic advantages including
improving insulin sensitivity, glycaemic control and possibly reducing
atheroma (28). A major benefit of a higher MUFA diet is palatability and
aiding compliance to an otherwise low-fat diet. Donaghue et al. (31) have
shown that even a modest increase in monounsaturated fat in adolescents with
Type 1 diabetes seemed to improve insulin sensitivity.

The mean MUFA intake for the childhood population without diabetes is
11.8% of total energy (22). The intakes of children with diabetes are likely to be
similar, however sources of MUFA in the UK are not as readily available as in
other European countries, particularly some of the Mediterranean countries.
Practical advice to increase MUFA intake should include promoting olive oil
or rape seed oil and other rich sources such as specific margarines with a high
monounsaturated fat content.

Trans-isomer FattyAcids

Some trans-isomers of PUFAs occur naturally but most are formed during
partial hydrogenation of vegetable oils to produce margarines and vegetable
shortening found in baked goods and pastries. The trans-isomers of PUFAs
have similar detrimental metabolic effects as saturated fatty acids and for
practical purposes should be considered the same. The present mean intake of
children without diabetes is 1.4% of total energy (22).

Lower Fat Snacks

The school snack, mid-morning, is often the most difficult one of the day, as it
has to be taken or bought at school, carried in the school bag, and most
importantly acceptable to peer group scrutiny. In the UK this often allows for
few healthy alternatives as children do not want to eat fruit in front of their
friends, in other European countries this is less of a problem as children usually
choose much healthier snacks (32). Nevertheless dietary education should
centre on lower fat snacks that are familiar to children. The fat content of
snacks such as fruit or a bag of crisps can range from 0–12 g fat per portion,
respectively, with similar carbohydrate values. The lower fat products such as
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corn chips, potato sticks, etc. should be encouraged and discussed with the
child to help them in selection. Pictorial illustrations are often useful.

V|tamins and Antioxidant Micronutrients

Foods naturally rich in vitamins and dietary antioxidants (tocopherols,
carotenoids, vitamin C and possibly flavonoids) should be strongly encour-
aged. Highly reactive oxygen free radicals are increasingly implicated in the
pathogenesis of atherosclerosis and foods rich in antioxidants, such as fresh
fruit and vegetables, may provide a means of protecting against long-term
cardiovascular disease in populations at increased risk.

Unfortunately the intake of vitamins and dietary antioxidants in the UK is
low among young children (22). Scientific evidence on their benefits is still
evolving and further research is required in children before firm recommenda-
tions can be made. In the meantime it is appropriate to achieve at least the
DRVs for vitamins and to promote foods that naturally contain significant
quantities of dietary vitamins and antioxidants (33). Present evidence does not
support the use of dietary supplementation with vitamins or minerals.

Non-starch Polysaccharide (Previously Known as Fibre)

Non-starch polysaccharides may be classified into two broad categories –
soluble (including gums, gels, pectin) and insoluble (including cellulose and
lignin). Intakes are recommended to the level suggested for the general
population. However intakes may be low in European countries and meeting
desired targets may involve considerable change for some children and their
families (34). A reasonable first target would be 1 g/100 kcal/day (similar to
non-diabetic children), rising to 2 g/100 kcal/day, with emphasis on soluble
fibre (20). Soluble fibre can benefit both glycaemic control and lipid
metabolism, reducing both fasting and post-prandial glucose values. An
improvement in insulin sensitivity is postulated as the mechanism by which
soluble fibre can improve fasting hyperglycaemia. The benefits of increasing
soluble fibre are supported by studies in children (19). Fruit and vegetables are
good sources of soluble fibre and emphasis should be placed on increasing
intake, as most children with diabetes, like non-diabetic children in the UK, eat
considerably less than the daily five portions of fruit and vegetables
recommended (22).

Salt

Salt intake is in general too high and in Western countries difficult to decrease
as it is added to many processed foods (only 20% of intake is added at the table
and in cooking). Two-thirds of the children in the National Diet and Nutrition
Survey had salt added to their cooking and salt was added to food at the table,
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either usually or occasionally, by about half of the young people (22). Dietary
habits are learned in childhood and difficult to change. Therefore these
practices should be discouraged for the whole family and practical advice to
develop cooking skills to reduce the intake of processed foods would help to
reduce salt consumption. Reduction is recommended to that of the general
adult population. In most European countries this constitutes a reduction of
50%, to less than 6 g of salt daily.

Alcohol

Alcohol has no place in the normal nutrition of young people with or without
diabetes, and in many countries alcohol ingestion in children and young
teenagers is either illegal or culturally unacceptable. However, since most UK
adolescents do experience and experiment with alcoholic drinks the effect of
alcohol on their diabetes requires discussion. It is important to explain the risks
of alcohol-induced hypoglycaemia and stress the dangers of nocturnal
hypoglycaemia induced by inhibition of gluconeogenesis. The benefits of
taking complex carbohydrates before, during and after drinking alcohol to
reduce the risk of hypoglycaemia need to be explained.

Nutritive Sweeteners

These include glucose, sucrose, fructose and sugar alcohols such as sorbitol. All
contain energy and should be considered if weight is a problem. The sugar
alcohols have a lower glycaemic response than sucrose and have a slightly
lower energy value. Large quantities may cause osmotic diarrhoea and some
children are particularly sensitive.

Non-nutritive Sweeteners

These include saccharin, aspartame, acesulfame K, cyclamates, alitame and
sucralase and may be used in low-sugar products to improve variety and
compliance. Acceptable daily intakes have been established. Fears that these
sweeteners may contribute to hyperactivity in children have not been
substantiated.

‘ACHIEVE ANDMAINTAIN IDEAL BODY WEIGHT’

The diagnosis of Type 1 diabetes in a child is usually preceded by weight loss
and initially extra energy is required to re-establish optimal weight. The
appetite and food intake may double in the first 2–3 weeks after diagnosis and
parents need to be reassured that this is a healthy physiological reaction that
will settle. This increased appetite is a good opportunity to establish a regular
carbohydrate intake and introduce new healthy foods that may become
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established in the future diet. This is a critical time to ensure that there is not an
overshoot towards excessive weight gain.

Weight management during puberty is an important issue. Paradoxically
(particularly in girls) energy requirements may actually decrease due to an
unfortunate decline in the frequency and intensity of exercise, and when this
occurs weight gain can become a problem. Puberty is also associated with
insulin resistance and insulin doses need to increase to prevent hyperglycaemia
but weight gain may accompany this increase in insulin administration.
Regular monitoring of weight and height will help to identify potential weight
problems in puberty, too much or too little, and allow insulin, food and weight
management advice to be given promptly. Prevention of weight gain is a major
priority because it is difficult to lose once gained and often the problem is
transferred into adulthood. All aspects of diabetic control are compromised
when the body mass index (BMI) rises; insulin sensitivity decreases, glycaemic
control deteriorates and dyslipidaemias and hypertension can manifest
themselves (35).

Intensive Insulin Management

Intensified insulin therapy to improve glycaemic control may have the negative
effect of increasing weight, as demonstrated in the Diabetes Control and
Complications Trial (17). Close nutritional supervision and weight manage-
ment should accompany intensive therapy to prevent weight gain (17,36).

The intensive therapy group in the DCCT also experienced a threefold
increase in hypoglycaemia (17). The need to carefully balance nutritional
intake to insulin therapy was one of the important conclusions of the DCCT
and stressed the importance of dietary re-education when intensified insulin
management is introduced. Advice is difficult, as it needs to be directed
simultaneously to reducing total energy and the fat/carbohydrate ratio,
avoiding hypoglycaemia with regular carbohydrate while improving or
maintaining good glycaemic control.

‘ACHIEVE ANDMAINTAIN OPTIMALGLYCAEMIC CONTROLON AN
INDIVIDUAL BASIS, BALANCING FOOD INTAKE WITHMETABOLIC
REQUIREMENTS, PHYSICAL ACTIVITYAND INSULIN TREATMENT’

Initial Consultations

The newly diagnosed child and parent have an enormous volume of
information to assimilate. This ranges from factual issues, such as what is
diabetes, to technical issues, such as how to inject and adjust insulin and
monitor blood sugars. In addition they are given information on what they can
eat and how all these factors affect each other. This deluge of information is
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often overwhelming and frightening. Additional issues that health care
professionals may feel important should be considered carefully and where
possible delivered later. Initial consultations should be used to develop a
trusting relationship with the child and parent establishing rapport, confidence
and understanding. This time should be spent on how the child feels, and is
coping with the initial tasks of diabetes. The focus should be on their
immediate questions and real concerns. Usually the first question parents ask is
‘What can we eat?’ Useful prompts at these times include:

. ‘How do you feel about the diabetes?’

. ‘What are your worries about food and diabetes?’

. ‘How will your eating habits at home affect diabetes?’

. ‘Do you think you will have to change the way you and the family eat?’

It is particularly important to establish if other family members have diabetes
and the influence this already has on the family eating pattern.

The interplay of insulin with food, eating habits, the timing of meals and
snacks and even a wider discussion of insulin effects on metabolism in general
should take place, if appropriate to the individual’s level of understanding and
perception of diabetes management.

A diet history should be taken to support any changes suggested, although
this need not occur at the first appointment, if the parent or child has raised a
number of emotional issues and concerns that need addressing. Completion of
a food diary for review at a future appointment is often a more productive use
of time. All information should be provided at a level appropriate to assist the
child to achieve their immediate goals while addressing any concerns.
Appropriate information at this stage may be very practical advice for the
next supermarket shop or how to read food labels.

Events during the early days and weeks after diagnosis undoubtedly have a
lasting impact on long-term control (see Chapter 3) and there is some evidence
that if glycaemic control is good in the first 5 years long-term diabetic
outcomes are improved (37–39). It is essential that the dietitian is perceived at
this important time as being an ally and not prescriptive or dogmatic, taking
little notice of immediate fears, crucial cultural and behavioural aspects of the
family and their eating pattern. The DCCT showed conclusively that dietitians
need to develop skills in communication, counselling and motivational
interviewing to facilitate necessary effective changes (36).

EducationMethods

The DCCT also showed that meticulous attention to both diet (36,40) and
insulin management (17) produced better glycaemic control and reduced
complication rates. Dietary education tools need to be selected carefully for
each child and family to achieve maximum understanding and compliance.
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Educational tools should be varied, appropriate to the needs of the family
and staged at a pace with which the family is comfortable. As families become
more confident with managing diabetes, education may become more complex
and as children grow and take more responsibility, regular re-education is
essential. The dietitian should have developed the skills to deliver any of the
following methods and in this way the needs of the individual child and family
can be met. The mode of transfer of the information should also be appropriate
to the child’s age and developmental level.

Food pyramids, Figure 5.1, and plate models, Figure 5.2, are useful in
providing basic nutritional information and healthy eating concepts. They also
illustrate visually carbohydrate in relation to the other food components and
should be attractive visual aids for children.

CarbohydrateManagement

Many methods of counting or estimating carbohydrate intake are used in
paediatric practice, for example, intensive nutritional management with
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estimation of carbohydrate effects, carbohydrate exchanges, portions/servings,
low glycaemic index or a qualitative approach (41,42). There is no consensus in
favour of one particular method and some methods are better suited to
particular children and families. What is becoming clearer is that if we are
aiming at really tight metabolic control to improve diabetes outcomes there
seems to be a need for some form of carbohydrate estimation to counter-
balance insulin doses (4).

The significant diet behaviours associated with improved HbA1c in the
DCCT (40) were:

. Adherence to the agreed meal plan

. Adjusting food and insulin in response to hyperglycaemia

. Appropriate treatment of hypoglycaemia

. Consumption of agreed snacks within the meal plan

The DCCT also showed that intensive nutrition education, not necessarily
carbohydrate assessment, with frequent blood glucose monitoring in conjunction
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with adjustment of insulin doses on a meal-to-meal and day-to-day basis,
improved glycaemic control. This requires motivation, recording blood glucose
results and altering insulin doses according to experience and often using an
insulin adjustment algorithm. Moreover, the evaluation of intensified nutrition
education programmes using carbohydrate assessment techniques in adults
(43,44) has produced very good glycaemic outcomes.

CarbohydrateAssessment

The necessity and efficacy of using some form of carbohydrate assessment to
achieve optimal glycaemic control is still hotly debated and questioned (4,45).
In the past, exchange diets or carbohydrate portion systems were used rigidly,
the person with diabetes was expected to eat the same amount of carbohydrate
per meal or snack to balance their prescription of insulin and the patient was
not encouraged to adjust their own insulin doses (46). Understandably, dietary
adherence to such a system was poor (47–49) and made no allowances for
diversity of energy expenditure (50) and growth. Also unless rigorously
reviewed there was the danger that such dietary ‘prescriptions’ would lead to
carbohydrate constraint as the child was growing, resulting in restricted growth
and creating abnormal eating practices that are detrimental to normal family
functioning (51). These dysfunctional approaches to eating may also contribute
to disordered eating behaviours or eating disorders (52,53).

Most traditional teaching methods include some form of estimating or
counting of carbohydrate. This may place misguided emphasis on quantifying
carbohydrate and may alter the nutritional balance of the diet compared with
non-diabetic peers. The subsequent suppression of carbohydrate then causes an
increase in total fat (48,49,54,55) and potentially increases cardiovascular risk
factors. Therefore whatever the educational method used there must also be a
consideration of the balance of all the major nutrients.

The fundamental paradigm for carbohydrate education is the development
of an understanding of the relationship between food and the post-prandial
meal effect. This has to involve pre- and post-prandial blood glucose testing.
The child and parents then need to be taught the skills to interpret the blood
glucose tests and adjust insulin accordingly if optimal glycaemic control and a
reduction in complications is to be achieved.

Optimal metabolic control as assessed by the level of glycated haemoglobin
(HbA1c) is the gold standard of monitoring treatment of diabetes and the only
evidence-based risk factor for future microvascular complications (17).
However the DCCT (56) also suggests that post prandial glycaemic excursions
play a significant role in increasing the risk of complications. This evidence
supports a symbiotic link between the nutritional management of diabetes,
blood glucose monitoring and insulin adjustment. Thus all three elements must
be considered together.
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CarbohydrateAssessmentMethods

The following are descriptions of methods used to assess carbohydrate and
their application will depend upon the preference of the child and family and
their changing needs.

Carbohydrate Counting

Modern carbohydrate counting is a meal planning approach that focuses on
improving glycaemic control and allowing maximum flexibility of food choices,
so is especially suitable for children and young adults. Three levels of
carbohydrate counting have been identified by the American Dietetic
Association and can be considered as a stepwise approach (57,58).

. Level 1 – basic, and introduces the concept of carbohydrate as the food
component that raises blood glucose. A consistent intake of carbohydrate is
encouraged using exchange or portion lists of measured quantities of food
that contain all types of sugars and starches. Allowing a greater variety of
carbohydrate foods (based on knowledge of the glycaemic index) than was
previously accepted. With a regular carbohydrate intake and the results of
blood glucose monitoring it is then possible for the dietitian, diabetes
specialist nurse or doctor to advise on the appropriate insulin dose.

. Level 2 – the intermediate step, in which the individual continues to eat
regular carbohydrate and frequently monitors blood glucose levels, but
learns to recognise patterns of blood glucose response to carbohydrate
intake modified by insulin and exercise. They learn to make their own
adjustments to insulin doses, or alter carbohydrate intake or timing of
exercise to achieve blood glucose goals. Alterations of insulin should be
made in response to a pattern of blood glucose results over a few days not
based on a single high or low blood glucose.

. Level 3 – for people on multiple injections or insulin pumps, requires a good
understanding of the first two levels and motivation to closely monitor
blood glucose levels. Once the appropriate insulin doses have been estab-
lished on a regular intake of carbohydrate, an insulin/carbohydrate ratio
can be calculated, e.g. 1.5 units rapid-acting insulin¼ 15 g carbohydrate
exchange for additional carbohydrate. With this insulin/carbohydrate ratio
the patient can begin to vary the amount of carbohydrate eaten at any
particular meal and increase or decrease the insulin dose keeping the same
ratio. This provides greater dietary flexibility than a traditional exchange
diet and helps reduce the frequency of hypoglycaemia as well as high blood
glucose levels after large meals.

The carbohydrate counting system at level 3 requires intensive education,
extensive reassessment by an experienced dietitian and highly motivated
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patients. However levels 1 and 2 may assist in achieving better compliance and
improved blood glucose control when not using multiple injection regimens
(59).

Glycaemic Index (GI)

See Chapter 11.

QualitativeAdvice

The evidence base behind using the exchange system has been questioned as
above and some studies have recommended a less prescriptive qualitative
approach (48,49). This dietary education method is distinctly different from the
‘free’ diet. It has all the qualities of healthy eating principles plus a clearly
defined carbohydrate structure to the meal plan. Studies have shown that
children who follow this type of advice have comparable glycaemic control to
children who follow exchanges (48,49), although in these studies glycaemic
control was far from optimal and the DCCT has shown the significant benefits
of intensive management. A recent study also showed reasonable glycaemic
control in a group of children that had received qualitative advice from
diagnosis (23). Although it appears reasonable glycaemic control can be
achieved using this method the negative aspect is there is no mechanism to
prevent post-prandial blood glucose excursions.

Intensive Nutrition Education

A programme of intensive nutrition and insulin management has not been
widely used in the UK up to the present time but it has been positively
evaluated in some European centres in adults with Type 1 diabetes (43,44). It
encourages self-management and is based upon changing insulin doses
according to blood glucose monitoring and assessment of carbohydrate at
each meal and snack. A recent pilot study has taken place in the UK in adults
with Type 1 diabetes, called the DAFNE (Dose Adjustment For Normal
Eating) Study (60). It involves a five-day outpatient skills-based training and
treatment programme. The feasibility of this programme in children and
adolescents with diabetes is being considered at the present time and the results
will be crucial in finding out whether it is possible with this regimen to improve
glycaemic control in children and adolescents with diabetes in the UK.

One of the concerns of this approach is the potential increase in
hypoglycaemia as demonstrated by the DCCT where the intensive group had
a threefold increase in the rate of hypoglycaemia (17). However, later
paediatric studies have shown that good glycaemic control can be achieved
without adversely affecting hypoglycaemia rates (59,61). The careful balancing
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of nutritional intake to insulin therapy was one of the important conclusions of
the DCCT analysis and it seems clear that regular dietary re-education is
essential when intensified management is introduced.

InsulinTypes, Regimens and Action Profiles

General advice on balancing carbohydrate intake against the insulin action
profile:

. Regular and frequent carbohydrate intake is advisable to prevent
hypoglycaemia during inevitable periods of hyperinsulinaemia when the
insulin regimen is twice daily mixtures of quick- and slower-acting insulins.

. A more flexible carbohydrate intake is possible when the insulin regimen is
of multiple pre-prandial doses of quick or rapid-acting insulin.

. Carbohydrate intake is required before bedtime to prevent nocturnal
hypoglycaemia in most insulin regimens.

. Extra carbohydrate is required before, during and after increased exercise
and sport to balance increased energy needs and prevent hypoglycaemia.

. A ‘grazing’ or ‘little and often’ style of eating, often seen in younger children,
may be suited to an insulin regimen consistingmainly of longer acting insulins.

. Flexible carbohydrate intake is possible when prandial boosts of insulin are
given on multiple injection regimens or during continuous subcutaneous
insulin infusions (CSSI ‘pump treatment’).

Insulin Analogues

Advice on balancing the insulin against an estimated carbohydrate intake has
become more relevant and precise since the introduction of insulin analogues
and CSSI management. The two rapid-acting insulin analogues currently
available, lispro and aspart, have benefits over conventional soluble insulin:

. Very rapid onset of action within 10–15min of subcutaneous injection

. A time action profile reducing the post-prandial blood glucose excursion

. Shorter duration of action reducing later hypoglycaemia several hours after
insulin injection, including a reduction in nocturnal hypoglycaemia

However, it has become clear that to improve overall glycaemic control by the
use of rapid-acting analogues, the slower-acting insulins also have to be
carefully adjusted, and this may be made easier with the introduction of the
newer longer acting analogue insulins.

In children the rapid-acting analogues are proving useful when:

. Injected after a meal when a young child’s food intake is unpredictable

. Given as opportunistic extra doses when a child binges to satisfy hunger
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. Injected as a calculated dose for particular levels of hyperglycaemia (it is
useful to give specific guidelines on extra doses for particular levels of
hyperglycaemia in relation to the age of the child – see below)

. Used in the evening instead of conventional soluble insulin to avoid
nocturnal hypoglycaemia

. Used as a regular third injection after school to accommodate large volumes
of food eaten at this time

. Used to reduce hyperglycaemia and ketosis in the management of
intercurrent illnesses

Physical Activity

Physical activity in young people with or without diabetes is erratic and
unpredictable: it is often spontaneous, usually unplanned and varies
enormously in duration, type and intensity. Although regular physical activity
and sports are highly recommended in all children and especially those with
diabetes, the effects on glycaemic control are highly variable and difficult to
manage. There are also great inter-individual differences with regard to
physical activity and adjustments of both insulin and carbohydrate intake will
be necessary to prevent hypoglycaemia which is a common complication
(50,62). Intensive blood glucose testing is strongly advised at the beginning and
after each new activity to develop some understanding of the relationship
between the required insulin and the amount and type of food to sustain
reasonable blood sugar levels.

The blood glucose-lowering effect of heavy exercise may occur several hours
after the cessation of physical activity. The possibility of such late post-exercise
hypoglycaemia should be remembered when planning meals and snacks.
Insulin may need to be reduced and/or carbohydrate increased.

‘PREVENTHYPO- AND/ORHYPERGLYCAEMIA DUE TO INSULIN,
ILLNESS AND EXERCISE’

Hypoglycaemia

There seems little doubt from personal experience and studies such as the DCCT
and others (59,61) that repeated expert dietetic advice as part of comprehensive
diabetes management can reduce the incidence of hypoglycaemia. In contrast if
diet is ignored as a major determinant of control and especially in extreme
activity, hypoglycaemia rates can be worryingly high (50,64).

Guidelines (verbal and written) both for prevention and treatment of
hypoglycaemia should be available soon after diagnosis with particular
emphasis on regular carbohydrate intake. Hypoglycaemia should be discussed
frequently at clinic appointments and investigated with respect to poor dietary
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management. Moreover if parents and other carers are given clear guidelines
on how to treat with urgency episodes of severe hypoglycaemia, the frequency
of hospital admissions may decrease to very low levels.

The dietitian should be able to supply useful information in relation to sport,
exercise and travelling with diabetes, all of which require careful planning and
organisation. Increased blood glucose monitoring (before and 2 h after) is
advised for new activities. Nocturnal hypoglycaemia in relation to new
activities, long duration and intense exercise should be discussed and changes
in treatment may be necessary. The options for change may be either a
reduction in insulin or increasing carbohydrate intake, and often both are
necessary (50). Educational holidays (76,77) such as those organised by
Diabetes UK are a rich source of education for dietitians with respect to
planning outings, travel, preventing and treating hypoglycaemia, and arran-
ging meal times to suit a variety of activities.

Hyperglycaemia

One of the most significant diet behaviours in the DCCT that reduced HbA1c
was ‘adjusting food and/or insulin in response to hyperglycaemia’ (40). Dietetic
advice should include an appraisal of the usual carbohydrate intake of the day
in relation to blood glucose monitoring (BGM). Advice on timings of BGM
will be necessary with the aim of developing the child’s and parents’
understanding of the glycaemic effect of different carbohydrates. The
availability of rapid-acting insulin analogues has improved the management
of isolated episodes of hyperglycaemia. Due to its short action profile parents
feel confident about using these analogues, especially later in the evening. Also
these insulins can be used prior to foods known to have a hyperglycaemic effect
in the individual child.

Guidelines for extra rapid-acting insulin given for isolated high blood
glucose levels or prior to extra carbohydrate loads are as follows:

These doses may be repeated after 2 h if the BG shows no significant decrease.

Illness

The dietitian along with the diabetes care team should provide clear guidelines
on managing diabetes during intercurrent illnesses. Normal food intake may be
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dramatically reduced and easily digested carbohydrate foods should be offered.
It may be necessary to substitute food completely with sweet liquids during
complete food refusal. Frequent BGM is essential during this period and
adjustment of insulin may be necessary. Insulin should never be stopped but
may be increased or decreased depending upon the type of illness and the
results of BGM. It is important to recognise the childhood illness that is most
likely to cause hypoglycaemia is gastroenteritis with vomiting and diarrhoea.
Most other infections with fever cause hyperglycaemia. Written guidelines for
‘sick days’ are helpful and reassurance is often necessary during these
troublesome episodes, especially when a young child will not eat. Adequate
fluid intake is essential during hyperglycaemia and fever to prevent
dehydration.

‘REDUCE THE RISKOF LONG TERMMICRO- ANDMACROVASCULAR
COMPLICATIONS THROUGH OPTIMUM GLYCAEMIC CONTROL’

The most significant contribution to proving that a reduction in glycated
haemoglobin is associated with a reduced risk of microvascular complications
in adolescents with Type 1 diabetes was the DCCT (17). The DCCT enrolled
195 adolescents (13 to 17 years at entry) into the trial, 14% of the total
participants: 125 with no retinopathy at baseline were recruited (primary
prevention cohort) and 70 subjects with mild retinopathy (secondary
intervention cohort). In the primary prevention cohort, intensive therapy
decreased the risk of retinopathy by 53% in comparison with the conventional
group. In the secondary intervention cohort, intensive therapy decreased the
risk of retinopathy progression by 70% and the occurrence of microalbumi-
nuria by 55%.

Dietary analysis of the DCCT confirmed the value of regular dietary advice
and education (63).

‘REDUCING THE RISKOFMACROVASCULAR COMPLICATIONS’

HighMorbidity andMortality inYoung Peoplewith Diabetes

Young people with Type 1 diabetes diagnosed under the age of 30 years have
an increased risk of cardiovascular disease. They suffer two to four times higher
mortality compared with their peer group and cardiovascular disease is
responsible for the majority of deaths above the age of 30 years (5). There is
also increasing evidence that macrovascular changes may be present in young
people with Type 1 diabetes (65,85). Promoting cardiovascular health is
essential from the day of diagnosis.
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Achieving Diabetes Nutritional Recommendations

The aetiology of cardiovascular disease is multi-factorial and nutritional intake
is only one component. Dietary fats, especially saturated fats, play a key role
and the importance of cardio-protective factors such as antioxidants is
emerging. The combination and balance between other nutrients and all
components of the dietary recommendations are important (1–3,31).

Although the total fat intake of children in the UK has decreased over the
last decade (22) children with diabetes still appear to find it difficult to achieve
diabetes recommendations (23) and total fat intake remains above recommen-
dations. The indigenous diet of the UK and the unhealthy snack choices made
by children may be responsible for this (32). Dorchy and Bourguet (66) also
report the difficulty in reducing total fat even with intense dietary education. In
comparison other countries report low fat intakes in children with diabetes,
(67–72). However even with low fat intakes the fatty acid composition of the
diet may not be ideal. Pinelli et al. (67) reported the ideal profile, saturated fat
8%, monounsaturated fat 21% and polyunsaturated fat 4% of total energy.
The study by Donaghue et al. (31) shows how a diet rich in monounsaturates
changes the lipid profile, and cell membrane characteristics would appear to be
important. Children in the general population in the UK have a very poor
profile with high saturated fat levels of 14% (22), and studies in children with
diabetes also reflect this pattern (68,69,71,72,73). The importance of saturated
fat in relation to cholesterol and LDL as cardiovascular risk factors suggests
nutrition education should focus not only on total fat but also on the fatty acid
profile. Due to the eating style of the average UK child this may be difficult to
achieve. It is helpful therefore to give parents practical advice on identifying
those foods with a high saturated fat content and to suggest lower fat (and
palatable) alternatives.

Careful evaluation of the efficacy of education programmes along with
prospective, randomised controlled trials in relation to dietary modification
and cardiovascular risks are urgently needed.

PRESERVE SOCIAL AND PSYCHOLOGICALWELL-BEING

Psychosocial Aspects of Meals and Food Intake

Food is often seen as the major issue for parents. The child has a great
opportunity for aggravating and manipulating parents through food refusal. It
is important that the family is encouraged to treat the child with diabetes and
siblings the same from the first days after diagnosis. Virtanen et al. (74) have
shown positive dietary changes can occur throughout the whole family due to
the presence of a child with diabetes and therefore recommend that advice
should be directed at the whole family from the beginning. Some parents will
resist this because they do not want to deny siblings previous (often excessive)
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intake of sweets, chocolates and sweeter foods. This approach will cause
feelings of isolation and stigmatisation. These feelings may also be acutely felt
when with the child’s peer group, especially in the school surroundings. The
child is often embarrassed to eat snacks when other children are not allowed to,
sometimes resulting in hypoglycaemia. The school timetable should be
examined carefully and snacks placed within natural school breaks if possible.
The teachers and lunch supervisors need instructions on the importance of
regular carbohydrate and the individual child’s signs and symptoms of
hypoglycaemia and action to take if hypoglycaemia occurs. The ‘School Pack’
designed by Diabetes UK is useful in this context (75).

It is most unfortunate that the trend in the UK is not to eat meals at the
family table with parents and siblings. Good eating habits are therefore not
encouraged. It is important to counsel families, encouraging them back to
more traditional eating patterns and to establish better supervision, commu-
nication and enjoyment at family meals.

Infants andToddlers

Breast feeding is to be encouraged with infants diagnosed with Type 1 diabetes.
Frequent small meals in infants and toddlers are compatible with good overall
glycaemic control, especially when a long-acting insulin is the main insulin
prescribed. In toddlers, eating as a family may help promote greater co-
operation at meal times. Providing suitable foods with a variety of tastes,
colours and textures can also improve a toddler’s compliance with their diet. Of
course this age group is renowned for food refusal and food fads, which is
extremely anxiety provoking for the parent. This situation requires delicate
handling because the child can hold the parent to ransom by refusing to eat and
consequently parents ‘give in’ to the child and a poor dietary intake is
established. Behaviour tactics are necessary; the parent should not get into
conflict over these problems or give in to demands. Insulin analogues are
extremely useful in this situation, especially given after the child has eaten.

School Children

Advice on prevention of disruptive, confidence-shattering hypoglycaemia is
most important. School staff should be aware that children with diabetes need
quick and easy access to food at all times, and this especially includes periods
related to physical activity. Specific holiday and travel advice should be made
available. Unfortunately, some schools continue to exclude children with
diabetes from excursions and holidays and this needs to be assisted by health
care professionals who can help by providing responsible advice to parents and
teachers.
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Young people with diabetes (and dietitians) may learn greatly from the
experience of attending either local or nationally organised educational
holidays (76,77). They are extremely useful educational events where skills
can be developed in adjusting carbohydrate and insulin around different
activities.

Adolescents

The normal physiological, psychological and metabolic changes of puberty are
often associated with poor glycaemic control. Insulin requirements usually
increase greatly with the physiological increase in insulin resistance and rapid
growth. There is a tendency for excessive weight gain, particularly in girls.
Careful review of insulin dosage, energy input and output is advisable
throughout adolescence. Excessive weight gain may result from attempts to
obtain excellent glycaemic control by matching insulin requirements with food
intake. Weight monitoring is important for both the early recognition of
excessive weight gain and also weight loss, as this can be the first sign of a
potential eating disorder. Delayed puberty and poor linear growth may be an
indication of insufficient energy intake, inappropriate insulin and/or poor
glycaemic control. All children must have regular height as well as weight
monitoring and be plotted on appropriate growth charts. While a degree of
rebellious behaviour is usual in all adolescents it can be dangerous in diabetes
when associated with failure to take insulin and erratic eating behaviour (7,79).
Access to expert psychological support and counselling should be available. All
adolescents should receive advice on the potential dangers of excessive alcohol
intake.

Eating Disorders

The incidence of eating disorders in adolescent girls with diabetes is higher than
that in the non-diabetic population and its incidence is increasing (79). This
may be partly a consequence of intrusive dietetic management of diabetes at an
earlier age. In association with eating disorders, the omission of insulin is a
well-described tactic in attempts at weight loss in overweight insulin-treated
patients (80,81). Individuals with eating disorders have higher HbA1c levels
and an earlier age of onset of diabetic complications, one study reporting that
eating disorders were associated with a threefold increase in risk of diabetic
retinopathy (79).

It is not only teenage girls with eating disorders who require additional
support but all teenagers are potentially vulnerable as there is some indication
that binge eating and misuse of insulin is common among both teenage boys
and girls. Evidence from the Young Diabetes Conference in 1987 indicated that
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71% of young people with Type 1 diabetes admit to ‘binge’ eating which is
often associated with feelings of extreme guilt (78).

The Acheson Report recommended ‘policies which promote the adoption of
healthier lifestyles, particularly in respect of factors which show a strong social
gradient in prevalence or consequences’ (82). Eating disorders have serious
consequences for metabolic control and consequent acceleration of the onset of
complications. They are also an indication of mental health problems requiring
psychological support (82). There is a need to research effective methods of
tackling these problems; to train health care professionals to deal with eating
disorders. This will inevitably require sufficient resources. Indicators that could
be used to show effective treatment are increased uptake of insulin usage, better
glycaemic control and fewer admissions with diabetic ketoacidosis.

Parties, Festivities and Special Events

Children with diabetes should be encouraged to attend and participate in all
family, social and religious events to which their non-diabetic siblings and
friends are included and not to hide behind their diabetes. Special dispensation
is usually given to children with diabetes during fasts such as Ramadan.
Parents are recommended to advise other parents and care givers on their
child’s food preferences including low-sugar drinks. Occasional sugary food
treats may not cause hyperglycaemia if physical activity levels are also high. To
prevent or treat hyperglycaemia resulting from social events that include
unusual amounts of eating, the use of additional short or rapid-acting insulins
may be useful (see extra insulin guidelines above). As with all age groups,
friends and other care givers should know how to recognise and treat
hypoglycaemia.

DIABETES IN CHILDREN AND ADOLESCENTS NOT DUE TO
TYPE 1DIABETES

Type 2 Diabetes

Non-insulin-dependent, non-immune-mediated Type 2 diabetes has always
been considered rare in children. However, in Japan it is more common than
Type 1 diabetes and has increased greatly in incidence in the last two decades
(83). Also in recent years in certain paediatric populations in the USA Type 2
diabetes has accounted for up to 45% of newly diagnosed diabetes (9,10) and
there is evidence that this type of diabetes is now on the increase in the UK
(11). The highest risk groups for Type 2 diabetes in youth are obese, physically
inactive, female adolescents with a family history of diabetes, particularly from
ethnic minority communities (12,13).
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In adults, Type 2 diabetes is difficult to manage and there is a high reported
incidence of serious vascular complications. Its emergence in adolescence is
therefore a major public health concern, particularly as in this age group non-
adherence in terms of clinic attendance and treatment regimens is common (7).

An essential component of nutritional management is a review of eating
habits and lifestyle, and almost always there will need to be both a reduction of
energy intake and an increase of physical activity to promote weight loss.
Unfortunately these behavioural changes present major obstacles to effective
education. Close surveillance will be necessary and if weight loss does not occur
with simple healthy eating advice more detailed advice should be given on
energy reduction. Nutritional advice will depend on the type of treatment
prescribed and advice given on hypoglycaemia if necessary.

Carefully organised multicentre trials of lifestyle management and interven-
tions amongst young people are required (84).

DIABETES SECONDARY TO CHRONIC DISEASES OF
CHILDHOOD

Cystic Fibrosis (CF)-related Diabetes

As life expectancy in CF improves, slowly evolving, non-ketotic, glucose
intolerance and diabetes is becoming more frequent (14). The diabetes is
predominantly due to insulin deficiency but there are elements of insulin
resistance and, because of co-existing pancreatic exocrine deficiency, there is a
need for high-energy, complex carbohydrate and high-fat foods which conflicts
with the usual advice for diabetes in terms of cardiovascular risk.

Moreover it is common practice in CF to use overnight gastrostomy feeds to
improve nutrition and steroid therapy is often prescribed. Both of these
increase glucose intolerance (and may initially precipitate diabetes). Alterations
of food intake and absorption and constantly changing treatments demand
flexibility in both nutrition education and insulin regimens, especially as the
diagnosis of diabetes in addition to CF is particularly demoralising.

Haemoglobinopathies

Treated b-thalassaemia with chronic iron overload is associated with
decreasing tissue sensitivity to insulin, pancreatic insulin deficiency and
diabetes (15). Insulin doses may be high and the diabetes difficult to manage
as in CF because of the double diagnosis. Chronic glycosuria may be
associated with poor weight gain and effective nutritional management
becomes important in trying to persuade patients to increase energy intake
in association with escalating insulin doses.
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Genetic Defects of b-cell Function

This group of rare disorders was formerly known as maturity-onset diabetes in
the young (MODY) and comprises at least six subtypes of genetically inherited
disorders of insulin secretion usually presenting under the age of 25 years and
also present in several other family members in different generations (16). It is
important to recognise the small number of this unusual and ‘mild’ type of
diabetes in a paediatric clinic (confirmed by special tests in a molecular genetic
laboratory) because of the treatment implications.

The two commonest types are:

. Glucokinase deficiency (25% total) – a defect in the glucose-sensing gene
resulting in mild persistent hyperglycaemia from birth, but with a very low
risk of long-term complications. The only treatment required is healthy
eating advice to improve levels of glycaemia.

. HNF-1a deficiency (55% total) – involves progressive b cell failure from
puberty, managed initially by healthy eating advice like Type 2 diabetes but
subsequently treated with low dose sulphonylurea tablets and later insulin
so that nutritional advice on hypoglycaemia as described elsewhere is
required.

SUMMARY

The care of children with diabetes is complex. It involves not only the child but
also the family and multiple carers. It requires a deep understanding of the
relationship between treatment regimens and constantly changing physiologi-
cal requirements, including growth, fluctuations in appetite associated with
changes in growth velocity, varying nutritional requirements and sporadic
episodes of physical activity. In addition diabetes management is set within the
current context of frequently dysfunctional family dynamics, deteriorating
national dietary characteristics, issues of non-compliance, peer pressure,
emerging independence and the ultimate aim of maintaining quality of life.
However evidence suggests it is possible to improve diabetes outcomes through
meticulous attention to nutritional management. This requires a clear focus of
the dietetic targets in relation to glycaemic control and the reduction in
cardiovascular risk.

The fundamental premise of success for the paediatric diabetes specialist
dietitian is the development of a trusting relationship between the child and
family, which will facilitate behaviour change during the challenges and
turbulence of childhood and adolescent development.
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LOOKING TO THE FUTURE

The management of childhood diabetes will continue to present special
challenges to all members of the paediatric diabetes team. These challenges are
perhaps greatest for the dietitian whose success depends so much on trying to
promote significant changes of behaviour related to food, eating and weight
control. All of these areas of human behaviour are notoriously resistant to
change, particularly in adolescents and family groups.

Despite these difficulties there will be developments in management that
should improve the prospects for the dietitian. Specialist paediatric diabetes
dietitians will have more specific and extensive training and will become a more
effective member of the multi-disciplinary diabetes team. With better training
the knowledge base in both paediatrics and diabetes will increase and be more
practical. Also the skills to effect behaviour change, which include counselling,
motivational interviewing and the ability to be flexible by using various
education tools to suit different families, will be far more extensive than at
present. Better communication between team members will be seen as essential
in providing comprehensive, co-ordinated professional support and optimal
care of the child and family.

Nutritional management will have targets more clearly linked to the two
major diabetes outcomes of maintaining much tighter glycaemic control
associated with a substantial reduction in microvascular complications and far
better prevention of cardiovascular disease.

The highly trained and experienced dietitian will have an extended role in the
team and will be confident not only to advise on food changes but also to help
adjust insulins to reduce post-prandial blood glucose excursions. These
adjustments will become more flexible and appropriate because of more
frequent use of rapid-acting insulin analogues, continuous insulin infusions
and perhaps other modes of insulin delivery such as inhaled insulin.

Methods of continuous monitoring of blood glucose will become easier and
more sophisticated so that the glycaemic effects of certain types of
carbohydrate intake will become more readily apparent to the child and family.

Thus the devolution back towards carbohydrate assessment or measurement
in some form will continue so that a more precise balance between food and
insulin can be achieved.

It has become clear that the specialist paediatric diabetes dietitian must also
focus attention on reducing cardiovascular risk factors. Evidence is accumulat-
ing that increases in anti-oxidants and modifications in fatty acid intake may
induce beneficial changes in cell membranes and these changes must be
initiated in childhood to minimise the progression of atherosclerosis.

These are exciting innovations but unfortunately they are set against a
nutritional environment in the UK which encourages unhealthy eating
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practices with increasing reliance on high-fat, high-salt fast foods, disorganised
family eating patterns and even a reluctance by many influential agencies to
promote healthier eating along the lines of those in some other areas and
countries such as around the Mediterranean and Scandinavia.

To counterbalance this the dietetic community must improve the scientific
evaluation of dietary practices by more extensive and better research. In
paediatric practice where numbers are relatively small this can only be achieved by
well-structured, multi-centre projects similar to DCCT and DAFNE (see above).

To enable all these exciting changes in practice to come to fruition there will
need to be a recognition by health authorities that specialist paediatric diabetes
dietitians are an important investment in the future of children with diabetes. It
is then essential that there is more adequate resourcing for paediatric centres of
excellence to be established as specialist training centres.
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An Introduction toType 2Diabetes
GARY FROST
Imperial School of Medicine, London, UK

Type 2 diabetes should not be viewed as a less severe version of type 1 as it is a
highly malignant condition with 50% of affected individuals dying within
10 years of the diagnosis. This chapter however is specifically short as the
treatment of type 2 diabetes is extensively covered in other chapters in this
book, specifically chapters 2, 3 and 8, which cover obesity management,
counselling and exercise.

A major contributing factor to the development of Type 2 diabetes is body
weight and the incidence of type 2 diabetes begins to rise at a BMI of 23 kg/m2.
Type 2 diabetes is increasing worldwide in parallel with the increase in the
numbers of people who are overweight or obese. Those populations with the
greatest genetic predisposition for Type 2 diabetes are the populations most
vulnerable to the environmental and behavioural changes that cause obesity
and physical inactivity.

The UK Prospective Diabetic Study (UKPDS) demonstrated that Type 2
diabetes is a progressive disease characterised by a progressive loss of b-cell
function. With time there is an inevitable loss of glycaemic control. Different
treatment modalities are required at different times in the natural history of
type 2 diabetes with insulin treatment frequently required after ten years. The
UKPDS demonstrated that with good glycaemic control the microvascular
complications of Type 2 diabetes could be reduced (1).

DIETARY GOALS

Reflecting the aims in chapter 1 dietary recommendations for type 2 can be
simply broken down as follows
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. A regular meal pattern

. Starchy carbohydrate in each meal/snack, especially low glycaemic index
carbohydrate

. A reduction in total fat intakes, replacing saturated fat with monounsatu-
rated rich fats and oils

. Five portions of fruit and vegetables each day

. A reduction in sugar intake and replacing with sweeteners

. Two-three portions of oily fish each week

. A reduction in salt intake, a ‘no added salt diet’

. Moderate alcohol consumption, a maximum of 1–2 drinks per day (unless
medically contraindicated)

. A reduction in daily energy intake by 500 kcal, where appropriate

DIETARY TREATMENT SHOULD HAVE
STANDARDS OF PRACTICE

On diagnosis with diabetes or when seen for an initial consultation any
background information that influences diabetic/dietetic management should
be collected. This will include:

. Reason for referral

. Diagnosis

. Past medical history and any co-existing morbidity

. Medication

. Home monitoring data from urine or blood testing

. Relevant social/cultural circumstances

. Special needs

Anthropometric measurements recorded:

. Height (m)

. Weight (kg)

. BMI (kg/m2)

. Waist circumference (cm)

Also any clinical parameters pertinent to the treatment of diabetes which might
include:

. Blood pressure

. Fasting/random blood glucose (mmol/l)

. HbA1c (%)

. Total, HDL and LDL cholesterol levels (mmol/l)

. Triglycerides (mmol/l)

and where appropriate indicators of renal function (and liver function).
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A diet history/24-hour recall is used as the basis for giving dietary advice.
This should take the form of open questions about his/her diet over a typical
24-hour period. The time-frame to discuss should commence when the patient
wakes up and finish 24 hours later. Due to differences in employment
circumstances this time-frame may not be morning to night. Times of eating
and drinking should be noted and portion sizes estimated. The checklist on the
back of the dietetic record card can be used to determine more detailed
information.

A three-day food diary is useful when further dietary information is
required.

DIETARY MANAGEMENT

On the basis of the patient’s dietary assessment, a dietary treatment plan needs
to be agreed on to improve or maintain the patient’s nutritional status,
glycaemic control and cardiovascular risk factors, such as hyperlipidaemia and
hypertension. This treatment plan must take into account the patient’s medical,
social and cultural requirements and dietary advice tailored to the individual’s
specific needs. A number of dietary targets may be agreed depending on the
patient’s understanding and their ability to make informed changes. It is
important that the patient is aware that for maximum benefit life long
compliance is usually required and therefore all changes should be realistically
maintainable over the long term.

If the patient is overweight or obese a target weight should be agreed. The
target weight should represent a maximum weight loss of 10%. This target will
not necessarily be an ideal weight for the patient’s height, but will bring about
an improvement in BMI and a reduction in risk factors.

Follow up appointments need to be arranged, to continue dietary education,
as and when the dietitian feels it is necessary, but under the St Vincent
Declaration it is stated that ‘every person with diabetes should be able to see a
dietitian at diagnosis and annually for a dietary review’ [2].

OBESITY (see chapter 8)

Obesity is a risk factor for the development of Type 2 diabetes. Weight gain
(particularly centrally distributed) is associated with metabolic processes that
increase the risk of cardiovascular disease. These metabolic disturbances
include an atherogenic lipid profile, hyperinsulinaemia, hypertension and
thrombogenesis.

Diabetes UK estimate 75–90% of people with diabetes have Type 2 diabetes,
of these 80% are overweight or obese. The risks of hypertension,
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dyslipidaemia, atherogenesis and premature death from cardiovascular disease
are all increased with increasing obesity in Type 2 DM. This is illustrated by
the ten-fold increased risk of premature death when Type 2 DM is associated
with a BMI above 36 kg/m2. By contrast, intentional weight loss of between
8–13 kg can reduce mortality by 33% in obese diabetic subjects.

For overweight Type 2 diabetic patients, the most important dietary
objective is to achieve and maintain a desirable weight and BMI. However, the
weight loss required to achieve this is often not realistic, even in the long term
and weight loss of 5% can result in some clinical improvement. Whereas 10%
weight loss can produce major benefits improving glycaemic control by
reducing insulin resistance; improving lipid profile and reducing hypertension
[3].

Weight loss can only be accomplished by reduction of total energy intake
below the level of energy expenditure. It is important that the weight loss
targets and diet are realistic. Each individual’s requirements will vary and are
hard to determine accurately. It is usual to determine normal intake from a diet
history. From this, modification of the diet is suggested to reduce energy intake
usually involving a reduction of energy dense foods, those high in fat and
sugar. If this is unsuccessful a more prescriptive diet can be given based on a
calculation of energy expenditure using Lean and James formula which is
reduced by 500 kcal to give a more precise dietary target [4].

DIET AND ORAL HYPOGLYCAEMIC DRUGS

Anti-diabetic drugs should be taken as prescribed at the appropriate time
interval in relation to food intakes. In order to prevent hypoglycaemia, in
patients taking insulin secretagogues, and to maintain good glycaemic control
in all subjects, an even distribution of food intakes, including some
carbohydrate is essential. Foods with a low glycaemic index should be
encouraged. Patients treated by diet alone can be more flexible about their food
intakes, but the basic/good dietary principles still apply.

As Type 2 diabetes is a progressive disease, worsening glycaemic control
should not be seen as necessarily being due to non-compliance with drug
therapy or diet. Large prospective type 2 diabetic studies have clearly
demonstrated that to maintain good glycaemic control most diabetic patients
progress from diet alone, to monotherapy and then to combination therapy
with oral agents before finally requiring insulin. Polypharmacy is difficult to
avoid in the majority of Type 2 diabetic patients, as hypertensive medication,
antithrombolytic therapy and lipid lowering drugs are also frequently required
[1] [5] [7].
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INSULIN THERAPY

As a consequence of the relentless deterioration in beta cell function in Type 2
diabetic patients with little, if any, improvement in insulin resistance with time
exogenous insulin therapy is required to achieve adequate glycaemic control.
During the UKPDS approximately 30% of obese and 22% of non-obese Type
2 DM patients required insulin within six years of diagnosis [1]. The
introduction of insulin in Type 2 DM patients is however associated with
weight gain which itself is likely to be detrimental to the underlying metabolic
syndrome, glycaemic control and cardiac risk.

Although the UKPDS study showed the benefit of insulin therapy on
glycaemic control, there is little data on whether the introduction of insulin
therapy favourably influences insulin resistance syndrome, lipid profiles or
blood pressure. There is a need for planned obesity management and weight
maintenance as outlined in chapter 1 for any patients starting insulin.

SALT RESTRICTION

There is evidence that salt reduction will lower blood pressure in the general
population and Type 2 diabetics. The importance of achieving good blood
pressure control was again demonstrated in the UKPDS [6]. Advice should
therefore be given to reduce the amount of salt added in cooking and at the
table and to reduce intakes of salty foods especially for hypertensive diabetic
patients.

All other aspects on management are reflected in the recommendation
section of this book

SUMMARY

Management of type 2 diabetes remains a nutritional challenge with the main
focus on management of obesity and coronary risk factors.
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TheDietaryManagement of Diabetic
Pregnancies
ANNE DORNHORSTANDGARY FROST
Imperial School of Medicine, London, UK

INTRODUCTION

There are general nutritional principles that apply to all pregnancies and there
are specific nutritional issues that surround the management of pregnant
women with diabetes. The nutritional needs of women with pre-existing Type 1
diabetes and Type 2 diabetes differ, as do those for women who become
glucose-intolerant in pregnancy. Ideally nutritional advice should start before
pregnancy and continue throughout the pregnancy, being modified as
necessary at each antenatal visit. The dietitian is an integral part of the
multidisciplinary diabetic–obstetric team and should be involved in all aspects
of the patient’s care plan. The prescribed diet has to accommodate the
metabolic and physiological changes associated with a diabetic pregnancy and
the dietitian must be familiar with these changes.

Over the last few decades the Western antenatal population has become
older, more obese, less physically active and more ethnically diverse. These
demographic changes explain the rise in the numbers of pregnant women with
pre-existing Type 2 diabetes and gestational diabetes (1). Although the actual
number of pregnant women with pre-existing Type 1 diabetes has remained
relatively constant, the duration of diabetes prior to pregnancy has increased,
due to women delaying childbirth for personal reasons and the earlier onset of
Type 1 diabetes that has occurred over recent years. Both the age of the
mother and the duration of her diabetes contribute to the clinical
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complications encountered in a Type 1 diabetic pregnancy. Although
pregnancy outcomes continue to improve in women with Type 1 diabetes,
perinatal morbidity and mortality remain fourfold higher than for the non-
diabetic population (2,3).

Active dietary management for all types of diabetic pregnancies can lessen
complications during pregnancy and improve pregnancy outcome for the
mother and her child.

CONSEQUENCES OF A DIABETIC PREGNANCY

Maternal hyperglycaemia results in an excess maternal–foetal transfer of
glucose. The placental glucose transporter protein, GLUT1, is increased in
diabetic pregnancies, and maternal hyperglycaemia quickly results in foetal
hyperglycaemia and foetal hyperinsulinaemia (4). Maternal hyperglycaemia is
not only a critical factor in glucose-mediated congenital malformations, but
also in many aspects of foetal development, neonatal well-being and future
health, see Table 7.1.

An accelerated foetal growth pattern and a large-for-gestational-age (LGA)
infant at birth is the hallmark of a poorly controlled diabetic pregnancy. Foetal
insulin is the main foetal anabolic hormone and hyperinsulinaemia can cause
excess fat accumulation, organomegaly, especially of the heart and liver, and
high birthweight. An LGA infant is a potential cause for birth trauma and a
high Caesarean rate. Foetal hyperinsulinaemia is also believed to contribute to
adverse foetal metabolic complications in late pregnancy including a tendency
to high lactate levels and an increased risk of stillbirth. Foetal hyperinsulinae-
mia at delivery can cause transient hypoglycaemia and hypocalcaemia. There is
increasing and tantalising evidence that by optimising maternal glycaemia and
avoiding foetal hyperinsulinaemia one can reduce the long-term risk of the
child becoming obese and insulin-resistant in adult life (5).
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Table 7.1 The intrauterine influence of maternal hyperglycaemia on foetal and
childhood development

Period of influence Consequence of maternal hyperglycaemia

First trimester Congenital malformations
Second trimester Foetal cell programming, foetal hyperinsulinaemia
Third trimester Accelerated foetal growth and stillbirth
Neonatal period Transient hypoglycaemia; hypocalcaemia and cardiomyopathy
Adolescence Obesity, impaired glucose tolerance and insulin resistance
Adulthood Insulin resistance, obesity and Type 2 diabetes



THE THERAPEUTIC AIM IN THE MANAGEMENT OF
DIABETIC PREGNANCIES

The aim in the management of all diabetic pregnancies is to achieve
normoglycaemia while avoiding maternal hypoglycaemia. This approach will
optimise foetal growth and minimise short- and long-term complications. As
the immediate post-prandial period is when maternal glucose levels are at their
highest, dietary and insulin therapies need to specifically target this time (6).
The glycaemic targets for all types of diabetic pregnancies should be the same,
namely a fasting glucose of <5mmol/l and a 1 h post-prandial glucose
<7.8mmol/l. While these goals will inevitably require insulin in women with
pre-pregnancy diabetes, many women with gestational diabetes (GDM) will be
able to achieve them with dietary intervention alone, with insulin being
reserved for women who, after a trial of dietary therapy, are above these
glycaemic target values. The use of oral agents that do not cross the placenta,
such as glibenclamide, in the management of GDM, although probably safe,
are best suited for women with Type 2 diabetes and GDM in areas of the world
where insulin availability is limited (7).

Due to the lack of adequate controlled dietary studies in diabetic
pregnancies, conflicting dietary advice is often advocated. Debate still
surrounds the total energy content of the diet and the optimal proportions
and type of dietary carbohydrate and fat to be prescribed. The benefits, if any,
of whether the dietary advice given during pregnancy actually leads to
behavioural changes that reduce the future recurrence of GDM or the
development of diabetes in the mother are unknown. Also the influence of
maternal diets on foetal programming and the future risk of childhood and
adult obesity and diabetes are not fully understood.

PRECONCEPTIONNUTRITIONAL COUNSELLING
INDIABETIC PREGNANCIES

All women attempting pregnancy should take a minimum of 400 mg folic acid
supplements a day to prevent neural tube defects (8). The higher dose of 5mg
folic acid a day is frequently recommended for diabetic women, despite any
actual trial evidence for this, the rationale being that neural tube defects are
commoner in this group. In Britain, where the dietary folate intakes are
relatively low despite numerous public health campaigns, less than 10% of
women actually take folate supplements in early pregnancy (9).

The preconception period is a time when women with diabetes are
encouraged to achieve the best glycaemic control possible. Congenital
malformations account for approximately 40% of all diabetic perinatal
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mortality, and can be significantly reduced when HbA1c levels are within the
normal range. To achieve this insulin regimens usually need to be intensified
and many women with Type 2 diabetes will be started on insulin for the first
time. Dietetic input is required to build confidence, reduce hypoglycaemia and
limit unnecessary weight gain (10).

Achieving near-normal glycaemic control is possible in most women with
Type 2 and Type 1 diabetes. However, in women with a long duration of Type 1
diabetes and significant autonomic neuropathy the risk of severe hypo-
glycaemia is high. Poor hypoglycaemia awareness and impaired counter-
regulatory hormonal responses increase with the duration of Type 1 diabetes.
Dietary advice is essential to ensure adequate carbohydrate is being taken with
each meal and that suitable low glycaemic carbohydrate snacks are being
consumed between meals.

The preconception period is a good time to encourage weight loss and
exercise in obese women with pre-existing Type 2 diabetes or a previous history
of gestational diabetes. Maternal obesity is independently associated with
increased perinatal morbidity and mortality rates (11). Epidemiological studies
suggest that when obesity and diabetes coexist an adverse synergistic effect on
pregnancy outcome occurs, including an unexplained increase in congenital
malformation rates (12–14). Potentially a weight-reducing diet in obese women
prior to conception will improve both glycaemic control and pregnancy
outcome.

GENERAL DIETETIC ADVICE FOR PREGNANCY

Once pregnancy has been confirmed the diet should be reviewed to ensure the
recommended vitamin and mineral intakes, including folate and iron, for
pregnancy are met. Ensuring adequate amounts of antioxidants in the diet may
help to lessen the risk of pre-eclampsia and congenital malformation. Recently
dietary supplementation with the antioxidant vitamins C and E have been
shown to reduce the incidence of pre-eclampsia in high-risk women (15).
Animal, but so far not human, studies have shown that these vitamins also
protect embryos from the teratogenic effects of hyperglycaemia (16).

Calcium and vitamin D supplements during both pregnancy and lactation
should be considered for Indian/Asian women and others with poor sunlight
exposure or low calcium intakes (17,18). Observational studies have linked low
vitamin D levels with insulin resistance and diabetes (19,20) and, given the high
incidence of diabetes among Asian women, ensuring adequate vitamin D in the
diet seems prudent.

All women should be reminded of the dangers of excess alcohol (21), and the
potentially harmful effects of uncooked meats and soft cheese.
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RECOMMENDEDMATERNAL WEIGHT GAINS
IN NON-DIABETIC PREGNANCIES

Optimal weight gain for pregnancy needs to reflect the woman’s pre-pregnancy
weight (22). The guidelines on recommended maternal weight gains are based
on large obstetric surveys in non-diabetic women in the United States (23). The
maternal weight gain required to minimise the frequency of small-for-
gestational-age (SGA) infants is higher for underweight (BMI<19.8 kg/m2)
than overweight or obese women, see Table 7.2. As the majority of women with
pre-existing Type 2 and GDM are already obese it is important that the dietary
advice given does not result in higher post-partum than pre-pregnancy weights.

When the pre-pregnancy BMI is >35 kg/m2, the risk of a SGA infant is low
and even when little or no maternal weight gain occurs the risk of a SGA infant
does not appear to increase (11). Overweight (BMI 26.1–29 kg/m2) and obese
(BMI >29kg/m2) women are more likely to give birth to a LGA infant than
normal weight women and this risk increases with increasing maternal weight
gain. The US obstetric recommendation for a minimum 7kg weight gain for all
obese women (23,24) may not be universally appropriate (11,25). Nutritional
advice given in pregnancy should include appropriate weight gain targets set in
early pregnancy and based on pre-pregnancy weight.

ENERGY REQUIREMENTS IN PREGNANCY

Pregnancy is an anabolic state requiring energy for the products of conception,
the foetal–placental unit and the increase in maternal tissues. Newly
synthesised maternal tissues account for a 15–26% increase in metabolic rate
in pregnancy (26). The total calculated energy cost for pregnancy is around
355 640 kJ (85 000 kcal) and this translates into an extra 1191.3 kJ (285 kcal) a
day (27,28). These theoretical energy costs, originally derived in the 1960s by
Hytten and Leitch, have been confirmed by more recent physiological
measurements (29).

Maternal physiology is highly adaptable and pregnancy can progress during
times of extreme food deprivation and/or physical activity (30). Under adverse
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Table 7.2 The 1990 guidelines of the United States Institute of Medicine on maternal
weight gain targets according to pre-pregnancy BMI

Underweight
<19.8 kg/m2

Normal weight
19.8–26 kg/m2

Overweight
>26 kg/m2

Weight gain term target 12.5–18 kg 11.5–16 kg 7.0–11.5 kg



environmental conditions maternal adipose deposition is limited, and diet-
induced thermogenesis can fall which, when combined with a small decrease in
physical activity, can conserve sufficient energy for foetal development
(29,31,32). With extreme calorie restriction in the first half of pregnancy,
maternal basal metabolic rate can also fall (30).

The energy requirements of pregnancy are seldom, if ever, met by increased
dietary intake as shown by cross-sectional and longitudinal nutritional studies
(30). Well-nourished women only obtain 20% of their pregnancy energy
requirement from increased dietary intake (29). In fact no increase in maternal
energy intake is required providing maternal physical activity falls by 20%
during pregnancy (27). In women with high physical energy expenditures
before pregnancy decreases in physical activity contribute significantly to the
overall energy costs of the pregnancy (29,33). Despite these observational
studies many of the dietary recommendations for pregnancy are based on
providing the total energy costs of pregnancy from increased energy intake
(34).

METABOLIC CHANGES IN NON-DIABETIC PREGNANCY

Metabolic changes occur throughout pregnancy to ensure optimal foetal
growth. Maternal glucose is the primary foetal oxidative substrate (35) and by
late pregnancy 17–26 g glucose is metabolised per day (36). The maternal
respiratory quotient rises during pregnancy as foetal carbohydrate metabolism
increases (29). Metabolic changes occur to maximise the maternal–foetal
transfer of glucose. Several placental hormones are lipolytic and increase
maternal circulating free fatty acids that increase maternal peripheral insulin
resistance (37). This increase in maternal insulin resistance diverts glucose away
from maternal peripheral tissues to the foetus (35,38,39,40). Post-prandial
glucose and insulin concentrations rise during pregnancy in women consuming
a typical Western diet. The ability to remain glucose-tolerant while pregnant
requires a trebling of insulin secretion by the end of pregnancy to counter this
increase in insulin resistance (41). Observational studies suggest that habitual
diet and lifestyle factors can influence maternal glucose tolerance and insulin
sensitivity in pregnancy (42). Active women consuming low glycaemic index
diets have significantly lower post-prandial glucose and insulin levels in
pregnancy than women consuming high glycaemic index diets (43,44).

The higher post-prandial insulin levels encountered in pregnancy facilitate
maternal fat deposition (45,46), which in well-nourished women approximates
to a minimum of 4 kg of adipose tissue (46) and in undernourished women to
2 kg (32). A fall in fatty acid oxidation in late pregnancy also contributes to
adipose deposition (29).
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Other maternal metabolic changes occur to ensure a steady supply of glucose
to the foetus. Lipolytic placental hormones increase maternal lipolysis during
the post-absorbative periods, generating sufficient gluconeogenic substrates in
the form of ketone bodies and glycerol to provide the necessary glucose for
foetal use (45). An increase in maternal hepatic glucose output ensures a
necessary glucose supply to the foetus during fasting (48,49). Although ketone
bodies can cross the placenta and be used as foetal fuels, non-esterified acids
cannot.

SPECIFIC METABOLIC CHANGES ASSOCIATED WITH
TYPE 1DIABETES

Dietary factors, insulin adjustments and blood glucose values are so
interdependent in women with Type 1 diabetes that one should not consider
any one in isolation. Women with Type 1 diabetes have an absolute deficiency
of insulin and their glycaemic control is totally dependent on exogenous insulin
and dietary intake. The metabolic and physiological changes occurring in early
pregnancy make these women especially vulnerable to hypoglycaemia, and this
is further compounded if food intake falls due to pregnancy-induced nausea or
vomiting. In later pregnancy, due to the increase in maternal lipolysis during
the post-absorbative and fasting periods, ketoacidosis may develop rapidly. To
minimise metabolic complications one needs to continually match and adjust
the insulin doses to the carbohydrate intake. Maternal ketosis, as assessed by
urine strips, is usually an indication for an increase in both dietary
carbohydrate and insulin treatment.

Diets need to be individual and flexible enough to adjust to any of the
numerous co-morbidities encountered in pregnancy, such as hyperemesis
gravidarum or gastroparesis. If nausea is a problem in early pregnancy the use
of liquid meals should be considered, as these are often better tolerated than
solids. Going without regular food and insulin in this group is not an option.

SPECIFIC METABOLIC CHANGES ASSOCIATED WITH
TYPE 2 DIABETES

Women with Type 2 diabetes have a relative rather than an absolute deficiency
of insulin. These women are already insulin-resistant and with the physio-
logical increase in insulin resistance that occurs in pregnancy their insulin
deficiency is further compromised. Very large doses of exogenous insulin are
often required to obtain the necessary blood glucose target values. Avoiding
excessive weight gain in these obese women being treated with large insulin
doses requires considerable dietary education and intervention early in
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pregnancy. The use of low-calorie foods and snacks should be encouraged.
Appropriate weight targets should be set and a degree of energy restriction
considered, see below.

SPECIFIC METABOLIC CHANGES ASSOCIATED WITH
GESTATIONAL DIABETES

A degree of b-cell dysfunction is universal in women with GDM, both during
and following pregnancy (50–52). Women who develop GDM not only have
insufficient b-cell reserve to remain glucose-tolerant in pregnancy, but higher
peripheral and hepatic insulin resistance than glucose-tolerant women (53).
The b-cell defect is more apparent in the non-obese than obese GDM women in
whom insulin resistance is often a greater contributing factor (54). These
metabolic defects result in abnormalities of post-prandial lipoprotein
metabolism (55) that can further reduce insulin sensitivity and compromise
b-cell function (37,56). The diet should be aimed at lessening these metabolic
abnormalities. As with the Type 2 diabetic women, most of the women who
develop GDM are obese and weight gain targets should be set and a degree of
energy restriction considered, see below. However, unlike the Type 2 diabetic
women most can achieve adequate glycaemic control with diet alone. For this
reason the dietary recommendations for GDM will be considered in further
detail below.

GENERAL DIETARY RECOMMENDATIONS FOR GDM

A dogmatic approach to the dietary advice for GDM should be avoided as
only four randomised trials of primary dietary management of GDM against
no treatment were considered to be of sufficient standard to include in a recent
Cochrane systematic review (57). This pooled data analysis of 612 women
failed to show any benefit of dietary intervention on final birthweight, risk of
LGA infants and/or Caesarean deliveries (57). However, ignoring all clinical
and observational nutritional studies that have no non-intervention arm is
probably unwise, and until definitively controlled studies are done each
available study should be considered on its own merit.

The objectives in the dietary management of GDM include glycaemic
control, balancing adequate nourishment for the mother and foetus, while
limiting excessive weight gain, and establishing healthy eating habits that will
continue beyond the pregnancy. Lifestyle changes encompassing diet and
exercise should be started during the pregnancy itself, when access to a
qualified dietitian is likely to be greater than at any future time.
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It is important that women with gestational diabetes understand why dietary
intervention during the pregnancy is so important to obstetric care. It is worth
stressing that adherence to a diet in pregnancy can in most women improve
glycaemic control. Understanding that a diet will reduce her risk of having a
very large baby and the need for insulin therapy in pregnancy will help
compliance. The importance of avoiding unnecessary weight gain needs to be
emphasised, and women need to know that too much weight gain increases the
risk of delivering an LGA infant and increased obesity post partum (58).
Unnecessary weight gain will also increase the future risk of developing GDM
in a subsequent pregnancy (59), and diabetes in later life (60).

CALCULATING TOTAL ENERGY FOR THE DIETAND SETTING SAFE
WEIGHTGAIN TARGETS

In our practice we calculate an individual’s energy requirement using the pre-
pregnancy weight to calculate resting energy expenditure, using Schofield’s
formula (61), and a physical activity ratio of 1.6. To this we add 200 kcal for
the energy requirements for the third trimester. If we wish to induce a mild
degree of negative energy balance we subtract 500 kcal from this calculated
daily energy requirement to provide the total energy for the diet.

The American Diabetic Association (ADA) have endorsed dietary guidelines
for diabetes in pregnancy (62) that are based on pre-pregnancy weights, see
Table 7.3.

As previously mentioned, current American guidelines recommend a
minimum weight gain of 7.0 kg for all obese (BMI>29kg/m2) women, both
diabetic (63) and non-diabetic (24). No equivalent weight or daily calorie
guidelines exist for the UK. Our own unit limits weight gains in diabetic
pregnancies to the bottom rather than the top of those recommended for
average, overweight and obese women. For Type 2 diabetic women and those
with GDM if the BMI is >34 kg/m2 we set no minimum weight gain. Ideally
we like to achieve no overall weight gain in the overweight woman post partum
and weight loss in the morbidly obese woman.

THE DIETARYMANAGEMENTOFDIABETICPREGNANCIES 99

Table 7.3

Pre-pregnancy weight (% ideal body weight) Daily calorie intake (kcal/kg)

<90% 36–40
90–120% 30
121–150% 24
>150% 12–18



CALORIE RESTRICTION IN THE OBESE WOMAN WITH
GDM

The safety of calorie restriction in pregnancy is not known and genuine
concerns exist around infant psychological or physical development. Long-
term follow-up of children born to mothers exposed to famine suggests that
future health is compromised. Infants born to previously well-nourished Dutch
women restricted to 800 kcal/day in late pregnancy during the five months of
famine in 1944/5 developed normally, although thinner at birth and at 18 years
(64). However, when middle-aged these children had a higher incidence of
glucose intolerance and diabetes (65).

Maternal ketosis, induced by calorie restriction, has been implicated to
impaired foetal neuro-physiological and cognitive development (66,67). While
there is a general reluctance to recommend severe calorie restriction in
pregnancy even in obese women, modest calorie constraint for those with
GDM may be safe as these women are relatively protected against ketosis by
their high hepatic glucose outputs (54,68,69). Theoretically maternal ketosis
can be lessened during modest calorie restriction when small frequent meals
containing slowly absorbed carbohydrates are taken, as such diets are
associated with an attenuated insulin response that delays lipolysis and
ketogenesis (70).

We have previously reported that when the daily energy is restricted to 20–
25 kcal/kg/day for obese women with GDM (pre-pregnancy BMI>28kg/m2)
from the 24th week of gestation, weight gain is half that of women with a
similar pre-pregnancy weight who receive no dietary intervention, and their
risk of delivering an LGA infant is similarly reduced (71). This degree of
modest calorie restraint has also been shown to improve glycaemic control
(69). Frequent small meals containing slowly absorbed carbohydrates help to
prevent ketosis.

All women receiving a diet that is calorie restricted should have regular
foetal ultrasound examinations to ensure that foetal growth is not
compromised.

THE OPTIMAL MIX OFDIETARYCARBOHYDRATE ANDFAT
FOR GDM

The diet for the diabetic mother needs to limit excess maternal–foetal transfer
of glucose. As post-prandial hyperglycaemia is the time of maximal maternal–
foetal glucose transfer, treatment interventions need to target this period (6).
Controversy exists on how best to achieve this. Some authorities recommend
limiting carbohydrate at the expense of increasing dietary fat, while others
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favour high-carbohydrate diets with a low glycaemic response. It is the
authors’ belief that promoting diets that actively limit carbohydrate over fat
sends out the wrong lifetime educational message. Clinical studies suggest that
it is the type of carbohydrate and fat rather than the absolute amount that
dictates the glycaemic and metabolic responses to a meal. As a degree of gastric
stasis is common in pregnancy, the glycaemic response of many carbohydrates
is blunted.

The American Diabetic Association (62) recommend limiting carbohydrate
to 40% of the total energy content by increasing dietary fat to 40%. This
advice is based on clinical studies showing women with GDM have better
glycaemic control when consuming less than 45%, rather than more than 45%,
of their calorie intake as carbohydrate (72,73). The American approach gives
no acknowledgement to the fact that different ingested carbohydrates have
different glycaemic responses as measured by their glycaemic index (74).

British advice on the diabetic diet in pregnancy does not recommend limiting
carbohydrate to 40% of the total energy and indeed suggests this figure should
be nearer 55%, with the majority of carbohydrate having a low glycaemic
index (75). Low glycaemic index diets can in fact increase insulin sensitivity in
both pregnant and non-pregnant individuals (42–44,76). In pregnancy
glycaemic control deteriorates when refined carbohydrate contributes more
than 45% of the total energy (72). By contrast when refined carbohydrates are
exchanged for low glycaemic index carbohydrates, 60% of the total dietary
energy can be consumed in this form without any change in glucose tolerance
(42–44). As the glycaemic response to rapidly absorbed refined sugars is
greatest in the early morning, advice on suitable commercial breakfast cereals
should be given (77).

DIETARY FAT

The short-term dietary studies that demonstrated a benefit of high-fat versus
high-carbohydrate diets on post-prandial blood glucose values (72,77) may, as
discussed above, have been accounted for by the use of high glycaemic index
carbohydrates in these studies. Jovanovic’s group (78) have also stated that the
addition of dietary saturated fat to a test meal produces a significantly lower
glycaemic and insulin response than when the test meal contains the equivalent
proportion of monounsaturated fat. The differences may be explained by
slower gastric emptying when the meal contains a high saturated fat content.
However, we believe that even if the glycaemic response mid-morning can be
lowered by increasing the saturated fat content of the breakfast, advocating
such a diet to women at future risk of diabetes and cardiovascular disease
remains highly questionable, when epidemiological and clinical studies show
that high-fat diets are associated with insulin resistance, b-cell dysfunction, and

THE DIETARYMANAGEMENTOFDIABETICPREGNANCIES 101



recurrent GDM pregnancy and future diabetes (56,59). Also the long-term
effects of a high maternal saturated fat diet on cardiovascular health is
unknown. Animal studies certainly suggest caution as high-fat diets in
pregnant rodents can promote cardiovascular disease in the next generation
(79,80). Increasing the saturation content of the diet in pregnant rats leads both
to unfavourable changes in fatty acid compositions and function of the major
arterial vessels. High-fat diets in pregnancy have also been associated with
severe hyperemesis gravidarum, with a 5.4-fold increased risk reported for
every additional 15 g/day of dietary saturated fat (81).

Increasing the polyunsaturated fat (PUFA) content of the diet while
restricting the saturated fat may provide an alternative approach to safely
reducing the overall dietary carbohydrate content. A large epidemiological
study in China reported that a high habitual intake of dietary PUFA with a
correspondingly raised low dietary polyunsaturated to saturated fat ratio
protected against gestational diabetes (57). It remains to be proven whether
Western women would achieve a similar benefit, as their PUFA intake is highly
correlated with saturated fat intake.

The potential benefits of increasing monounsaturated fat (MUFA) intake in
pregnancy still need to be shown. A recent small Danish study failed to show
any improvement in insulin sensitivity in late pregnancy when women with
GDM eat diets high in MUFA rather than high in carbohydrates, although a
favourable effect on blood pressure was reported (82). Outside pregnancy
improved insulin resistance and lipid profiles have been reported when either a
high-carbohydrate diet or a monosaturated-enriched diet replaces dietary
saturated fat, with reductions in plasma LDL cholesterol observed (83,84). If
high-MUFA diets are to be promoted over a high-carbohydrate diet, one needs
to ensure that overall calorie intake leading to unnecessary weight gain does
not occur (85).

A large Swedish epidemiological study has suggested that increasing
dietary long-chain n-3 fatty acids (omega-3 fatty acids) by increasing fish and
fish oils may provide some protection against low birth weights and pre-term
deliveries (86). Similar diets in Type 2 diabetic subjects have been shown to
have some favourable metabolic effects on serum triglycerides but not plasma
LDL cholesterol (87,88). Other food sources of n-3 polyunsaturated fatty
acids include flaxseed and flaxseed oil, canola oil, soybean oil and nuts.
Population studies suggest that foods containing n-3 fatty acids, specifically
eicosapentaenoic acid and docosahexaenoic acid, may provide long-term
cardio-protection (89,90). There are therefore potential theoretical benefits for
increasing dietary long-chain n-3 fatty acids in diabetic women both in and
out of pregnancy.

In the face of no real clinical-based studies on the optimal ratio between
saturated, poly, mono and fish oils for pregnancy, it is our policy to aim for a
ratio of sat:poly:mono of 1:1:1, with the specific advice to eat oily fish three
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times a week (91). These recommendations are similar to those for people with
diabetes and coronary heart disease.

DIETAND INSULIN THERAPY FOR GDM

Once diet alone can no longer consistently ensure fasting glucose values below
5.5mmol/l and a 1 h post-prandial value below 7mmol/l, the introduction of
insulin should be considered (63). It is important to recognise that a small
proportion of women will require insulin early in pregnancy and not to assume
dietary non-compliance (92). Those requiring insulin are the most metaboli-
cally compromised and tend to have both the highest perinatal complications
and the fastest deterioration to diabetes after pregnancy (93). Insulin is also
occasionally introduced in later pregnancy for obstetric rather than glycaemic
reasons; this might occur for accelerated foetal growth or unexplained
polyhydramnios (94).

It is important to stress that once insulin is introduced for the management
of GDM the dietary management remains equally important. The need to limit
weight gain remains for obese women who now need to balance this with
having sufficient carbohydrate snacks throughout the day to prevent
hypoglycaemia. Although short periods of hypoglycaemia are not detrimental
to the foetus they are unpleasant for the woman and frequently result in sudden
rises of blood sugar due to the action of counter-regulatory hormones and the
consumption of sugary drinks. Frequent episodes of hypoglycaemia often
result in women chasing these high-rebound glucose levels by increasing their
insulin dosage, which can result in further hypoglycaemic attacks and
unnecessary weight gain.

When starting on insulin women should be advised to take low glycaemic
index carbohydrates at meal times and for snacks between meals and before
bed. Fruit is ideal for snacks as it is low in fat and calories. Fruit, by being
slowly absorbed, reduces the risk of hypoglycaemia while allowing post-
prandial glucose levels to be lowered without having to increase the insulin
dose.

LONG-TERMDIETARYADVICE FOR THE MOTHER AND
HER CHILD

As most women with GDM are obese and all have at least one child at
increased risk of adolescent obesity and diabetes, providing dietary education
and advice that extends beyond the pregnancy is extremely important. Lifestyle
changes encompassing diet and exercise have been shown to reduce the risk of
GDM in subsequent pregnancies as well as delaying the progression to Type 2
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diabetes (59,95,96). Women with a history of GDM are an ideal group to
target, not only because of their own heightened risk of future diabetes (97,98)
but to ensure a healthy lifestyle within the family unit, hence reducing the risk
of obesity and future diabetes in the children also.

Ideally all women with GDM should receive lifestyle advice and education in
pregnancy that is relevant to after pregnancy. It will be an important challenge
to find methods of delivering dietetic education and advice both effectively and
cheaply to enable all women with GDM to receive the necessary ongoing
support and care they require after pregnancy in the community.

THE NEED AND FEASIBILITY OF FUTURE DIETARY
STUDIES IN PREGNANCY

There remains a lack of good randomised studies on the dietary management
of diabetic pregnancies. Such studies are required for both short-term
pregnancy outcomes and long-term outcomes for the mother and her child.
One of the main difficulties in conducting such studies is the control arm; even
when no dietary advice is given, women once diagnosed with GDM make
lifestyle changes based on family beliefs or information gathered from a variety
of sources. Also if the health care providers are aware of the diagnosis they too
unintentionally are likely to influence lifestyle factors. The need to blind both
the women and the health care staff to the diagnosis is difficult and often
considered unethical, as GDM if ignored can carry a risk to the pregnancy (99).
It is hoped that the HAPO Study (Hyperglycaemia Adverse Pregnancy
Outcome Study) currently underway, looking at pregnancy outcomes in 25 000
pregnant women in whom lesser degrees of glucose intolerance will go
untreated, will help to answer some of these questions.

SUMMARY

Diabetes is a common complication of pregnancy. Nutritional advice,
intervention and education are a central part of the management of all
women with diabetes in pregnancy. Dietary intervention, either alone or with
insulin, can improve pregnancy outcomes. Appropriate advice to obese women
with Type 2 diabetes and GDM should aim to avoid excessive maternal weight
gain and worsening glucose tolerance after pregnancy. For women with GDM
dietary advice in pregnancy should extend beyond the pregnancy itself, aimed
at reducing the lifetime risk of future diabetes for both the mother and her
child.
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Obesity andDiabetes
KAREN SLEVIN, JACQUELINE CLEATOR AND JOHNWILDING
University Hospital Aintree, Liverpool, UK

INTRODUCTION

Obesity has recently been highlighted as having a substantial human cost, by
contributing to the onset of disease and premature mortality, as well as having
serious financial consequences for the health service and the economy (1).
There is a strong relationship between diabetes and obesity, and excess body
fat has been shown to affect both the development and progression of this
chronic endocrine condition. Obesity is most closely associated with Type 2
diabetes and evidence suggests that a substantial number of the cases of Type 2
diabetes could be avoided if individuals were to stay within a healthy weight
range (2). The mean body mass index (BMI) at diagnosis of Type 2 diabetes is
29kg/m2 (3), with the risk of developing the disease increasing exponentially with
an increase in BMI. For example, the risk is 80-fold greater in an individual with
morbid obesity (BMI>40 kg/m2) compared with an individual with a
BMI422 kg/m2 (4). Several studies have also shown that even modest degrees
of overweight in early age are predictive of diabetes risk in middle age (4,5).

The prevalence of obesity in the UK has almost tripled since 1980, and this
trend shows no sign of reversing (1). It follows, therefore, that there has been an
increase in the incidence of Type 2 diabetes, with 180 million cases predicted
world-wide by the year 2010 (6). Alarmingly, as the levels of obesity have
increased, a greater number of cases of Type 2 diabetes have emerged in both
children and young adults. No longer can Type 2 diabetes be considered as a
‘late-onset’ condition. The management costs of diabetes are already exception-
ally high (7) and this shift in the age of onset of Type 2 diabetes will have
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devastating implications for both the medical and social costs of diabetes. While
such statistics are alarming, it is important to recognise that obesity is also the
most modifiable risk factor for Type 2 diabetes. It must be remembered, however,
that correlation does not prove causation and that obesity is not obligatory for
the development of diabetes. Obesity must interact to a variable degree with other
environmental and genetic factors that determine insulin resistance and b-cell
dysfunction, in order to lead to Type 2 diabetes in an individual (8).

There is a substantial disease burden associated with obesity and overweight.
However, in the presence of diabetes, the devastating metabolic consequences
of insulin resistance further expose the obese individual to cardiogenic risk
factors such as dyslipidaemia and hypertension. Atherosclerosis and ischaemic
heart disease are more likely to develop, and the risk of premature death is
10-fold greater in a diabetic person with a BMI>36kg/m2 compared with a
similarly obese non-diabetic patient (9). While many of the complications
associated with diabetes are linked to the metabolic consequences of increased
adipose tissue mass, it is important to remember that other sequelae in the
guise of obesity-related co-morbidities are common in diabetic patients. Most
notable are: musculoskeletal disease, sleep apnoea, cancer, gall bladder disease,
impaired mobility, respiratory problems, foot ulcers and perhaps most
significantly for the individual, low self-esteem and poor quality of life. In
addition, obese persons suffer from marked discrimination in society and often
face prejudice from both the public and health professionals (10,11).

It is clear that weight management should form an integral part of the
management of diabetes, with a strong emphasis on the prevention of obesity. It
should be recognised however that obesity is a complex condition, the treatment
of which is far from simple and requires the support of skilled helpers. Obesity
treatment should be regarded as a long-term procedure, which is threaded into
the management of diabetes. The primary focus of this chapter is to consider the
mechanisms which link obesity and diabetes, the benefits of weight loss in
diabetes, and how to manage obesity within a model of life-long diabetes care.

DEFINING OBESITY

Obesity is a condition in which there is excessive reserves of body fat. Clinically,
obesity is classified in terms of the BMI (kg/m2). The different classifications of
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Table 8.1 Categories of BMI [weight (kg)/height (m2)]

Normal
weight Overweight Pre-obese

Obese
Class 1

Obese
Class 2

Obese
Class 3

18.5–24.9 525 25.0–29.9 30.0–34.9 35.0–39.9 540



BMI are outlined in Table 8.1, with obesity defined as a BMI>30kg/m2 and
morbid obesity as a BMI>40kg/m2.

OBESITYAND TYPE 1DIABETES

The strong association between obesity and Type 2 diabetes has generally
overshadowed obesity in relation to Type 1 diabetes. Obesity is relevant,
however, as increases in body fat stores generally dictate an increase in insulin
requirements, mainly as a result of a further decline in insulin sensitivity.
Conversely, excessive dosages of insulin can lead to weight gain, presumably
through the lipogenic effects of hyperinsulinaeima and possibly compounded
by overeating during the hypoglycaemic episodes, which become more frequent
as insulin therapy is intensified. Weight gain, following intensive treatment of
those with Type 1 diabetes, has been shown to induce unfavourable changes in
lipid levels and blood pressure, similar to those observed in the insulin
resistance syndrome (12). However, if intensive therapy results in improve-
ments in glycaemic control, this can reduce the impact of weight gain on such
cardiovascular risk factors (13).

Of concern also is that obesity, or the fear of it, can have detrimental effects,
particularly in young (predominantly female) patients with Type 1 diabetes. The
desire to remain thin can lead these patients to reduce or omit insulin dosages and/
or to engage in purging and laxative abuse (14–16). This particular form of ‘eating
disorder’ is probably one of the prevailing causes of ‘brittle’ or unstable diabetes,
and often leads to recurrent episodes of diabetic ketoacidosis with an increased risk
of developing chronic diabetic complications and of premature death (17).
Consideration should therefore be given to the management of those with Type 1
diabetes who are obese or at risk of becoming obese, and to vulnerable individuals
who are in danger of adversely controlling their own treatment for fearof becoming
obese. It remains true, however, that the prevalence of being overweight in Type 1
diabetes is lower than that in the general population (13).

THE ASSOCIATIONBETWEEN OBESITYAND TYPE 2
DIABETES

The link between obesity and Type 2 diabetes has long been established and a
visit to any diabetes clinic will confirm the alarming statistic that 90% of those
with Type 2 diabetes are also estimated to be obese (18). It is not currently
known whether insulin resistance is the cause of obesity, the result of obesity,
or whether the two conditions arise independently from each other (19). It is
known that the prevalence of insulin resistance is greater among the obese,
however, there are normal weight individuals who are equally insulin resistant
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(20). Without question, reduction in weight is associated with improvements in
insulin sensitivity (21,22). It is also clear that regular physical activity improves
insulin action, although the exact mechanisms involved are not clear.

Several mechanisms have been proposed to explain how excessive body
weight is associated with Type 2 diabetes. In general, the accumulation of fat
mass is associated with a decline in whole body insulin sensitivity. The
distribution of obesity is important, with resistance to the action of insulin and
glucose intolerance most closely associated with excess abdominal adipose
tissue. As visceral adipose tissue increases plasma triglyceride (TG) concentra-
tions are elevated, high-density lipoprotein (HDL) cholesterol decreases and
low-density lipoprotein (LDL) cholesterol increases with a greater proportion
of the more atherogenic small dense LDL particles (LDL subclass III). Other
associated characteristics include an elevated plasma non-esterified fatty acid
(NEFA) concentration, an increased plasminogen activator inhibitor 1 (PAI-1)
concentration, hyperuricaemia and hypertension. Abdominal obesity is also
associated with specific changes in skeletal muscle morphology, namely a
reduction in capillary density and an increase in the proportion of ‘white’ or
‘glycolytic’ fibres which are less insulin sensitive than the red (oxidative) fibres
(23). Within the adipocyte an increase in the expression of products such as
tumour necrosis factor-a (TNF-a) and leptin may also contribute to the
deterioration in insulin sensitivity. More recently a novel protein known as
resistin has been reported as providing the missing link in explaining the
molecular link between diabetes and obesity. Resistin is secreted by adipocytes.
Its circulating levels correlate with obesity and it has been shown to cause
insulin resistance in target tissues (24).

BENEFITS OF WEIGHT LOSS

Despite the expectations of the individual, the likelihood that an obese person
will achieve sufficient weight loss to reach an ‘ideal’ body weight is remote (25).
However, this does not imply that treating obesity is fruitless, as there is
evidence that even a modest weight loss of 5–10% in obese diabetic subjects
can produce clinical benefits. Improvements have been noted in all modifiable
risk factors such as HbA1c levels, hypertension, dyslipidaemia, self-esteem and
overall quality of life. Moreover, improvements in these risk factors have a
favourable effect on mortality. A retrospective study of Type 2 diabetic
patients receiving standard dietetic advice showed a mean weight loss of 2.6 kg
for those with a BMI 25–30 kg/m2 and a loss of 6.8 kg for those with a
BMI>30kg/m2 after 1 year. For the average patient each kilogram of weight
loss was associated with a three- to four-month prolonged survival and a 10 kg
weight loss predicted the restoration of about 35% in life expectancy (26).
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GLYCAEMIC CONTROL

A reduction in body weight has a direct influence on glycaemic control by
improving both hepatic and peripheral insulin sensitivity and decreasing insulin
resistance (27). HbA1c is the accepted measure of longer-term glycaemic
control with a level <7% as the desired target (28). While several studies of
Type 2 diabetic subjects have demonstrated improvements in fasting blood
glucose, HbA1c and plasma insulin after weight loss, it has been observed that
the benefits are proportional to the amount of weight lost. A study by Wing et
al. (29) showed that a weight loss of 10% of total body weight reduced HbA1c

levels by 1.6%. Correspondingly, there was a reduction in the need for oral
diabetic agents. In fact, those losing 15% of their body weight were able to
discontinue medication for diabetes altogether.

HYPERTENSION

Hypertension is a feature of Type 2 diabetes and is thought to result from a
failure of insulin-induced vasodilation to counteract both renal sodium
reabsorption and activation of the sympathetic nervous system (30). Indeed
the UKPDS emphasised the importance of tight blood pressure (BP) control in
Type 2 diabetes to reduce the risk of cardiovascular and macrovascular
complications, with a recommended target BP of 140/85mmHg (31). For the
obese Type 2 diabetic patient, weight loss is pivotal to achieving this target as a
weight loss of more than 10 kg has been shown to reduce the risk of
hypertension by 26% (32). A more realistic intervention may be to prevent
further weight gain, as it is estimated that a 1 kg increase in weight is associated
with a 5% increase in risk of hypertension (32).

DYSLIPIDAEMIA

Adverse lipoprotein concentrations are commonly observed in those with Type
2 diabetes, with 40–50% of subjects having an abnormal profile (33). The most
characteristic lipid pattern in diabetes is a high serum triglyceride level and a
low HDL cholesterol level. Raised serum triglyceride levels lead to the
synthesis of TG-enriched VLDL from the liver, promoting an unfavourable
lipid exchange between lipoproteins. This results in an increased clearance of
the more protective HDL cholesterol from the circulation and an increase
in the more atherogenic LDL cholesterol. Weight loss can help to reverse this
TG-driven atherogenic process and promote a more favourable shift in the
LDL cholesterol profile of an individual, through the generation of larger and
less dense LDL particles, which are less of an atherogenic threat (34). Lean et
al. (26) investigated the effects of weight loss in newly diagnosed diabetic
subjects. Their results support the benefit of modest amounts of weight loss
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and at 6 years they found that an initial and sustained weight loss of 9 kg had
associated improvements in lipid and lipoprotein levels.

QUALITYOF LIFE

Although the evidence of the physical benefits of weight loss is sustained and
unequivocal, arguably, it is improvements in the quality of life that are more
significant for the obese individual with Type 2 diabetes. Diabetes itself is a chronic
condition, which severely affects daily living. It is estimated that the average person
with diabetes is willing to trade away 12% of his remaining life in return for a
diabetes-free health state (35). For many with Type 2 diabetes, this is further
compounded by the burden of obesity. Compared to the general population, obese
subjects report significantly worse physical, social and role functioning and worse
perceivedgeneral health, with themorbidly obese experiencing greater distress than
the moderately to severely obese. In addition, the obese also report significantly
greater disability due to bodily pain than patients with other chronic medical
conditions (36). Encouragingly, a trial of 13 weeks weight loss treatment resulting
in ameanweight loss of 8.6+2.8 kg showed significant improvements in all of these
domains.

APPROACHES TO WEIGHT MANAGEMENT

In theory, the management of the obese diabetic patient should not differ from
that of the obese non-diabetic patient. However, it has been reported that
weight loss is much more difficult for Type 2 diabetic subjects than obese non-
diabetic subjects. For example, 12 overweight diabetic patients treated in a
behavioural weight loss programme for 20 weeks lost significantly less weight
than their non-diabetic spouses on the same programme (29). Although it
appears that dietary adherence alone may account for the difference, a small
sample size and family dynamics may be confounding factors in these results.
Indeed a more recent study using larger numbers and unrelated subjects
showed that, on the contrary, Type 2 diabetic subjects can lose as much weight
as their non-diabetic peers during active treatment but that the diabetic
subjects regain significantly more weight at 1 year follow-up (37). This suggests
that weight loss maintenance rather than initial weight loss is the main problem
for these individuals. Both studies demonstrate the complex interplay between
obesity and diabetes. Indeed the many physical, social and psychological
burdens of these two chronic conditions make it important from the outset to
build a trusting and non-judgemental relationship with the patient. The aim of
the initial assessment should be to gather information needed to make a
decision about the direction of future treatment (38). The general goals of
weight management can be considered as follows:
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1. To prevent further weight gain
2. To reduce body weight
3. To promote long-term maintenance of weight loss

ASSESSMENT OF OBESITY

Measurement of height and weight, in order to determine the BMI, is the initial
step in the clinical assessment of obesity. Waist and hip circumference
measurements provide information as to the distribution of weight, with a
waist circumference measure of >102 cm in men and >88 cm in women
associated with increased risk of CHD (39). More sophisticated measures of
body fat can be made using other techniques such as bioelectrical impedance,
dual energy X-ray absorptiometry, densitometry and isotope dilution,
although these techniques tend to be expensive, complex and are generally
confined to a research setting.

RISK FACTORS FOR OBESITY

The patient’s age is important in determining risk from obesity and generally
there is greater risk from obesity in those under 40 years of age. Taking a
weight history can ascertain the onset and duration of obesity as well as the
pattern of weight gain and weight loss throughout the individual’s life.
Longitudinal studies have shown that weight gain confers a greater risk of
cardiovascular disease than an unchanging level of obesity (40). In addition,
the longer the duration of obesity the more difficult treatment may be. Gender
is another variable that impacts on the development of obesity, with women
generally having a higher prevalence of obesity compared to men, especially in
middle age (41). Reproductive function can be affected in younger women, with
menstrual disorders including irregular bleeding and amenorrhea being more
common among obese females.

Various medical/genetic causes of obesity must also be considered.
Endocrine conditions associated with weight gain include hypothyroidism,
Cushing’s syndrome, hypogonadism in the male, polycystic ovary syndrome
(PCOS) in the female and growth hormone deficiency (42). Rare genetic causes
of obesity include Prader–Willi syndrome, Bardet–Biedl syndrome and
Cohen’s syndrome. Diabetes can be an obvious consequence of the severe
obesity associated with such syndromes.

FAMILYHISTORY

It is important also to establish a family weight history. Estimates of the
heritability of obesity vary, with some early estimates as high as 70% (43) to
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more recent estimates of 30–40% (44,45). The children of those with diabetes
are at an increased risk of developing the condition and the involvement of the
whole family in treating and preventing obesity should be encouraged.

ASSESSMENTOF CO-MORBIDITY

It is important to determine the presence of any cardiac risk factors such as
hypertension, hyperlipidaemia and cigarette smoking and to provide appro-
priate advice and therapy. The physical symptoms of obesity include reduced
mobility, joint pain, chest pain, breathing difficulties and sleeping difficulties,
and these should also be assessed. Conditions such as osteoarthritis and
gastrointestinal disorders such as gastric reflux can also be exacerbated by
excess weight. As well as measures of glycaemic control, measurements of
biochemical indices such as lipid levels and thyroid levels are advisable.

DIETARYHISTORY

A history of eating behaviour and if appropriate a current diet history can
provide information as to the eating patterns and food preferences of the
individual and can be used to begin to identify the changes needed.
Encouraging patients to monitor their own food intake and activity patterns
can be helpful in providing feedback to the patient on how to improve the
nutritional quality of the diet and how to identify and overcome barriers that
lead to overeating. Consideration should also be given to socio-economic and
cultural factors that influence the eating patterns of an individual, particularly
since diabetes is strongly associated with the Asian and African–Caribbean
populations in the UK.

Eating disorders and in particular binge eating are common among the
obese, with prevalence estimates of 23–46% in those seeking treatment (46).
Binge eating disorder has also been reported to be associated with Type 2
diabetes, but would appear to precede Type 2 diabetes in most patients. The
prevalence of binge eating disorder in those with Type 2 diabetes was recently
estimated as 10% among a sample of 322 German patients (47). Other forms of
disordered eating, including night eating syndrome, should also be considered
when assessing an obese individual.

ASSESSINGMOTIVATION TO LOSE WEIGHT

When conducting an assessment of obesity, it is important to establish the
ability and motivation of the individual to make lifestyle changes at that time.
The style of the therapist can be crucial in facilitating behaviour change (48)
and enhancing the confidence of the individual to be able to sustain changes.
Key skills include the core counselling skills of listening and reflecting,
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motivational interviewing techniques, as well as strategies such as cognitive
behavioural therapy (CBT).

OBESITY TREATMENT

It is a basic fact that excess body fat results from an imbalance between energy
input and energy output. Any obesity treatment will therefore have to attempt
to reverse this imbalance so that energy intake is less than energy expenditure.
However, obesity is a complex condition that involves the integration of social,
behavioural, cultural, physiological, psychological, metabolic and genetic
factors. It follows therefore that no single treatment option is likely to address
all components. Treatments need to be interwoven so that dietary counselling,
physical activity, behavioural therapy, pharmacotherapy and even surgical
treatment are provided in tandem. A multidisciplinary approach to weight
management is generally advocated, although where resources are limited this
may not always be achievable.

DIETARYMANAGEMENT

The dietary management of diabetes is focused on measures that will improve
glycaemic control. The high-fibre, high-carbohydrate and low-fat advice
advocated is a type of dietary regimen which should also encourage weight
loss. Increasingly, attention has also been given to the glycaemic index (GI)
within the dietary management of diabetes. It is interesting to note that diets
based on low glycaemic foods have been shown not only to improve blood
glucose control but also to cause greater weight loss than diets based on high
GI meals (49).

Ultimately, in order to lose weight, a reduction in overall energy intake is
required. A useful first step, therefore, is to calculate the energy requirements
of an individual based on their current body weight, age, gender and activity
levels using prediction equations such as those recommended by Lean and
James (50). Aiming for a weight loss of 0.5–1 kg/week involves reducing energy
intake by 500–1000 kcal/day. In conjunction with the individual, it is possible
to devise an eating plan which will provide a modest reduction in energy intake
and be more achievable than standard prescribed energy diets. Blanket energy
prescription, usually 1200 kcal for women and 1500 kcal for men, has been
shown to produce significant weight loss in several studies (51–53). For those
most overweight, however, a standard energy prescription can be several
thousand calories below their requirements. Frost et al. (54) compared a
1200 kcal dietary prescription to a daily energy deficit of 500 kcal in a group of
patients attending a dietetic weight management clinic. Their results showed
that those in the daily deficit group achieved a greater weight loss than those in
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the standard prescribed diet group, suggesting a greater compliance to a more
modest energy reduction. As well as aiming for a realistic reduction in energy
intake, the nutritional quality of the diet is important and it should provide all
of the essential nutrients in order to maintain health.

Several studies have looked at the effect of very low calorie diets (VLCDs) in
the treatment of diabetes (55,56). VLCDs are ‘nutrient-enriched’ regimens,
usually in the form of liquid drinks, which aim to provide less than 3300 kJ/
800 kcal of dietary energy per day. Mean weight losses with a VLCD range
from 1.5–2.5 kg/week, so that use over 12–16 weeks should produce close to a
20 kg weight loss. In practice, however, such weight loss is not always observed,
indicating that as with other dietary regimes, this change is difficult to sustain.
Maintenance of weight loss may be of particular concern with a VLCD
regimen, due to the significant calorie reduction from actual energy
requirements and the sharp divergence from normal eating patterns (57).
Following the termination of severe energy restriction, subsequent overeating
could be a compensatory response to the physiological or psychological effects
of food deprivation (58). VLCD regimens have been used in many short-term
studies with considerably fewer examining their long-term use. Often
improvements in glycaemic control in the obese diabetic patient are seen
within days of caloric restriction, suggesting that calorie restriction as well as
actual weight loss is responsible for improvements in blood glucose control.
The mechanisms for improved glycaemic control through calorie restriction are
unclear, but are thought to relate to a reduction in hepatic glucose output.
Wing et al. (59) studied a group of 93 obese Type 2 diabetic patients who were
randomised to receive two different degrees of calorie restriction, i.e. 400 or
1000 kcal/day. The study showed that the degree of calorie restriction,
independent of differences in the magnitude of weight loss, affected fasting
glucose levels and insulin sensitivity. It is recommended that VLCDs are
carried out under medical supervision only, with consideration given to long-
term maintenance of weight loss.

Whichever type of dietary regimen is adopted it is important to remember
that dissemination of information and direct persuasion alone are unlikely to
bring about sustained dietary change (60). Adopting a counselling approach
and developing skills in communication that facilitate behaviour change are
recommended to help people through the process of change necessary in
obesity treatment (61).

BENEFITS OFACTIVITY

Regular physical activity has been shown to confer a protective effect against
the development of diabetes, particularly in those individuals who are at
greatest risk of developing the condition (62–65). For the obese individual who
has already developed diabetes, regular physical exercise also has several
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clinical benefits. In any weight management programme, therefore, it is
essential that consideration be given to increasing physical activity. Treatment
strategies that combine physical activity with dietary changes are generally
much more effective than treatments which are exclusive to one or other
strategy (66). In general, any measure that increases modest daily activity, such
as avoiding lifts, or getting off the bus one stop earlier, is beneficial in
increasing energy expenditure. A sedentary obese individual performing 3 h of
any activity standing up rather than sitting down will increase his 24-h energy
output from 40% to more than 75% above the BMR (67). However, for the
obese individual with Type 2 diabetes, increasing daily activity patterns may
not be enough, and more intensive degrees of exercise need to be considered on
an individual basis.

Physical activity has a positive effect on insulin action, thus improving
glucose control and insulin sensitivity (68). In addition, exercise improves lipid
profiles by reducing serum TG and VLDL and raising HDL concentrations.
Improvements in blood pressure have also been observed, independent of
weight loss. Cardiac fitness is improved, with the risk of myocardial infarction
reduced by 35–50% (69). Evidence suggests that these benefits are not uniform
and that, in general, younger (40–54 years) individuals with Type 2 diabetes, in
the early stage of disease, are more likely to benefit from the effects of exercise
(70). In addition, the greatest benefits from physical activity may be in the
weight maintenance phase of obesity management (71).

The psychological benefits of exercise are equally important for the obese
individual with Type 2 diabetes. Reductions in anxiety levels, improved body
image and higher self-esteem promote greater self-efficacy and help the
individual to cope with stressful situations which often result in overeating and
relapses (71,72).

While exercise improves insulin action, the effects of physical training
disappear within days when discontinued, so consideration must be given to
the nature and duration of the activity. Programme activities need to be regular
and of at least moderate intensity (73). Aerobic activities, e.g. walking,
swimming, cycling, for 20–60min at moderate or greater intensity for 3–4 days/
week will benefit glycaemic control and at least 5 days a week will assist weight
loss (74,75). The value of walking as an exercise strategy for those with Type 2
diabetes should not be overlooked. Those asked to walk 10 000 steps a day,
and maintain a 1000 kcal deficit diet, lost more weight and had greater
improvements in insulin sensitivity than those on diet alone (76).

Unfortunately, obese persons with Type 2 diabetes identify more barriers to
exercise than to any other aspect of the diabetes self-care regimen, with specific
complaints of physical discomfort, fear of hypoglycaemia, being too over-
weight to exercise and lack of family support (77). Physical discomfort as a
limiting factor has to be considered from the perspective of both obesity and
diabetes. Obese women report higher degrees of perceived pain and exertion
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when walking than non-obese, suggesting that this moderate intensity activity
is actually more intense for the obese due to the greater relative oxygen cost of
walking (78). In addition, the myriad of macrovascular and microvascular
complications associated with diabetes may increase discomfort during activity
and limit endurance and flexibility (71). Patients with proliferative retinopathy
or hypertension, for example, should avoid resistance training and high-
intensity exercises and those with peripheral neuropathy are advised to pursue
activities such as swimming, where the ankle and foot are not under stress.
Advice regarding appropriate footwear, foot inspection and adequate
hydration should be given and those at risk of hypoglycaemia should take
care to adjust insulin doses and consume sufficient carbohydrates (79). The
emergence of exercise referral schemes may be an important development for
the treatment of obesity in Type 2 diabetes (1).

BEHAVIOURALTHERAPY

Behavioural treatments for obesity originated in the 1960s and were founded
on the concept that altering behaviours associated with eating and activity
could be central to weight loss. Specific strategies include self-monitoring of
both eating habits and physical activity, stress management, stimulus control,
problem solving, contingency management, cognitive restructuring and social
support. Treatments employing cognitive behavioural therapy (CBT)
generally achieve levels of between 5–10% weight loss. A notable fact with
regard to studies which have investigated CBT as a treatment strategy is that
drop-out rates are very low. Over 80% of subjects who enter behavioural
treatments complete the programme and are available for follow-up (80). It is
recognised that CBT may produce the best results when combined with other
treatments (81).

PHARMACOLOGICALMANAGEMENT

There is incontrovertible evidence to show that early pharmaceutical
intervention achieves better glycaemic control and reduces macrovascular
and microvascular outcomes for Type 2 diabetic subjects (82). However, the
conflict for obese diabetic patients between the need to achieve glycaemic
control whilst minimising weight gain poses a challenging dilemma, as weight
gain is an unfortunate consequence of several diabetic medications, a summary
of which is provided in Table 8.2 (83).

Despite the undoubted ability of insulin to influence glycaemic control and
microvascular outcomes, the mean weight gain by insulin-treated Type 2 obese
subjects after 6 years is 10.4 kg. Sulphonylureas have a similar, but less
pronounced effect, with a mean gain of 4.9 kg (84). For this reason, there is a
general reluctance to use insulin in particular with the obese, although there is

122 NUTRITIONALMANAGEMENTOFDIABETESMELLITUS



some evidence that the use of basal insulin as opposed to meal-time insulin will
lessen the weight gain effect (85). Newer agents such as the thiozolidinedione
insulin sensitisers remain controversial, as the impact of undesirable
subcutaneous weight gain, despite reductions in the more harmful visceral
fat, continues to be debated (8).

a-Glucosidase inhibitors such as acarbose, although generally less effective
hypoglycaemic agents, may have some value in the management of the obese
Type 2 diabetic patient. Although they generally have a neutral effect on
weight, some studies suggest they cause modest weight loss and are thought to
act by reducing the energy available from carbohydrates by delaying
fermentation in the gut (86).

Biguanides such as metformin, on the other hand, have a weak anorectic
action, and were shown by the UKPDS to be the treatment of choice for the
obese Type 2 diabetic patient, causing no weight gain relative to conventional
policy and demonstrating a cardio-protective effect by reducing the rates of
mortality and myocardial infarction (87).

Furthermore, there is some evidence that the combination of metformin with
intensive insulin therapy can negate the weight gain caused by insulin (88).
However the effects of metformin on microvascular outcomes are less
favourable than insulin, and for many patients its side-effects and contra-
indications mean that it is not a viable option.

Clearly there is no easy way for an individual with diabetes who is obese to
improve glycaemic control, reduce microvascular and macrovascular compli-
cations and lose weight at the same time. A more rational approach may be to
address the problem of obesity first, using agents that cause weight loss as a
primary effect and achieve reductions in hyperglycaemia as a desirable
consequence. One such agent is orlistat, an intestinal lipase inhibitor, which
acts enterically to inhibit the absorption of approximately 30% of dietary fat
(89). Orlistat is recommended for use in those aged 18–75 years with a BMI 28–
30 kg/m2, in the presence of significant co-morbidities and in those with a
BMI>30kg/m2 with no associated co-morbidities. Patients are required to
demonstrate a weight loss of at least 2.5 kg in the month prior to the drug being
prescribed. The NICE (90) guidelines in the UK have also recently
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Table 8.2 Anti-diabetic agents and their impact on body weight

Anti-diabetic agent Effect on body weight

Sulphonylureas (e.g. gliclazide) +
Biguanides (e.g. metformin) 7
a-Glucosidase inhibitors (e.g. acarbose) 7
Thiazolidinediones (e.g. pioglitazone, rosiglitazone) +
Insulin ++

Source: Adapted from Hauner (83).



recommended that continuation of this therapy beyond three months should be
supported by evidence of a loss of at least a further 5% of body weight, and
beyond six months by evidence of at least 10% weight loss. Several clinical trials
have been conducted to examine the efficacy of this drug treatment in obese
diabetic and non-diabetic patients (89,91). While over a one-year period, Type 2
diabetic subjects taking sulphonylureas and orlistat lost less weight than non-
diabetic subjects taking orlistat (mean 6.2 kg vs 9.5 kg), the subsequent
improvements in HbA1c reduced the need for diabetic medication and had
favourable effects on lipid profiles and hypertension. In addition, improvements
in the insulin resistance index of obese non-diabetic subjects, proportional to
the degree of weight lost, suggest that orlistat may have a valuable role in the
delay of onset or perhaps the prevention of Type 2 diabetes in the obese (92).

Sibutramine is a selective serotonin and noradrenaline reuptake inhibitor,
which promotes weight loss. The blocking of serotonin reuptake has a satiety
enhancing effect and inhibition of noradrenaline uptake promotes thermogen-
esis. Sibutramine has only recently been licensed in the UK, the drug having
been available on prescription in the USA for considerably longer. The results
of the clinical trials show that obese non-diabetic patients are more able to
achieve a 5–10% weight loss with sibutramine than with placebo, although the
positive effects are dose-related. A 10mg dose results in a mean weight loss of
5.5% and a 15mg dose a loss of 7.2% (93). For the Type 2 diabetic patient who
loses weight with sibutramine, the ensuing improvements in all modifiable risk
factors are proportional to the degree of weight lost, with significant
improvements, specifically a reduction in HbA1c of 0.4%, seen in those who
lost >5% of body weight (94). As a word of caution, slight increases in pulse
and blood pressure (2–3mmHg) are associated with sibutramine, but in the
long term, weight loss results in a net decrease in blood pressure.

SURGICAL INTERVENTION

Surgery is a treatment option which is usually only advised for patients with
severe obesity (BMI>40kg/m2), although some centres are now opting to use
this in patients with a BMI>35 kg/m2 if significant co-morbidity is present.
There are two types of obesity surgery: (1) restrictive procedures and (2)
combined restrictive and malabsorptive procedures. Restrictive surgery uses
bands or staples to create a stomach pouch, thereby producing a restriction in
food intake. Examples of restrictive procedures include the vertical banded
gastroplasty (VBG) and the laprascopic banding procedure. Combined
restrictive and malabsorptive surgery involves a combination of restrictive
surgery with bypass or malabsorptive surgery, in which the stomach is connected
to the jejunum or ileum of the small intestine, bypassing the duodenum. Roux-
en-Y gastric bypass is the most commonly performed gastric bypass procedure.
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In terms of the percentage of excess weight loss, results range from 50% for
restrictive procedures to 60–70% for malabsorptive procedures.

Results from the surgical treatment of obesity provide the most convincing
evidence of the benefit of weight loss in Type 2 diabetes. The Swedish obese
subjects (SOS) study is a recent prospective trial, which has demonstrated the
effect of surgically induced weight loss on the incidence of diabetes mellitus
(95). The intervention consists of a surgically treated group of severely obese
individuals and a matched group of weight-stable obese controls. This study
provides overwhelming evidence that weight loss not only helps reduce, treat
and eliminate diabetes, but also that losing weight can prevent the onset of
diabetes. The surgically treated patients lost an average of about 60% of their
body weight, with the incidence of hyperinsulinaemia and high blood glucose
significantly decreased compared with the medically treated group. For the
8 years these patients have been followed, one consistent factor has held up –
weight loss maintains improvements in insulin sensitivity, helps decrease the
incidence of diabetes, and effectively treats Type 2 diabetes. Pories et al. (96)
followed 608 patients who had undergone gastric bypass surgery for up to 14
years. At 1 year, there was an average weight loss of 100 lb, which was
maintained by the majority of patients at 5 years. About 83% of the 146
patients with diabetes experienced a return to normal levels of plasma glucose,
glycosylated haemoglobin and insulin. In 152 patients with impaired glucose
tolerance, more than 98% achieved normal glucose tolerance post-surgery. It is
interesting to note however that even before a large weight loss was obtained,
post-surgery glycaemic control improved.

Surgical intervention requires long-term follow up to help patients adjust to
the surgery and change their eating habits. Vitamin supplementation,
particularly vitamin B12, will be necessary in patients who have undergone
malabsorptive surgery.

While the results from the studies of obesity surgery are impressive, as pointed
out by Pinkney et al. (97), it should be remembered that no trials have been
designed with diabetes as the central focus and moreover few patients on oral
agents or insulin have been reported on. There is a need therefore for more large-
scale, long-term prospective studies specific to diabetes before firm conclusions
can be drawn as to the role of obesity surgery in diabetes management.

CONSIDERATIONS INMANAGING OBESITY WITHIN
DIABETES CARE

It would be unusual to find the overweight patient with diabetes who has not at
one time or another been advised to ‘lose some weight’. For the patient faced
with the prospect of attempting to achieve this it can be helpful first of all to
quantify the amount of weight loss which we now know can bring clinically
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significant benefit, i.e. 5–10% of current body weight. Although the results of
obesity surgery provide compelling evidence that an even greater amount of
weight loss can significantly reduce the need for medication and in some cases
eliminate the need for any further treatment, obesity surgery will not be
appropriate for or accessible to many people with diabetes. It is important
therefore that an achievable degree of weight loss is promoted and that a
greater understanding of the benefits of a more modest amount of weight loss
in the treatment of those with Type 2 diabetes is gained. In addition, with many
studies demonstrating weight regain following a period of weight loss, the
importance of weight maintenance needs to be more strongly emphasised.

Also in advising patients to ‘lose some weight’ it is to be questioned whether
current services are designed to help patients to achieve this. Obesity, like no
other condition, is considered to be solely under the control of the individual,
and as such can lead to the view that there is little that can be done by the
health professional to alter this. This belief could easily impact upon the
priority given to weight management within the realm of diabetes care. It could
be argued however that the ‘medical’ treatment of obesity is in effect still in its
infancy, with only 50% of the health authorities surveyed in the National
Audit Office report of England and Wales (1) indicating that they had a
dedicated obesity strategy in place. Weight loss achieved through changes in
lifestyle is not impossible and perhaps before we dismiss weight loss as an
unattainable ideal we need to consider whether we offer adequately funded,
comprehensive and effective weight management programmes.

In the pharmacological management of diabetes it has already been
highlighted that finding a regimen which complements both glycaemic control
and weight loss is a challenge. With a greater number of anti-obesity drugs
emerging there is a need to investigate more fully their potential as front-line
treatments in the management of the obese Type 2 diabetic patient. While it is
not questioned that treating hyperglycaemia reduces complications in diabetes,
the long-term benefit of reacting to what is in effect the consequence of obesity
rather than reacting to the obesity itself is controversial. At a certain level of
obesity, or if weight continues to increase, there will inevitably be a finite limit
to the effectiveness of anti-diabetic agents and we need to consider whether a
‘reactive’ approach is the most effective in the long term.

Finally, more and more evidence is emerging to suggest that prevention
strategies are extremely important, particularly since the escalation in the levels
of obesity has seen a corresponding increase in the incidence of diabetes.
Indeed in Europe alone, the number of diabetic patients is predicted to increase
from 16 million in 1994 to 24 million in 2010 and indicates that the 21st century
will herald an astounding increase in both the financial and social costs of
diabetes (98). Impaired glucose tolerance is in effect the first stage of Type 2
diabetes and consideration must be given to (a) how such individuals can best
be identified and (b) whether more rigorous intervention at this stage would be
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a more cost-effective method of tackling the impending diabetes epidemic in
the long term. Modest weight loss, for example in high-risk subjects, could help
to prevent a substantial number of cases of diabetes from ever developing (64,
65). The studies which have highlighted the benefits of weight loss in preventing
progression to diabetes from IGT involved reductions in body weight of on
average <5kg. These findings again lend credence to the message that weight
loss does not have to be extensive in order to modify the risk of diabetes.

SUMMARY

. Obesity is a chronic condition that impacts greatly upon the development,
the progression and the consequences of diabetes.

. Weight management should form an integral part of the management of
diabetes, with a strong emphasis on the prevention of obesity.

. The traditional emphasis on achieving pharmacologically driven glycaemic
control can make weight loss difficult. Consideration should be given to the
provision of a multi-skilled weight management service as part of the front-
line therapy in diabetes treatment.
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INTRODUCTION

In people with diabetes three out of four deaths are caused by cardiovascular
disease (1). There is a three- to fivefold increase in myocardial infarction (MI),
with an increase up to 10–15-fold once diabetic neuropathy develops. Angina
and left ventricular failure are common, while interventions such as angioplasty
and coronary artery bypass grafting have worse outcomes in people with
diabetes compared with non-diabetic people (2). Thus the management of Type
2 diabetes is largely about addressing cardiovascular risk factors.

The vast majority of people with Type 2 diabetes have associated insulin
resistance which is now recognised as the key pathophysiological defect.

INSULIN RESISTANCE SYNDROME

Reaven, at his Banting Lecture in 1988 (3), first proposed a widespread role for
insulin resistance in common diseases such as coronary heart disease, Type 2
diabetes, obesity and hypertension. He proposed an insulin resistance
syndrome (IRS) (or Syndrome X) as a unifying theory for a cluster of adverse
metabolic changes (Table 9.1). Each of these changes have been independently
shown to be related to a risk of cardiovascular disease. Insulin resistance is also
a strong marker for the risk of developing Type 2 diabetes and therefore a
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reduction in insulin resistance is a key goal which may delay the onset of Type
2 diabetes. Thus dietary advice to reduce insulin resistance (or increase insulin
sensitivity) is essential.

IRS affects lipid metabolism as well as carbohydrate metabolism. Alterations
in the lipid profile, as described in Table 9.1, are at the centre of the insulin
resistance syndrome (4).

This cluster of risk factors is commonly seen in the presence of obesity,
which is thought to contribute to the development of both Type 2 diabetes and
increased cardiovascular risk.

In Europe, modest improvements in CHD mortality have occurred during
the last two decades (5). It is likely that some of this reduction in CHD
mortality is a result of health strategies first introduced in the 1960s that
targeted modifiable CHD risk factors. These included discouraging smoking,
treating hypertension and lowering cholesterol concentrations. Despite modest
falls in the non-diabetic population, no improvement in CHD has occurred
within the diabetic population (6).

PRESENCE OF INSULIN RESISTANCE BEFORE THE ONSETOF TYPE 2
DIABETES

It is interesting to note that although the incidence of people with diabetes in
the UK is thought to be around 5%, the number of people with insulin
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Table 9.1 Metabolic and related disorders associated with the insulin resistance
syndrome

Glucose metabolism Hyperinsulinaemia
Glucose intolerance

Lipid metabolism Hypertriacylglycerolaemia (particularly elevation of VLDL-TG
and VLDL-apolipoprotein B)

Exaggerated postprandial lipaemia
Decreased HDL-cholesterol concentrations
(particularly HDL2-cholesterol)

Preponderance of small dense LDL-cholesterol particles

Other Hypertension
Increased coagulation (PAI-1)
Central obesity
Increased body flux of non-esterified fatty acids (particularly
impaired postprandial suppression)

Clinical correlates Cardiovascular disease
Type 2 diabetes
Gout
Breast cancer

Source: Adapted from Reaven (4).



resistance is nearer 25% (7). There are strong genetic determinants for the
development of insulin resistance. The offspring of people with Type 2 diabetes
have been shown to be more insulin resistant than those with no family history
and this relationship is independent of obesity (8). Non-diabetic first-degree
relatives of people with Type 2 diabetes also have similar thrombotic risk
clustering to their diabetic relatives (9).

In 1990 Haffner et al. (10) theorised that macrovascular complications start
to develop very early on, initiated by insulin resistance and/or hyperinsulinae-
mia in the prediabetic state, whereas microvascular complications develop after
sustained hyperglycaemia. In the Quebec heart disease study high fasting
insulin concentrations were reported to be an independent predictor of
ischaemic heart disease in men (11). However, a meta-analysis of a prospective
population-based cohort and case-controlled studies, reported by Ruige et al.
in 1998 (12), found a weak relationship between plasma insulin levels and
CVD, suggesting that other risk factors, such as lipids, must also be involved.

NOTJUST FASTING LIPIDS BUT POSTPRANDIAL LIPID
CONCENTRATIONS

Only 50% of CHD is explained by traditional risk factors such as smoking,
hyperlipidaemia, hypertension and diabetes. This may be because most risk
factor assessments and many public health campaigns have focused on fasting
lipid levels as their main criteria rather than diets to reduce many of the
postprandial metabolic disturbances attributed to insulin resistance. Much of
the current work in this area is investigating the role of lipids in the
postprandial state.

OBESITYAND INSULIN RESISTANCE

Obesity is the most common condition associated with insulin resistance (13).
Obesity is a health problem reaching epidemic proportions in Western
countries. In the UK alone some 16% of men and 18% of women are obese
(14). Obesity can be defined as a body mass index (BMI) greater than 30 kg/m2.
Insulin resistance is frequently observed in obese subjects and constitutes an
independent risk factor for the development of Type 2 diabetes and
atherosclerosis. The importance of increasing visceral fat (measured by
waist:hip ratio) as a risk factor for insulin resistance and cardiovascular
disease has also been demonstrated (15).

Weight loss improves insulin sensitivity and any type of therapy, whether it
is dietary or pharmacological, that can aid effective weight loss and/or weight
maintenance will help prevent some of the deleterious metabolic changes
associated with insulin resistance.
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SUMMARYOFDISTURBANCES ATA CELLULAR LEVEL IN INSULIN
RESISTANCE

At a molecular level cellular factors have been identified that can markedly
influence insulin action either directly or indirectly. These include tumour
necrosis factor (TNF)a, glucose transporters (GLUT) and peroxisome
proliferator activated receptor (PPAR)g, while increased glucose flux has been
shown to induce insulin resistance in skeletal muscle. For a more detailed review
see Garvey and Birnbaum (16). There is also likely to be a genetic
predisposition to insulin resistance (17).

Current treatments of Type 2 diabetes have little impact on reducing insulin
resistance and this may explain why treating diabetes has only marginal
benefits on reducing CHD mortality. It is hoped that with the introduction of
thiazolidinediones, a novel class of oral agents that reduce insulin resistance,
this may change.

Environmental influences on insulin sensitivity are not yet completely
understood. Exercise has a strong beneficial effect (18) and obesity a strong
adverse effect. The effects of diet on insulin sensitivity are discussed later.

DYSLIPIDAEMIC LIPID PROFILE

Patients with Type 2 diabetes have an abnormal lipid profile with high levels
of LDL-cholesterol and triglycerides (TG) and a low level of HDL-
cholesterol. Data from the Multiple Risk Factor Intervention Trial
(MRFIT) (19) suggest that although levels of total cholesterol and LDL-
cholesterol do not differ significantly between patients with and without
diabetes, those with diabetes have higher concentrations of atherogenic small
dense LDL-cholesterol particles.

A few years ago effects on TG were seen as largely irrelevant, as it was
thought that the relationship between TG levels and CHD was weak. However
fasting plasma TG concentrations have recently been demonstrated to be an
independent risk factor for the development of CHD (20). In a meta-analysis of
17 population-based studies, TG concentrations were particularly important in
relation to CHD risk, where a 1mmol/l increase in plasma TG increased
cardiovascular risk by 32% in men and 76% in women.

DIETARY MANIPULATION

While diet is the mainstay of therapy for people with Type 2 diabetes, the ideal
dietary guidelines remain unsettled. Current recommendations aim to promote
good glycaemic control and maintain ideal body weight while reducing the risk
of CHD through improved lipid profiles. These are very much in line with the
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recommendations of the Committee on Medical Aspects of Food (COMA) on
diet and cardiovascular disease. In addition to this there is a move away from
defined macronutrient prescription and a move towards the treatment of risk
factors in the context of lifestyle, behavioural and individualised changes that
the patient is willing and able to make. Cultural and ethnic background should
be taken into account.

The Stanford group led by Reaven, as well as groups led by Katan, Grundy
and Willet have argued for many years that guidelines for CHD and diabetes
should be changed from the historic high-carbohydrate/low-fat diet philoso-
phy. They recommend lowering the carbohydrate level and increasing energy
from monounsaturated fats which do not demonstrate the postulated
detrimental effects of carbohydrate on TG (21).

FATAND INSULIN SENSITIVITY

Himsworth first made the association between increased dietary fat and insulin
resistance in the 1930s and since then much has been published on these effects.
In a recently published review on the subject by Storlien et al. (22), the premise
was developed that the type of fatty acids eaten may be as important as the
quantity of fat in the diet. High-fat diets, particularly high saturated fat, are
associated with the development of Type 2 diabetes and glucose intolerance,
while the intake of long-chain fatty acids, in particular n-3 fatty acids, seems
protective.

In addition the San Luis Valley Diabetes Study found that high saturated fat
and low starch and fibre intakes were associated with hyperinsulinaemia in a
non-diabetic population (23).

It has also been demonstrated, using the euglycaemic hyperinsulinaemic
clamp method, that increased monounsaturated fat improves insulin sensitivity
and glycaemic control while having no adverse effects on lipids (24,25). The
mechanism for this is uncertain (26).

FATAND PLASMA LIPIDS

A high intake of saturated fatty acids has been associated with an increased
incidence of CHD, presumably because a high saturated fat intake increases
LDL-cholesterol and reduces HDL-cholesterol (27).

The lipid-lowering effects of monounsaturated fatty acids (MUFAs)
compared to n-6 polyunsaturated fatty acids (PUFAs) are well studied,
suggesting that PUFAs may be more potent at lowering plasma LDL-
cholesterol and TG (27).

There is accumulating evidence in the literature that increasing the
percentage of total energy contribution from MUFA fat has a positive effect
on lipids as well as improving glycaemic control in people with Type 2 diabetes.
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In a review by Garg (26) monounsaturated fat diets compared to high-
carbohydrate diets reduced fasting TG and VLDL-cholesterol by 19% and
22% respectively, with a modest increase in HDL-cholesterol without
adversely affecting LDL-cholesterol (25).

CARBOHYDRATE AND INSULIN SENSITIVITY

Daly et al. (28) have recently reviewed the evidence and clinical implications of
dietary carbohydrates and insulin sensitivity. This is a controversial area.
Extensive studies in animals show a detrimental effect of diets very high in
fructose or sucrose, particularly in association with induction of hypertrigly-
ceridaemia. The more limited results in human studies show conflicting results,
partly because of heterogeneity of design. Certain groups of subjects such as
the elderly, sedentary subjects, those with established coronary artery disease,
males and hyperinsulinaemic subjects may be more sensitive to very high
intakes of sucrose and fructose than others.

CARBOHYDRATE AND PLASMA LIPIDS

The elevation of blood lipid concentrations in response to large amounts of
dietary sugars, particularly fructose and sucrose, has been recognised for many
years. There are also many other variables that can influence postprandial TG
concentrations, such as obesity, excessive alcohol consumption, genetic
background and renal failure.

High-carbohydrate diets are reported to increase TG, mainly in short-term
studies (29). However, most of these studies have been poorly controlled and
have been very short term and thus the evidence is poor. Turley et al. (30)
recently demonstrated that free-living healthy subjects randomised to a high-
carbohydrate diet (59%) had no detrimental effect on fasting TG concentra-
tions over a six-week period.

The literature contains conflicting findings, particularly in studies that
contain >20% of energy from sucrose or >5% from fructose, where both
sugars have been shown to raise TG concentrations. In studies containing
amounts of sugars more typical of dietary habits in the Western world, elevated
plasma TG concentrations are not usually observed (29). Interestingly, the
glycaemic index of carbohydrate was significantly related to serum HDL-
cholesterol in a retrospective cross-sectional study of 2200 middle-aged adults,
where a low glycaemic diet was the only dietary variable related to the CHD
risk factors measured (31).
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OTHER NUTRITIONAL FACTORS ASSOCIATED WITH
REDUCED CARDIAC RISK

FISH AND OMEGA-3 FATTYACIDS

The cardioprotective benefits of the ‘Mediterranean’ diet and its reduction of
mortality are strikingly evident in the results of studies such as the DART
study (32) and the Lyon Diet Heart Study (33). The results of these studies are
not solely due to the regular inclusion of oily fish, but this did have a key role.
Oily fish such as mackerel, herring, sardines, trout and salmon are a rich source
of the n-3 polyunsaturates. Eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), the long-chain omega-3 PUFAs, are thought to be beneficial due
to their anti-thrombolytic and anti-inflammatory action as well as their
triglyceride-lowering effects. The UK Department of Health has recommended
to the general population that they consume two portions of fish (100 g or
3–4 oz portion) a week, one of which should be oily (34). People with diabetes
should be encouraged to include oily fish in the diet, ideally two to three times a
week (35). Fish oils are increasingly available in capsule or liquid form. These
should provide approximately 0.5–1.0 g of n-3 fatty acids per day. Vegetarians,
or those allergic to fish, can optimise their n-3 intakes by using vegetable n-3
sources (rapeseed, canola, linseed and flax oils), but the conversion rate is low
and other polyunsaturates can compete.

STANOLS AND STEROLS

Foods enriched with plant stanols and sterols have recently been introduced to
the market. Plant sterols and stanols, which are structurally closely related to
cholesterol, effectively inhibit the absorption of cholesterol. Plant sterols occur
naturally in vegetable oils such as soybean and rapeseed, whereas plant stanols
are found in tall oil, a side-product of paper manufacture. Manufactured
products containing these products include spreads, cereal bars, cheeses, milk,
ice cream and yoghurts. The optimal dose appears to be 1.6–2.0 g/day which
equates to *20 g spread/day. For these products to be effective the
recommended intake should be consumed daily. This results in a 9–14%
decrease in LDL-cholesterol (36). Moreover, these agents complement the
action of the statin drugs, particularly in poor responders to drug therapy who
have high rates of cholesterol absorption from the gut but low rates of
cholesterol synthesis in the liver. However, concern exists regarding absorption
of fat-soluble vitamins. Randomised trials have shown that plant sterols and
stanols lower the blood concentration of b-carotene by about 25%, the
concentration of a-carotene by about 10% and the concentration of vitamin E
by about 8%. However, since these vitamins protect LDL-cholesterol from
oxidation and stanols/sterols decrease the amount of LDL-cholesterol, these
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changes may self-adjust. Patients should be encouraged to eat foods containing
stanols and/or sterols daily to reduce LDL-cholesterol.

SOYA PROTEIN, FLAVONOIDS AND PHYTO-OESTROGENS

The efficacy of soya and soya derivatives in lowering total cholesterol and
LDL-cholesterol was recently supported by the US Food and Drug
Administration (FDA) approving a health claim about the role of soya
protein in reducing the risk of CHD. In 1999 the FDA finalised a rule that
authorises the use on food labels and in food packages under FDA jurisdiction
of the health claims concerning the association between soya protein and
reduced risk of CHD: ‘25 g of soya protein a day, as part of a diet low in
saturated fat and cholesterol may reduce the risk of heart disease’ (37). Serum
total cholesterol and LDL-cholesterol concentrations can be lowered by about
13%, plasma TG by 10% and HDL-cholesterol goes up by about 2% (38), and
these beneficial effects are also seen in people with Type 2 diabetes (39). It is
unclear if the benefits come from the main phyto-oestrogens found in soya,
diadzein and genistein or from the soy protein itself. Epidemiological evidence
suggests high intakes of flavonols such as onions, broccoli, apples and tea may
reduce the risk of CHD or certain cancers – however, as yet, prospective data
in disease prevention is lacking.

EGGS

In 2001 the American Heart Association relaxed its recommendations concerning
the restriction of eggs and other high-cholesterol foods for the general healthy
population, allowing people on plasma cholesterol-lowering diets five to six
eggs a week. However, in a recent meta-analysis concern remains in the
diabetic population where higher egg consumption was associated with an
apparent increased risk of CHD (40). Further research is called for and
continuing egg restriction for people with diabetes should be maintained.

GARLIC

Garlic shows some promise for improving some cardiovascular risk factors.
Studies suggest small short-term benefits of garlic on some lipid and
antiplatelet factors (41). However, conclusions about the true effects of garlic
are limited by the marginal quality and short duration of many studies. Debate
also continues regarding the quantity of garlic needed to see an effect, with
some studies reporting an intake as high as three bulbs per day. The
implication for clinical practice is that this may not be the most effective way to
reduce lipid levels, but if the patient enjoys garlic then do not dissuade the use
of it.
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HOMOCYSTEINE AND FOLIC ACID

Elevated plasma homocysteine has been shown in many studies to be an
independent marker for an increased risk of cardiovascular disease (42). The
mean plasma homocysteine level is usually low or normal in DM patients
except when nephropathy is present. Levels in that case tend to be higher than
in people without diabetes. For people with diabetes an independent
association with homocysteine and CVD has been shown in retrospective
studies. Prospective studies showed an association between elevated homo-
cysteine and all-cause mortality in DM patients. In general, the association
between elevated levels of homocysteine and an adverse outcome was stronger
for people with diabetes compared with non-diabetics.

Homocysteine is formed as a result of the breakdown of the dietary amino
acid methionine. This is dependent on the presence of four B vitamins (vitamin
B12, vitamin B6, folate and riboflavin). Homocysteine reference ranges still need
to be clarified, as does the mechanism by which homocysteine damages the
vasculature.

To try and prevent a raised homocysteine level, patients should be
encouraged to have five portions of fruit and vegetables each day to ensure
that adequate amounts of vitamins and minerals are consumed. The
combination of vitamins that most effectively lowers homocysteine levels has
yet to be discovered. If supplementation with B vitamins is going to form part
of a public health strategy to prevent vascular disease, it is important, to avoid
toxicity, that the lowest effective dose is found.

In the USA, grain products are fortified with folic acid at a level of 1.4 mg/g
of product. Although this is primarily to prevent neural tube defects, it is also
hoped that it may be beneficial for vascular disease prevention. Promotion of
foods high in the appropriate B vitamins should therefore be encouraged
within a healthy diet. There continues to be doubt as to whether
supplementation should be encouraged until further research has been
completed, and specific information on target groups such as people with
diabetes is lacking.

COFFEE

The evidence remains ambiguous regarding the effect of coffee on CHD (43).
The association between CHD and coffee consumption has been weakened by
long-term follow-up. These findings may possibly be explained by a change in
the type of coffee consumed. A lipid-rich fraction from boiled coffee seems to
increase serum cholesterol concentration. When boiled coffee is filtered the
lipid-rich factor is retained in the filter paper and the effect on cholesterol is
reduced substantially (44).
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An elevated plasma concentration of total homocysteine is considered to be
a risk factor for cardiovascular disease. Heavy coffee drinking has been related
to high homocysteine concentrations in epidemiologic studies and one
experiment in which healthy subjects drank unfiltered boiled coffee (45).

VITAMIN E

Several observational studies have suggested that a high intake of vitamin E
may slow the development and progression of atherosclerosis. Some clinical
trials have also reported beneficial effects of vitamin E supplementation in the
secondary prevention of cardiovascular events. However, the results of a recent
large, multi-centre clinical trial reported that vitamin E supplementation was
not effective in reducing the incidence of cardiovascular events in high-risk
patients (46).

CHROMIUM

Within the past five years chromium has been shown to improve glucose and
related variables in subjects with glucose intolerance and Type 1, Type 2,
gestational and steroid-induced diabetes. Chromium is an essential nutrient
involved in the metabolism of glucose, insulin and blood lipids. In some studies
a suboptimal dietary intake of chromium is associated with increased risk
factors associated with diabetes and cardiovascular diseases (47). Minerals
such as magnesium, calcium, potassium, zinc and vanadium also appear to
have associations with insulin resistance or its management. It is interesting to
note that high fibre and wholegrain intakes are also associated with increased
intakes of these nutrients in the diet, and this may go some way to explaining
the improvements in glycaemic control seen on this type of diet.

Additional studies are urgently needed to elucidate the mechanism of action
of these trace elements and their role in the prevention and control of diabetes.
However, until this time the benefit from chromium supplementation in
diabetic individuals has not been conclusively demonstrated.

SUMMARY

The balance of evidence suggests that dietary fats, particularly saturated fat,
are likely to reduce insulin sensitivity but the effects of dietary carbohydrates
on insulin sensitivity are more controversial.

The lipid-lowering effects of MUFAs compared to n-6 PUFAs are well
studied, suggesting that MUFAs may be more potent at lowering plasma LDL-
cholesterol and TG, whereas saturated fat increases LDL-cholesterol. There is
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concern that an intake above 55% from carbohydrate exaggerates the
postprandial TG response.
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NutritionalManagement of the
Elderly PersonwithDiabetes
MARY HICKSON ANDLUCY WRIGHT
Charing Cross Hospital, London, UK

INTRODUCTION

Diabetes is a common chronic disease of older people and is found with
increasing frequency with advancing years (1). The true prevalence can only be
estimated as probably half of all cases are undiagnosed (2). When the diagnosis
is made it is often at a time of an intercurrent illness or a stressful life event.
Today the majority of people with Type 2 diabetes could be considered elderly
with most being over 60 years of age (3,4). In Western societies, where the
population is increasingly aged, the prevalence of diabetes is set to rise further.
Population changes in the level of background obesity and increased
assimilation of people from ethnic groups with a higher rate of diabetes (3)
will also contribute to this rise. Nevertheless diabetes in the older age group is
still heterogeneous, consisting of:

. A small but increasing population of elderly patients with Type 1 diabetes;

. Elderly patients with established Type 2 diabetes;

. Elderly patients with newly diagnosed Type 2 diabetes;

. Transient forms of diabetes secondary to an intercurrent or underlying
disease or treatment.

The dietary and medical management of elderly individuals with diabetes will
depend on the aetiology of their glucose intolerance as well as their other
medical and physical co-morbidities.
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The clinical presentation of Type 2 diabetes in older age is often insidious
and unlike the acute symptoms frequently seen in younger individuals. A
gradual and unrecognised rise in blood glucose can occur over many years
and be accentuated by some of the physiological changes associated with
ageing:

. Increased fasting hepatic glucose production,

. Decrease in beta cell mass,

. Changes in beta cell secretory function,

. Change in body composition,

. Increase in insulin resistance.

While all these physiological changes occur with advancing age, the
contribution that each can make to the development of overt diabetes will
vary between subjects. Unlike other age groups, Type 2 diabetes is not
uncommon among lean elderly individuals who are often characterised by a
marked reduction in insulin secretory function. By contrast, obese elderly
Type 2 patients are more typically insulin-resistant (5,6).

Most diabetes associated complications are dependent on a product of the
duration of diabetes and the glycaemic control. Concerns about the
development of microvascular complications need to be balanced against the
likely life expectancy of an elderly individual who develops Type 2 diabetes in
later life. In some cases it may be more appropriate to focus on ameliorating
glycaemic symptoms, if any, and promoting general well-being rather than
striving for euglycaemia. The older people who develop diabetes in their later
years have different clinical needs than a similar aged person with diabetes of
many years’ duration. Elderly patients with Type 2 diabetes of longer duration
are more likely to have diabetic micro- and macrovascular complications and a
more aggressive approach to their glycaemic control may be warranted (7,8,9).
As improving glycaemic control has been shown to improve cognition, one
should continue to strive for acceptable glycaemic control whenever possible
and appropriate (10).

Type 2 diabetes is associated with significant co-morbidities (11,12), many
of which lead to physical and mental disability (13,14). All management plans
have to take an holistic approach, as any one of the co-morbidities may take
precedence over the actual management of the diabetes.

With no specific dietary diabetic guidelines for the older age group, advice
has usually been based around the same recommendations as for all adults with
diabetes. Clearly these need to be individually modified and at times liberally
interpreted. Important factors to consider when giving dietary advice to this
age group are:

. Functional and mental ability,

. Polypharmacy,
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. Co-morbidities,

. Dependency on others.

CURRENT DIETARY RECOMMENDATIONS AS APPLICABLE
TO THE OLDER PERSON WITHDIABETES

Current European recommendations are based on studies in younger age
groups, which have then been extrapolated to the elderly. The quality of
evidence for the specific effects of dietary intervention in older age groups is
poor.

The most recent European recommendations for adults with diabetes are
shown in Table 10.1 (15). They emphasise energy balance and weight control,
and recognise a wide variation in carbohydrate intake as being compatible with
good diabetic control. The target of nutritional management is to help optimise
glycaemic control and reduce the risk of cardiovascular disease and
nephropathy. However, the quality of life of the individual person must be
considered when defining nutritional objectives and health care providers must
achieve a balance between the demands of metabolic control, risk factor
management, patient well-being and safety. Compliance with all treatment
modalities is likely to be compromised by increasing physical and mental
disabilities, which occur more frequently in the ageing population.

If beneficial changes to the diet of an elderly person with diabetes are to be
achieved, access to dietetic services is needed. The following topics should be
considered: body weight, physical activity and the specific micronutrient
composition of the diet including carbohydrates, protein, alcohol, sodium,
vitamins and minerals.

BODY WEIGHT

The National Diet and Nutrition Survey of people aged 65 years and over (16)
showed that two-thirds of free-living elderly were overweight or obese. While
only 3% of men and 6% of women in the community were underweight, this
figure rose to 17% for the elderly in institutions. Undernutrition in acutely ill
hospitalised elderly patients has been estimated at 26% (17).

A BMI range of 24–29 kg/m2 has been suggested as appropriate for the
elderly population (18), especially for individuals above 70 years of age, as this
higher than conventional BMI range has been associated with lower mortality
rates. Morley suggested weight reduction only be considered in patients 20%
above their desirable body weight (19) and then a BMI of 29 may be a safer
and more realistic target for older people to achieve.

Weight loss of between 5–10% from initial body weight is known to benefit
blood pressure, glycaemic control and lipid profiles, with a 10% weight loss
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required to provide long-term improvements in patients with Type 2 diabetes
(20). Even though weight loss will improve glycaemic control and symptoms
(20), weight loss in this group can be hard to achieve due to decreased activity
levels.

Over the age of 65 years there is an age-related loss in body fat and lean body
mass, reversing the tendency to increased fat deposition in middle age. During
these years the number of underweight individuals increases, particularly in
institutions and in the presence of acute illness. It is extremely important to
identify these underweight and malnourished individuals when providing
dietary advice. Factors influencing undernutrition are discussed later in this
chapter.

ACTIVITY

As people get older activity levels generally fall. The presence of co-morbidities
such as arthritis can significantly affect functional ability, which in turn further
limits physical activity. This fall in activity contributes to being overweight and
makes losing weight harder. The benefits of exercise for all people with diabetes
are well documented and are irrespective of body weight or age. Exercise will
lead to an improvement in metabolic and cardiovascular risk factors as well as
improving strength, flexibility, balance and function (21).

The recommendation of 30min moderate activity on most days is achievable
for many older people – it does not have to be 30 continuous minutes and can
consist of any light activity, e.g. walking (22). Moderate intensity has a very
different meaning at the age of 70 years compared to the age of 30 years, and in
general individuals should be encouraged to do what they can achieve, do it
regularly and gradually build up in intensity and frequency. Even very frail
older people can manage certain activities and over time should be able to
gradually improve their strength. For some older adults whose mobility is
severely restricted, activities may need to be adapted to the individual’s
abilities, e.g. chair, arm and non-weight-bearing exercises. Some types of very
strenuous activity are contraindicated, for example in patients with known
ischaemic heart disease or severe retinopathy (23).

CARBOHYDRATES

Fibre is a particularly important component to encourage in an older person’s
diet. Constipation is common and increasing fibre intake can reduce laxative
use and improve bowel function. However, fibrous foods tend to have a greater
satiating effect and should be advised with caution for those with depressed
appetites.

Foods with a low glycaemic index (GI) should also be encouraged to
improve glycaemic control in patients with diabetes. However, the compliance
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to dietary advice in general is often poor and providing more complex advice
around GI foods may not necessarily achieve the level of compliance required
to be beneficial.

PROTEIN

The European Association for the Study of Diabetes recognised that the
recommendations for the protein content of the diet are based on incomplete
evidence. Concerns exist about the development of nephropathy with a high
protein intake (24,25). Overall the incidence of nephropathy in the elderly
population has increased over the last 20 years. One possible explanation is
that the improved treatment of coronary heart disease and hypertension has
resulted in more patients with Type 2 diabetes living long enough to develop
nephropathy and end-stage renal failure (ESRF).

In a recent review of the literature that looked at protein ranges between 0.3–
0.8 g/kg bw/day, high protein intakes contributed to the development of
nephropathy (24–26). Reducing protein intake appears to slow the progression
to renal failure, however the level of restriction that is both effective and
acceptable to patients is unknown. The current literature is based mainly on
individuals with Type 1 diabetes and often uses proxy indicators such as
creatinine clearance rather than hard clinical end-points such as time to dialysis
or death from ESRF. In another meta-analysis of the literature dietary protein
restriction was shown to have only a relatively weak effect on slowing the rate
of decline in renal function (27).

Current European recommendations suggest that patients with diabetes, who
exhibit evidence of microalbuminuria or established nephropathy should have
a protein intake at the lower end of the normal range (0.7–0.9 g/kg bw/day).
This level is compatible with the current medical literature and the 1985 WHO
guidelines (28,29). Protein intakes below this increase the risk of malnutrition
during chronic illness or catabolic states. While not commonly a problem, in
some elderly patients with diabetes the balance between the risk of
malnutrition and the possible benefits of a reduced protein intake to delay
nephropathy need to be carefully assessed.

ALCOHOL

Older people are more susceptible to the effects of alcohol and are likely to
develop problems at relatively lower levels of consumption. The reduction in
body water content and lean body mass with advancing age results in a smaller
volume of distribution for the alcohol (30). Higher peak blood alcohol
concentrations occur in older than younger subjects matched for body size and
sex, yet ethanol clearance does not appear to be altered by age (31).
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Moderate intakes of alcohol appear to benefit blood pressure, glycaemic
control and reduce the risk of thrombosis (32). Alcohol can also act as an
appetite stimulant and this can be beneficial. Large intakes however have been
shown to increase the risk of stroke, hypertension, hypoglycaemia and both
lactic and ketoacidosis (33). Patients should be encouraged to limit their intake
to 1–2 units per day for women, or 2–3 units per day for men. Due to the age-
related body composition changes, the lower end of these ranges is probably
preferable.

SODIUM

Taste and smell declines with age, beginning around 60 years but becoming
more marked above 70 years (34). Salt and monosodium glutamate are
commonly used as taste enhancers and can improve dietary intake in elderly
people (35). However, sodium intake is linked with the development or
exacerbation of hypertension (36), and when salt intake is reduced blood
pressure can fall (37). A balance between using flavour enhancers to encourage
dietary intake for underweight people, while not exacerbating hypertension,
needs to be made.

VITAMIN ANDMINERALS

The National Diet and Nutrition Survey of people aged 65 years and over
provides valuable data on the current eating practices and nutritional status of
elderly people in the UK (16). Areas of concern highlighted in this report were
the inadequate intakes of folate, vitamin D, vitamin C, vitamin K, iron and
magnesium. Of the survey population 10–40% were shown to have multiple
vitamin deficiencies and 10% were anaemic. Levels of deficiencies were higher
when an individual was receiving institutionalised care.

The micronutrient status of elderly individuals with diabetes is controversial.
The literature is limited and recommending any intervention should be done
with caution until further research is undertaken. The literature on selected
vitamins and minerals such as chromium, B vitamins and selenium in diabetes
has been reviewed (38). The authors conclude that micronutrient supplementa-
tion for people with diabetes should be individualised and based on clinical
findings, dietary history and laboratory results.

Some of the questions surrounding certain nutrient supplementation are
particularly relevant to the management of the older patient with diabetes.
These include vitamins for wound healing and bone health. Pressure sores
develop in 4–10% of newly hospitalised patients, increasing to 14% in long-
term elderly care (39). Patients with diabetes are a vulnerable group with poor
wound healing. To date there is insufficient evidence to support the routine
supplementation of micronutrients for wound or leg ulcer healing using either

NUTRITIONALMANAGEMENTOF THE ELDERLY 153



multivitamins or vitamin C with or without zinc. Improved healing of leg ulcers
and wounds has been reported following three months’ zinc supplementation
given as 70mg of zinc three times a day (38). However a review on nutrition
and wound healing by Albina concluded that while supplementation of
hospitalised patients with zinc and vitamin C may be reasonable (40), routine
use of vitamin C supplementation alone is unlikely to be beneficial (41). The
UK Department of Health currently recommends a reference nutrient intake of
40mg of vitamin C daily (42), but not routine supplementation. These vitamin
C requirements are based on the prevention of scurvy, and further research on
the benefits of higher intakes is still required.

All elderly people are at risk of fractures due to falls and osteoporosis, but
when diabetes is present this risk may be further increased by peripheral
neuropathy, autonomic neuropathy, hypoglycaemic episodes and poor eye-
sight.

In 1998 the Department of Health recommended the reference nutrient
intake for calcium for people over 50 years of age to be 700mg daily (43), with
this being obtained from milk and milk-based foods. The National
Osteoporosis Society (NOS) has set its recommended daily calcium intake
higher in order to meet individual rather than population needs. The NOS
recommend a level of 1500mg for people over 60 years of age.

Older people are vulnerable to vitamin D deficiency due to an age-related
decline in vitamin D synthesis and less sunlight exposure. Sunlight on the skin
in the UK from May to September should be sufficient for vitamin D synthesis
for most adults. The Department of Health suggests that the face and arms be
exposed for 30min per day (43). Vitamin D supplementation should be
considered for all elderly housebound individuals and other groups unable to
achieve this exposure. A daily vitamin D intake of 10 mg is recommended and if
dietary intake is less, vitamin D by tablet or as a six-monthly injection is
required.

Further research is needed to clarify the assessment of vitamin and mineral
status in elderly patients with diabetes and to develop appropriate guidelines
on the need for supplementation.

OTHER CONTRIBUTING FACTORS TO NUTRITIONAL
HEALTH IN THE ELDERLY PATIENT WITH DIABETES

Undernutrition is as much a concern in older patients with diabetes as
obesity (44). There are lifestyle changes and functional and cognitive
problems that can cause inadequate dietary intake in these patients, as
addressed below.
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ORAL HEALTH

Diabetes adversely affects oral health, increasing the risk of gingivitis and other
oral infections. Gingivitis is a major cause of tooth loss and pain that can affect
oral intake. Saliva flow protects against dental caries but age, drugs and
diseases can reduce this. Poor oral and dental health is linked with chewing
difficulties that can cause malnutrition, poor general health and reduced
quality of life (45,46).

Population changes in oral health and dentition over the last 30 years have
resulted in fewer older people with no natural teeth – declining from 37% in
1968 to 12% in 1998 and predicted to fall to around 2% by 2018 (47). There are
dietary implications for those with no teeth or partial dentures, as difficulties in
eating can lead to a reduction in the variety of food choices and an overall
reduction in nutrient intake. A 15% drop in energy intake has been reported in
free-living elderly people without any natural teeth. Full dentures, in
particular, can lead to a reduction in food consumption due to the mouth
feeling full, a greater time needed to eat causing embarrassment and changes in
food flavours (48).

All patients need to be encouraged to maintain good oral hygiene, with
special attention given to those with dry mouths or who eat more frequently
due to a small appetite or, in the case of a person with Type 1 diabetes, due to
the need for frequent snacks. Dental advice is required for patients with
chewing difficulties, pain and other oral health problems. However, it should
be recognised that elderly patients may have mobility problems getting to a
dentist. In addition, many elderly patients have perceived barriers to dental
care, the major ones being fear and costs (47).

SENSORYLOSSES

Loss of taste and smell can influence the enjoyment of food and decrease
motivation to eat and drink. Such sensory losses occur naturally as a function
of age (49) as well as with certain diseases, such as cancer. Adding ready-to-use
flavour enhancers containing monosodium glutamate (MSG) may improve
dietary intake and thus reverse weight loss, improve immunity, functional
status and quality of life (34,50,51).

When the thirst sensation is decreased, dehydration can occur. Many elderly
patients deliberately reduce their fluid intake to reduce their urine frequency,
which may be increased due to glycosuria and prescribed diuretics. The
recommended minimum daily fluid intake is 1500ml (approximately 7–8 cups/
glasses), but this will be higher for patients with poorly controlled diabetes
since urinary output is increased (52).
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SOCIAL FACTORS

Eating is not just a feeding process, but an important social event. Food
choices and access to food can be affected by numerous factors including
bereavement, immobility and isolation. All can affect the motivation to eat and
enjoy food. The ability to shop and prepare meals decreases with age (16), with
30% of men and 50% of women reported as housebound or requiring
assistance to shop when over 85 years of age (53). The available and
discretionary income may also fall with age. It is therefore difficult for many
elderly patients to follow a prescribed diabetic diet especially as many luncheon
clubs, community meals, day centres and ready meals do not cater specifically
for people with diabetes.

PHYSICAL FACTORS

Functional limitations such as mobility and illness affect nutritional status.
Elderly people with diabetes have increased levels of disability and immobility
that affect all aspects of daily living, including shopping, meal preparation and
leisure activities (54).

Patients with diabetes are at an increased risk of a stroke and any resultant
neurological deficit can lead to eating problems and malnutrition (55,56). The
most frequently encountered eating problems are hoarding food in the mouth,
poor lip seal leading to leakage of food, dysphagia and chewing problems.
Careful observation at mealtimes, and assessment by a speech therapist if
necessary, will enable identification of specific eating problems. For some
patients, eating in front of people can be a traumatic and embarrassing event,
further reducing food intake.

PSYCHOLOGICAL AND COGNITIVE FUNCTION

Any level of psychological or cognitive deficit may lead to a poor or erratic diet
affecting both nutritional state and glycaemic control. Memory lapses can
result in missed meals and medication or an inadvertent repeated dose of some
medications leading to, amongst other things, hypoglycaemia. Cognitive
function is also impaired in people with diabetes due to increased incidence of
cerebrovascular disease and depression (57,58). Psychological problems are
both a predictor of mortality and of hospital admissions (59). Food intake can
be markedly reduced in the presence of dementia. VOICES (Voluntary
Organisations Involved in Caring in the Elderly Sector) produced a report in
1998 regarding the specific nutritional needs of elderly people with dementia
(60).

Cognitive deterioration in patients with diabetes may be made worse by
nutritional deficiencies (61) and poor glycaemic control. Cognitive function
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with documented improvements in problem solving, attention, concentration,
memory and learning ability have been reported with better glycaemic control
(10).

Figure 10.1 summarises many of these factors and offers strategies for their
treatment.

OTHER CONSIDERATIONS WHEN ADVISING OLDER
PEOPLE WITHDIABETES

DELAYED GASTRIC EMPTYING

Hyperglycaemia delays gastric emptying (62) as do multiple other factors,
many of which remain poorly understood. Physiological inhibitory pathways
exist that control gastric emptying and involve small intestinal receptors that
are stimulated by nutrients in the lumen of the gut. Posture, meal size and meal
composition all influence gastric emptying through activating these receptors.
Dietary fat empties at a slower rate than protein or carbohydrate and liquids
empty faster than solids.

A modest degree of gastroparesis occurs with ageing. However, this is much
commoner in people with diabetes; upto half of all patients with long-standing
diabetes (both Type 1 and 2) have some evidence of delayed gastric emptying
(62). Gastroparesis affects both glycaemic control as well as oral hypo-
glycaemic drug absorption, and in elderly people may precipitate post-prandial
events, which may lead to loss of consciousness and falls.

Delayed gastric emptying can be asymptomatic, making the diagnosis
difficult. Symptoms, if present, include nausea, vomiting and abdominal
fullness. However, none of these symptoms correlate well with gastric
emptying. Patients presenting with gastrointestinal symptoms, who already
have diabetic complications, in particular autonomic neuropathy, are major
candidates for this condition or other disorders of gut motility. Hyper-
glycaemia may contribute to these symptoms as it has been reported to increase
the perception of sensations arising from the gut (63).

Delays in gastric emptying can reduce the rate of drug transit and slow the
rate of absorption. A few studies have been conducted in patients with diabetes
that demonstrate a correlation between the absorption of glibenclamide and
glipizide and gastric emptying time (62). With drugs that have a long half-life
and are given long-term, this effect would not be expected to lead to significant
alterations in blood concentrations of the drug.

Gastric emptying can affect glycaemic profiles. Rapid gastric emptying can
cause glycaemic spikes and a worsening of control. On the other hand, when
gastric emptying is delayed a mismatch with the onset of hypoglycaemic drug
action and glucose absorption can occur, leading to hypoglycaemia.
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The most successful treatment for gastroparesis remains pharmacological.
Dietary advice should focus on preventing weight loss and malnutrition. Eating
and drinking separately and advice encouraging small frequent meals and
snacks can improve symptoms. Supplements may be needed if specific nutrients
are deficient or malabsorption is present.

RISKOF HYPOGLYCAEMIA

The risk of, and fear of, hypoglycaemia is a major reason why diabetes is
undertreated in older people. The Diabetes Control and Complications Trial in
Type 1 diabetes and the UKPDS trial in Type 2 diabetes clearly demonstrated
that secondary complications could be decreased by tight glycaemic control,
but this increased the risk of hypoglycaemia (65,66). Hypoglycaemia is a
particular problem in older patients with Type 1 diabetes as hypoglycaemic
awareness decreases with duration of diabetes and advancing age. In addition,
older patients with Type 2 diabetes treated with hypoglycaemic drugs are
particularly prone to hypoglycaemia if dietary intake is variable. General
frailty, polypharmacy, renal impairment and frequent hospitalisations are all
risk factors for hypoglycaemia (67). Hypoglycaemic symptoms are frequently
unrecognised and, when they are recognised, may not be treated appropriately.

There are no established glycaemic goals for the older patient. Sinclair has
recommended pre-meal targets of 6–8mmol/l and 7–9mmol/l at bedtime, with
less stringent levels for individuals with recurrent hypoglycaemia (68). The St
Vincent Joint Task Force for Diabetes final report emphasises selecting
glycaemic targets on an individual basis and focusing management goals on
elevated lipids and blood pressure (69).

Dietary management on how to avoid hypoglycaemia is discussed in detail
elsewhere in this book. As for any hypoglycaemic episode, rapidly absorbed
carbohydrate should be consumed, followed by longer lasting carbohydrate.
Education of elderly patients and their carers on how to avoid hypoglycaemia
is important, and emphasis should be placed on regular meals and ensuring
adequate carbohydrate with each meal.

MEDICATION

The choice of a single oral agent for the elderly individual with Type 2 diabetes
is made predominately on the basis of weight, clinical assessment of insulin
resistance and renal function. Lean patients with Type 2 diabetes are more
likely to need an agent to increase their circulating insulin levels (e.g.
sulphonylureas or insulin) while obese patients may require an agent to reduce
insulin resistance (e.g. metformin or a glitazone).

Sulphonylureas with a long biological action, such as glibenclamide, increase
the risk of hypoglycaemia in elderly people (70). Reduced renal function delays
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the excretion of some active drug metabolites and increases the risk of
hypoglycaemia. Sulphonylureas with shorter biological actions, such as
glicazide or the older tolbutamide (metabolised by the liver) are associated
with less hypoglycaemia. Metformin is effective in obese older patients as it
indirectly increases insulin sensitivity, promotes weight loss and is not
associated with hypoglycaemia when given as monotherapy. Renal function
should be monitored in patients taking metformin (71) and not used when
renal impairment is present or if there is severe anorexia. Age should not be a
barrier to starting insulin and is often required for elderly patients with Type 2
diabetes, who can usually cope well with the new insulin pen devices (68).

Elderly people are at risk for drug–nutrient interaction, a problem which has
been reviewed by Lewis et al. (72) and Roe (73). Drugs can interfere with
nutrient intake, absorption, metabolism and excretion. Foods can interact with
drugs, altering their absorption and action. For example, bulking agents, such
as methylcellulose, can decrease appetite by creating a feeling of fullness.
Metformin reduces vitamin B12 absorption, diuretics increase urinary loss of
potassium and magnesium and warfarin can affect vitamin K metabolism.
Food in general may decrease the absorption and absorptive rate of aspirin,
while fibre can specifically reduce the absorption of digoxin. It is important to
be aware of these interactions and to ensure sufficient intake of nutrients to
prevent any potential nutritional deficiencies.

ACUTE INTERCURRENT ILLNESS

As with any adult with diabetes who becomes ill, older people should be
encouraged to take regular carbohydrate and sufficient drinks while continuing
their medication. As their appetite may be reduced, small frequent drinks may
be more tolerable and acceptable. Older people should be advised to prepare
for illness by keeping suitable foods stored for such an eventuality, e.g. long-life
or dried milk, tinned milk puddings, fortified drinks, tinned and dried foods,
UHT fruit juice, porridge oats or other cereals, etc.

GUIDELINES FOR PRACTICE IN NURSING AND RESIDENTIAL HOMES

Results from studies of the prevalence of diabetes in nursing and residential
homes range from 7.2–17.5%, see Table 10.2.

When self-reporting questionnaires are used to obtain prevalence figures in
residential care an underestimate of the true prevalence occurs, as diabetes is
often undiagnosed. Available prevalence studies show that diabetes is more
common among the ageing population in care than in the community.

The three UK studies indicate that the majority of patients are treated using
diet and tablets, followed by diet alone and finally diet and insulin. The most
recent study carried out in Sheffield also investigates the patterns of diabetes
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care and the level of training received by the staff in these institutions. Their
results show that very few homes in the area employ staff with specialised
training in diabetes care and that diabetes management is poorly structured.
They also show that the majority of homes do not give patients the choice to
manage their own treatment, being instead encouraged to follow the routine
within the establishment. Similar results were found by Tong et al. (78) in 1994,
where those in care homes received fewer services than those in their own
homes in terms of annual review and access to therapists (chiropodist, dietitian
and optician).

Looking more specifically at dietary care there are two interesting American
studies. One investigated the benefits of a ‘diabetic’ diet for nursing home
residents and found only insignificant differences in glucose control (fasting
glucose increased on average only 0.6mmol/l) when patients followed the
normal diet instead of the ‘diabetic’ diet (79). Both diets met the recommended
dietary allowances for the age group and body weight did not change
significantly despite a slightly increased calorie intake on the normal diet. This
raised the question as to whether care homes need to routinely provide special
‘diabetic’ diets. However this study was only short in duration (16 weeks, eight
weeks on either diet), and the participants were all in good health, maintained
good glycaemic control before entry to the study and were not obese. The
second study by Funnell and Herman investigated local standards of care for
nursing home patients with diabetes (80). This was conducted using a
questionnaire and chart review of a sample of the patients with diabetes. The
results showed that although most homes had some diabetes care orders and
protocols, in general the care did not meet local or national standards. Care
practices were closer to national standards if dietitians participated in meal
planning and written institutional policies existed. These results highlight the
need for dietetic input into residential and nursing homes to provide education
as well as assessing and monitoring patients.

In 1999 the British Diabetic Association (now Diabetes UK) produced
guidelines of practice for residents with diabetes in care homes (81). This
comprehensive report is the only document currently available providing a
framework for standards of diabetes care within care homes. It aims to identify
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Table10.2 Studies examining the prevalence of diabetes in care homes

Study Year Method Rate (%)

South Glamorgan (74) 1997 Questionnaire 7.2
Liverpool (75) 1998 Questionnaire 9.9
Canada (76) 1998 Questionnaire and random venous

glucose sampling
17.5

Sheffield (77) 2000 Questionnaire 8.8



major issues relating to the nature and delivery of diabetes care within care
homes and to determine the current evidence base in the published literature.
The report emphasised the need to monitor weight, provide each patient with
an individualised diet and nutritional plan for their care, and obtain the input
of a state registered dietitian.

The report’s recommendations concerning diet and nutritional care included
the following.

1. Each resident should expect to have:
. The opportunity to play an active role in self-diabetes care according to

their abilities.
. An individualised dietary and nutritional plan as part of the overall care

plan.
. Access to community health professionals including a community

dietitian.
2. Each care home should expect:

. Training for staff and catering staff on diet and diabetes, which is jointly
funded through the health and social care budget at a district, regional
and national level.

3. Each district should have at least one community dietitian whose primary
responsibility is the provision of dietary and nutritional support for
residents within care homes.

Individualised care and choice about treatment are also reflected in the
National Service Framework for Older People for England, although no
specific recommendations are given regarding diabetes. The Caroline Walker
Trust and VOICES have both produced reports providing detailed guidelines
for the nutrient provision in care homes. One report covers the general care
home population and the other is specifically for residents who have dementia
(see ‘Useful resources’ section for details).

The need for skilled individualised nutritional care is highlighted by the
number of factors that can contribute to nutritional problems, as listed in
Table 10.3.

GUIDELINES FOR PRACTICE IN HOSPITAL

Two-thirds of hospitalised patients with diabetes are aged 65 years or older (82)
and these patients have more hospital admissions and stay longer than non-
diabetic patients (83). There is evidence that undernutrition is prevalent on
admission in this patient group and that this can worsen during the hospital
stay (84). Contributing factors are listed in Table 10.3.

Two reports entitled ‘Hungry in Hospital’ (85) and ‘Not because they are
old’ (86) document the inadequacy of the meal service to elderly patients in
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hospital. Improving hospital food in the UK was the objective of the ‘Better
Hospital Food’ campaign, launched in 2001 and aimed at creating new NHS
hospital menus to encourage patients to eat more. It is hoped that the quality
and style of hospital food can be improved using standardised recipes and ward
housekeepers. The British Association for Enteral and Parenteral Nutrition has
produced a report putting forward food as treatment, summarised in Table
10.4.

If dietary measures are not enough, prescribed nutritional supplements may
be used. The use of oral supplements and sip feeds has recently been reviewed
(88). Nutritional supplement preparations are suitable for patients with
diabetes under medical supervision, the principal aim being to ensure an
adequate energy intake. Once the person has recovered their appetite, long-term
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Table10.4 Key areas for improvements to the hospital meal service (87)

. Staff training on the importance of nutrition in hospital.

. Staffing on wards, e.g. clear definitions of roles and responsibilities of staff at
mealtimes, additional staff at mealtimes.

. Nutrient content of meals, e.g. energy-dense meals for the acutely ill or
undernourished.

. Individual nutrition screening of all patients to provide baseline information such as
physical problems, weight changes, food and fluid intake.

. Improved distribution and service such as timing of meals.

. Increasing the budget for hospital food.

. Regular auditing of nutrition screening and assessment of nutritional care.

Table 10.3 Factors contributing to management difficulties in care home residents with
diabetes

. Loss of appetite.

. Poor food intake, exacerbated by reduced food choice or unnecessary food
restrictions, inflexibility of meal times, reduced food availability, poor knowledge
of care home staff.

. Weight loss, which may be unidentified due to lack of routine weighing.

. Difficulties feeding self or unable to feed self.

. Poor glycaemic control related to poor intake.

. Physical impairments, such as reduced dexterity, poor mobility, etc.

. Cognitive impairments, e.g. acute confusion, depression, dementia.

. Communication difficulties, e.g. dysphasia and dysarthria, confusion, deafness.

. Multiple co-morbidities.

. Polypharmacy.

. Dysphagia, which may lead to need for modified texture diet further restricting food
choice and palatability.

. Increased incidence of infections, leg ulceration and pressure sores with correspond-
ing increases in nutritional requirements.

. Sensory impairments such as vision, taste, smell and hearing.



plans to maintain adequate food intake may need to be devised. Enteral
feeding has been used successfully in the management of dysphagia following
stroke and in supplementing oral feeding in undernourished old people (89).

AREAS FOR FUTURE RESEARCH

The benefits of striving for optimal glycaemic control in older people to prevent
long-term complications needs to be balanced against the short-term risks and
consequences of hypoglycaemia (7). Further research is needed to establish
under what circumstances intensive treatment to achieve good glycaemic
control is justified, and whether optimising blood pressure and lipid profiles
has a greater influence on morbidity and mortality.

SUMMARY

It is important that dietetic advice to elderly patients with diabetes is tailored to
the individual and their specific nutritional needs. As chronological age is often
a poor indicator of the ageing process, an individual’s physical and mental
profile needs to be assessed and addressed. Advising older patients requires
balancing health needs with quality of life issues.

USEFUL RESOURCES

The British Dietetic Association’s Nutritional Advisory Group for Elderly
People (NAGE) publishes a range of resources to assist in the dietary
management of older people. Further information can be obtained from the
British Dietetic Association, 5th Floor, Charles House, 148/9 Great Charles
Street, Birmingham B3 3HT or on the web site at www.bda.uk.com.

Diabetes UK provides a range of resources for patients and health care
professionals and can be contacted at 10 Queen Anne Street, London W1G
9HL or www.diabetes.org.uk.

The Caroline Walker Trust distributes two guidelines relating to care of
older people: Eating Well for Older People and Eating Well for Older People
with Dementia. Further information can be obtained from 22 Kindersley Way,
Abbots Langley, Hertfordshire WD5 0DQ or www.cwt.org.uk.
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INTRODUCTION

Diet is said to be the ‘cornerstone’ of management of diabetes, yet the
recommended dietary guidelines remain controversial and relatively few
patients succeed in being well controlled on diet alone (1). This may imply
that dietary treatment is not sufficient in itself or the dietary changes are too
difficult to comply with or even that the wrong type of diet is being
recommended. Many experts argue against the current dietary recommenda-
tions for diabetes, with both the quantity and quality of carbohydrate being at
the centre of the controversy. This chapter is designed to critically address the
issues of how much and what type of carbohydrate should be recommended for
people with diabetes. It takes an evidence-based approach, giving greater
weight to the results obtained from randomised controlled intervention studies.

Important questions addressed in this chapter include:

. What is the scientific basis for recommending high-carbohydrate diets?

. What are the potential adverse effects of high-carbohydrate diets?

. What is the scientific basis for recommending diets high in monounsatu-
rated fat (MUFA)?

. What is the scientific basis for recommending low glycaemic index diets?

. What is the optimal diet for improving insulin sensitivity?

. What is the optimal diet for weight loss?

. What is the evidence for a restricted versus liberal intake of sucrose?
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THE OBJECTIVES OF THE DIETARY MANAGEMENT OF
DIABETES

The goals of dietary management are clear (beyond dispute) and they apply
equally to both Type 1 and Type 2 diabetes. They should achieve:

. Near normal blood glucose with minimal risk of hypoglycaemia;

. Reduced risk of microvascular and macrovascular complications (as
assessed by a variety of direct and surrogate measures, including blood
lipids, clotting factors, blood pressure);

. Weight loss in overweight patients;

. Normal growth and development in children;

. Healthy outcomes for mother and child in diabetic pregnancy.

Dietitians have the enormous challenge of not only achieving all of the above,
but tailoring each person’s diet to suit their individual taste preferences and
lifestyle.

GOOD GLYCAEMIC CONTROL IMPROVES PROGNOSIS

Good glycaemic control as indicated by near-normal HbA1c levels has been
shown to reduce the risk of developing microvascular complications in both
Type 1 and Type 2 diabetes (2,3). In addition, there is increasing evidence that
it also reduces the development and progression of macrovascular disease
(1,4,5). People with diabetes are two to four times more likely to die of
coronary heart disease than people without diabetes, even when total
cholesterol level and blood pressure are the same. Thus, preventing the excess
cardiovascular morbidity and mortality associated with diabetes is arguably
the most pressing treatment goal. However, this does not mean that
normalising blood lipid or clotting factors is more important than normalising
blood glucose. Indeed, high blood glucose levels are now recognised to
contribute directly to the pathogenesis of macrovascular disease in both
diabetic and non-diabetic subjects (6,7).

Until recently, HbA1c levels were thought to be mainly influenced by fasting
and pre-prandial blood glucose levels. However, human beings spend much of
their time in the post-prandial state and therapies which specifically reduce
post-prandial glycaemia may be superior for improving overall glycaemic
control and reducing the risk of complications (8,9). The degree of post-
prandial glycaemia appears to adversely alter vascular function and directly
contribute to thickening of the intima wall (10). For this reason, both the
amount and type of carbohydrate are probably more important than presently
recognised.
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HISTORICAL PERSPECTIVES ONCARBOHYDRATE

Before the discovery of insulin in 1922, diets prescribed for diabetes were very low
in carbohydrate, around 5% of energy, and very high in fat, around 75%
[reviewed by Truswell (11)]. Even after the advent of insulin, doctors were
cautious and very low carbohydrate diets continued. By 1930, diet prescriptions
of carbohydrate had risen to 15%of energy. In the 1940s and 1950s, carbohydrate
allowances had come up to 25–30% of energy and carbohydrate exchange lists
came into use. There was little questioning of the principle that carbohydrates
were bad for people with diabetes and focus was on the insulin treatment.

By the 1970s pharmaceutical treatments had expanded with the introduction
of oral hypoglycaemic drugs and the average carbohydrate intake rose to about
40% energy. Prohibition of sucrose was now the main message. With extreme
caution, several experimental studies compared higher carbohydrate diets
(450% energy) with the traditional diabetes diet and found improved glucose
tolerance or insulin sensitivity (12–14). In the late 1970s, there was a revolution
in thinking about diabetic diets and a spurt of experimental studies indicated
that high-carbohydrate diets were no worse, if not better, for people with
diabetes because they lowered blood cholesterol levels (see below). By then,
low-fat, high-carbohydrate diets were being recommended for the prevention
and treatment of cardiovascular disease in the general population.

Since 1980, dietary recommendations for people with diabetes have
unanimously emphasised reducing saturated fat intake. However, if saturated
fat intake is reduced, the energy has to be replaced by some other nutrient.
Because there are concerns about potential adverse effects of high-protein diets
on renal and bone health, the choice is either more carbohydrate or more
unsaturated fat. And here lies the controversy. Since carbohydrate is the main
glycaemic element in the diet (being the main precursor of blood glucose), an
increase in dietary carbohydrate might be expected to result in greater post-
prandial glycaemia and compromise diabetes control. An increase in fat, on the
other hand, might promote weight gain and decrease insulin sensitivity.

CURRENT RECOMMENDATIONS FOR CARBOHYDRATE
INTAKE

For the past 20 years, most diabetes associations around the world have
recommended high-carbohydrate diets that are low in fat and high in fibre for
people with diabetes (15,16). The British Diabetic Association’s recommenda-
tions state that carbohydrate should provide 50–55% of the total energy
content of the diet while fat should contribute 30–35% of energy intake, of
which510% should be saturated fat, 510% polyunsaturated fat (PUFA) and
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10–15% monounsaturated fat (MUFA) (17). However, there is concern in
some quarters that 50–55% of the total energy intake as carbohydrate may
have adverse effects on blood triglyceride (TG), HDL-cholesterol and glucose
levels compared with high-fat diets (435% total energy) enriched with MUFA
(18,19). During the 1990s, this issue has been the focus of much research. On
the basis of the resulting evidence, the American Diabetes Association’s
guidelines now recommend that 60–70% of energy be divided between
carbohydrate and monounsaturated fat, depending on patient preference and
the appropriate nutritional goals for their medical status (20).

WHAT IS THE SCIENTIFIC BASIS FOR RECOMMENDING
HIGHCARBOHYDRATE INTAKE?

There is no doubt that the goal of increasing carbohydrate intake was actually
to reduce fat consumption, especially saturated fat. People with diabetes were
no longer dying of diabetic ketoacidosis but coronary heart disease. In fact,
some experts suspected that the prescribed high-fat (and high saturated fat)
diabetic diets might actually be partly responsible for the heightened risk of
cardiovascular disease among people with diabetes. Several well-designed
intervention studies in diabetic subjects were undertaken and showed that high-
carbohydrate diets (55–70% energy) could result in lower blood cholesterol and
TG levels with no deterioration in glycaemic control compared to traditional
‘diabetic’ diets containing less carbohydrate and more saturated fat (12–14,
21–25). Indeed, much to their surprise, HbA1c, glucose tolerance and fasting
glucose were often improved following treatment with a high-carbohydrate diet.
This implied that insulin sensitivity was improved on a higher carbohydrate
intake as had been earlier demonstrated in non-diabetic subjects (26). Thus, in
the 1980s, diabetes associations in the United States, Canada, Australia and
Britain independently agreed that there was sufficient evidence to advocate an
increase in the carbohydrate content of the diabetic diet.

It is important to note that these early studies used high-carbohydrate diets
that were heavily based on wholegrain cereals, vegetables and legumes that
concomitantly contained very large amounts of fibre (upwards of 75 g per day).
This is more than three times that normally consumed and presented a very
real challenge for the average person with diabetes. In addition, unless the fibre
was of the soluble, viscous or leguminous type, then post-prandial blood
glucose peaked at higher levels on the high-carbohydrate diet (27). Not
surprisingly, some degree of weight loss was seen after subjects completed the
high-fibre, high-carbohydrate dietary treatments, but not after the low-
carbohydrate, high-fat diets. We now know that energy restriction per se,
even before significant weight loss is evident, improves all aspects of diabetes
control (28). A deficit of calories, rather than a high-carbohydrate intake, may
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well have explained much of the improved profile. Even without weight loss,
consistent benefits of high-carbohydrate diets have been reported only when
the diets incorporate relatively unrefined, high-fibre foods (legumes, whole-
grains, cruciferous vegetables, fruit) – resulting in meals that are somewhat
different from those eaten by the general population.

Because very high fibre intakes are perceived as being unpalatable and hard
to achieve, many health professionals took the view that simply increasing total
carbohydrate intake was the main priority because this achieved the objective
of lowering saturated fat. The American Diabetes Association, for example,
presently recommends a moderate intake of dietary fibre of 20–35 g per day to
help lower LDL-cholesterol and does not consider that dietary fibre offers
significant benefits for glycaemic control (20).

WHATARE THE POTENTIAL ADVERSE EFFECTS OF
HIGH-CARBOHYDRATE DIETS?

During the 1980s and 1990s, a number of controlled intervention studies in
healthy individuals who maintained their body weight showed that high-
carbohydrate diets often resulted in higher blood TG levels and lower HDL-
cholesterol levels – changes that are atherogenic and increase the risk of
coronary heart disease – despite improved total and LDL-cholesterol levels
(29). These findings sparked particular concern for people with diabetes
because their lipid abnormalities tended to be higher TG and lower HDL-
cholesterol level rather than the high total and LDL-cholesterol typically
observed in non-diabetic individuals (18). Hence the magnified risk of
atherosclerosis in people with diabetes might be related to blood lipid risk
factors that are specifically worsened by high-carbohydrate diets.

The biochemical mechanisms responsible for increased plasma TG levels
following low-fat, high-carbohydrate diets remain uncertain but are clearly
different to those responsible for elevated TG levels following increased fat
intakes. Parks et al. (30) demonstrated that high-carbohydrate diets reduce the
clearance of VLDL-TG from the plasma, but do not increase VLDL-TG
secretion or de novo lipogenesis in the liver as had been postulated.

The mechanisms by which high-carbohydrate diets decrease HDL-
cholesterol are also unknown and should be a priority in future research. In
two recent cross-sectional studies of healthy adults, a significant inverse
association was found between serum HDL-cholesterol concentration and
dietary GI for both men and women (the higher the GI rating of the diet, the
lower the HDL concentration) (31,32). In fact, the glycaemic index of the diet
was the only dietary variable significantly related to serum HDL-cholesterol.
These findings suggest that post-prandial glucose and insulin responses may
directly influence HDL levels.
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THE SCIENTIFIC BASIS FOR RECOMMENDINGHIGH-MUFA
DIETS FORDIABETES

Many diabetes experts argue in favour of allowing a higher MUFA intake for
people with diabetes, on the grounds that high-carbohydrate diets can increase
blood glucose, insulin and TG levels and reduce HDL-cholesterol levels. A
meta-analysis of nine studies with a total of 133 subjects comparing these two
approaches to diet therapy in patients with diabetes revealed that high-MUFA
diets (22–33% of energy intake; total fat¼ 37–50% energy) improved
lipoprotein profiles as well as glycaemic control (19). Compared to high-
carbohydrate diets (50–60% energy intake), high-MUFA diets reduced fasting
TG and VLDL-cholesterol levels by about 20% and caused a modest increase
in HDL-cholesterol (4%) but had no effect on LDL-cholesterol. There was no
evidence that high-MUFA diets induced weight gain in these tightly controlled
studies. However, there are several limitations that need to be raised before
deciding whether they provide sufficient evidence to formulate recommenda-
tions for therapeutic diets:

. None of the studies controlled for/considered the confounding effects of the
glycaemic index of the high-carbohydrate diets.

. The diets contained relatively small amounts of fibre (530 g/day, mostly in
processed form).

. The studies were conducted under tightly controlled conditions, not
allowing spontaneous weight loss/weight gain to occur.

. Most of the studies were of very short duration (two to four weeks), the
longest being six weeks.

. A third of the studies were conducted by the same research group.

. Improvement in glycaemic control was assessed on the basis of urinary
glucose and fasting, pre-prandial, post-prandial or 24-h blood glucose and
insulin profiles.

. Notably, in the six studies that assessed HbA1c or fructosamine (the best
markers of long-term glycaemic control), none of the changes were
significant.

Thus we lack the evidence that high-MUFA diets improve overall diabetes
control by the most valid measure of disease risk (i.e. HbA1c). This contrasts
with the consistent effect of low-GI, high-fibre, carbohydrate-rich diets in
lowering HbA1c (see below). Furthermore, the positive effects of high-MUFA
diets on blood lipids are often seen only when the high-MUFA diet is extremely
high in fat (as much as 45–50% of energy) and very low in carbohydrate (about
35% of energy) (33). In studies with smaller and more realistic dietary changes,
the effects of MUFA on blood lipids are more modest. One can question the
effect of such a very high-fat diet on insulin sensitivity, weight control and
ability of patients to comply. In fact, the largest study of this kind suggests that
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the beneficial effects of MUFA on insulin sensitivity disappear when fat intake
exceeds 38% total energy (33).

These studies confirm that there are definitive adverse risks associated with
low-fibre, high-carbohydrate diets. However, they do not prove that the
original recommendation to increase both carbohydrate and fibre was wrong,
nor do they allow us to say whether a diet rich in monounsaturated fat is better
than a high-fibre, high-carbohydrate diet.

THE EVIDENCE THAT LOW GLYCAEMIC INDEX,
HIGH-CARBOHYDRATE DIETS ARE SUPERIOR

It is now well established that both the type and amount of carbohydrate
influences the degree of post-prandial glycaemia (34). The type of
carbohydrate is best described by its glycaemic index, a ranking of foods
according to their immediate effect on blood glucose levels (Figure 11.1). Per
gram of carbohydrate a food with a GI of 80 (e.g. potato) has twice the
glycaemic impact of a food with a GI of 40 (e.g. pasta) and this applies even
in mixed meals (35,36) (Figure 11.2). The proportions of starch, sugar, fat or
fibre in foods are not a good guide to GI. Many common starchy foods (even
wholemeal versions) such as bread, rice and breakfast cereals have
surprisingly high GI values, while foods containing sugars often have a
relatively low GI (37). Reducing the overall GI of the diet involves
substitutions within those food groups that contribute most of the dietary
carbohydrate (Table 11.1).

The GI of foods is highly relevant to the management of Type 1 and Type 2
diabetes. In nine well-designed long-term studies in diabetic subjects, low-GI
diets (GI values 555%) were shown to reduce glycosylated proteins (HbA1c

and/or fructosamine) by an average of almost 11% over periods ranging from
two to 12 weeks (38). At the end of the low-GI, high-carbohydrate diet,
urinary C-peptide levels (a measure of endogenous insulin demand) fell by an
average of 20%, daytime blood glucose levels decreased by 16%, and total
cholesterol and TG were reduced by 6% and 9%, respectively (39).
Triglyceride levels fell to a much larger extent (by up to 20%) in patients
with overt hypertriglyceridemia. In a recent, randomised, cross-over study,
clotting factors were normalised in patients with Type 2 diabetes by a low-GI,
high-carbohydrate diet, but unchanged by a high-GI diet containing similar
amounts of energy, protein, fat, carbohydrate, starch and fibre (40).

Studies comparing the effects of high-GI versus low-GI carbohydrate-rich diets
have been longer (four to 12 weeks) than the high-MUFA studies, and unlike the
latter, have been able to document beneficial changes inHbA1c and/or fructosamine
levels. In the few studies that have directly compared high-carbohydrate, low-GI
diets with high-MUFA diets, HDL levels were increased on both (compared to the
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high-carbohydrate, high-GI diet) but insulin secretory function and sensitivity
appeared to be better only on the low-GI diet (41,42). Reductions in HbA1c or
fructosamine levels of 10% on the low-GI diets have been criticised as being
‘modest’, yet changesof thismagnitudeare commonly seenwithoral hypoglycaemic
drugs. Furthermore, these ‘modest’ changes were achieved in patients in free-living
conditions, not in a controlled metabolic ward situation. Although the high- and
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Figure11.1 The derivation of the glycaemic index

Figure11.2 The GI of single foods predicts the GI of mixedmeals in subjects withType 2
diabetes
Source: Redrawn from Bornet et al. (35).



low-GI diets were usually designed to be similar in macronutrient composition, in
some studies the low-GI diet contained more fibre. Indeed in one outpatient study,
dietary education with emphasis on low-GI foods resulted in higher carbohydrate
and fibre intakes and less saturated fat intake than achieved by patients given
‘traditional’ dietary counselling (43). However, on the whole, studies comparing
high- and low-GI diets have contained much less fibre (550g per day) than the
earlier studies that provided the basis for recommending high-carbohydrate diets in
diabetes (475g per day). Lastly, low-GI, high-fibre diets may be the only strategy
(diet or drug) that enablesHbA1c to be improvedwhile simultaneously reducing the
incidence of hypoglycaemic episodes in Type 1 diabetes (44).

These findings suggest that any adverse effect of high-carbohydrate diets on
blood lipids is almost certainly linked to the high GI of most such diets. Indeed,
any strategy that slows down the rate of digestion and absorption of
carbohydrate (e.g. nibbling versus gorging, alpha-glucosidase therapy or
purified supplements of viscous fibre, as well as low-GI diets) has been shown
to improve glucose and lipid metabolism in diabetes (45).

WHICHDIET ISBESTFORIMPROVINGINSULINSENSITIVITY?

The body’s sensitivity to the hormone insulin predicts how well it handles a
meal containing carbohydrate, i.e. how easily and quickly it restores normal
glucose levels after consumption. In insulin-resistant states, large amounts of
insulin are needed to restore euglycaemiaandglucose and/or insulin levelsmay still
be high 2 h later. In Type 2 diabetes, insulin resistance is often severe and is
combined with impairments in insulin secretory capacity. Obesity, particularly
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Table11.1 A low-GI diet is achieved by substituting high-GI foods with GI alternatives.
Breads, breakfast cereals and potatoes contribute the majority of carbohydrate in
Western diets. Changes within these food groups have the biggest impact on the diet’s
overall GI

High-GI food Low-GI alternative

Bread, ordinary wholemeal
or white

Bread containing a high proportion of wholegrains
(‘granary’ breads), sour dough breads, stone ground
breads

Most breakfast cereals Unrefined cereal such as oats (muesli or porridge). Some
processed cereals (e.g. All-Bran)

Potato (all varieties) Sweet potatoes, pasta, noodles, legumes
Most varieties of rice Basmati or other high amylose rices
Cakes, biscuits and muffins Versions made with fruit, oats, wholegrains
Tropical fruits such as
bananas

Temperate climate fruits such as apples and stone fruit



abdominal obesity, is known to worsen insulin resistance and increase the risk of
Type 2 diabetes (46).

The degree of insulin sensitivity is also affected by the energy content and
macronutrient composition of the diet. Epidemiological and dietary intervention
studies in humans indicate that a high-fat, energy-dense diet promotes weight
gain and the development of obesity (47), impairs insulin sensitivity and increases
the risk of developing Type 2 diabetes (48). Relatively high intakes of saturated
fat appear to worsen insulin resistance and are also associated with higher blood
levels of LDL-cholesterol and a greater risk of atherosclerosis (49,50).

Questions still remain about the optimal diet for improving insulin
sensitivity in Type 2 diabetes. It is well recognised that higher carbohydrate
intakes are related to improved insulin sensitivity in non-diabetic individuals
(26). This is likely to be true in the early stages of Type 2 diabetes, but as
pancreatic beta-cell function declines, higher carbohydrate intakes could
compromise remaining insulin secretory capacity. There are few studies that
document changes in insulin sensitivity directly in diabetic subjects and these
tend to be inconclusive. Low-GI diets appear to improve insulin sensitivity in
coronary heart disease patients (51,52) and animal models (53).

Indirect evidence suggests that the fibre content and GI of the diet may
influence insulin sensitivity, weight gain and the risk of developing Type 2
diabetes. In the CARDIA study of young adults, low fibre consumption predicted
10-year weight gain and fasting insulin levels (a measure of insulin resistance)
more strongly than did total or saturated fat consumption (54). Fibre but not
amount and type of fat was associated with 2-h insulin levels. Two other large-
scale prospective studies in healthy subjects showed that diets based on low-fibre,
high-GI foods doubled the risk of developing Type 2 diabetes, after controlling
for known risk factors such as age and body mass index (55,56). Importantly, the
total carbohydrate and refined sugar content of the diet, and the amount and type
of fat consumed, were not found to be independent risk factors in these studies.

DIETS FOR WEIGHT CONTROL: IS THE AMOUNTAND
TYPE OF CARBOHYDRATE IMPORTANT?

Weight loss is usually a major treatment goal in Type 2 diabetes, but the ideal
dietary composition for weight control is still the subject of debate. Many
health professionals are concerned that high-fat diets, irrespective of the type of
fat, might promote weight gain. The prevalence of obesity is often lower in
people with high carbohydrate consumption (expressed as a percentage of
energy) than in those with high fat intakes (but this is not always true). In
animal studies, high-fat diets induce faster weight gain and greater insulin
resistance compared with high-carbohydrate diets, whether fed ad libitum or
isocalorically (50). In humans, several studies have shown that ad libitum
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consumption of high-carbohydrate diets, even one high in refined sugar, was
more effective in promoting long-term weight loss than higher fat diets
(47,57,58).

Despite this, results from several recent intervention trials have indicated
that high-MUFA diets are just as effective as high-carbohydrate diets in
producing weight loss in diabetic subjects (59,60). However, in these studies
MUFA was used in the context of a strictly controlled low-energy diet. By
directly controlling energy intake, any spontaneous reduction in energy intake
and body weight associated with the high-carbohydrate or high-fibre diet was
unlikely. The long-term effect of ad libitum consumption of Western diets
enriched in MUFA is currently not known. There is concern that the
promotion of energy-dense, high-MUFA foods to diabetic subjects [as
recommended by the American Diabetes Association (20)] may lead to
gradual weight gain.

THE SATIETY VALUE OF HIGH-CARBOHYDRATE DIETS

The satiating capacity of high-carbohydrate diets may be the major
explanation for weight control benefits. The energy density of foods strongly
influences the amount of food people consume and consequently influences
body weight (61). High-fat foods are energy dense, very palatable and less
satiating, a combination which makes them easy to ‘passively overconsume’
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Figure 11.3 Reduction in glycosylated proteins (glycosylated haemoglobin or
fructosamine) on low GI in nine studies comparing high-carbohydrate, low- versus high-
GIdiets
Source: Redrawn from Brand-Miller et al. (38).



(62). On the other hand, less refined, ‘natural’ high-carbohydrate foods
(legumes, wholegrains, fruits and starchy vegetables) are more bulky and
difficult to overeat. In laboratory studies comparing the short-term filling
powers of equal-calorie portions of different foods, the weight of food per
1000 kJ was the strongest determinant of short-term satiety (63). However,
many new reformulated low-fat foods on the market (e.g. snack products,
biscuits, ice cream, yoghurt) are as energy dense as their full-fat counterparts
and unlikely to offer weight control benefits.

Low-GI diets may be particularly beneficial for weight control in people with
diabetes. Low-GI foods are more satiating, calorie for calorie, than their high-
GI counterparts [reviewed by Ludwig (64)]. Low-fat, energy-restricted diets
based on low-GI foods have been found to result in greater weight loss in
overweight people than conventional reduced-fat diets with a higher GI rating
(64,65). Higher satiety resulting from the prolonged digestion and absorption
of carbohydrate in the small intestine and the reduced post-prandial insulin
secretion may explain these findings. In animal studies, high-GI diets promoted
faster weight gain, higher body fat, higher adipocyte volume and hyper-
triglyceridaemia than low-GI diets providing similar amounts of energy and
macronutrients (66,67). High-GI diets were also associated with increased
myocardial infarction in the Nurses’ Health Study (68).

EVIDENCE FOR SUCROSE RESTRICTION INDIABETIC
DIETS

Many randomised, controlled trials have shown that the isocaloric substitution
of moderate amounts of refined sucrose for starch in diabetic diets has no
adverse effects on blood glucose or lipid levels in people with diabetes (69–71).
In fact, several studies show improved glycaemic control, especially in children
with Type 1 diabetes (72). This makes sense when we consider that most foods
containing sugar have a GI less than 60, while that of most modern starchy
foods is over 70 (37,73). Many diabetes associations now officially recognise
that sucrose restriction is not necessary in diabetic diets, although some put an
upper limit of 30 g per day (the average intake in the non-diabetic population is
about 60 g per day). Unfortunately, the dietary dogma of sucrose avoidance in
diabetic diets is so well entrenched in the mind of the public and most health
professionals that little change has occurred in practice. Intense sweeteners and
low-joule soft drinks are almost universally recommended in diabetic diets in
the belief that this will enhance both glycaemic control and weight loss. This
often detracts from more important dietary messages for people with diabetes
(e.g. reduced saturated fat, increased high-fibre and low-GI foods).

The belief that sucrose facilitates excessive energy intake is one reason for
continued use of intense sweeteners. However, there is little evidence that the
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long-term use of artificial sweeteners is particularly useful for weight loss –
reducing sugar intake saves fewer calories than reducing dietary fat by the same
amount (74). Some large-scale dietary surveys have shown that people who
consume higher amounts of sugar and less fat tend to have lower body weights
(75–77). Refined sucrose consumption correlates inversely with fat intake in
both non-diabetic and diabetic populations. In addition, research shows that a
moderate–high intake of sugar is not associated with a reduced intake of
vitamins and minerals (78). One of the reasons for this is that sucrose increases
the palatability and intake of nutritious foods such as cereals and dairy
products. Sucrose also satisfies an instinctual desire for sweetness and has
many functional roles in foods that extend beyond its sweetening power,
including preservative, textural and flavour-modifying qualities.

Fructose has also been used as a sweetener in diabetic diets because it has a
smaller blood glucose (GI¼ 20) and insulin-raising effect than isocaloric
amounts of sucrose. Concerns about its potential to raise TG and LDL-
cholesterol levels have limited its use (20), but in amounts up to 12% of energy,
no untoward effects have been seen in subjects with diabetes (79).

Other nutritive/calorie-containing sweeteners such as maltodextrins, corn
syrup, fruit juice/concentrate, honey, molasses, dextrose and maltose do not
offer any advantage over sucrose in terms of energy content or glycaemic
response. Indeed, post-prandial glycaemia is higher after maltodextrins and
corn syrup than after sucrose. Sugar alcohols (sorbitol, mannitol, xylitol) and
isomalt used as sweeteners in sugar-free confectionery produce a lower
glycaemic response than sucrose and inhibit dental caries formation. Excessive
consumption (420–30 g per day) should be avoided because of their laxative
effect.

REALISTIC DIET PRESCRIPTIONS

Weight loss and weight control are arguably the most challenging aspects of
managing diabetes, yet are likely to offer the most immediate and obvious
benefit. People with diabetes find it more difficult to lose weight and maintain
the loss compared with those without the disease. Fortunately, it is now clear
that they do not need to reach their ideal body weight in order to improve their
metabolic status; as little as a 5–10% reduction in body weight is sufficient to
result in clinically relevant benefits (80).

Long-term weight control requires a comprehensive approach involving
lifestyle changes, not just food and energy restriction. A modest reduction in
energy intake (about 250 to 500 calories from the daily energy intake) and an
increase in daily physical activity by 250 to 500 calories are realistic. A
combination of strategies may help promote weight loss:

THE ROLE OF CARBOHYDRATE 181



. Emphasis on low saturated fat, low-GI, high-carbohydrate foods – to
promote satiety and reduce hyperinsulinaemia.

. Modest caloric restriction not extreme – to prevent excessive hunger.

. Distribution of carbohydrate intake throughout the day – smaller more
frequent meals to reduce post-prandial hyperglycaemia.

. Increased physical activity – even incidental activity – to promote higher
energy expenditure.

. Behaviour modification techniques and relaxing activities – to reduce stress-
related eating.

. Support from family and other professionals – to increase compliance.

No single dietary approach will be suitable for all patients. Meal plans and
dietary modifications need to be tailor-made to suit each patient’s needs and
lifestyle. Current medical status (HbA1c, blood lipid levels, home blood glucose
monitoring results, nutritional status, body weight, medication) needs to be
assessed before any dietary modifications are recommended. Dietitians should
reinforce that the dietary and exercise ‘prescription’ is an essential component
of diabetes management, irrespective of medication.

THE FUTURE

Currently, many health professionals on both sides of the carbohydrate debate
tend to believe that there is an ideal diet for everyone with diabetes – the ‘one
diet fits all’ approach. But the future is likely to see the percentage of
carbohydrate in the diabetic diet ‘individualised’ to increase compliance and
take account of usual food habits. Emphasis on changes in the types of
carbohydrate foods and types of oils and margarines may be more important to
overall diabetes control than the amount of carbohydrate versus fat per se.
While there is consensus that type of fat is important, there is less recognition
of the major effects of fibre and rate of digestion of carbohydrate on glucose
and lipid metabolism. There is sufficient evidence to say that a high-
carbohydrate diet based on high-glycaemic index foods (even wholemeal
versions) is probably not desirable in the management of diabetes. The
glycaemic load (GI of the diet6carbohydrate content) of the diet needs to be
considered and evaluated in intervention and observational studies, particu-
larly in relation to insulin sensitivity, HbA1c and risk of complications.

Post-prandial elevations in the level of blood glucose appear to be a major
determinant of HbA1c levels and therefore rates of complications of diabetes.
But there is generally little recognition at present that post-prandial blood
glucose values can be improved by diet, not just by drug therapy. If we are to
recommend major changes to diet in the management of diabetes, then
evidence-based medicine requires proof that they are safe and effective in the
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long term. Randomised, controlled trials in free-living populations should be
the standard of evidence and outcomes should be measured in terms of changes
in HbA1c and rates of complications rather than surrogate measures such as
fasting and 2 h post-prandial blood glucose and insulin responses, lipid
concentrations and blood pressure. Unfortunately, current dietary recommen-
dations are often based on results from dietary intervention studies as short as
two to four weeks, some better controlled than others, using surrogate
measures of glucose and lipid metabolism. Taken as a whole, at the present
time there is better evidence favouring high-carbohydrate, high-fibre, low-GI
diets in the overall management of diabetes.

REFERENCES

1. Turner RC, Cull CA, Frighi V, Holman RR. Glycemic control with diet,
sulfonylurea, metformin, or insulin in patients with type 2 diabetes mellitus:
progressive requirement for multiple therapies. UK Prospective Diabetes Study
(UKPDS) Group. J Am Med Assoc 1999; 281 (12): 2005–2012.

2. The Diabetes Control and Complications Trial Research Group: The effect of
intensive treatment of diabetes on the development and progression of long-term
complications in insulin-dependent diabetes mellitus. New Engl J Med 1993; 329:
977–986.

3. UK Prospective Diabetes Study (UKPDS) Group: intensive blood-glucose control
with sulfonylureas or insulin compared with conventional treatment and risk
of complications in patients with type 2 diabetes (UKPDS 33). Lancet 1998; 352:
837–853.

4. Gavin JR. The importance of postprandial hyperglycaemia. Int J Clin Pract 1999:
(Suppl 107): 14–17.
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INTRODUCTION

Treatment of patients with Type 2 diabetes must focus on the prevention of the
long-term vascular complications of this syndrome. The results (1) of the
United Kingdom Prospective Diabetes Study (UKPDS) have clearly shown
that improved glycaemic control will decrease the development of micro-
vascular disease in patients with Type 2 diabetes. Therefore, consideration of
the role of energetic macronutients of dietary fat and carbohydrate (CHO) in
the management of patients with Type 2 diabetes must evaluate the impact of
any recommendations in light of their effect on glycaemic control.

The results of the UKPDS were less encouraging concerning the ability of
improved glycaemic control to reduce macrovascular disease (1). Indeed,
neither lowering plasma glucose concentration (1), nor blood pressure (2),
decreased myocardial infarction to the same degree as reported for the
microangiopathic endpoints. The reason for this disparity between micro-
vascular and macrovascular disease incidence in the UKPDS is not fully
understood, but is at least partly due to the importance of abnormal
lipoprotein metabolism in the genesis of coronary heart disease (CHD) in
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patients with Type 2 diabetes. Consequently, recommendations concerning the
CHO content of diabetic diets must take into account how they might affect
dyslipidaemia in patients with Type 2 diabetes.

Although Type 2 diabetes is defined by hyperglycaemia, an increase in
ambient glucose concentration is not the only metabolic abnormality in
patients with Type 2 diabetes. In addition to diabetic dyslipidaemia, there is a
cluster of abnormalities related to insulin resistance and circulating plasma
insulin concentrations in patients with Type 2 diabetes (3–5). Since these
changes may contribute to the increased prevalence of CHD, they must also be
taken into account when dietary guidelines are proposed.

Finally, it is important to distinguish between the fat and CHO content of
weight loss versus weight maintenance diets. The metabolic impact of
variations in macronutrient content will vary enormously in these two
situations, and this important difference cannot be ignored.

In this chapter an attempt will be made to discuss how variations in relative
amount and kind of CHO could affect both microvascular and mascrovascular
outcome in patients with Type 2 diabetes, taking into account the
considerations discussed above, and results of clinical studies of patients
with Type 2 diabetes.

CALORIE-RESTRICTED DIETS

There is little doubt that weight loss in response to calorie-restricted diets will
improve both glycaemic control and dyslipidaemia in patients with Type 2
diabetes (6–11). However, there are two questions concerning this issue that
deserve some attention. In the first place, do variations in the relative
proportion of macronutrients have any effect on the ability of patients with
Type 2 diabetes to lose weight? Three relevant papers bearing on this issue have
been published in the last few years, comparing weight loss in response to
calorie-restricted diets, varying only in terms of relative proportions of CHO
and fat. The results showed that weight loss was identical when dietary CHO
varied from 10% to 70% of daily calories, with proportionate changes in fat
content (9–11). Since the longest of these studies only lasted for 12 weeks (8), it
could be argued that differences in rate of weight loss might have emerged if the
patients had been followed for longer. On the other hand, there is no evidence
that relatively large variations in the relative amounts of dietary CHO and fat
present in energy-restricted diets have a discernible effect on the ability of
patients with Type 2 diabetes to lose weight.

Variations in relative amounts of dietary CHO and fat did not prevent the
improvement in glycaemic control associated with weight loss, but in two of the
studies (9,10) the fall in plasma glucose concentration was significantly greater
on a higher monounsaturated fat (MUF)–lower CHO diet. Plasma triglyceride
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(TG) and high-density lipoprotein (HDL) cholesterol concentrations fell with
weight loss, irrespective of macronutrient content, but the decrement in TG
concentration was greater, and the fall in HDL cholesterol attenuated, in
response to calorie-restricted diets relatively high in MUFA and low in CHO.
Low-density lipoprotein (LDL) cholesterol concentration decreased when
either MUFA or CHO replaced saturated fat (SF) in the diet, but the
improvement in LDL cholesterol concentration did not take place if dietary
intake of SF was not decreased. Finally, improvement in all of these variables
in response to a diet relatively high in MUFA and lower in CHO persisted
several weeks after a period of weight maintenance with the test diets.

In summary, weight loss in overweight patients with Type 2 diabetes is of
substantial clinical benefit, and is almost certainly the most powerful lifestyle
modification to improve clinical outcome in this population. Although
variations in relative proportion of dietary fat and CHO in energy-restricted
diets do not seem to affect the amount of weight loss, the metabolic benefit
associated with weight loss was somewhat greater when the diet was relatively
higher in MUFA and lower in CHO.

METABOLIC EFFECTS OF VARIATIONS IN THE RELATIVE
AMOUNTS OF DIETARY CARBOHYDRATE AND FAT
CONTENT IN ISOCALORIC DIETS

As emphasised in the introduction, dietary recommendations for patients with
Type 2 diabetes must take into account the impact of variations in
macronutrient content on both microvascular and macrovascular disease. In
this section attention will be focused on the effect of changes in the relative
amount of CHO and fat in weight maintenance diets, evaluating the impact of
such variations on the metabolic abnormalities characteristic of patients with
Type 2 diabetes.

INSULIN RESISTANCE

The ability of insulin to stimulate muscle glucose disposal is decreased in the
vast majority of patients with Type 2 diabetes (12,13). Although weight loss
will enhance insulin-mediated glucose disposal in patients with Type 2 diabetes
(6), there appears to be no evidence in patients with Type 2 diabetes that the
frequently recommended relatively low fat–high CHO diets have any beneficial
effect on insulin-mediated glucose disposal (14–16). Indeed, there is evidence
from one study (16) that insulin resistance is accentuated in response to low
fat–high CHO diets as compared to diets higher in MUFA and lower in CHO.
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PLASMAGLUCOSE AND INSULIN CONCENTRATIONS

Several studies have been published describing the effect of reciprocal increases
in CHO and decreases in fat intake on plasma glucose and insulin
concentration in patients with Type 2 diabetes (15,17–20). Furthermore, the
results have been remarkably similar, given the differences in the experimental
protocols, and quite consistent with what would have been predicted in view of
the pathophysiology of this syndrome. If CHO intake is increased in patients
with Type 2 diabetes, plasma glucose concentrations will tend to rise,
stimulating the pancreas to secrete more insulin. If patients with Type 2
diabetes retain significant B-cell reserve, more insulin will be secreted in this
situation, attenuating any rise in plasma glucose concentrations at the expense
of higher plasma insulin concentrations. Conversely, the less able the patient is
to secrete additional amounts of insulin in response to an increase in CHO
intake, the greater will be the rise in plasma glucose concentration, with
minimal increases in ambient insulin concentration. Obviously, these are two
extreme examples of an almost infinite series of possible combinations of the
changes in plasma glucose and insulin concentrations that will result from
increasing the relative proportion of CHO in the diet. In fact, most published
data show that both plasma glucose and insulin concentrations increase in
response to diets relatively low in fat and high in CHO. Perhaps the best
example of this general conclusion is the publication of Parillo and colleagues
(21) showing that postprandial plasma glucose concentrations did not increase
significantly when diet-treated patients with Type 2 diabetes consumed
relatively more CHO, presumably due to the fact that the low fat–high CHO
diets were associated with higher postprandial insulin concentrations. The
situation was reversed in sulphonylurea-treated patients, with higher post-
prandial glucose and unchanged insulin concentrations, in response to
increases in dietary CHO intake.

Based upon the above, there seems to be substantial evidence that postprandial
glucose and/or insulin concentrations will increase when dietary fat content is
decreased and CHO intake increased. The best one can hope for is that low fat–
high CHO dietsmay not lead to decreased glycaemic control. However, even this
can only be accomplished at the expense of increases in plasma insulin
concentrations. The role of endogenous hyperinsulinaemia as a risk factor for
CHD in patients with Type 2 diabetes is still unclear, but it may not be prudent to
ignore the possibility that this, or abnormalities associatedwith it, may contribute
to the accelerated atherogenesis that characterises these patients (22,23).

DYSLIPIDAEMIA

Diabetic dyslipidaemia is characterised by high plasma TG and low HDL
cholesterol concentrations (22). Although less commonly measured, LDL
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particle diameter tends to be decreased in patients with Type 2 diabetes (23),
and the postprandial accumulation of TG-rich lipoproteins accentuated (24).
The close association of the latter two abnormalities with hypertriglycerid-
aemia makes it less necessary to directly measure LDL particle diameter or
postprandial lipaemia; if the plasma TG concentration of a patient with Type 2
diabetes exceeds 2mM, it is almost certain that the individual will have smaller
and denser LDL particles and day-long increases in remnant lipoprotein (RLP)
concentration.

The fact that LDL cholesterol concentrations are not higher in patients with
Type 2 diabetes than in non-diabetic individuals (22) does not preclude the
need to consider how dietary recommendation would affect LDL cholesterol
concentrations. Indeed, there is evidence that lowering of LDL cholesterol
concentrations by pharmacological means will decrease risk of CHD (25,26).

Based on the above considerations, it seems clear that dietary recommenda-
tions for patients with Type 2 diabetes, above and beyond weight loss, must
take into account the effects of a given intervention on both LDL cholesterol
metabolism, and the atherogenic lipoprotein phenotype of hypertriglycerid-
aemia, low HDL cholesterol concentration, smaller and denser LDL particles,
and an exaggerated degree of postprandial lipaemia. The goal is to maximally
decrease CHD risk factors attributed to both forms of abnormal lipoprotein
metabolism.

LDLCholesterol

There is abundant evidence in non-diabetic individuals that replacing SF with
either unsaturated fat or CHO will lower LDL cholesterol concentrations to a
similar degree (27,28), and this appears to be the case in patients with Type 2
diabetes (15,17–20). Given the evidence that pharmacological lowering of LDL
cholesterol decreases CHD risk in patients with Type 2 diabetes (25,26), the
intake of SF should be limited to less than 10% of total calories in these
individuals.

TG-rich Lipoproteins

The decision to replace SF with either unsaturated fat or CHO will have an
enormous impact on the circulating concentration of TG-rich lipoproteins.
There is substantial evidence in patients with Type 2 diabetes that diets low in
SF and high in CHO will increase fasting plasma TG concentration as
compared to substitution of SF with MUFA/PUFA (15,17–20). Evidence has
recently been published that fasting RLP concentrations are also increased in
patients with Type 2 diabetes (29), and the postprandial accumulation of RLPs
of both endogenous (hepatic) and exogenous (intestine) origin are increased in
patients with Type 2 diabetes (30). This latter observation is not simply a
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function of the increase in fasting TG-pool size characteristic of patients with
Type 2 diabetes, but appears to also involve a decrease in the removal rate from
plasma of TG-rich lipoproteins following a mixed meal.

HDLCholesterol

Although a low HDL cholesterol concentration in patients with Type 2
diabetes is usually associated with a high plasma TG concentration, the
difficulty in raising HDL cholesterol concentration with dietary manipulation
is in marked contrast to the relative responsiveness of plasma TG concentra-
tions. The reason for the difference is not clear. There is evidence that HDL
cholesterol concentrations are inversely related to the fractional catabolic rate
(FCR) of apo lipoprotein A-1 in patients with Type 2 diabetes (31), the more
rapid the FCR of apo A-1, the lower the HDL cholesterol concentration.
Furthermore, the higher the plasma insulin response to an oral glucose
challenge, the faster the apo A-1 FCR (31). Perhaps the changes in circulating
insulin concentration resulting from relatively minor variations in macro-
nutrient composition in patients with Type 2 diabetes are not sufficient to
modulate the FCR of apo A-1. Irrespective of the explanation, it appears that
dietary manipulations have relatively little effect on HDL cholesterol
concentrations in patients with Type 2 diabetes.

Dyslipidaemia and CHDRisk

As discussed above, there is evidence that drug-induced decreases in LDL
cholesterol concentration decrease risk of CHD. Although there is ongoing
debate as to whether or not hypertriglyceridaemia is an ‘independent’ risk
factor in non-diabetic individuals (32), the importance of increases in plasma
TG for predicting CHD in patients with Type 2 diabetes seems less
controversial (32–34). There is little reason to question the importance of a
low HDL cholesterol as a CHD risk factor, and there is increasing evidence in
non-diabetic subjects of the atherogenic potential of postprandial lipaemia (the
accumulation of RLPs throughout the day), and the appearance of smaller and
denser LDL particles (35–37). Thus, it seems prudent to suggest that dietary
recommendations for patients with Type 2 diabetes should take into account
the predictable effects on lipoprotein metabolism.

METABOLIC EFFECTS OF VARIATIONS IN THE KIND OF
CARBOHYDRATE IN ISOCALORIC DIETS

Evidence presented to this point has focused on the effects of variations in the
relative amounts of dietary fat and CHO in isocaloric diets, and emphasised the
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untoward effects of replacing SF with CHO versus PUFA/MUFA. Another
possible approach to this issue would be to continue the practice of replacing
SF with CHO, but doing this with the kind of CHO that would maintain the
beneficial effects of low SF–high CHO diets on LDL cholesterol concentration,
without leading to the harmful impact on glucose, insulin and lipoprotein
metabolism that has been observed with CHO-enriched diets. In this context,
two different, but somewhat related, approaches have been evaluated –
emphasising either the glycaemic index of the high CHO diets, or their fibre
content.

VARIATIONS IN GLYCAEMIC INDEX

Perhaps the best example of the ability of differences in glycaemic index of
CHO-enriched diets to modify glycaemic control and lipoprotein metabolism
in patients with Type 2 diabetes is the report by Jarvi and colleagues (38).
These investigators compared the metabolic effects of two diets, each
containing 55% of total calories as CHO, in 20 patients, consuming each of
the test diets for 24 days. The glycaemic indices were calculated to vary from 57
to 83 as compared to white wheat bread. The two test diets were compared to
each other, as well as to baseline values obtained on an uncontrolled diet. Of
considerable interest was the observation that fasting plasma glucose, TG, and
LDL cholesterol concentrations fell on both diets, supporting the general belief
that essentially any prescribed diet is better than no diet plan. On the other
hand, the degree of improvement in all of these variables was the same,
irrespective of the difference in glycaemic index of the diet. Furthermore, the
improvements in day-long plasma glucose and insulin concentration appeared
to be of somewhat lesser magnitude than in the study in which the CHO intake
was reduced, and unsaturated fat intake increased (20). Brand and associates
(39) conducted a somewhat similar study in 16 patients with Type 2 diabetes,
comparing the metabolic effects of two diets, differing in their glycaemic index
from 77 to 91. However, both of the diets were relatively low in CHO (*45%).
The fasting plasma glucose concentrations were similar after the high
glycaemic index and low glycaemic index diets, as were the fasting
concentrations of plasma insulin, TG, LDL cholesterol and HDL cholesterol.
However, the total integrated postprandial plasma glucose response following
the low glycaemic index breakfast and lunch was lower by 14% as compared to
the high glycaemic meals.

Two other papers are often cited as showing the benefits of differences in the
glycaemic index of CHO-rich foods: in one of these (40), only six patients with
Type 2 diabetes were studied, and their data were not presented separately;
while in the other paper the patients were only followed for two weeks (41).
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VARIATIONS IN FIBRE CONTENT

In the most general sense, it is deemed useful for patients with Type 2 diabetes
to increase their dietary fibre intake, particularly of soluble fibre. At the same
time, the clinical utility of this intervention is not clear. For example, the
recommendation of the American Diabetes Association is for patients to
increase their dietary fibre intake to 20–35 g/day, without clear evidence of the
importance of this amount of fibre on glycaemic control (42). Chandalia and
associates (43) have pursued this issue further, and evaluated the metabolic
effect of essentially doubling the daily fibre intake of 13 patients with Type 2
diabetes. In this study they compared two diets, each containing *55% of
daily calories as CHO, with one test diet having twice as much total fibre (50 vs
24 g/day), and threefold the soluble fibre content (25 vs 8 g/day). The patients
were studied at the end of two randomly assigned diet periods of six weeks in
duration. Even if it is assumed that patients will be willing to consume diets
made up almost entirely of oranges (300 g/day), green peas (110 g/day),
zucchini (195 g/day), papaya (250 g/day), peaches (300 g/day), fruit cocktail
(200 g/day) and cherries (100 g/day), the improvement in day-long plasma
glucose concentrations was no greater, and the decline in plasma TG
concentration of lesser magnitude, than when the low fat–high CHO diet
was compared to a diet in which MUFA was increased and CHO decreased (20).

When put into the context of results of earlier studies evaluating variations
in fibre content, it appears that the clinical benefit is closely related to the
increment in daily fibre intake. More specifically, increases in fibre intake of
*15 g/day did not lead to any significant metabolic changes (44,45), whereas
dietary increases up to 23 g/day (46) and 30 g/day (47) resulted in a modest
improvement in glycaemic control, without any decrease in plasma TG
concentration. Thus, there appears to be no study in which the untoward
metabolic effects of CHO-enriched diets have been shown to be attenuated to
the degree seen when MUFA/PUFA fat is used to replace SF (20), and the only
instance in which the effects were even comparable involved the daily intake of
50 g fibre (43).

SUMMARYAND SUGGESTIONS

The most useful dietary intervention, by far, is the initiation of a calorie-
restricted diet in patients with Type 2 diabetes who are overweight: the
beneficial effects of weight loss on both glucose and lipid abnormalities in
patients with Type 2 diabetes are both unequivocal and dramatic. Although
there may be something to be gained by avoiding the use of low fat–high CHO
diets in this context, the major benefits will depend upon the decrease in total
calories, not in variations in kind of macronutrient.
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There is also substantial evidence in support of the view that SF should be
decreased in patients with Type 2 diabetes. The major lifestyle variable
regulating total and LDL cholesterol is the intake of SF, and the lower the SF
intake, the lower the LDL cholesterol concentration.

Given the above considerations, the only unresolved question that remains
in dietary recommendations for patients with Type 2 diabetes is what to
substitute for SF. It is difficult to find any scientific justification for continuing
to recommend the continued use of low SF–high CHO diets in patients with
Type 2 diabetes. As discussed in this chapter, several alternative approaches are
possible. Based on published data, it is suggested that replacing SF with
MUFA/PUFA is the simplest and most effective way to maximally improve
glycaemic control, and attenuate the lipoprotein abnormalities characteristic of
patients with Type 2 diabetes. In this context a diet containing (as per cent of
total calories) approximately 15% protein, 45% CHO and 40% fat, with SF
intake 510% of total calories, does not require a substantial change in eating
habits, while effectively minimising abnormalities of CHO and lipid
metabolism. However, there are alternative approaches that have as their
goal the continued use of CHO-enriched diets, but minimising the untoward
manifestation of such a diet by increasing fibre intake and/or decreasing the
glycaemic index of CHO-rich foods. The view that these dietary manipulations
do not seem to be as effective as simply increasing the MUFA/PUFA content
does not mean that recommendations to increase dietary fibre intake should be
ignored, or that efforts to decrease the glycaemic index of CHO-rich foods have
no utility. On the other hand, there seems to be little justification for placing
entire reliance on these more complicated, and seemingly less effective,
solutions for overcoming the untoward metabolic effects of CHO-enriched
diets.
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INTRODUCTION

Studies in the general population show an improvement in mortality and
morbidity from light to moderate ingestion of alcohol. This improved
mortality was greatest amongst those individuals with the highest risk of
ischaemic heart disease (1). The definition of light to moderate intake is,
however, confusing and varies between researchers from one to three drinks
per day, 3–4 units for men and 2–3 units for women per day, 0.5–1.0 g/kg body
weight, or ‘moderate drinking is the level below which overall net harmful
effects are seen in population surveys, about three drinks per day. Thus less
than three drinks per day is moderate or lighter drinking and heavy drinking is
three or more drinks per day’ (2).

Recommendations have generally been determined from epidemiological
and retrospective data where the problem of evaluating thresholds is
complicated by the underestimation of alcohol consumption. Drinking more
frequently or larger measures than reported can lead to a lower apparent
threshold of alcohol-related effects.

For people with diabetes, recommendations for alcohol intakes are
complicated by the well-established risks of alcohol ingestion such as
increasing blood pressure, increasing triglycerides and contributing to obesity
versus the benefits of reducing the risk of ischaemic heart disease through
increasing HDL cholesterol, increasing insulin sensitivity and the contribution
of antioxidant nutrients. (The effect of alcohol ingestion on these individual
risks and benefits is discussed later in this chapter.)
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NUTRITIONAL RECOMMENDATIONS

For the general adult population ‘sensible’ limits are 21 units per week or 2–3
units per day for men and 14 units per week or 1–2 units per day for women.
This remains the recommendation by the Royal College of Physicians despite
the Department of Health increasing the recommended number of units to 28
and 21 units per week, respectively (3).

The current European nutritional recommendations for people with diabetes
(1999) state ‘For those who choose to drink alcohol, intakes of up to 15 g for
women and 30 g for men are acceptable’ per day (4,5). This equates to one
small (125ml) glass of wine (12% abv) or 1.5 units for women per day and two
small glasses of wine (12% abv) for men, which equates to 3 units. However,
many wines have a higher alcohol content and many people would regularly
drink a larger measure. The present consensus outlined in the European and
American nutritional recommendations for people with diabetes concludes that
there are benefits (unless medically contraindicated) from light to moderate
alcohol intakes taken with a carbohydrate-containing meal. Moderate intakes
of wine, especially red wine, which contains non-nutrient flavonoid and
phenolic compounds, which have antioxidant properties, may confer greater
benefit than consumption of spirits or beer (6). Much of the evidence from
studies is based on weekly intakes of alcoholic drinks, but considering that the
beneficial effects of moderate drinking on fibrinolytic factors (7) and blood
pressure (8) are transient, it is most beneficial to have light to moderate daily
intakes. Health professionals should be cautious when advising on intakes
because many people underestimate their alcohol consumption. Practical
recommendations should be explained in terms of drinks and units to avoid
confusion. Table 13.1 shows the alcoholic content and number of units
contributed by commonly consumed alcoholic beverages.

PRACTICAL RECOMMENDATIONS

Provided alcohol intakes are not contraindicated (see below), for most people
with diabetes it is healthiest for men to drink 2–3 units and women to drink 1–2
units per day. Higher intakes, even taken occasionally, will have an impact on
blood pressure and triglycerides and will increase the risk of hypoglycaemia
and ketoacidosis.

It is especially important that people with diabetes who are treated with
insulin or sulphonylureas should eat a carbohydrate-containing meal and take
their medication before drinking and have a bedtime snack (and long-acting
insulin if prescribed) before going to sleep. They should also be aware that
prolonged and severe hypoglycaemia can occur up to 36 h after binge drinking
and this can be mistaken for intoxication. For those inclined to drink more
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than the recommended intakes advice should be given on how to minimise the
risk of hypoglycaemia. This might include eating carbohydrate-containing
snacks that might not be particularly healthy, e.g. savoury snacks like crisps
and peanuts or alternating alcoholic drinks with sugar-containing soft drinks
or fruit juice.

The normal precautions for alcohol intakes still apply with regard to
drinking and driving, but it is obviously very important to minimise the risk of
hypoglycaemia.

There is no specific benefit for people with diabetes to consume low-
carbohydrate beers/lagers or low-alcohol drinks; it is total alcohol intake, how
rapidly it is consumed and whether it is consumed with or after food that will
determine its effect.

CONTRAINDICATIONS

People with diabetes who should abstain from drinking alcohol include those
with a history of alcohol abuse, pancreatitis, liver disease, gastritis and women
during pregnancy. Also intakes should be restricted for those who have
hypertriglyceridaemia, hypertension, neuropathy and frequent hypoglycaemia
and hyperglycaemia.
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Table 13.1 The alcoholic content and number of units contributed by commonly
consumed alcoholic drinks

Drink Measure No. of units Alcohol (g)

Beers, lagers and cider
3–5% abv 250ml (0.5 pt) 0.75–1.25 7.5–12.5

500ml (1 pt) 1.5–2.5 15–25
6–8% abv 250ml (0.5 pt) 1.5–2.0 15–20

500ml (1 pt) 3.0–4.0 30–40
Wine
9–11% abv Sm glass (125ml) 1.0–1.4 10–14

Med glass (175ml) 1.1–2.0 11–20
Lg glass (250ml) 2.25–2.75 22.5–27.5
1 bottle (750ml) 6.75–8.25 67.5–82.5

12–14% abv Sm glass (125ml) 1.5–1.75 15–17.5
Med glass (175ml) 2.1–2.45 21–24.5
Lg glass (250ml) 3.0–3.5 42–49
1 bottle (750ml) 9.0–10.5 90–105

Fortified wines (sherry/port)
16% abv 50ml glass 0.8 8
Spirits (vodka/gin/rum, etc.)
40% abv 25ml 1.0 10



People with DM who also take antiepileptics and tranquillisers should seek
advice from their doctor or pharmacist before drinking alcohol because of
possible drug interactions.

METABOLISMOFALCOHOL

The liver metabolises alcohol at an average rate of 0.1 g/kg body weight per
hour. Thus an average 70 kg man will require 2 h to metabolise 24 g alcohol, the
equivalent of 1.5 small glasses of wine. The total quantity and the rate of
alcohol ingestion determines its effect (9). Some of the alcohol in the stomach is
metabolised by the enzyme alcohol dehydrogenase, which is present in the
gastric mucosa. Women have less gastric alcohol dehydrogenase activity than
men, so their blood alcohol concentration rises more markedly. Once absorbed
the alcohol spreads rapidly into the body water and the smaller size and greater
fat content of women amplifies the rise.

Alcohol is metabolised in a series of reactions to acetyl Co A which, in most
extra-hepatic tissues, is then channelled into the TCA cycle. Here, it is oxidised
and this generates most of the ATP from ethanol oxidation. A small proportion
of the acetyl Co A that remains in the liver and that is present in the adipose
tissue may act as a precursor for the biosynthesis of fatty acids and glycerol.

OXIDATION OF ETHANOLTO ETHANAL (ACETALDEHYDE)

Most of the absorbed alcohol is taken up by the liver. Here, three separate
enzyme reactions oxidise the ethanol to ethanal.
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Figure 13.1 Pathway as described by Newsholme and Leech 1990. Reproduced with
permission ofJohnWiley & Sons Limited
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Alcohol Dehydrogenase

The reaction catalysed by alcohol dehydrogenase is the most widely known.
This enzyme is also present in much smaller amounts in the gastric mucosa,
kidney and adipose tissue.

Microsomal Ethanol Oxidising System

This enzyme system uses NADPH and oxygen to catalyse the reaction to
ethanal. The enzyme cytochrome P450 is involved in this reaction and also in
the detoxification of many drugs. Alcohol competes with these drugs for the
enzyme site and its presence, therefore, can lead to higher circulating levels of
drugs which may reach toxic levels (10).

Catalase

In the liver peroxisomes, the enzyme catalase reduces H2O2 to H2O
concomitantly as it oxidises ethanol to ethanal.

OXIDATION OF ETHANALTO ACETATE

This reaction is catalysed by aldehyde dehydrogenase:

CH3CHOþNADþ þH2O ! CH3COO� þNADHþ 2Hþ

CONVERSION TO ACETYLCoA

Most of the acetate escapes from the liver and is converted to acetyl Co A in
extra-hepatic tissues by the enzyme acetyl Co A synthetase:

CH3COO� þATP4� þ CoASH ! CH3COSCoA þAMP3� þ PPi3�

The acetyl Co A is then oxidised via the TCA cycle which generates ATP.

REOXIDATION OF NADH AND REDUCTION OF NADPH

NADH is generated in the first two reactions of alcohol metabolism as outlined
above. It is necessary for NADH to then be reoxidised to NAD+ so that it can
be involved in further oxidation reactions in the cytosol:

NADH

Reoxidation by the mitochondrial

electron transport system
����������������������������������������������������������������������������������������!! NADþHþ

DIABETES ANDALCOHOL 205



The cytosolic NADH is reoxidised by the mitochondrial electron transport
system, so substrate shuttles need to be used to transport the H atoms to the
mitochondria.

Under some conditions, the rate of transfer of H atoms by these shuttles is
less than the rate of NADH generation, so that the concentration of NAD+

becomes greatly reduced. This low concentration of NAD+ also restricts the
conversion of lactate to pyruvate in the liver. This is one element by which
alcohol increases the concentration of lactate in the blood.

The low NAD+ level limits the rate of ethanol oxidation by alcohol
dehydrogenase (the first step in alcohol metabolism). Alcohol decreases the
ratio of NAD+ to NADH within the hepatocyte while it is being oxidised.

METABOLIC AND CLINICAL EFFECTS OF ALCOHOL
CONSUMPTION

Evidence suggests that some of the clinical effects of alcohol ingestion are not
due to ethanol itself but to its metabolites NADH and ethanal (acetaldehyde).
The NAD+/NADH concentration ratio in the cytosol is maintained at a value
of 1000 (11). The administration of alcohol can lower this ratio by at least 10-
fold (12). The concentration of all substrates and products which thus use
dehydrogenase enzymes will be affected by a change in the NAD+/NADH
concentration ratio. Therefore a reduction of this concentration ratio will
lower the concentration of the oxidised reactant and increase that of the
reduced reactant. If either of these reactants has an important metabolic role,
marked changes in their concentration could produce abnormal effects.

The increased ethanal levels which are seen after alcohol ingestion are
further raised if the activity of aldehyde dehydrogenase is inhibited. Inhibitors
of the enzyme include the higher aliphatic aldehydes which are known to be
present in alcoholic beverages.

The following physiological effects can be, in part, explained by the changes
in the NAD+/NADH ratio.

FATTY LIVER, HEPATITIS AND CIRRHOSIS

Chronic alcohol consumption can cause the deposition of excess triglycerol in
the liver leading to a condition known as ‘fatty liver’. This damage can lead to
hepatitis and, if severe enough, to cirrhosis. The damage is thought to be due to
the high concentrations of ethanal within the cell and if severe enough will
result in cell death. Cell damage and death trigger an inflammatory response,
i.e. infiltration of lymphocytes and activation of an immune response. If this is
not treated it will lead to the formation of fibrous tissue and a severe reduction
in the functioning of the liver.
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HYPOGLYCAEMIA

In the fasted state, hepatic gluconeogenesis is essential for the production of
glucose and maintenance of the blood sugar level. Ethanol is a potent inhibitor
of gluconeogenesis. The suppression of gluconeogenesis, even at relatively low
alcohol intakes, with low serum insulin and high serum glucagon, results in a
decreased ratio of NAD+ to NADH which inhibits the entry of the precursors
of gluconeogenesis (i.e. glycerol, lactate, alanine and other amino acids) into
the hepatocyte (13). This can lead to severe and prolonged hypoglycaemia
when large volumes of alcohol are ingested rapidly and may occur up to 36 h
after alcohol ingestion. The major problem of alcohol ingestion in the person
with diabetes is induction and masking of hypoglycaemia, causing hypogly-
caemia unawareness.

Hypoglycaemia most commonly occurs in the fasting state in people with
Type 1 and Type 2 diabetes but also in non-diabetics, especially when hepatic
glycogen stores are depleted or exhausted. Alcohol-induced hypoglycaemia
may not be effectively treated by glucagon administration because it is related
to depleted glycogen stores. Alcohol consumption leads to delayed glucose
recovery from insulin-induced hypoglycaemia in people with Type 1 diabetes,
and occurs despite normal adrenalin, nor-adrenalin and glucagon responses,
however growth hormone and cortisol are reduced (14).

Hypoglycaemia in alcoholics can be exacerbated by a reduced ability to
secrete some of the hormones involved in the control of lipolysis (e.g. cortisol
and growth hormone) and results in a decrease in the rate of fatty acid release
in starvation. Alcohol-induced severe hypoglycaemia can also result in
irreversible neurological changes by causing irrecoverable damage to neurons
and persistent disruption of cerebral functions (15).

Ketoacidosis

Alcohol ingestion can cause ketoacidosis in people with diabetes and non-
diabetics, as a result of relative insulin deficiency. Starvation, causing a
depletion of glycogen stores and alcohol metabolism, leads to an increase in
NADH/NAD+ ratio which inhibits gluconeogenesis. This is responsible for
causing an increased glucagon/insulin ratio, which increases ketogenesis
(16,17). Diabetic ketoacidosis is a potentially life-threatening condition and
requires prompt diagnosis and treatment of dehydration and metabolic
abnormalities. Alcohol-induced ketoacidosis can be further complicated by
hypoglycaemia (however it more commonly presents with hyperglycaemia).

LACTIC ACIDOSIS

The metabolism of alcohol increases the ratio of NADH to NAD+ which
inhibits the entry of the precursors of gluconeogenesis, i.e. glycerol, lactate,
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alanine and other amino acids into the hepatocyte (13). The accumulation of
lactate increases the risk of lactic acidosis, which is especially serious and
potentially life-threatening for those people with diabetes who are treated with
a biguanide.

ENDOCRINE DISTURBANCES

Chronic alcoholism can also affect gonadal function and lead to testicular
atrophy, gynaecomastia (enlargement of male breasts) and sterility. It is not
known what the exact mechanism for these changes is, but it is thought to be a
result of reduced liver function. This reduced liver function decreases the rate
of metabolism of female sex hormones, thereby leading to an increased level of
circulating oestrogens. A second mechanism is thought to be that alcohol
reduces synthesis of testosterone (18). Testosterone synthesis involves many
steps and some of the intermediates may be dependent on the NAD+/NADH
concentration ratio which, as has already been discussed, is affected by alcohol
consumption.

HYPERTENSION

The UK Prospective Diabetes Study underlined the importance of well-
controlled hypertension for people with Type 2 diabetes to reduce the risk of
microvascular complications. There is a direct/empiric relationship between
alcohol intake and blood pressure. Some researchers have found this
relationship to be J-shaped (19), others U-shaped, but there is agreement
that light to moderate drinkers have lower blood pressure than those who
abstain and blood pressure rises steeply with heavier intakes. In heavy drinkers
ingesting 4300 g or 30 units per week there is a four times greater risk of stroke
than in non-drinkers (20), whereas moderate alcohol consumption, up to two
drinks per day, is protective for ischaemic stroke (21). Alcohol consumption
showed a clear positive correlation with the subsequent development of
haemorrhagic stroke but did not show a correlation with the thromboembolic
variety (22). Although blood pressure is important in thrombotic stroke,
alcohol’s metabolic effects may exert a counterbalancing protective influence
against the occlusive atherosclerotic process, as might be the case for coronary
heart disease (19). So although moderate alcohol intake is cardioprotective,
greater alcohol intake can neutralise the effect by having an adverse effect on
blood pressure (23). The INTERSALT and British Heart Study found that the
effect on blood pressure from alcohol is similar to that of obesity and greater
than that for salt in the populations studied.

A reduction in systolic blood pressure of 5mmHg achieved by favourable
lifestyle changes would reduce coronary mortality by 9%. Epidemiological
evidence suggests that light to moderate drinkers who stop drinking may increase
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their coronary mortality by up to 10% compared to heavier drinkers who stop
drinking, who may experience a 4mmHg fall in systolic pressure and possibly a
27% reduction in coronary mortality [Klatsky, 1992, cited in Bulpitt (24)].

Studies show a link between increasing alcohol intakes and higher blood
pressure. Klatsky (19) cites the Framingham Study as showing that the
prevalence of hypertension (5160mmHg systolic or595mmHg diastolic) was
about two times higher among persons drinking 60 ounces or more of alcohol
per month (57 g/day) than among those drinking less than 30 ounces per month
(28.5 g/day). Also the Los Angeles Heart Study showed a significant increase in
blood pressure for men who drank alcohol three or more times weekly
compared to those who drank less than three times weekly or who were non-
drinkers. Blood pressure is acutely affected and hypertension is resolved in
those who stop drinking (6).

The ‘Kaiser Permanente’ investigation looked at the effect of ethnicity and
found African–American men reached a maximum blood pressure at a lower
alcohol intake. Among women of all races, blood pressure was lower in light to
moderate drinkers than non-drinkers (25,26). All these studies were carried out
in the general population not in people with diabetes, however considering the
link between diabetes and hypertension and the importance of tight blood
pressure control in reducing the risk of complications, recommendations
regarding alcohol intakes should be cautious.

CORONARYHEART DISEASE

Light to moderate alcohol consumption is associated with a similar reduction in
CHD risk among diabetic and non-diabetic men and women (27,28). Among the
mechanisms accounting for the risk reduction are increased circulating
concentrations of HDL cholesterol, inhibition of blood coagulation and the
presence of antioxidant substances which reduce oxidative damage (Table 13.2).
However, it is also well established that alcohol increases plasma triglyceride.
Alcoholic hyperlipaemia results primarily from increased hepatic secretion of
VLDL and secondarily from impairment in the removal of triglyceride-rich
lipoproteins from the plasma. Raised triglycerides are also a feature of the
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Table13.2 Potential benefits of moderate alcohol intake

Increase in total HDL cholesterol
Increased fibrinolytic activity
Decreased platelet aggregation
Reduced incidence of myocardial infarction
Reduced insulin resistance – lower risk of developing Type 2 DM

Source: Adapted from Bell (37). Copyright # 1996 American Diabetes Association. From Diabetes Care, Vol.
19, 1996: 509–513. Reprinted with permission from The American Diabetes Association.



metabolic profile of Type 2 diabetes, together with small dense LDL and low
concentrations of HDL cholesterol. Hypertriglyceridaemia is an independent
risk factor for coronary artery disease especially for people with Type 2 diabetes;
reduction of alcohol intakes; tight glycaemic control and weight loss can help to
reduce this risk (29). In subjects with alcohol-induced hypertriglyceridaemia,
alcohol withdrawal has beneficial effects on the LDL profile by shifting the
particle size from small to large, thus reducing susceptibility to oxidation.

With moderate alcohol consumption the increase in HDL becomes the
predominant feature in the reduction of CHD risk and maximal benefit
appears to be at the level of one drink per day (30). In irregular binge drinkers
the increase in HDL cholesterol is not seen, adverse changes in LDL are
acquired (31) and cardiovascular risk increases (Table 13.3).

Antioxidants in alcoholic beverages, especially polyphenolic compounds in red
wine, have been proposed as an important contributory factor to the protective
effect of regular alcohol use against atherosclerotic cardiovascular disease, by
reducing oxidative damage to LDL, reducing its potential atherogenicity. The
unique cardioprotective properties of red wine reside in the action of flavonoids
which are minimal in white wine (except champagne). These flavonoids, especially
resveratrol and quercetin, confer more potent antioxidant properties than alpha-
tocopherol (32). These phenolic compounds found in wine are also thought to
decrease platelet aggregation and prevent thrombus formation.

INSULIN SENSITIVITY

Moderate alcohol consumption among healthy subjects may be associated with
increased insulin sensitivity and a reduced risk of diabetes (28). Reaven and
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Table13.3 Risks of heavy alcohol intake

Short term Long term

Decreased gluconeogenesis Increased risk of neuropathy
Hypoglycaemia Increased risk of obesity and

malnutrition
Increased insulin resistance Increased frequency of accidents,

gastritis, psychiatric problems
Hyperglycaemia Liver disease
Increased free fatty acids, ketones, ketoacidosis
and lactic acidosis (if treated with metformin)

Increased risk of breast and other
cancers

Increased triglycerides Pancreatitis
Hypertension Cardiomyopathy/heart failure
Pancreatitis

Source: Adapted from Bell (37). Copyright # 1996 American Diabetes Association. From Diabetes Care, Vol.
19, 1996; 509–513. Reprinted with permission from The American Diabetes Association.



co-workers (33) found that light to moderate alcohol consumption is associated
with enhanced insulin-mediated glucose uptake, lower plasma glucose and
insulin concentrations in response to oral glucose in healthy men and women.
For people with diabetes, light to moderate alcohol intakes with meals do not
substantially alter the blood glucose concentration (34,35). However, heavy
intakes may be associated with an increase in glucose intolerance. So the effect
on insulin sensitivity depends on the amount of alcohol consumed (36).

OBESITY

Whether or not the consumption of alcohol constitutes a risk for weight gain and
‘whether alcohol calories count’ has been widely debated. Alcohol is utilised as an
energy substrate by the body, contributing 7kcal/g to energy intakes, however,
unlike other energy sources, there is no immediate storage mechanism in the
body. The net efficiency of energy utilisation is lower from alcohol than for fat
and carbohydrate and its thermogenic effect has been assessed as 15% from acute
doses (38). Lieber (39), when proposing the microsomal ethanol oxidising system
(MEOS) for metabolising alcohol, hypothesised that in heavy drinkers this is
uncoupled and energy from alcohol is dissipated.

Another major issue for body-weight regulation is the extent to which
alcohol spares other energy substrates from oxidation (40). As alcohol cannot
be stored readily it is oxidised at a steady rate in preference to other substrates,
thus being carbohydrate- and fat-sparing.

There is no evidence that consuming alcohol under isoenergetic conditions, i.e.
replacing carbohydrate or fat calories with alcohol calories, increases the risk of
obesity. Indeed some researchers have found an inverse relationship between
alcohol intake and BMI and adiposity, despite an increase in total energy intake
(41). Further research is needed to investigate the extent to which alcohol calories
taken in addition to ‘normal’ diet increase the risk of weight gain.

NEUROLOGICAL EFFECTS

The acute neurological effects of alcohol include a lowering or removal of
inhibition, stimulation, an antidepressant effect and increased aggressiveness.
Longer-term effects include brain damage, physical dependence (on alcohol)
and sleep disturbances. It is thought that these effects are mediated through
the involvement of biogenic amines (dopamine, noradrenaline, 5-hydroxy-
tryptamine).

NEUROPATHY

Neuropathy is any disease of the peripheral nerves, usually causing weakness
and numbness. Neuropathy is a complication of both diabetes and excessive
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alcohol intakes. Therefore the risk of neuropathy increases when diabetics
regularly drink more than the recommended levels of alcohol (42), and there is
a direct and linear relationship between increasing alcohol intakes and
worsening symptoms of neuropathy.

IMPOTENCE

There is some evidence of a correlation between heavy alcohol intakes and an
increased risk of impotence in men with diabetes compared to those who report
moderate intakes (43). In people with diabetes and non-diabetics there is an
increased risk of functional loss of peripheral sensory and motor nerves and
autonomic neuropathy with chronic heavy alcohol intakes.

SUMMARY

Evidence from many studies in the general population points to beneficial
effects of small to moderate daily intakes of alcoholic drinks, but there is also
strong evidence of the risks of heavier intakes. For the person with diabetes
perhaps the most concerning of these risks is the impact on blood pressure,
particularly for African–Caribbean men (at lower intakes), dramatically
increasing the risk of stroke.

For people with Type 2 diabetes small to moderate daily intakes can improve
their metabolic profile and reduce CHD risk by raising HDL cholesterol,
increasing insulin sensitivity, increasing fibrinolytic activity, reducing platelet
aggregation, improving antioxidant status and improving blood pressure.

For people with Type 1 diabetes the benefits of small to moderate intakes are
similar to those for the general population, but the risks from heavier intakes are
severe hypoglycaemia (which can be mistaken for intoxication) or ketoacidosis.

There is a need for further work to accurately evaluate at what level of
alcohol intake the risks outweigh the benefits, as most of the studies use self-
reported data, which because of underestimation could mean there is a lower
apparent threshold of alcohol-related effects.
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Inpatient Nutritional Support of Sick
Patientswith Diabetes
HILARY PEAKE
Hammersmith Hospital, London, UK

INTRODUCTION

This chapter discusses the nutritional management of hospitalised adult
patients with diabetes. It covers the aetiology of hyperglycaemia, the effects of
diabetes on nutritional status, the metabolic consequences of stress and specific
nutrient mixes.

Artificial nutritional support can cause significant hyperglycaemia in
individuals with pre-existing diabetes mellitus or pre-diabetes conditions like
impaired glucose tolerance and impaired fasting glucose. Artificial nutritional
support can also exaggerate the hyperglycaemic response to stress caused by
injury or illness unmasking glucose intolerance in the previously glucose-
tolerant. Parenteral nutrition (PN), for example, can result in approximately
30% of patients developing transient diabetes (1).

AETIOLOGY

Patients with hyperglycaemia form a heterogeneous group. It is vital to identify
the aetiology of the hyperglycaemia in order to tailor appropriate clinical care
with clear medical and nutritional management aims and objectives. At any
time approximately 10% of hospitalised patients have diabetes, with 85% of
these having Type 2 diabetes (2). The stress response to trauma/illness
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commonly exacerbates hyperglycaemia in patients with pre-existing diabetes
and not infrequently produces significant hyperglycaemia in previously
euglycaemic patients (3). The hyperglycaemic response to stress is due to the
increase in circulating counter-regulatory hormones (glucagon, cortisol,
growth hormone and adrenaline) which together result in an increase in
hepatic glucose production, a decrease in peripheral glucose uptake (4) and an
increase in insulin resistance.

THE IMPORTANCE OF ACHIEVING GOOD GLYCAEMIC
CONTROL IN HOSPITAL

Out of hospital the focus for good glycaemic control is to minimise long-term
microvascular and macrovascular diabetic complications. In hospital, over the
short term, the rationale for good glycaemic control is to ensure a metabolic
environment that promotes the best possible immune activity and wound
healing. Hyperglycaemia has a detrimental effect on the immune system,
adversely affecting chemotaxis, granulocyte adhesion, phagocytosis, intra-
cellular killing and complement function (5,6). The increased risk of infection
in diabetic patients may well be explained by the operation of some or all of
these effects. An increase in the rate and/or severity of infection is likely to
contribute to the increased length of stay of diabetic patients in hospital (7). In
unconscious patients or those with difficult-to-assess neurological function,
there is a real danger of unrecognised hypoglycaemia and the benefits of tight
control need to be balanced against this risk.

PRACTICALITIES OF FEEDINGHOSPITALISED PATIENTS

The optimal blood glucose level for ill patients receiving nutritional support is
unclear and the literature provides many different blood glucose targets and
approaches to avoid both hyper- and hypoglycaemia. The specific targets for
glycaemic control for each patient must take into consideration some of the
following variables: age, prognosis, aetiology of the hyperglycaemia, level of
consciousness, severity of any infection, degree of metabolic stress and immune
status.

Achieving tight control may be less relevant when nutritional support is to
be given over a short period of time. The potential benefits of tight glycaemic
control during nutritional support may only be apparent when feeding is given
for three weeks or more.

Although the metabolic consequences of diabetes are known to involve fat
metabolism resulting in a significant dyslipidaemia, there are few defined
management targets for serum lipids when giving nutritional support to
diabetic patients. The degree of dyslipidaemia is frequently disproportional to
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the degree of hyperglycaemia and requires monitoring and control separate to
the diabetes (8). Some of the clinical consequences of hyperlipidaemia include:
impairment of the immune response, endothelial dysfunction, an increased
tendency to develop a coagulopathy and an exacerbation of insulin resistance.

NUTRITIONAL ASSESSMENT

Before nutritional support is initiated the indications, aims/objectives and ideal
route of nutritional support need to be determined based on both the
nutritional assessment of the patient and the clinical features of the condition
being treated. There is no clinically applicable gold standard for assessing
nutritional status (9) and, of necessity, assessment is commonly based on
subjective parameters.

The initial nutritional assessment is vital as it will influence an important
aspect of the patient’s care. The variable parameters which can be used for this
assessment are listed in Table 14.1. The nutritional assessment is very similar
regardless of whether the patient is hyperglycaemic or not. However, when
assessing a patient with diabetes for nutritional support, their recent glycaemic
control and treatment are highly relevant as poor glycaemic control can
compromise the patient’s overall nutritional status.

IS ARTIFICIAL NUTRITIONAL SUPPORT NECESSARY?

Artificial nutritional support is only indicated for patients who are
malnourished or who would become malnourished if not given artificial
nutritional support. Artificial nutritional support has no clinical benefit if given
for less than five days. In order to obtain benefit patients need to be fed for
seven days or more (10).

The major aims and objectives of nutritional support for patients with
diabetes are:

1. To maintain or improve nutritional status.
2. To promote wound healing.
3. To optimise glycaemic control.
4. To achieve optimal lipid control.
5. To avoid hyper- or hypoglycaemia.

NUTRITIONAL REQUIREMENTS

The presence of hyperglycaemia does not influence the need or requirements
for nutritional support and these remain similar to those of glucose-tolerant
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patients. Special consideration needs to be given to the following circum-
stances.

UNDERNOURISHED PATIENTS (BMI519kg/m2)

If a patient is undernourished additional energy, protein and electrolytes are
required to restore their nutritional status. Additional nutrition should only be
provided to patients who are not catabolic and who are increasing their
physical activity to allow the repletion of muscle mass.

OBESE PATIENTS (BMI430kg/m2)

Obese patients should receive nutritional support based on their actual body
weight. It is usually inappropriate to give calorie-reducing diets during illness,
with the following exceptions:

1. Morbid obesity (BMI450 kg/m2);
2. Obesity-related life-threatening conditions, e.g. sleep apnoea.

ROUTE OF NUTRITIONAL SUPPORT

Once the decision has been made that nutritional support is required, the
optimal route needs to be determined. Enteral nutrition should be used
whenever possible. There are many advantages of enteral over parenteral
nutrition, including economic considerations, the avoidance of infections
associated with parenteral nutrition and a more physiological impact on the
intestinal bacterial milieu.

METHODS OF NUTRITIONAL SUPPORT

Enteral nutrition is particularly suited to patients with diabetes due to a more
physiological delivery of nutrients. Although enteral feeding may have some
complications, they are generally less severe than those associated with
parenteral nutrition. The anticipated length of feeding and the perceived
nutritional requirements will influence the route of nutritional support to be
chosen. The first line of nutritional support is oral diet, with or without
nutritional supplements, and only if the patient is at risk of aspiration or
cannot meet their nutritional requirements orally should other routes be
considered. The decision of how best to feed enterally or when to instigate
parenteral nutrition requires a consensus from the clinical team and, if
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possible, the agreement of the patient and/or carers. Options for enteral
nutrition routes are:

1. Oral diet
2. Nutritional oral supplements
3. Tube feeding

. Pre-pyloric

(a) nasogastric
(b) gastrostomy (surgical or endoscopic)

. Post-pyloric
(a) nasoduodenal

(b) jejunal
(c) jejunostomy (gastrostomy with an extension jejunostomy)

ORAL DIET

The standard dietary recommendation for diabetic patients may not be
appropriate for anorexic or ill patients who have a poor oral intake. If a patient
is eating very little, then providing palatable sugar-containing food may help
stimulate the appetite. The inclusion of high-fat food is valuable in helping the
patient maximise their energy intake in smaller portions. Conversely the
inclusion of high-fibre diets (complex carbohydrates) may limit food intake by
causing early satiety. The provision of extra high-protein and energy snacks
may be sufficient to meet a patient’s nutritional requirement. These dietary
modifications are likely to increase the intake of simple sugar and the glycaemic
index of the diet, but these potentially adverse changes need to be offset against
the risks of malnutrition. There are some foods with a high energy content that
have a low glycaemic index, and it may be advantageous to encourage foods
like ice cream, custard, yoghurt, sponge cake and muffins to minimise the
glycaemic response.

NUTRITIONALORAL SUPPLEMENTS

If the nutritional requirements cannot be met with snacks and the hospital diet,
food supplements may be required. Oral supplements can come in a range of
savoury and sweet flavours. There are a variety of presentations including
powder, pre-made carton sip feeds, glucose polymers (powders and syrups) and
protein powders. These products may be nutritionally complete, i.e. suitable as
a sole source of nutrition. The recommendation as to which oral supplements
are to be chosen should be guided by the patient’s preferences. The sugar
content of the supplement is often offset by the patient’s reduced dietary
carbohydrate intake and can be invaluable in preventing hypoglycaemia during
periods of poor oral intake.
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ENTERALTUBE FEEDING

Enteral tube feeding can be continuous, intermittent or overnight. The method
chosen will depend on a number of factors and should be determined in
conjunction with the management goals of the clinical team.

Once the regimen has been decided the type of enteral tube feed needs to be
selected. The choice of feed should be individualised and based on the
nutritional and fluid requirements. The approximate composition of UK
generic feeds is outlined below. There are some small changes that relate to the
different manufacturers and, where this is the case, information is presented as
ranges.

Standard EnteralTube Feeds (1kcal/ml, osmolarity 201^250moso/l)

These contain 15–16% of energy as whole protein (milk protein), 30–35% of
energy as a mixture of long- and medium-chain fats (40% MUFA and 30%
SFA and PUFA), e.g. linseed, sunflower, safflower oil, rapeseed and may also
contain fish oil. Carbohydrates provide 50–56% of the energy content of the
feed. Carbohydrate is mainly present as maltodextrins, but may also contain
sucrose, oligosaccharides, polysaccharides, corn syrups and starches.

High-energy Feeds (1.5kcal/ml, osmolarity 300moso/l)

These have the same percentage energy from macronutrients on a per kcal
basis. The osmolarity of these products is increased to 300moso/l due to the
reduced volume of this product.

Fibre feeds

The amount of fibre per 100ml is usually between 1–2 g. The type of fibre
ranges from soy, inulin wheat fibre, fructo-oligosaccharides, oat fibre and
gums. The feed may contain fibre from a mixed or single source. The ratio of
soluble to insoluble fibre in the mixed fibre source feeds varies, with some
products having equal proportions whilst others contain 75% insoluble and
25% soluble fibre.

Specialist Feeds

Additional feeds are also available for the management of patients with special
needs, e.g. renal failure, malabsorption, electrolyte restrictions, milk protein
intolerance and inflammatory bowel disease. As a general rule elemental or
semi-elemental feeds have an osmolarity between 300–500moso/l.
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Specialist feeds for people with diabetes are available and aim to reduce the
usual high liquid carbohydrate content of standard feeds (450% of the
calories as carbohydrate). A high liquid carbohydrate content tends to
exacerbate hyperglycaemia and often necessitates the initiation of, or an
increase in, insulin therapy (7). Tube feeding is associated with a more rapid
increase in post-prandial glucose than solid diets of similar nutritional
composition. High post-prandial glucose levels have the disadvantage of
predisposing to hypertriglyceridaemia (11,12).

COMPOSITION OF SPECIALIST FEEDS FOR THEMANAGEMENTOF
HYPERGLYCAEMIA

Coulston has recently reviewed the clinical experience of modified enteral
formulas for managing diabetic patients. Most of the evidence used to support
the use of specialised enteral feeds in diabetic management has been
extrapolated from the general diabetic literature and is aimed at avoiding
hyperglycaemia (11). Promotional literature from the different nutritional
companies is primarily based on dietary guidelines and not based on clinical
studies. Although some studies have looked at the glycaemic effect of different
liquid formulas given as oral test meals (high-fibre, low-carbohydrate, standard
formula) (13), long-term studies are lacking. Only short-term studies have been
carried out using specialised oral diets in which carbohydrate content is
reduced by increasing MUFA content. These short-term studies have been
undertaken either as single test meals or over short periods of time involving
relatively few subjects.

One of the longer studies examining the metabolic effects and clinical
outcomes of a modified versus a standard formula for enteral tube feeding in
diabetic patients was by Craig et al. (14). This pilot study was a prospective
randomised double group parallel trial in which 34 patients with diabetes were
randomised to receive either modified (55% fat, 33% CHO) or standard
enteral tube feeds (35% fat, 53% CHO) for up to three months. Glycaemic
control was judged to be significantly better following the modified feed during
weeks 1, 5 and 7. However this occurred despite any significant differences
being found in the HbA1c level, fasting glucose and lipid profile!

Devising a tube feed for people with diabetes based on dietary nutrients
known to improve glycaemic control is not a precise science. Many of the
nutrients included in tube feeds need to be chemically modified to enable
delivery from a tube. As the glycaemic response of a food is dependent on its
physical properties, changing nutrients from their solid phase to a liquid phase
can radically change the glycaemic properties. With respect to glycaemic
control, while there is good evidence of the beneficial effect of fibre in the solid
diet, the addition of fibre in the liquid diet has not been shown to be of benefit
(12). In addition, fibre supplementation to tube feeding can be problematic as
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optimal fibre blends increase feed viscosity, making formula flow through fine-
bore feeding tubes extremely difficult. The lack of improvement in glycaemic
control with tube feeds containing fibre is probably related to the biophysical
properties of fibre in a liquid. For tube feeds the post-prandial insulin and
glucose responses are related to the carbohydrate load and not to its fibre
content.

COMPLICATIONS OF ENTERAL NUTRITIONAL SUPPORT

Gastrointestinal symptoms are the most frequent side-effects of tube feeding
with gastroparesis and diarrhoea being the most common complications.

Gastroparesis is extremely common among patients with diabetes and affects
30–75% of all patients undergoing nutritional enteral feeding (7). Gastro-
paresis reduces the tolerance to enteral nutritional support as well as causing
bloating, satiety, nausea and vomiting. The irregular and unpredictable rate of
gastric emptying associated with gastroparesis can result in poor glycaemic
control. This poor control can, in turn, cause an exacerbation of gastroparesis.
In addition to changing the enteral formula, a number of pro-kinetic drugs are
available that can improve gastric emptying. If these strategies are unsuccessful
then a change to jejunal feeding may be helpful.

Chronic diarrhoea occurs in 20–85% of people with diabetes receiving
enteral feeding and can be a difficult management problem. The management
of diarrhoea requires a systematic approach including the following:

1. Be aware of bowel history and any altered bowel habits prior to tube
feeding.

2. Consider all possible contributory factors for the diarrhoea.
3. Take note of all prescribed and non-prescribed medications being taken,

particularly broad-spectrum antibiotics.
4. Consider bacterial overgrowth and specific infections (e.g. Clostridium

difficile).

Consider other bowel pathology. Also bear in mind that enteral feeding itself
may be a cause of diarrhoea due to the use of hyperosmolar feeds or feeds with
an inadequate sodium content as well as rapid administration, e.g. bolus
feeding.

PARENTERAL NUTRITION

Parenteral nutrition provides no added value over enteral feeding in patients
with a functioning gastrointestinal tract and is associated with an increased risk
of complications. It is also more expensive (15,16). Parenteral nutrition is only
indicated when enteral nutrition is contraindicated, and this usually occurs
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when the gastrointestinal tract is either non-functioning or not accessible. The
decision to instigate PN should ideally be made by the clinical team with
consumer involvement if practical.

Parenteral nutrition is associated with hyperglycaemia in at least 15% of
patients (7). The presence of hyperglycaemia in patients receiving PN is
important as it is associated with a marked increase in infection risk.
Intravenous catheter-related infections are five times higher in patients receiving
central PN (5), and this figure is higher still in the presence of hyperglycaemia.

ROUTES USED FOR PARENTERAL NUTRITION

Parenteral nutrition is hyperosmolar and requires a large central vein. Central
access can be achieved either by a peripherally inserted central catheter (PICC)
threaded up into a larger central vein or by direct access to a central vein.
Patients who are only receiving parenteral nutrition short term are more
suitable for a PICC.

1. Central access

(a) Short term, multilumen lines

(b) Long term, e.g. Hickman line or Portacath

(c) PICC415 cm long
2. Peripheral access (at or below the antecubital fossa)

(a) PICC415 cm long

(length of parenteral nutrition 45 days and 54 weeks)

(b) Midline, e.g. PICC � 15 cm long

(length of parenteral nutrition 45 days and 52 weeks)

The energy content in PN is provided by a mixed source of fat and
carbohydrate (usually 50% non-protein energy from CHO and fat). Mixed
energy provision is important. The inclusion of fat improves substrate
utilisation, enables the delivery of fat-soluble vitamins and reduces the
osmolarity of feeds which may be used for simultaneous peripheral feeding.
The protein component in PN is made up of essential amino acids and soluble
non-essential amino acids. PN is usually administered in an all-in-one bag.

A variety of PN pre-compounded bags (i.e. standard bags) are available,
designed to meet the nutritional requirements for most patients. Some hospital
pharmacies are able to compound PN bags for individual patients when
required. Parenteral nutrition should always be administered continuously over
24 h with a suitable infusion pump to minimise infusion errors. These pumps
ensure a constant controlled infusion rate to prevent marked swings in blood
glucose and electrolyte values or rapid changes in fluid balance.

All diabetic patients will require insulin during PN administration for
glycaemic control as oral hypoglycaemic agents are unsuitable for a variety of
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reasons. Individuals with stress-induced glucose intolerance (3) will also usually
require insulin treatment during PN feeding.

The glycaemic management during parenteral nutrition needs to be tailored
and adapted to the nutritional support required. Blood glucose levels usually
reflect the underlying illness rather than the route of nutritional support.
Irrespective of this, parenteral nutrition support can be optimised to help
minimise both hyper- and hypoglycaemia by adhering to the following points:

1. Prevent overfeeding;
2. Ensure infusion rate of CHO in the PN does not exceed the patient’s glucose

oxidation rate;
3. Optimise the fat to CHO ratio;
4. Reduce the rate of the PN to prevent rebound hypoglycaemia before

stopping PN.

Although the optimal substrate provision for intravenous nutrition has not
been elucidated, the amount of energy provided by glucose should not exceed
the patient’s glucose oxidation rate (6–7mg/kg/min) (17). Exceeding the
glucose oxidation rate may increase the metabolic rate and worsen glucose
tolerance (18).

Some authorities advocate increasing the fat component to 60–70% of non-
protein energy in parenteral nutrition in order to reduce the CHO component
to 30–40%. However there are concerns regarding high fat intakes. These
include possible adverse effects on immune function and the generation of free
radicals from the polyunsaturated fat. There are insufficient antioxidants in PN
to neutralise any excess in free radical production. A high fat content in PN
increases the possibility of hyperlipidaemia and this has the potential in septic
or critically ill patients to precipitate pancreatitis and renal failure.

Reducing the carbohydrate component in patients with hyperglycaemia will
reduce the glucose load of the feed, but this may not be sufficient to allow the
withdrawal of insulin. Alternative sugars other than glucose have been tried
experimentally as potential CHO substitutes and these include fructose,
sorbitol, xylitol and glycerol. To date these alternative sugars have not been
found to successfully prevent or improve hyperglycaemia.

AIMS AND OBJECTIVES FOR ACHIEVING OPTIMAL
GLYCAEMIC CONTROL AND NUTRITIONAL SUPPORT

All patients receiving nutritional support need to be carefully monitored to
prevent possible complications. Each hospital should have clearly stated
monitoring protocols for nutritional support, reflecting national guidelines.
The frequency of monitoring depends on the clinical situation and needs to be
individualised.
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Patients with hyperglycaemia and those who are severely malnourished
should be monitored closely to prevent metabolic complications, including the
potential life-threatening re-feeding syndrome. This syndrome is associated
with profound electrolyte disturbances and fluid overload. During re-feeding
there is a switch from fat to carbohydrate metabolism with an increase in
insulin release. During carbohydrate repletion, insulin-stimulated glucose
uptake is accompanied by an increased cellular uptake of potassium,
phosphorus and water. Insulin also stimulates the sodium-potassium
adenosinetriphosphatase (ATPase) pump, which uses magnesium as a co-
factor and magnesium requirements increase as a consequence.

MEDICAL MANAGEMENT FOR ACHIEVING OBJECTIVES
OF GLYCAEMIC CONTROL

ORAL HYPOGLYCAEMIA AGENTS

OHAs are relatively contraindicated during critical illness. Metformin is not
usually a suitable drug for ill patients. It is contraindicated for patients
undergoing any form of imaging that requires contrast media. It is also not
suitable for patients with a moderate degree of renal or hepatic disease. The
OHAs most suitable for hospital use are the short-acting insulin secretagogues,
e.g. repaglinide or nateglinide. Long-acting sulphonlyurea drugs should be
avoided as they are a potent cause of hypoglycaemia, particularly in the
elderly.

OHAs may be suitable in clinically stable patients receiving enteral (gastric
administration) feeds. OHAs may be crushed when the patient’s level of
consciousness is reduced or when there are difficulties with swallowing. Care
must be taken to crush the tablets properly and flush after administration in
order to reduce the risk of blocking the enteral feed tube. The use of OHAs is
really only suitable when the enteral tube is pre-pyloric.

INSULIN

Insulin is required for all patients with Type 1 diabetes and those with Type 2
diabetes with significant hyperglycaemia or critical illness. The type of insulin
regimen used will be tailored to the particular circumstances of the patient. The
choices range from a continuous infusion to the use of subcutaneous,
intermittent, quick-acting insulin on a background of once or twice daily
long-acting insulin. The timing of insulin administration should, whenever
possible, relate to the type and timing of the feed.

If adding insulin to a PN bag then some of the insulin will be adsorbed onto
the plastic of the parenteral nutrition bag and giving sets. Under some
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circumstances up to 80% of the insulin added to a PN bag can be ‘lost’ in this
way. The exact figure will vary according to the bag surface area, volume of
solution, length of administration set, its temperature and electrolyte content
(19).

CONCLUSION

When considering the principles underlying nutritional assessment and the
design of nutrition programmes for patients with hyperglycaemia or diabetes,
there are a number of useful questions to bear in mind:

1. What is the nutritional status of the patient?
2. Is artificial nutritional support indicated?
3. Can the patient’s requirements be met by oral nutritional support?
4. Should enteral or parenteral feeding be used?
5. What will be the best formula?
6. What is an acceptable blood glucose range?
7. What insulin regimen will be most effective?
8. Are there any disorders of gastrointestinal motility?
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Diabetes andRenal
ReplacementTherapy
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INTRODUCTION

The renal dietitian is an important member of the clinical team looking after
patients with diabetes and end stage renal failure (ESRF). An understanding of
the metabolic and nutritional changes that occur prior to and during ESRF is
essential in order to provide nutritional advice to these patients. This is
applicable irrespective of whether they are treated with haemodialysis (HD),
peritoneal dialysis (PD) or renal transplantation.

PREVALENCE

Diabetes has become the commonest cause of ESRF in Western countries. In
the UK around 16% of patients starting renal replacement therapy (RRT)
have ESRF due to diabetic nephropathy (1). This figure is considerably higher
in areas of the country where there are ethnic populations with an increased
susceptibility to diabetes (2).

DIALYSIS INITIATION

Ideally, all diabetic patients approaching ESRF should be involved in the
development of their own personalised care plan. This will enable a negotiation
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of the necessary dietary changes leading up to and extending to the initiation of
elective dialysis (3).

Dialysis guidelines from the National Kidney Foundation promote the early
initiation of RRT for diabetic patients, due to an increased susceptibility to
uraemic symptoms at lower serum creatinine levels than non-diabetic subjects
(4). Early RRT for diabetic renal failure not only relieves the symptoms of
nausea, anorexia and vomiting but also helps reduce overall mortality.
However, despite these recommendations, dialysis is frequently delayed due to
either personal resistance or inadequate dialysis resources.

Some diabetic patients with already compromised renal function, will require
the emergency initiation of dialysis during an intercurrent illness. However, this
does not mean that all will require long-term RRT.

GLYCAEMIC CONTROL

Achieving good glycaemic control is important for all patients with ESRF as
this can retard the progression of the microvascular and macrovascular
complications (5). Good glycaemic control at the start of dialysis has also been
shown to improve mortality risk. For patients on continuous ambulatory
peritoneal dialysis (CAPD) hyperglycaemia increases circulating advanced
glycation end products (AGE), which have been implicated in causing
endothelium and peritoneal membrane damage with loss of ultrafiltration
capacity. Good glycaemic control reduces thirst, which in turn helps to reduce
fluid associated weight gain.

RENAL REPLACEMENT THERAPY

A brief outline on the principles of RRT is given below. Most patients with
ESRF initially require dialysis, either haemodialysis or peritoneal dialysis.
Only a minority of individuals, usually those with a suitable relative willing to
donate a kidney, will have immediate access to a renal transplant.

DIALYSIS

While survival on dialysis continues to improve, diabetic patients still do less
well than non-diabetic patients (6). Results from the Italian Cooperative
Peritoneal Study Group Registry show the 10-year patient survival for the 301
diabetic patients to be less than half that of the 1689 non-diabetic subjects
(20.6% vs 55.6%) (7). Higher mortality rates among diabetic patients receiving
HD also occur (8), but with good glycaemic control these rates can be
improved (9).
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Peritoneal dialysis is the preferred mode of treatment for diabetic patients
with microvascular and macrovascular co-morbidities. Continuous ambulatory
peritoneal dialysis allows for a slow ultrafiltration process that provides greater
cardiovascular stability than HD. Blood pressure control is easier and residual
renal function is preserved for longer. It also provides incidentally for an
alternative route of insulin administration. Initial concerns that diabetic CAPD
patients may have higher dialysis-associated infection rates have not been
confirmed (10,11).

DIALYSIS PROCEDURES

Continuous Ambulatory Peritoneal Dialysis

CAPD is a method of long-term dialysis that requires a permanent intra-
peritoneal catheter. The peritoneum acts as a semi-permeable membrane that
allows diffusion of solutes and facilitates the removal of water by ultrafiltra-
tion. The daily CAPD regimen comprises a drain-in period, followed by a dwell
time of approximately 4 h and a drain-out period. This cycle is usually repeated
four times each day (12,13).

Haemodialysis

Haemodialysis requires the surgical construction of an arterio-venous fistula
that is usually sited in the non-dominant forearm using the cephalic vein and
either the radial or brachial artery. After six to eight weeks the fistula has
usually thickened sufficiently to allow it to be cannulated with two large-bore
needles that take blood to and from the dialysis machine. Blood is pumped
through a semi-permeable membrane filter in the dialysis machine allowing
removal of excess solutes and fluid. Haemodialysis is repeated every two to
three days with the time on dialysis dependent on the patient’s body size and
residual renal function. If a patient has no permanent access and requires
emergency dialysis this can be done through a temporary neckline or a semi-
permanent catheter in a central vein (14).

FACTORS INFLUENCINGNUTRITIONAL STATUS INDIALYSIS PATIENTS

Approximately 40% of dialysis patients exhibit some degree of protein and
energy malnutrition and this is associated with an increased risk of morbidity
and mortality. In the Modification in Renal Disease Feasibility Study
(MDRD) in which 840 patients were prospectively studied, 42% of CAPD
patients and 30% of HD patients were considered to be malnourished (15).
Contributing factors to protein energy malnutrition occurring in dialysed
patients are shown in Table 15.1.
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NUTRITIONAL ASSESSMENT/SCREENING

Ideally the nutritional status of patients approaching ESRF and starting
dialysis should be monitored. As a single marker of nutritional status is
unreliable, a number of nutritional parameters, as outlined in Chapter 14, can
help identify those who are malnourished. Dual-energy X-ray absorptometry
remains a useful method for assessment of lean body mass (15).

Nutrition scores such as subjective global nutrition assessment (SGA), based
on clinical, physical and subjective measures are useful tools. The SGA is
considered better suited to assessing study populations.

Serial biochemical flow charts are useful in assessing nutritional status (see
Table 15.3). A decline in pre-dialysis serum urea, creatinine, potassium and
phosphate may be indicative of a loss of lean body mass, rather than an
improvement in nutritional status (17). Additional points to consider in the
nutritional assessment of dialysis patients are given in Table 15.2.
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Table15.1 Factors implicated in protein–energy malnutrition in dialysis patients

Factors Comments

Reduced nutritional intake Energy and protein intakes consistently lower than
requirements

Uraemic symptoms can continue for upto three months
after starting dialysis

Underdialysis Nutritional intake deteriorates with inadequate dialysis

Gastroparesis Abdominal distension
Vomiting
Early satiety

Dialysis-related effects Abdominal discomfort with infusion of PD dialysate
Protein losses, 6–12 g amino acids during one HD session
Daily protein losses on CAPD of 5–15 g/day
Peritonitis protein losses up to 20 g/day

Metabolic/endocrine
factors

Hyperparathyroidism
Hyperglucagonaemia
Insulin resistance
Vitamin D deficiency

Co-morbidity and
infections

IHD and episodes of hypotension limiting dialysis time
PVD can limit vascular access for HD
Infections of vascular access in HD patients and peritonitis
in PD



NUTRITIONAL REQUIREMENTS

Prior to dialysis most diabetic patients will have followed a diet that attempted
to balance their carbohydrate intake with other aspects of their diabetes
management. Many will already be on a diet that is low in phosphate and
potassium and some will also be on a low-protein diet. Prior to dialysis,
nutritional intake is usually inadequate with most patients having a negative
energy balance (18). Intensive dietetic counselling is required for all patients
starting dialysis to help them improve their dietary intake within the
constraints of the combined diabetic/renal diet.

Energy Requirements for Dialysis Patients

Energy requirements to achieve neutral nitrogen balance in stable diabetic
dialysis patients are similar to those of healthy non-diabetic adults (35 kcal/kg
body weight), with lower requirements for subjects over 65 years of age (30–
35 kcal/kg body weight) (19). Patients on CAPD receive part of their energy
requirements from dialysate glucose (see below) (20).

If CAPD patients have difficulty in meeting their recommended dietary
energy intakes due to early satiety, they should be encouraged to eat after
‘drain-out’ and to wait 20–30min before commencing the next dialysate bag.
Avoiding fluids at mealtimes can also improve appetite by minimising stomach
distension. If energy requirements are not achieved despite dietetic input,
nutritional supplements should be considered (21).
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Table15.2 Additional factors in the nutritional assessment of dialysis patients

Factors Comment

Anthropometry Ensure measurements are taken at patient’s dry weight:
Post-dialysis for the HD patient
After drained-out period for CAPD

Adjust for oedema

Serum biochemistry Serial biochemical measurements are useful in monitoring
nutritional status

Protein catabolic rate
(nPCR)

An indirect marker of protein intake in stable dialysis
patients

The nPCR for stable HD patients 41.2 g/kg/day
The nPCR for stable PD patients 1.3 g/kg/day
Patients with nPCR50.8 g/kg/day require a dietary intake
assessment
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Table15.3 A checklist for interpreting blood results of dialysis patients

Biochemistry
(normal range)

Low Good Acceptable High

Urea (mmol/l)
(2.5–5.5)

520
vegetarian
status

poor appetite
residual
function

20–28
check dialysis

adequacy or
urea reduction
ratio to ensure
patient not
underdialysed

28–32 432
high protein intake
inadequate

dialysate
drugs, i.e. steroids
catabolism
acidosis

Creatinine
(mmol/l)
(55–125)

5700
small muscle
mass (check
BMI)

residual
function

700–1200
normal levels in dialysis

patients

41200
depends on size of

patient. May be
underdialysed

Potassium
(mmol/l)
(3.5–5.5)

53.5
residual
function

diarrhoea
vomiting
malnourished
re-feeding

3.5–5.5 (PD)
3.5–6.00 (HD)

6.0 (PD), 6.5 (HD)
check diet, drugs, blood
transfusion

underdialysed
hyperglycaemic
acidotic

Phosphate
(mmol/l)
(0.8–1.4)

50.8
too many
binders

malnourished
re-feeding

0.8–1.8 1.8–2.0 42.0
check diet and

binders
check Ca and PTH

levels

Calcium
(mmol/l)
adjusted
(2.15–2.6)

52.15
check adjusted
for albumin

2.15–2.6 2.6–2.8 42.8
check CaCO3

tablets
bone disease
active vitamin D
high PTH

Albumin (g/l)
(35–55)

530
infection
(CRP)

nephritic
malnourished

33–45
NB: 30–34 may

indicate
malnutrition

45 445
underdialysed
constipated
acidotic

NB: Use pre-dialysis HD bloods. This information is not applicable to other groups of renal patients.



Energy Gains and Losses fromGlucose Fluxes During Dialysis

Energy requirements for CAPD patients are partially met from absorbed
dialysate glucose. Requirements from dietary intake are therefore lower at
30 kcal/kg body weight (25 kcal/kg if obese) and 25–30 kcal/kg body weight if
older than 65 years (21).

Patients absorb approximately 70% of dialysate glucose, amounting to 300–
600 kcal or 2.5–17 g of glucose per hour during dwell times (22) (See table 15.4).
Bag volumes range from 1 to 3 litres, with higher dextrose concentrations and
larger volumes used to maximize solute clearance and ultrafiltration. The exact
amount of glucose absorbed will depend on the dialysate glucose concentration
and volume, the number of exchanges, the dwell time between each exchange
and the permeability of the patient’s peritoneal membrane. Membrane
permeability is likely to be increased in people with diabetes. Increasing
glucose loads can predispose to hyperglycaemia, hyperinsulinaemia, hyper-
lipidaemia, and obesity.

On the basis of a 70% absorption rate of glucose from dialysate fluid,
between 2.5–17 g of glucose can be absorbed per hour during dwell times. This
glucose load can predispose to hyperglycaemia, leading in turn to hyper-
insulinaemia, hyperlipidaemia and obesity.

During HD blood values frequently fall below 4.0mmol/l when patients are
dialysed against a glucose-free dialysate (23).

Such patients should be advised to either eat a snack before or during
dialysis. The choice of a slowly absorbed, low-glycaemia snack is ideal for this
purpose.

Due to the metabolic problems associated with glucose as the main osmotic
agent for inducing ultrafiltration in PD, alternative osmotic agents are now
becoming available. High molecular weight glucose polymer solutions such as
Icodextrin appear to be safe and effective. Icodextrin has the advantage of a
reduced glucose and calorific load but requires dwell times of between 8–12 h
and is therefore often left in situ overnight. No studies of use in diabetic
patients have so far been published (24).
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Table15.4 Approximate energy provided by glucose-containing dialysate

Dialysate (1 l) Grams of absorbed glucose Energy provided (kcal)

1.36% dextrose 10 40
2.27% dextrose 16 60
3.86% dextrose 27 100



NUTRITIONAL REQUIREMENTS INDIALYSIS PATIENTS

The general principles surrounding the nutritional requirements of patients
with ESRF receiving dialysis are generally applicable to both diabetic and non-
diabetic subjects and are briefly outlined below.

DIETARYPROTEIN

Protein requirements are increased in dialysis patients due to protein losses
during dialysis (20) (see Table 15.5) and can be as high as 20 g albumin daily in
CAPD with peritonitis. These losses are further increased in the diabetic
patient (25) due to greater peritoneal membrane permeability. For non-diabetic
stable dialysis patients daily protein intake recommendations based on NKF-
KDOQI data (21) and supported by nitrogen balance studies are 1.2 g/kg/day
for HD patients and 1.2–1.3 g/kg/day for CAPD patients. Adequate total
energy intake is required to maximise the effectiveness of dietary protein
utilisation (20).

MINERAL ANDVITAMINS

Potassium

Hyperkalaemia in dialysis patients is a potential cause of sudden death.
Recommendations to keep serum potassium levels between 3.5–6.5mmol/l pre-
dialysis for HD patients and 3.5–5.5mmol/l for CAPD patients were published
in 2002 (26). Potassium restrictions are usually unnecessary in CAPD patients
due to the continuous nature of this form of dialysis. By way of contrast, HD
patients accumulate potassium between dialysis sessions.

Phosphate

Hyperphosphataemia is very prevalent among patients with ESRD and is a
cause of hyperparathyroidism, metastatic calcification (when the serum
calcium–phosphate product exceeds 5.5mmol/l) (27) and has been associated
with excess cardiovascular mortality in HD patients (28). The recommended
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Table15.5 Amino acid and protein losses during dialysis

Dialysis Modality Amino acids (g) Proteins/peptides (g)

CAPD/day 2–3.5 5–15
HD/session 6–12 2–3



dietary intake of phosphorus for HD and PD dialysis patients is approximately
17mg/kg/day. The removal of phosphate during dialysis is limited due to the
high distribution volume for phosphate and the rapid rebound of serum
phosphate following dialysis. Hyperphosphataemia is common and dietary
restriction of dairy products, bony fish and offal meats combined with the use
of phosphate buffers remains the best means of minimising hyper-
phosphataemia. Medical and dietary treatment of hyperphosphataemia is
aimed at keeping the parathyroid hormone level within two to three times the
upper limit of the normal range and the alkaline phosphatase and calcium
concentrations within the normal range.

Sodium

On starting dialysis sodium intake should be limited to below 100mmol,
equivalent to 6 g salt/day. When dialysis patients become anuric their fluid and
sodium intake needs to be further restricted, to 1 litre fluid/day and 80–
100mmol sodium/day. In patients able to maintain a urinary output above
l l/day, fluid restriction of 1.5–2 l/day and more flexible sodium intake may be
appropriate. Residual urinary excretion is maintained for longer in PD than
HD patients and hence fluid and sodium intake can initially be more liberal in
PD patients.

V|tamins

The role of vitamin supplementation in dialysis patients is controversial.
Vitamin status is compromised in dialysis patients due to poor nutritional
intake and the cooking methods required for a low-potassium and low-
phosphate diet. Fat-soluble vitamins other than vitamin D are not routinely
prescribed due to the risk of vitamin A toxicity. Vitamin D is prescribed for
bone protection and the prevention of hyperparathyroidism. Among the water-
soluble vitamins 10mg/day of pyridoxine and 60mg/day of ascorbic acid are
recommended as low concentrations can occur in dialysis patients. In addition
folic acid may also be low and there may be a need for supplementation.

L-carnitine is an essential co-factor in fatty acid and energy metabolism and
recent work suggests that it might be effective in reducing the erythropoetin
requirements for controlling anaemia. The US Food and Drug Administration
department have recently approved its use in the prevention and treatment of
carnitine deficiency in HD patients. Currently, however, there is insufficient
evidence to support its routine use in such patients (29).
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NUTRITIONAL MANAGEMENT INDIALYSIS PATIENTS

There are general principles regarding the nutritional management of patients
on dialysis with ESRF. These are generally applicable to both diabetic and
non-diabetic subjects (30,31) and are briefly covered below.

PREVENTION OFHYPERKALAEMIA

Hyperkalaemia in the HD patient may be due to dietary indiscretions, either as
a result of unfamiliar foods of high potassium content or increased portion
sizes of known potassium-containing foods. Patients on haemodialysis are
usually advised to limit their potassium intake to less than 1mmol/kg/day.
Patients therefore need to avoid high-potassium foods, limit the intake of fruit
and vegetables and cook using techniques to lower potassium levels.

Patients with residual urinary function can still excrete some urinary
potassium and therefore may safely consume more fruit and vegetables
provided there is close monitoring. Hyperkalaemia is less common in CAPD
due to continuous potassium removal on dialysis.

In diabetic patients with poor glycaemic control, undergoing dialysis,
hyperkalaemia can result from insulin insufficiency. Improving glycaemic
control can reduce serum potassium levels. Insulin requirements can drop
following the commencement of haemodialysis. In addition to poor glycaemic
control, hyperkalaemia is also associated with a number of other non-dietary
causes of hyperkalaemia.

PREVENTION OFHYPERPHOSPHATAEMIA

Patient awareness of phosphate-containing foods is essential in order to limit
phosphate intake. Dairy products have two to three times more phosphate
than equal quantities of protein derived from meat and therefore need to be
limited. Milk intake should not exceed 1–3 pt/day and other dairy-containing
foods such as chocolate, cheese and yoghurt should be restricted. Other high-
phosphate foods such as offal and offal-containing products, veal and fish with
edible bones, such as sardines, pilchards and shell fish also need to be limited.

Phosphate binders reduce the absorption of dietary phosphate but when they
are comprised solely of calcium salts they can result in hypercalcaemia leading
to metastatic calcification. For this reason phosphate binders made from non-
calcium salts, such as Sevelamer, may be preferred for the prevention of
hyperphosphataemia. To be effective, phosphate binders containing calcium
carbonate should be taken before meals as the ability of this salt to bind with
phosphate is pH-dependent. The calcium in the phosphate binders may have
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the added advantage of helping patients achieve the necessary daily calcium
requirements.

SODIUM INTAKE

Restricting sodium intake helps minimise thirst and hypertension. In certain
individuals this can be difficult as so many convenience foods have a high salt
content. A diet history can usually help in eliminating the very high sodium
sources.

Interdialytic weight gains should not exceed 3% of the patient’s dry weight.
This is particularly important in diabetic HD patients, as excessive weight gains
have been linked with increased mortality, possibly due to increasing
hypertensive and cardiovascular stress.

HYPOALBUMINAEMIA AND PROTEINMALNUTRITION

Hypoalbuminaemia can cause fluid and sodium retention, and is also linked to
increased mortality. Medical management includes further fluid restriction and
increased dialysis ultrafiltration. The use of hypertonic CAPD solutions to
stimulate ultrafiltration can result in hyperglycaemia and an increase in protein
loss. Dietary management is aimed at increasing protein intake. This is
particularly a problem in vegetarian patients who rely on pulses and dairy
products. While these products are good for diabetic control, they do deliver a
greater phosphate load and increase the need for phosphate binders. For
malnourished dialysis patients with poor appetites, high-protein energy dense
comfort foods can provide a valuable source of energy and protein. When
patients are unable to meet their protein requirements due to factors such as a
reduced appetite, an inability to prepare foods or a lack of sufficient funds,
high protein sip feeds should be considered.

Amino acid-containing dialysates for CAPD patients provide a potential
means to improve nitrogen balance in severely hypoalbuminaemic patients.
Further benefits to the use of such solutions require further evaluation (32,33).

ADDITIONAL NUTRITIONAL SUPPORT

Haemodialysis patients who continue to report weight loss and poor
nutritional intake and who are unable to take nutritional supplements should
be considered for either enteral support or intradialytic parenteral nutrition
(IDPN) (34). Nasogastric feeding is the preferred short-term option for
hospitalised inpatients but this is not usually practical in the outpatient setting.
The relatively recent introduction of Percutaneous Endoscopic Gastrostomy
(PEG) feeding in HD patients has been shown to be successful in many cases.
Balancing the patient’s fluid allowance with their nutritional requirements is a
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major factor when prescribing the feed. The use of high energy dense (2 kcal/
ml), low electrolyte feeds has made it possible to feed intermittently dialysed
HD patients without causing fluid overload. However, not all patients will
require this type of ‘renal’ feed. Patients with a low serum potassium and
phosphate, i.e. CAPD patients, may require a high electrolyte feed of similar
energy density. Continual review of serum biochemistry and fluid requirements
is essential when prescribing this type of feed.

Interdialytic Parenteral Nutrition (IDPN) can be considered when naso-
gastric or PEG feeding in HD patients is not established. This consists of giving
patients 1 l of a parenteral feed containing between 800–1000 kcals and 50 g
amino acids via the venous return line during each dialysis session. Although
the overall efficacy of IDPN is not well established, improvements in appetite,
immune and nutritional status have been reported (35). A drawback to IDPN
is that it can not be given during the dialysis-free days of the week.

SPECIFIC NUTRITIONAL MANAGEMENT INDIABETIC
DIALYSIS PATIENTS

The dietary management of diabetic patients receiving dialysis has to be
adapted to achieve the best attainable glycaemic control. Dietary management
also has to address any other aspects of the metabolic syndrome which may be
present, such as obesity, dyslipidaemia and insulin resistance.

GLYCAEMIC CONTROL

Although it is a popular patient myth that the principles of a good diabetic diet
cannot be achieved within the confines of dialysis dietary restrictions, in reality
there is sufficient scope for dietary adjustments using lower glycaemic index
food choices to prove this wrong. However, not all low glycaemic foods are
suitable for dialysis patients; potatoes, yam, cassava, sweet potato and green
banana all contain significant amounts of potassium. Suitable low glycaemic
foods include porridge, pasta, basmati rice, couscous and granary breads.
Boiling vegetables in large volumes of water can reduce the potassium content
considerably. Hence, when an individual’s staple diet includes carbohydrate
foods with a high potassium content, suitable cooking methods can make
many more of these foods available for inclusion in the diet.

Since there is a high prevalence of diabetic ESRF in ethnic minority
populations, a number of cultural and religious factors that can influence
glycaemic control need to be considered. The most important of these is a wish
to fast for religious observance, even though exemptions can be obtained. For
example, during Ramadan, fasting can last up to 18 h in the summer months
with no foods or drinks being taken between dawn and sunset. Of necessity
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large meals are usually taken before dawn and after sunset and are likely to
include fried foods and carbohydrate-rich meals including specially prepared
sweet foods. During such periods, without expert adjustment of treatment
regimens, large fluctuations in blood glucose can occur. Hypoglycaemia may
also be a problem among haemodialysis patients who are not being dialysed
against a glucose-containing dialysate. Dietary advice should be directed
towards limiting sweet foods taken after sunset and promoting low glycaemic
foods such as basmati rice, chapati or naan breads made with wholewheat flour
and not besan flour (chick pea) which is high in potassium.

OBESITY

Weight reduction using dietary intervention is generally considered suitable
within the general population when the BMI is above 30 kg/m2. A considerable
number of CAPD patients are either obese or have a tendency to become so.
The weight management of CAPD patients is difficult as many are receiving
additional calories from the glucose absorbed during dialysis. Increasing
physical activity is often unrealistic in a population confined to their house for
much of the day.

DYSLIPIDAEMIA AND OTHER CARDIOVASCULAR RISK FACTORS

The dyslipidaemia of ESRF is characterised by raised plasma triglycerides with
a normal cholesterol level. This form of dyslipidaemia becomes worse after
starting CAPD. The lipid profile on CAPD is generally more atherogenic than
with other dialysis modalities. A possible contributory factor for this
atherogenic lipid profile is the glucose absorption from the dialysates giving
rise to enhanced triglyceride synthesis. Chronic hyperinsulinaemia is a major
component of the metabolic syndrome and a recognised risk factor for
atherosclerosis (36). There is a preferential sieving of the smaller cardio-
protective lipoprotein: HDL-cholesterol among the proteins lost into the
dialysate rather than that of other lipoproteins (37).

The dyslipidaemia of ESRF is an independent risk factor for atherosclerosis
in ESRD (38). To date there are no convincing trials to show that the 3-
hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statin) are equally
as effective as they are for non-renal-compromised patients, and although
widely used, their benefits are not unequivocally established (39,40). Dietary
management of glycaemic control for diabetic patients on PD improves
hypertriglyceridaemia and overall dyslipidaemia. The effectiveness of dietary
manipulation of plasma lipids in PD patients is limited and it could be argued
that if adhered to, properly constructed dialysis diets are close to optimal lipid-
lowering recommendations (41,42). General healthy eating advice given to
patients with normal renal function may not be appropriate, as many PD
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patients are undernourished and advice to reduce saturated fat should not be at
the expense of reducing total protein or energy intake. Current recommenda-
tions are that 35% of energy should be derived from fat (41), with emphasis
placed on reducing the saturated to polyunsaturated fat ratios.

HYPOGLYCAEMIC AGENTS ANDDIALYSIS

The diet for the diabetic patient on dialysis needs to reflect their diabetic
treatment. An understanding of how ESRF and dialysis interacts with the
action of hypoglycaemic agents and insulin is important for the renal dietitian
if the prescribed diet is to minimise periods of hypo- and hyperglycaemia.

ORAL HYPOGLYCAEMIC AGENTS

Oral agents are rarely used in Type 2 diabetic patients undergoing dialysis. By
the time diabetic patients have developed ESRF extensive b-cell failure will
have occurred and most patients will have already been switched to insulin.
During the pre-dialysis period metformin is contraindicated as are the longer
acting sulphonylureas such as glibenclamide. An insulin secretagogue like
repaglinide, whose metabolism is not dependent on renal function for
clearance, is safe. The glitazone class of insulin sensitisers can also be used in
subjects with moderate renal failure. However, in reality, by the time patients
are requiring CAPD or HD, insulin provides not only the safest but also the
most flexible and easiest way to optimise glycaemic control.

INSULIN

Insulin requirements in ESRD patients are difficult to predict as renal and
extra-renal breakdown of insulin is diminished on the one hand and its half-life
is prolonged on the other. With advancing renal failure this effect is
antagonised by insulin resistance, which usually improves with regular dialysis.
On initiation of CAPD, the timing of insulin doses should be adjusted to
complement the pattern of glucose absorption. Very strict glycaemic control
becomes increasingly difficult in dialysis patients because of the risk of
intradialytic and nocturnal hypoglycaemia. A balance around optimising
glycaemic control needs to be made as good glycaemic control reduces
catabolism and improves nutritional status. One expert committee has
suggested an HbA1c target of below 8%.

Administrating insulin via the intraperitoneal route can improve glycaemic
control and lessen hyper- or hypoglycaemic episodes. Intraperitoneal insulin
absorbed into the portal venous circulation results in a more physiological
portal to peripheral insulin ratio of approximately 3:1 and lower systemic

244 NUTRITIONALMANAGEMENTOFDIABETESMELLITUS



insulin levels (43). However this route of administration promotes a more
atherogenic lipid profile and may cause focal hepatic fat accumulation, and
there also remains a theoretical risk of peritonitis.

SUMMARY

As the prevalence of diabetes grows so will the need for renal replacement
therapies. The dietary management of patients as they approach ESRF should
focus on minimising uraemic symptoms while ensuring a sufficient protein and
energy intake to prevent malnutrition. Both the nutritional status and the
glycaemic control of an individual as they start dialysis are independent
important predictors of their future morbidity and mortality. Achieving
glycaemic control in patients undergoing regular dialysis requires a careful
balance between the dialysis prescription and meal planning. While the
nutritional requirements, constraints and demands are by and large similar for
the diabetic and non-diabetic patient, the need to address atherosclerotic
cardiovascular risk factors is still greater in the diabetic patient. Today many of
the diabetic patients undergoing dialysis are malnourished with poor
glycaemic, lipid and metabolic profiles. There is a real need for well-
constructed nutritional studies in the diabetic dialysed population to formulate
evidence-based dietary interventions that will help to extend the patient’s life
expectancy to that of a non-diabetic dialysed subject.
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NutritionalManagement of Diabetic
RenalTransplant Recipients
BARBARA ENGEL
Charing Cross Hospital, London, UK

This chapter provides the necessary background information required for a
health care professional to give dietary advice to a diabetic renal transplant
recipient. The chapter covers the main causes of morbidity and mortality in
diabetic renal transplant patients and examines whether dietary intervention
can improve graft survival and clinical outcome.

INTRODUCTION

RENALTRANSPLANTATION ANDDIABETES

End stage renal failure (ESRF) from diabetes is increasing and the number of
diabetic patients receiving a renal transplant is growing. Diabetes is also a
common metabolic complication following a successful renal transplant, due
partly to the steroids used to prevent graft rejection and to the associated
weight gain they cause. In one study involving 114 patients with normal
glucose tolerance, a week before transplantation, only 36 (32%) retained
normal glucose tolerance 9 to 12 months post-transplant with 27 (24%)
patients becoming frankly diabetic. Both b-cell dysfunction and insulin
resistance contribute to the development of diabetes post-transplant (1,2).
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MORBIDITYANDMORTALITY

Transplantation provides the best renal replacement option for diabetic
patients with ESRF, improving the quality of life (3,4), and resulting in less
neuropathy and anorexia. Unfortunately, renal transplantation does not
improve pre-existing metabolic conditions such as dyslipidaemia or bone
disease. These continue to progress and contribute to the long-term morbidity
and mortality. The medications used to prevent graft rejection also contribute
to metabolic risk factors, including weight gain and metabolic bone disease.

Five-year survival rates are higher following a renal transplant than with
regular dialysis, especially for people with diabetes. Despite this, five-year
survival rates for diabetic patients are still appreciably lower (66–75%) than for
non-diabetic patients (90–95%) (5,6). Mortality rates are lower when diabetic
patients receive a combined kidney–pancreas transplant than an isolated
kidney (6,7). To what extent this is due to improved glycaemic control is
uncertain, as patient selection criteria for a dual kidney–pancreatic transplant
inevitably select patients with low co-morbidity scores. Diabetic microvascular
disease, retinopathy and neuropathy improve initially following renal
transplantation. The neuropathy improvement is however more sustained in
patients receiving a combined kidney–pancreas transplant (8,9).

Ischaemic heart disease is present in 40% of diabetic patients prior to
transplant (3,4), and when present carries a threefold risk of a further coronary
event over the next four years (5). The higher mortality rate of diabetic compared
to non-diabetic renal transplant recipients is mainly related to this high incidence
of pre-existing coronary heart disease. In a four-year follow-up study of 101
transplant patients with Type 1 diabetes, the absolute mortality rate was 30%,
with 57% of these deaths attributed to arterial disease (5). Peripheral vascular
disease also progresses after a renal transplant, and the risk of ulcers and poor
wound healing is increased in these immunocompromised patients.

DIETARY INTERVENTION STUDIES

A 20-year literature search identifies few dietary intervention studies in renal
transplant patients. The number of subjects included in these intervention and
observational studies is small and many of these short studies fail to adequately
differentiate the effects of diet and medication, see Table 16.1.

KIDNEY SURVIVAL

A transplanted kidney is susceptible to hyperglycaemia and hypertension (3,4).
Hypercholesterolaemia and hypertriglyceridaemia also influence graft survival
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(10–12). The benefits of good glycaemic control on graft survival may however
require three or more years to become apparent. The rationale for optimising
glycaemic control is based on the knowledge that prior to transplant poor
glycaemic control influences glomerular filtration loss, and that long-term graft
survival following a combined kidney and pancreas transplant (K-P) is better
than for an isolated kidney (13,14). Improved lipoprotein concentrations are
also observed after K-P transplantation and this again is attributable to better
glycaemic control (15).

Low-protein diets in the diabetic patients with CRF have been shown to have
a beneficial effect on disease progression and proteinuria. A number of studies
in (mostly non-diabetic) transplant patients have shown that reducing protein
intake may improve graft survival and slow the progression of renal disease in
chronic rejection (16–18). Hyperlipidaemia prior to, and following, transplant is
also associated with an increased risk of graft rejection (12).

There is a suggestion that fish oils can protect the kidney in cyclosporine-
treated renal transplant recipients. However the role of omega-3 unsaturated
fatty acid supplementation remains controversial. In one randomised
prospective controlled trial early dietary supplementation post-transplant
with daily 6 g fish oil for one month favourably influenced renal function in the
recovery phase following a rejection episode in patients treated with
cyclosporine (19,20). In another study although patients taking 6 g/day of
fish oils did not show any improvement in rejection rates at one year they did
have a non-significant improvement in their renal function (20). The role of
dietary intervention with antioxidants and diets to decrease PAI-1 synthesis in
renal transplant recipients requires further evaluation.

CARDIOVASCULAR DISEASE

Both renal disease and diabetes are associated with accelerated CVD. The
sedentary lifestyle adopted by many renal patients exacerbates weight gain and
many of the recognised metabolic risk factors attached to this. Dietary advice
needs to address the usual modifiable CVD risk factors in this group. It could
be argued that a diabetic with a functioning renal transplant should receive the
same advice as other diabetics without renal failure. However, the response to
diet therapy may not be similar due to the anti-rejection medications prescribed
(21).

Obesity prior to a renal transplant is associated with higher five-year
mortality rates. In one study of 127 obese (BMI431 kg/m2) non-diabetic renal
transplant recipients the five-year survival rate was 67%. This was significantly
lower than the 89% observed in the 127 non-obese (BMI527 kg/m2) non-
diabetic renal transplant recipients (22). Most of this excess mortality can be
attributed to cardiac disease. Even if weight loss cannot be achieved prior to
transplantation, intensive dietary advice is required post-transplant to limit the
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usual weight gains that occur. In one study of non-diabetic patients the
percentage of patients who had a BMI425 kg/m2 increased from 22% to 36%
post-transplantation (23).

There are a few dietary intervention studies that deal specifically with
diabetic patients post-transplantation (15,24,25). However these studies only
involve small numbers of patients followed for a relatively short period of time,
and none adequately separate the effects of diet from the effects of medication.
In non-diabetic transplant patients the effectiveness of the Step 1 American
Heart Association diet to reduce weight gains and improve lipid profiles has
been very variable. Even when significant weight loss is achieved, by six
months, lipid profiles do not always improve. Hyperlipidaemia appears to be
related more to renal impairment than dietary fat modification, especially if
weight reduction does not occur (26). Population studies have shown that a
reduced-fat diet is required for at least two years to achieve any reduction in
cardiovascular events, and this possibly explains the disappointing results of
shorter-term studies in post-transplantation patients (see Table 16.1).

Hyperhomocysteinaemia (tHcy) is another independent risk factor for
coronary heart disease (27). Both Type 1 and Type 2 diabetic patients with
renal failure have approximately fourfold higher tHcy levels than controls
prior to transplantation. These levels can fall by a third after a successful renal
transplant and further falls have been reported with folic acid, B6 and B12
supplements (28). The routine place of these dietary supplements in diabetic
renal transplant patients awaits further studies.

TREATMENT STRATEGIES

For diabetic renal transplant recipients with pre-existing heart disease the lipid-
lowering drugs, belonging to the class of HMG-CoA reductase inhibitors, and
universally known as the ‘statins’, are thought to be more effective at reducing
cholesterol levels than advocating a low-cholesterol diet. However there are no
studies in the diabetic renal transplant population that allow us to judge
whether these drugs are as effective at reducing cardiovascular disease as in the
general diabetic population. Controlled studies on transplant patients
examining ‘healthy’ eating, lifestyle changes, glycaemic control and the use
of fish oils, vitamins and other ‘functional foods’ are required to determine
their benefit in graft survival and long-term cardiovascular health.

BONE DISEASE

Metabolic bone disease continues to influence morbidity and mortality after a
successful transplant. Despite normalisation of phosphate excretion and
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improved activation of vitamin D, parathyroid hormone levels can remain
elevated. Bone resorption continues due to the adverse effects of corticosteroids
on osteoblast function and calcium absorption from the gut. Type 1 diabetic
transplant recipients have been reported to have a higher fracture rate than
non-diabetic recipients (40% vs 11%) (29). This increased fracture rate is
similar in the male and female diabetic subjects, and contrasts with results from
the non-diabetic transplant recipients in whom the female fracture rate is
approximately twice that of men. Increased intake of dietary calcium and the
use of calcitriol and alendronate can help to neutralise the adverse effect of
corticosteroids.

CONCLUSION

Renal transplantation offers diabetic patients an improved quality of life and
longevity. Metabolic risk factors can be exacerbated by the immunosuppresion
needed to minimise graft rejection. Dietary advice to limit post-transplant
weight gain should be given along with advice aimed at meeting protein
requirements, improving glycaemic control and hyperlipidaemia and reducing
the risk of metabolic bone disease. The impact of this type of dietary advice on
overall morbidity and mortality remains to be fully evaluated.
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Index

Note. Abbreviations used in the index: GI=glycaemic index;
MUFA=monounsaturated fatty acids.
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