VL

Universit
s of Glasgowy

https://theses.gla.ac.uk/

Theses Digitisation:

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/

This is a digitised version of the original print thesis.

Copyright and moral rights for this work are retained by the author

A copy can be downloaded for personal non-commercial research or study,
without prior permission or charge

This work cannot be reproduced or quoted extensively from without first
obtaining permission in writing from the author

The content must not be changed in any way or sold commercially in any
format or medium without the formal permission of the author

When referring to this work, full bibliographic details including the author,
title, awarding institution and date of the thesis must be given

Enlighten: Theses
https://theses.qgla.ac.uk/
research-enlighten@glasgow.ac.uk



http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk

The influence of high
carbohydrate diets and
glycaemic index on metabolic
risk parameters for coronary

heart disease.
Seyed Rafie Arefhosseini
A thesis submitted in fulfilment of the Degree

Doctor of Philosophy
to
Faculty of Medicine

University of Glasgow

From research conducted at the
Gut, Fermentation and Metabolism Group
Division of Developmental Medicine
University of Glasgow
Yorkhill NHS Trust
Glasgow G3 854
United Kingdom

© S.R. Arefhosseini 2005




ProQuest Numlber: 10321110

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely eventthat the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

ProQuest.

ProQuest 10391110

Published by ProQuest LLC (2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



CLASGOW
UNIYERSITY
LIBRARY:



Summary

This thesis describes a series of siudies investigating the relationship between diet,
and in particular carbohydrate intake, and risk factors for type 2 diabetes and
coronary heart disecase (CHD).

The first study investigated thc effect of advice to increase carbohydrate intake as
part of dietary advice to follow the dietary guidelines on metabolic risk factors for

CHD in postmenopausal women (Chapter 3),

The results showed that subjects appeared Lo have followed the dietary advice given
as they reported significantly reducing their total daily energy (P = (1.011), fat (P =
0.008) and non-milk extrinsic sugar (NMES) intake (£ = 0.015), and significantly
increasing their total carbohydrate (P = 0.026), starch (P = 0.013) and non-starch
polysaccharide (NSP) intake (P = 0.050). Subjects also significantly increased their
dietary glycaemic index (GI) (P = 0.011). There was a significant reduction in body
mass index (BMI) (P = 0.014), and an adverse cffect on fasting plasma lipids
including an increase in fasting TAG (P = 0.014), and a decreasc in HDL cholesterol
concentrations (P = 0.021). Subjects reported increasing their consumption of fruit
and vegetables, and there was a significant increase in the ‘antioxidant power” of
plasma (P = 0.007). This appears to have mostly been associated with an increase in

fruit intake.

Corrclation analyses showed that simple sugars appeared to have a more adverse
effect on plasma lipids than starch. From this a decision was madc to study the
relationships between GI and plasma lipids and other metabolic risk factors in data

that had already been collected.

The main findings of this case control study on offspring of patients of type 2
diabetes (offspring) and conirel subjects (Chapter 4) showed that there were no
differences in habitual dietary intake, GI or GL between the groups. Offspring were
found to demonstrate many of the features of the metabolic syndrome as they had

greater levels of adiposity and female offspring had siguificantly higher waist o hip




ratio (P = 0.036), waist circumference (P = 0.063) and BMI (£ = 0.083) compared
with female control subjects. Offspring were significantly morc insulin resistant
compared with control subjects with significantly higher fasting insulin (£ = 0.049)
and higher HOMAR (P = 0.052) and significanily lower HDL cholesterol
concentrations (7= 0.011).

However, dictary GI and GI. were not found to be directly associated with any of the
metabolic parameters measured in the study, but GI was positively correlatcd with
waist circumference (/2 = 0,039) and waist to hip ratio (P == 0.043), and measures of
adiposily were significantly correlated with many of the meiabolic parameters
measured in the study. Thus, while the glycaemic quality of the diet did not appear to
directly influence metabolic risk factors, the results do suppoit the idea that they
influence metabolic risk factors through their effect on adiposity, and in particular

central adiposity.

There are very [ew intervention studies that have been carded out in healthy
individuals, of either short or longerterm. Thus, to find out if the bensfits of
reducing fat intakc (i.e. cholesterol lowering) ¢ould be maintained, and the adverse
effccts associated with increasing carbohydrate intakes could be avoided if dietary
fat was replaced with carbohydrates of low GI, a high and low Gl a short-ierm

experimental intervention study on healthy individuals was carried out (Chapter 5).

The results of this randomised crossover study showed that the low GI diet has some
beneficial effects in that it reduced total (P = 0.029) and LDL cholesterol. Both high
and low GI intervention diets had adverse effects on TAG and HDI. cholesterol
concentrations but this was probably due to the fact that the diets were high in
carbohydrate (70% energy intake). TAG concentrations were found to be higher after
the low GI diet (P = 0.004), which was not an expceled finding but could possibly be
explained by the fact that the low GI dict was higher in sugars compared with the
high GI diet (P = 0.001). These resulis are interesting and suggest that the overall
carbohydrate and sugar content of the diet have a more important influence on

plasma lipids and other metabolic parameters than the glycaemic quality of the diel.




In these studies, therc were some very important beneficial effects found (reduction
in body weight, increasc in ‘antioxidant power’, reduction in total and LDL
cholesterol) following dietary advice. Howcever, this same advice led to adversc
effects on TAG and DL cholesterol which arc associated with in increased risk of
CHD. Tn the first study, worse cifects were found when women increased their
simple sugar intake at the expense of starch intake. Also low GI dict in the third
study scemed to have a more adverse effect on TAG and HDL cholesterol compared
with the high GI diet. However, the low GI diet was higher in sugar compared with
the high GI diet. The fact that these carefully planned low GI diet was high in sugar
highlights an interesting problem with the concept of Gl. Some foeds which are high
in sugar especially fructose have a low GI but still have an adverse effects on lipids.
This fact is not generally known and makes it difficult for the general public to
follow the dietary guidelines safely, For this reason it may be safer to advise the
public to conswme more slowly digestible carbohydrates (such as wholegrain cereals,
pulses) rather than low GI foods which could still contain a bigh proportion of sugar
which could mask the positive effccts of the low GI diet on lipids. Overall, the
results from this thesis highlight the nced for more research to develop safer and
morc appropriate dietary guidelines which can be easily and clearly communicated to

the general public.




Dedication

Thanks to Allah for creating the possibility for e to study for this PhD.

Enduring love for Iranian soldiers who died and dedicated their life for their country;

T dedicate this thesis to their patents who wished their son to be with them and to

have had the life opportunities that [ have had.

Acknowledgements

To the Tabriz University of Medical Sciences and Ministry of Health and
Medical Education of Islamic Republic of Iran for the scholarship that made

possible my studies at the University of Glasgow.

Most importantly to Dr. Siobhan Higgins, my main supervisor. I cannot forget
how much she done for me, and how much I have relied on ber. T have to
admire her perseverance with my study and ber excellent scientific guidance
and advice. She has been not only an excellent supervisor but has been a huge
support in all aspects of my time in Glasgow. Without her help and kind

attention none of this rescarch was possible.

‘Lo Dr. Christine Edwards, also my supervisor, who provided me with patience

and specific supervision to cope with problems that 1 faced during this course.

To Dr. Dalia Malkova, my advisor and friend, that her advise during this long

journey among unknown facts was always with inspiration.

Mehri my friend, colleague and wife is a big support for me. She not only
completed her study at I’hDD level at this Department but also tried to create a

calm and full of mercy condition for her danghter and me.

Vi




Sara, my incredible daughier, as a small girl helped her mum and me so much

and sometimes 1 thought that she is in the same age as her mother and me. She

treated us in an unbelievable manner.

My parents (Noorieh & Nader) who always encouraged me for this study, 1

also thank Mastan & Zohre (my sisters) for their good and great wishes for me.

I am graieful to appreciate people who patticipated as subjects in my studies
from Glasgow and Edinburgh and made it possible to complete this demanding

research study for them during five weeks.

To Mr Alexander Fletcher for his technical assistance throughout study; he was

always kind to help me i the laboratory.

Carolyn Fraser for helping me patiently about food itcms in the questionnaires,
Jean Hyslop and Mrs Evelyn Smith for their help with poster presentation, and
all friends in the ‘Department of Human Nutrition and Child Ylealth’ for their

help, encouragement and good times in Old Library.

Vit




Table of Contents

CONTENTS Page
Title page i
Summary ii
Author’s declaration v
Dedication vi
Acknowledgements vi
List of contents viil
List of tables xiv
List of figures xviii
List of abstracts XX
[.ist of abbreviations xXi

Chapter One

Introduction I

1.1 Introduction 2

1.2 Carbohvdrate 5
1.2.1. Classification 6
1.2.2. Carbohydrate digestion 7
1.2.3. Carbohydrate metabolism 10
1.2.4. Physiological effects of carbohydrate 14
1.2.5. Control of carbohydrate metabolism 16
1.2.6. Insulin and glucacon 17

1.2.6.1 Insulin 17
1.2.6.2 Insulin resistance 19
1.2.6.3 Glucagon 20
1.2.6.4 C-Peptide 21

1.3, Dietary fats 22
1.3. 1. Lipoproteins 25

1.4  Interrclationship between metabolism and dietary carbohydrate and fat 32
1.4.1 Insulin and hepatic TAG sceretion 33
1.4.2  Glucose~fatty acid cycle 34

1.5  Carbohydrate and fat requirements and recommendations 35

viii




_1.5.1 Simple sugars 42

1.5.2 Fructose and high fructose corn syrup 43

1.5.3 Starch 44

1.5.4 Dietary fibre and non-starch polysaccharide 45

1.5.5 Dietary fat 47

1.6  Effects of high carbohydrate (HC) diets 49
1.6.1 Beneficial effects of HC diets 51

1.6.2 Adverse effects of HC diets 52

1.7 Glycaemic index (GI) 57
1.7.1 Definition of GI 59

1.7.2 Deflinition of glycacmie load (GL) 59

1.7.3  Culeulation of Gl and GL 39

1.7.4 Advantages and disadvantages of GI and GI. 60

1.8  Association between dietary GI and GL and chronic discase 65
1.8.1 GI and GL and Type 2 diabetes 66

1.8.2 Gl and GI. and Coronary heart disease 68

1.8.2.1 Lipid risk factors 68

1.8.2.2 Insulin-related parameters 70

1.8.2.3 Inflammatory markers 74

1.8.2.4 Plasma antioxidant activity 76

1.9 Rational for the thesis 79
1.10  Aims of the thesis 80

Chapter Twe

Methodology 81
2.1 Introduction 82
2.2 Summary of Study Protocols 82

2.2.1, First study: Effcct of advice to increasc carbohydrate intake as
part of advice to follow the dietary guidelines on metabolic risk
tactors for CHID in healthy postmenopausal women 82
2.2.2.1.0bjectives of the study 82
2.2.2. Sccond Study: Relationships between dietary glycaemic index and
metabolic parameters in offspring of patients with type 2 diabetes

and control subjects 83




- 2.2.2.1.0bjectives of the study 83
2.2.3. Third Study: Effect of high carbohydrate, isocaloric high and low

glycaemic index diets on fasting plasma metabolic parameters in

healthy malc subjects. 83
2.2.3.1.0bjectives of the study 84
2.3 Measurements 84
2.3.1. Anthropometric measurements 84
2.3.2, Dietary assessment 85
2.3.3. Glycaemic indcex and glycaemic load calculation 90
2.4 Outcome measures 92
2.4.1 Laboratory measures : 92
2.4.1.1.Fasting blood samples 92
2.4.1.2 Oral glucose tolerance test (OG1TT) 92
2.42 Lipid parameters 93
2.4.2.1. Triacylglycerol (TAG) 93
2.4.2.2. Total cholesterol 94
2.4.2.3 HDL-cholesterol 95
2.4.2.4 Low-deusity lipoprotein (LDL) cholesterol 96
2.4.3 Non-esterified fatty acid (NEFA) 97
244 Glucose a7
2.4.5 Insulin 98
2.4.6 C-reactive protein (CRP) 100
2.4.7 Tnlerleukin-6 (IL-6) 101
248 Adiponectin 103
24.9 Ferric reducing ability of plasma (FRAP) assay 104
2.4.10 Homeostatic Model Asscssment (HOMA) Score 107
2.4.11 Insulin-sensitivity (ISI) and insulin resistance index (TRI) 108
2.5 Statistical analysis 109
Chapter 3

Effect of inercasing carbohydrate intakes as part of advice te follow
the dietary guidelines on metaholic risk factors for CIID in healthy
postmenopausal women. 110

3.1 Introduction : 111




3.2 - Objectives
3.3 Materials and methods
3.3.1 Subjects
3.3.2 Experimental design
3.3.3. Anthropomciric measurements
3.3.4 Dietary intervention
3.3.5 Dietary assessment
3.3.6 Calculation of GGI and GL
3.3.7 Blood sampling
3.3.8 Laboratory analysis
3.3.9 Ferric reducing ability of plasma (FRAP) assay
3.3.10 Statistical analysis
3.4  Results
3.4.1 Subject characteristics
3.4.2 Daily energy and macronuirients (absolute amounts)
3.4.3 Percentage of energy intake from macronutricnts
3.4.4, Dictary Gl and GI.
3.4.5 BMI and biochemical factors
3.4.6 Correlations between simple and complex cacbohydrates
and plasma lipids
3.4.7 Changes in FRAP and CRP

3.5 Discussion

Chapter Foor
Relationships between dietary glycaemic index and metabelic
paramecters in offspring of patients of type 2 diabetes and coutiol
subjects
4.1 Introduction
4.2 Objectives
4.3  Materials and methods
43.1 Subjects
4.3.2 Experimental design
4.3.3 Anthroponietric measurements

4.3.4 Dietary assessments

136
138
140

148
149
155
156
156
157
158
158

Xi



44

4.5

Chapter Five

.4.35

4.3.6
4.3.7
438

Results

44.1
4.4.2
433
4.3.4

Calculation of GI and GL
Oral glucose tolerance lest
Laboratory analysis

Statistical analysis

Anthropometric characteristics
Dietary intake
Metabolic parameters

Relationships between anthropometric characteristics

and metabolic parameters

Discussion

The effect of high and low glycaemic index diets on metabolic
risk factors for CHD

5.1
5.2
5.3

Introduction

Objectives
Methodology

53.1
532
5.3.3
534
5.3.5

5.3.6
5.3.7

538
5.3.9

Study design

Study outline

Subjectls

Anthropometric characteristics

Development and design of high and low glycaemic index
diets

Iigh and low Glycacmic index diets

Dictary analysis, calculation of glycaemic index and glycaemic
load

Compliance

Blood sampling

3.3.10 laboratory analysis

5.3.11 Statistical analysis
5.4 Results

5.4.1
5.4.2

Subject characteristics

Daily energy and macronutrient intakes (absolute amounts)

159
160
160
161
163
163
166
169

172
175

182
183
189
189
190
190
193
193

194
195

195
198
199
199
200
202
202
202

Xii



5.4.3 Percentage of energy and macronutrients 203

5.4.4. Fasting plasma lipid concentrations 206
5.4.5 Fasting NEFA, glucose, insulin, HOMA 206
5.4.6 C-reactive protein and interleukin-6 206
5.5  Discussion 211
Chapter 6
General Discassion and Conclusion 221
6.1 Introduction 222
6.2  Summary of {indings 225

6.2.1 First study: Effect of advice to increase carbohydrate intake as part of

advice to follow the dietary guidelines on metabolic risk factors for

CHD in healthy postmenopausal women. 225
6.2.2. Second Study: Relationships between dietary glycaemic index and

metabolic parameters in offspring of patients with type 2 diabeies and

control subjects. 227
6.6.3 Third Study: Effect of high carbohydrate, isocaloric high and low

glycaemic index diets on fasting plasma metabolic parameters in

healthy male subjects. 230
6.3 Conclusion 232
7.0 References 235
Published Abstracts 283

Xiif




List of Tables

No. Title

1.1  Various types of dietary carbohydralc and their digestion products

1.2 The process of digestion and absorption of carbohydrates and fats
in different parts of the gastrointestinal tract

1.3 Effects of carbohydrate structure and digestibitity on physiological
effects

1.4 Factors affecting glucagons secretion

1.5  Lipoprotein subclasses

1.6 DRV for fat and carbohydratcs tor adults as a percentage of energy
intakes

1.7 Daily intakes of energy, fat and carbohydralcs by British population

1.8  Physiological effects of NSP

1.9  Advantages and disudvantages of Gl

1.10  Advantages and disadvantages of GL

1.11  Glycaemic index by glycaemic load

1.12  Approval and disapproval ol GI by different organizations

1.13 Epidemiologic studies that assessed the contribution of GI and GL
to the metabolic risk factors for CHID

1.14  Intervention studies with high carbohydrate diet

2.1 Standard solutions o[ FeS04 (1iM) preparation

3.1  Scottish Dict Report and Dietary targets tor 2005

3.2  Dietary goals and practical advice given to achieve these goals

3.3  Subjects characteristics

Page

8.9

16
20

25

41

46
62
63

64

100
120
121

127

Xiv




34

3.5

3.6

3.7

38

3.9

4.1

4.3

4.4

4.5

4.6

4.7

- Daily energy and macronutrient intakes of habitual diet, 1* week and mean
of 4 weeks of dietary intervention in postmenopausal women 128
Percentage of energy intake from macronutrients of habitual diet, 1* week
and mean of 4 wecks of dietary intervention in postmenopausa! women 130
Dietary glycaemic load and glycaemic index of habitual dict, 1% week and
mean of 4 wecks of dietary intervention in postmenopausal women 132
BMI and biochemical parameters at baseline and afler one and four
weeks of dietary intervention in postmenopausal women 133
Normal ranges and recommended cut-offs for high levels of blood.
lipids 134
Etfects of changing diet after dictary guidelines based on fruit and
vegetable intake and plasma FRAP in postimenopausal women 139
Anthropometric characteristics 163
Proportion of the offspring and control groups with BMI less than and
greater than 25 Kg/m™ 164
Subjects characteristics of the offspring and control groups by gender 165
Daily energy and macronutrient intakes in the offspring and control subjects
by weight diet record 166
Dietary glycaemic index and glycaemic load in the offspring and control
subjects by weighed dict record 167
Percentage of energy intake from macronutrients in the offspring and

control subjects by weighed diet record 167

‘The proportion of the offspring and control subjects meeting the UK

dietary targets (Scottish Office 1993) 168

XV




4.8 _ Metabolic parameters in offspring and control subjecls 169

4.9  Relationships between anthropometric characteristies and

some metabolic risk factors (n=34) 170

4.10 Relationships between HOMA i and the insulin sensitivity
indices (ISI, TRI, Glu, NIEFA) with anthropometric

characteristics and metabolic risk factors 173

411 Relationships between C-reactive protein with

anthropometric characteristics and metabolic parameters

in offspring and control groups separately 174.
5.1  Nutritional composition of the high and low glycaemic index diets 197
5.2  Subjects characteristics al baseline 202

5.3  Daily energy and macronutrient intakes, glycaemic index

and glycaemic load of subjects” habitual and interventions diets 204

5.4  The percentage of energy intake from macronutrient of

subjects’ habitual and intervention diets 205

5.5  Fasting plasma lipid concentrations at baseline, low and high

glycaemic index diets (n—13) 208

Xvi




5.6 - Pasting non-esterified fatty acids (NEFA), glucose and
insulin concentrations and HOMAg at baseline, low and

high glycaemic index diets (n=13) 209

5.7  C-reactive protein and interleukin-6 concentrations at baseline,

low and high glycaemic index diets (n=13) 209

Xvii




List of Figures

No

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.12

1.13

1.14

Title

Glycolysis (Embden-Meyerhof pathway)

Krebs cycle and the pathways that fead to it

The actions of insulin

The actions of Ghucagon

Transpoit of lipids by plasma lipoproteins

HDL and lipid metaboiism

Comparison of the fate of dietary lipid and pewly

synthesised lipid as it enters the circulation

Overview of exogenous and endogenous lipoprotein metabolism
Glucose-fatty acid cycle

Inhibitory cffect of FFA on glucose metabolisim

Inhibitory effect of citrate on glucose oxidation

Contribution of fat and catbohydrate in energy intake

Geometric configuration of unsaturated fatty acids

De novo lipogenesis

Blood glucose response to low and high GI foods up to 2 hours

Page

11

12

18

21

24

29

30

31

36

37

40

48

55

58

xviii




1.16 _ Schematic processes for the formation of foam cell in vessel wall

3.2

3.3

4.1

5.1

52

'U!
(V5]

54

5.5

and contribution of macrophages 78

Relationship between changes in energy from sugar intake and

changes in TC/HDL ratio after dietary advice 137

Relationship between changes in sugar to starch ratio and TC/HDL-C

ratio after dictary advice 137

The percent change in FRAP capacity and changes in fruit and

vegetable intake after dietary advice 138

Relationship between dietary glycaemic index (%) and waist circumference

(cm) (Spearman’s correlation coefficient) 171
Study design 192
High Glycaemic index diet 197
Low glycaemic index diet 198

Individual C-reactive protein concentrations al baseline, after fow

and high Gl diets 210

Individual interieukin-6 concentrations at baseline, after low

and high GI diets 210

Xix




List of abstracts

. Arefhosseini S.R., Higgins 8. and Edwards C.A.: Changes in fasting plasma
lipid concentrations after advice to follow the current dietary guidclines
in healthy postmenopausal women. Nuirition in the Clinical Management
of Disease, Meeting organised by the Scottish Section jointly with the East of
Scotland British Dietetic Association, and the Clinical Nutrition and
Metabolism Group Western Infirmary Conference Centre, Glasgow 28-29
March 2003. Proceeding of the Nutrition Society 62(0CA/B):7A, 2003,

® Arefhosseini S.R., Higgins 8. and Edwards C.A.: Increased. froit and
vegetable consnmption imcreases the ferric reducing ability of plasma
(FRAP) of free-living postmenopausal women., Summer Meeting of the
Nutrition Society, London, 7-10 July 2003. Proceeding of the Nutrition
Society 62(0CA/B):59A, 2003,

. Arefhosseini S.R., Higgins S. and Edwards C.A.: Relationship between
changes in percentage energy from dietary carbohydrate and changes in
plasma lipid concentrations in healthy postmenopausal women. Summer
Meeting of the Nutrition Society, London, 7-10 July 2003. Proceeding of the
Nutrition Society 62(OCA/B):80A, 2003.

L Arefhosseini S.R., Higgins S. and Ldwards C.A.: Advice to follow the
current dietary recommendations and associated changes in fasting plasma
lipids and plasma ‘antioxidant power” in healthy free-living, postmenopausal
women. Joint meeting of the Scolttish Society for Experimental Medicine and

the Scottish Cardiovascular Forum, Glasgow, UK, 9 January 2004.

KX




List of Abbreviations

24-hr recall
ADP
ATP
AUC
BMI
BMR
BPG
CATP
CHD
CI
CoA
CRP
CV
CVD
El

E2

E3
EDTA
El
ELISA
FAD
FADH?2
FAO
FFA
FFQ
FRAP
G-6-P
GI

GI tract
GL
Gly
HC

24-hour recall

Adenosine diphosphate
Adenosine (riphosphate

Area under curve

Body mass index

Basal metabolic rate
Biphosphoglycerate
Cholesterclacyl transfcr protein
Coronary Heart Disease
Confidence interval

Coenzyme A

C-reactive protein

Coefficient of variation
Cardiovascular disease

Oestrone

Estradiol

Estriol
Ethylenediamineletra-acetate
Fnergy mtake

Enzyme linked immunosorbent assay
Flavinadenine dinucleotide
Reduced Flavinadenine dinucleotide
Food and Agriculture Organization
Frec fatty acids

Food frequency questionnaire
Fetric reducing ability of plasma
Glucose-6-phosphate

(ilycaemic Index
Gastrointestinal tract

Glycaemic Load

Glucose |

High carbohydrate




HCL
HDI.
HOMAR
HRT
IL-6

IR{

181

ITT
IVGTT
Kcal

K]
LCAT
1L.DL

LF

LPL
MRITT
MONICA

MUAC
MUFA
NAD
NADH
NEFA
NMES
NSP
OGTT
OR
PFK
PUFA
RIA
rpm
RR

SD

SK

Hydrochloric acid

High density lipoprotein
ITomestatic model asscssment
Hormone replacement therapy
Interleukin-6

Insulin registance index

Insulin sensitivity index

Insulin tolerance test

Intravenous glucose tolerance test
Kilocalorie

Kilojoule

Lecithincholesterolacyl transferase
Low density lipoprotein

Low fat

Lipoprotein lipase

Multiple Risk Factor Intervention Trial
Moniloring trends and determinants of Cardiovascular
discases

Mid-upper arm circumference
Monounsaturated [atty acids
Nicotinamide Adeninc Dinucleotide
Reduced Nicotinamide Adenine Dinucleotide
Non-esterified fatty acid

Non~-milk extrinsic sugar
Non-starch polysaccharides

Oral glucose tolerance test

Odds ratio

Phosphofructokinase
Polyunsaturated faity acids
Radioimmunoassay

Revohations per minute

Relative risk

Standard deviation

Saturated fatty acids

XXii




Chapter 1

Introduction




1.1 - Introduction

This thesis describes a series of studies investigating the relationship between diet

and risk factors for type 2 diabetes and coronary heart disease (CHD).

Chronic imbalance of normal metabolism is a cause of a number of complex
diseases such as type 2 diabetes mellitus and atherosclerosis (Whitefield ef al. 2004).
Results of the WITO project, Monitoring Trends and Determinants of Cardiovascular
Disease (MONICA) in 21 European countries, indicate that CHD incidence is higher
in Northern, Central and Eastern regions than in Southern and Western Europe
(WHO Regional Office for Ewrope, 2002). CHD causes more than 100,000 deaths
per vear in the UK and Scotland is number one in the world for this disorder (The
Scottish Office, 2000). In the UK it has been estimated that 2.65 million men and
women have or have had CHD (either angina or heart attack). The UK is
experiencing a slow decline in coronary mortality rate (Yarnell et ¢l 2003). In
Scotland, the prevalence of CVD was around 23.5% in 1998 and there was no
change since 1995. Results of the 1998 Scottish health survey showed that the
Scottish population, particularly women, were more likely to have ischemic heart

disease (IHD) or stroke than people in England (the Scottish Office, 2000).

Recent data show that mortality from CHD in Scotland is higher than the UK
average and is the highest in the western world (Tunstall et @l. 1999). From the 21
countries in the MONICA study which monitored trends and determinants of
cardiovascular disease, (Glasgow had the highest mortality from CHD (l'unstall ef al.
1999; Richards et al. 2002). Large-scale epidemiological studies have revealed that
hypercholesterolaemia and hypertriglyceridemia are major risk factors for CHD. A

meta-analysis of 17 population based studies showed a 76% increase in




cardiovascular disease risk in women and a 31% increase in men associated with a
one mmol/L. increase in plasma triacylglycerol (TAG) levels (Austin, 1999). Both
endogenous and exogenous TAG contribute to the circulating level of TAG and

dietary carbohydrate is one of the most important precursors for plasma TAG in the

human diet.

Current dietary guidelines recommend a high carbohydrate diet (>55% energy fiom
carbohydrate), but several studies have indicated adverse effects of such a diet on
plasma lipids with an increase in TAG and a decrease in HDL cholesterol (Shah ¢f
al. 1994; Kasim-karakas ef al. 1997, Jeppesen et al. 1997, Kasim-karakas et al, 2000;
Hudgins ef al. 2000; Mittendorfer and Sidossis, 2001 and Bunyard e af., 2002). 1t
may be that the type of carbohydrate is important, for example its digestibility, the
glycaemic index (GI) of the food and the physiological state of the subject. These

factors are investigated in the studies presented in this thesis.

Dietary carbohydrate inake has increased since 1963 by 126g per day in USA. The
type of carbohydrate has also changed. This increase in consumed carbohydrate
includes an increase in fructose corn syrup intake (10% of total energy intake)
(Gross et al. 2004). Consumption of fructose has increased because soft drinks and
some foods have been sweetened with high fructose corn syrup by manufacturers
(Bray et «l. 2004, There have been several studies that suggest fructose may be an
independent iisk factor for high TAG (Gross ef al. 2004). This evidence will be

discussed later.

A high carbohydrate diet is also usually low in fat. Results of the National survey of
cnergy and macronutricnt intakes in the UK have shown reductions in per capita

energy and fat intakes since 1975, while carbohydrate intakes has been stcady over



the period (Department of Agriculture, 2004). Glucose and fatty acids are the major
oxidative fuels in human metabolism and account for approximately 80% of
oxidative metabolism. Their classification and metabolism will be considered
separately and their interactions discussed.  Belore the relationships between diet
and disease are discussed in this chapter, normal metabolism will be considered

briefly and the effects of dict on metabolism discussed in more detail.

There are a number of different study designs used in the studies that will be discussed in
this thesis and that have been used in the research described in this thesis. Different designs
are used for different purposes and there are a number of stremgths and weaknesses
associated with each (Gibuney e/ al. 2004). Epidemiological studies evaluate the association
between exposures such as diet or other characteristics with disease risk or risk factors and
iry to explain differences seen. Observation, epidemiological studies include case control,
cross-sectional and cohort studics. Casc-control studies examine whether persons with a
disease have the same diet as individuals without and, assume that the measure of dietary
exposure (ie. plasma fipids) has not been influenced by the disease process. The strengths of
case control studies is that are relatively inexpensive to carry out as they require smaller
number of subjects compared with prospective studies and for this reason are very good for
studying rare diseases, In cross-sectional studies, diseascs or risk factors and exposurc such
as diet are measured at the same time and this is a weak design for assessing causal
relationships. Cohort studies can be either retrospective or prospective and assess whether
persons with, for example, a high dietary fat intake develop the disease or die from the
discase more often than those wha do not have a high fat intake. Cohort studies have a
number of strengths in that the exposure comes before the development of the disease and
they do not rely on subjects” memory of what they had eaten in the past. One major problem
with observational studies in general is the presence of confounding factors. Confounding

happens when one (he component of diet is associated with another dietary factor that is




related to the disecase or risk factor that you are interested in. Intervention studies are
superior to obscrvation studics in that a researcher is able to test for an independent effect of
one nutrient and to hold the others constant. A randomised contrelled trial is considered to
be the best method for a number of reasons including: control or untreated group, the
subjects or patients are randomised into treatment groups which reduces the likelihood or
chance findings, and they arc blinded which controls for the placebo effect. Sometimes
RCTs can have a cross-over design which means that both groups follow both treatments or
intervention in turn, usually with a wash-out period in between. However, RCTs are
expensive to carry out and (he results depend heavily on the compliance of subjects. Quasi-
experimental studies are often carried out where a RCT is not always possible, such as in
studies where dietary advice is given and randomisation is not always possible. These
strengths of these type of studies is that they do have a belore and after measurement and can
be conducted in frec-living subjects which means the intervention can be more relevant to
real life situation. However, this design also has limitations in that it also depends on
compliance which is difficult to control in fres living subjects and can the results can be
influenced by non intervention cffects for cxample, sometimes when subjects arc given

dietary advice they also change their physical activity habits (Gibney ¢f af. 2004).

1.2 Carbohydrate

‘T'he single most important source of food energy in the world is dietary carbohydrate
(FAO/WIO 1997). Depending on the geographic arca and individual economic
conditions, carbohydrates comprise 40 to 80 percent of total food energy intake. In
the UK, 50% of daily energy comes from fat (FEnglyst ef af. 1992). The Food and
Agriculture organization (FAQ) and World Health Organization (WHO) Expext
Consultation (FAO/WHO 1997; 2003), which provide evidence to improve
nutritional knowledge for developing and developed countries, include the widely

accepted definition and classification for dietary carbohydrate described below.



Starch is the primary product of photosynthesis by which plants use energy from
sunlight to synthesise carbohydrate from carbon dioxide and water. Sugars have been
divided into infrinsic and non-intricnsic sugars depending on their sitvation in food

(see later). The major sources of carbohydrates in the diet are:

e Cereals,

® Root crops,
. Sugar crops,
- Pulses,

¢ Vegetables,
. Fruits,

* Milk products (Department of Health, 1991).

1.2.1 Classification

There are various types of classification for carbohydrates including structural
(degree of polymerisation according to biochemical structure) and physiological
classifications according to the fate and digestibility of the carbohydratc. This latter
type of classification includes the glycaemic index and amount of rapidly available
carbohydrate, and is considered more relevant for the evaluation of the physiological
effects of dietary carbohydrate. The fate and etfects of dietary carbohydrales depend
on the nature of the carbohydrate, the matrix of the food and the biochemical
structurc  of the consumed meal (Laville, 2004). Carbohydrates are more
conventionally classified according to their structure and the molecular size (i.e. the

number of sugar units) into:

® Monosaccharides containing one sugar unit (such as glucosc, galactose, and
fructose)
° Disaccharides containing 2 sugar units (c.g. sucrose, lactosc, trehalose)




¢ - Oligosaccharides containing 3-9 sugar units (e.g. maltodextrins, raffinosc,

stachyose, fructo-oligosaccharides)

. Polysaccharides containing >9 sugar units (e.g. amylose, amylopectin,

modified starches, and non-starch polysaccharides such as cellulose,

hemicellulose, pectin, hydrocolloids) (Gibney et al. 2002).

Tuble 1.1 Various types of dietary carbohydrate and their digestion products

* Class Example  DP Site of Produced
digestion metabolites
Monosaccharides  Glucose 1 Small intestine  Glucose
Fructose 1 Small intestine Fructose
Dissaccharides Lactose 2 Smalil intestine Glucose+EFructose
Sucrose 2 Small intestine Glucose-+Galactose
Oligosaccharides Raffinose 3 Large intestine SCFA, acetate,
Inulin 3-9 propionate and
Pyrodextring 3-9 butyrate
Polysaccharides Starches >9  Swmall intestine§  Glucosc-via
maltose,
maltotriose and
dexiring
NSP >9 SCFA

Large bowel

* Source: Gibney ef @l, 2602, DP: Degree of polvmerisation, NSP: Non starch polysaccharides,

SCFA: Short chain fatty acids,

§ Soeme starch escapes small intestine digestiom and in all {hese

conditions the carbohydrate enters the large bowel and is fermented to SCFA by colonic baetevia.

1.2.2 Carbohydrate digestion

Table 1.2 summariscs the process of digestion and absorption of dietary

carbohydrates and fats in diffevent parts of the gastrointestinal (GI) tract in humans.
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1.2.3 Carbohydrate metabolism
Carbohydrates are metabolised by several pathways with different functions. These
pathways usually start with glucose, aslthough other sugars can enier through
appropriate intermediates. The released energy is trapped in the form of ATP for use
by energy-consuming activities of the cell. Glucose uptake by the tissues is
controlled by facilitated diffusion tissue specific transporters (GLUTs) which are
physiologically expressed and this leads to differential uptake of glucose in different
organs (Urover-McKay ef al. 1999).
Glucose ¢can be:

e Stored as glycogen (glycogenesis)

e  Synthesised from non-carbohydrate sources (gluconeogenesis)

e  Catabolised to provide energy (38 adenosine triphosphate (ATP)
molecules/ glucose molecule)

. Converted to non-carbohydrate sources (e.g. non-essential amino
acids)

° Converted to other carbohydrates or their derivatives (e.g. pentoses,
wonic acids) or non-carbohydrate metabolites

. Converted to fatty acids,

The process for glucose catabolism occurs in the following phases:

® Glycolysis or Embden-Meyerhof pathway: the breakdown of glucose
to pyruvic acid in the cytosol (Iigure 1.1),

e Oxidation of pyruvate after transport into the mitochondria and acetyl
CoA formation,

® Krebs or tricarboxilic acid (I'CA) cycle: Oxidation of acetyl CoA
from catabolism of carbohydrates, lipids and proteins into carbon
dioxide, FADH2, NADH and GTP (Figure 1.2)

»  Oxidative phosphorylation electron trﬁnspmt chain produces ATP and
water (Frayn, 2003a}.
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Figure 1.1 Glycolysis (Embden-Meyerhof pathway)
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Figure 1.2 Krebs cycle and the pathways that lead to it
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Figure 1.2 illustrates the main reactions leading to oxidation of various substrates in
the TCA cycle. The electron transport system produces AP, the main energy
storage compound in living organisms from high-cnergy intermediates such as
NADH, FADH2 and GTP produced during glycolysis and the TCA cycle. Its
cleavage to ADP and inorganic phosphate fuels biochemical processes in ceils. In
this way, essential physiological processes such as muscle contraction, nerve action,
and protein synthesis are possible. Thus oxidation of organic compounds in food to
COs,, accompanied with the formation of the reduced form of nicotinamide adenine
dinucleotide and flavin adenine dinucleotide and (NAD and FADH?2 coenzymes)
provides the substrates for ATP synthetasc linked to the enzyme complexes in the
oxidative phosphorylation chain finally producing water. Glycolysis takes place in
the cytosol, the TCA cycle takes place in the mitochondria and the electrons and
hydrogen 1ons for ATP production are produced within the mitochondrian matrix
(Rees and Howard, 1999). Important shunt pathways regulate the passage of

intermediates between the cytoplasm and mitochondria regulating the process.

For cach turn of the TCA cycle 12 ATP are produced for cach citric acid, 15 ATP arc
produced from each pyruvic acid entry into the cycle. In this way, 38 ATP molecules
are the result of the total oxidation of one glucose molecule. Any carbon entering the
TCA cycle as Acetyl CoA leaves as C(; as indicated in figure 1.3. 'This means that
fatty acids and some amino acids which enter as Acetyl CoA can not be used for

gluconeogenesis which uses oxaloacetate as a precursor,
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1.2.4 Physiological effects of carbohydrates

Carbohydrates are not only major sources of energy but also have various
physiological effects, There are some aspects of carbohydrate structure that affect
their physiological function, such as the rate of digestion, absorption and colonic
fermentation (Table 1.3).

® The nature of the carbohydrate and absorbed monosaccarides is important in
determining the etfects on plasma lipids and provides a fundamental feature
of this thesis. Glucose from digestible starch is absorbed entirely. However,
only approximately half of the carbohydrate in fruit and dairy products
provides glucose, the rest is composed of fructose or galactose which do not
raise blood glucose or insulin levels (Lec and Wolever, 1998; Wolever,
2003).

. The amount of carbohydrate absorbed influences plasma glucose and insulin
responses after oral consumption. Unabsorbed carbohydrates will cnter the
colon.

° The rate ol carbohydrale absorption is an important factor in determining
plasma glucosc and in particular plasma insulin levels. Rate of absorption is
affected by many factors such as food form, starch structure, particle size.
foad processing, viscosity, cooking temperature and moisture of the prepared
meal as well as any factor which may delay gastric cmptying such as fat or
soluble fibte in the meal (Bjorck ef al. 1994).

J The fermentation of carbohydrate by colonic bacteria results in the
production of short-chain fatty acids (SCFA) such as acetate, propionate and
butyrate (Jenkins et al. 1998). These may independently influence glucose

and lipid metabolism. For instance, acetate has no direct effect on glucose
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metabolism (Scheppach ef ¢/, 1988) however it results in reduction in plasma
NETA levels. Acetate is also incorporated into newly synthesised lipids.
Wolever ¢t al. in 1991 showed that rectal infusion of acctate (180 mmol},
propionate {60 mmol) and propionate and acetate {180 mmol) increased
blood lipids. Acetate increased serum cholesterol, glucagon, and acetate
concentrations and reduced NEFA within 30 minutes. In contrast, propionate
caused an increase in serum propionate, glucose, and glucagon with no effect
on cholesterol level. The addition of propionate to acetate resuited in no
significant increase in serum cholesterol. Therefore, eolonic propionate is a
gluconeogenic substrate in humans and inhibits the utilization of acetate for
cholesterol synthesis (Wolever er al. 1991). SCI'A may also have protective
effects against chronic colonic discases, A reduction of colon caneer risk
was shown 1o be related to resistant starch intake (Kendall ef al. 2004).
Resistant starch cnters the colon and increases the production of butyric acid.
Butyric acid provides a fuel for the epithelial cells of the large intestine and
promotes colonic health (Duncan et al. 2004). It has been shown that
butyrate is a potential anti-cancer molccule as it stimulates apoptosis and

inhibits histone deacetylase (Buda et al. 2003; Davie, 2003).
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Table 1.3 Physiological effect of carbohydrate structure and digestibility

Physiological effect Rapidly digestible Non-digestible
carbohydrates Carbohydrates

Energy 4 Keal/g 2 Kceal/g if fermented

Gut motor activity No effect May delay gasiric emptying and

Satiety

Blood glucose and

Insulin

Lipid metabolism and

plasma lipids

Colonic microfiora

Bile acid
Dehydroxylation

‘Protein glycation

No real effect

Increases rapidly

Increase TAG
concentrations

Increase NEFA

None

Noie

Increases

SBTT but speeds up colonic

transit depends on viscosity

Coauld increase satiety if they

slow gastric emptying

Slow increase or less insulin

produced

If decrease acetate and increase
propionate may decrease TAG
levels and increase HDT.-

cholesterof levels

Increase fermentation
Increase bacteria

May have selected effects
(prebiotic)

Increase

No cffect

SBTT: Small bowel transit time

1.2.5 Control of carbohydrate metabolism

Carbohydrate digestion and absorption is one of the highly efficient processes in the

body. Only 5% of the energy intake is lost in facces (Frayn, 2003a; Mendosa, 2005).

The rate of glucose uptake is determined by the rate of hydrolysis of the

carbohydrates, which are susceptible to pancreatic and intestinal cnzymes. Factors
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suchr as particle size, food structure, carbohydrate structure (e.g. ratio of amylose to
amylopectin in starch), lipid content of food, presence of enzyme inhibitors, the rate
of gastric emptying and transit time in the small intestine may influence this process,
through the action of hormones such as cholecystokinin and gastrin and stimulation
of duodenal and ileal receptors. For example, lipids in the ilcum siow the transit of
intestinal contents through the earlier parts of the small intestine (Jenkins ef al
2002c). Once absorbed the plasma levels of glucose are controlled by insulin and
glucagon. Many effects of diet on plasma lipids are caused by changes in plasma

levels or sensitivity to insulin and glucagon.

1.2.6 Insulin and Glucagon

1.2.6.1 Insulin

The B-cclls of the pancreas produce a peptide hormone, called insulin, secreted in
response to increased plasma glucose. Insulin has two types of action: stimulatory
and inhibitory (Figure 1.3). Insulin stimulates glucose uptake by all tissues except
the liver and the synthesis of new lipid and glycogen from glucose. It increases the
uptake of glucose stimulating the movement of GLUT 4 transporters from the
cyloplasim into the cell membrane. The liver does not have GLUT 4 and therefore is
not affected. Instead insulin reduces the release of glucose by the liver. It also
inhibits lipolysis, proteolysis, ketogenesis, glycolysis and gluconcogesis. When
blood glucose is low and insulin levels decrease there is increased glycogenolysis
and gluconeogensis in the liver, which in turn produces an increase in plasma
glucose level. Low insulin also causcs an increase in proteolysis in the muscle,
which releases amino acids and after transamination, stimulates gluconeogenesis,

Lipolysis in adipose tissues also increases and releases glycerof and free faity acids
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to act as fucls and for the glycerol to enter gluconeogenesis. Insulin therefore has an
important role in maintaining blood glucose and releasing other substrate in a highly

controlled manner for human metabolism (Sonksen and Sonksen, 2000; Pessin and

Saltiel, 2000).
Figare 1.3 The actions of Insulin
INSULIN
Liver Muscle Adipose tissue
Decreased glucose output T Glucose uptake & f Glucose uptake
due to decreased storage in the and storage
gluconeogenesis and form of glycogen
increased glycogen synthesis
Increase lipid synthesis ? ﬁ. Save amino acids Synthesis of TAG
from FFA
Protein synthesis ? ﬁ skeletal muscle Inhibits release of FFA
synthesis from TAG

Decreased ketogenesis ¢ T Amino acid uptake

Inhibits

gluconeogenesis
? Glucose uptake

¢Proteo lysis stops

18



1.2.6.2 Insulin Resistance

Insulin resistance is the resistance of the tissucs to the physiological effects of
insulin. It is thought to result from chronic high insulin levels, due perhaps to high
intakes of fast release carbohydrate, low fibre diets and high adiposity. The high
tevels of insulin, in turn, down regulate the responsc of cells to normal Jevels of
insulin. This can then result in the development of Jate onset or type II diabetes. The
body has to produce more insulin to get the same action in response {o normai

postprandial ghucose levels.

Apart from plasma glucose concentration, it has been shown that dictary
macronutrient composition (e.g. carbohydrate, fat and protein) stimulales adipose
tissue lipoprotein lipase (Yost ¢f al. 1998) and insulin secretion (Daly, 2003). There
is evidence that a high fat dict resulted in insulin resistance (Lovejoy et al. 1992)
and higher risk of type I diabetes and CVD (Marshall er /. 1991). However, some
S\tudics failed Lo show any difference in insulin sensitivity between high fat (HF) and

high carbohydrate (HC) diets (Swinburn ef ¢l.1991; Borkman ef af. 1991).

Insulin resistance, which is the term given to the situation in which the actions of
insulin are blunted in the presence of normal or increased insulin secretion ((ibney
et al. 2005), s a cental feature in the development of type 2 diabetes and is now
recognised to play a role in many of the risk factors for CHD such as abnormal lipid
levels or dyslipidemia. It is also now recognised that insulin resistance may be the
common link between obesity, impaired glucose tolerance or type 2 diabetes,

dyslipidemia (high TDL cholesteroi, low HDL cholesterol, high TAG
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concentrations), hypertension and impaired fibrinolysis which together have been

called metabolic syndrome or syndrome X (Reaven ef al. 1996).

1.2.6.3 Glucagon

The action of insulin is balanced by the seerction of glucagon from the a-celis of the
islets of Langerhans of the pancreas. Its action is almost the opposite of insulin.
That is, it elevates blood glucose concentration by stimulating gluconcogenesis and
inhibiting glycolysis in the liver. Glucagon does not affect glycogenolysis in muscle
but stimulates glycogenolysis in the liver. Glucagon secretion is also rcgulated by
amino acids. Glucagon opposes the action of insulin on lipogenesis by inhibiting the

activity of acetyl-CoA carboxylase, which leads to an inhibition of lipogenesis.

Table 1.4 Factors aflecting glucagon secretion (Jiang and Zhang, 2003)

Stimulators - Inhibitors

Glucogenic amino acids: " Glucose

Glycine, Alanin, Serin, Theronin & Free fatty acids
Cystein Ketones

CCK & Gastrin Insulin

Cortisol Secretin

Infections & other stresses a-Adrenergic stimulors
Acetylcholine

B-Adrenergic stimulators
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Figure 1.4 The actions of Glucagon.

Glucagon
/ A
Liver Muscle Adipose tissue
Glyconeogenesis is No receplor, no effect for Stimulation of FFA.
stimulated and the skeletal muscle, amino acid release from TAG,
synthesised glucose is uptake and glycogen in
released, skeletal muscle.

1.2.6.4 C-Teptide

Pancreatic (-cells secrete C-peptide which is the connecting part between the two
subunits of insulin, in equimolar amounts to insulin (Rubenstein ez «. 1969). It has
an important physiological role in the biosynthesis of insulin and facilitates the
formation of the disulphide bonds between the insulin subunits (Wahren, 2004).
When proinsulin is converted to insulin in the pancreas, C-peptide is rcicased. This
peptide has been shown to increase glucose uptake into skeletal muscle cells without
action through the insulin receptor (Zierth et af. 1996). The pancreatic secretion of
insulin is well reflected by plasma C-peptide levels and high levels of C-peptide are
associated with insulin resistance and development of chronic disease (Jenkins e/ al.

1988).

Resulis of C-peptide determination among 1999 healthy women from the Nurses’

Health Study I and Tf showed that there was a significant and positive irend for a
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relationship between C-peptide level and dietary glycaemic ioad. Similarly, subjects
in the highest quintile of energy-adjusted, fructose intake had 13.9% higher C-
peptide level than subjects in lowest quintile. C-peptide was negatively correlated
with a higher intake of cereal (15.6% lower, P for trend=0.03) after control for other

covariates.

An increased insulin level is associated with higher C-peptide levels and high intakes
of fructose and high glycaemic index foods {Chen e o/. 1999). Rapidly digestible
carbohydrate leads to the development of resistance to the effects of insulin in
normal diets, With higher C-peptide concentrations there will be higher metabelic
disturbance,; whereas consumption of carbohydrates high in fibre, such as whole-
grain foods, is associated with lower C-peptide and consequently insulin

concentrations (Wu ef al. 2004).

1.3 Dietary fats

Dietary fats are important organic compenents in the diet. Fats are composed of a
carbon skeleton with hydrogen and oxygen substitutions and arc the mosc dense
dictary source of cnerpy (9kcal/g). Dictary fats also supply nutrients such as
essential fatty racids (e.g. linoleic and linolenic acids) and fat-soluble vitamins
(vitamins A, D, E and K). Although fats improve palatability of cooked foed in the
diet (Gibney, 1999), they significantly increase the risk of chronic and degenerative
diseases and consequently, influence human morbidity and meortality (FAO/WHQO,

2003).
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Lipids are classified into three categories based on their role in the body including
provision of cnergy, structural {c.g. phosphoglycerides), storage (e.g.
triacylglycerides) and metabolic lipids (e.g. steroid hormones). Fals ave eslers of
fatty acids with glycerol. Therefore, the main components of dictaryfats arc faity
acids, carboxylic acids with the structure of RCOOH. R is acyl carbon (varying in
length from 4 to greater than 30, e.g. butyrate, stearate, palmitate). These fatty acids
could be cither saturated (e.g. palmitic and stcaric acids), or monounsaturated (e.g.
oleic acid) or polyunsaturated (e.g. a-linolenic acid) including one or more double
bonds, respectively. Polyunsaturated fatty acids are further subclassified to n-3 (e.g.
o~linolenic, docosahexancic and eicosapentanoic acids) and n-6 fatty acids based on
the position of first double bound in the fatty acid chain (close to CII3). n-3 fatty
acids, mainly found in fish and marine products, have been shown to be associated
with lower risk of myocardial infarction and CHD (Agostoni and Bruzzese, 1992).

Sterols are another important group of lipids in human nutrition as a vital component
in the membranes, precursors of bile salts for fat digestion and finally as precursors

for steroid hormones (Frayn, 2003a).

The process of digestion and absorption of fats is shown in Table 1.2. Long chain
fatty acids after absorption and esterification in the intestinal cells are converted to
TAG and are packaged in the Golgi apparatus into chylomicrons. The chylomicrons
are then secreted into lymphatic capillaries that surround the intestinal cells and via
the larger lymph vessels to the thoracic duet, a one-way valve into the systemic
circulation. Chylomicrons reach their highest level in circulating blood after a meal
and as they pass around the circulation their TAG contents are hydrolysed by

lipoprotein lipase mostly secreted by adipocytes and hepatocytcs (Figure 1.4)
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(Schaefer, 2002; Metzler, 2003). Most long-chain fatty acids are oxidised through

the B-oxidation pathway.

Dietary fats from animal and plant sources consist of mainly TAGs and a small
proportion of [ree fatty acids (I'TA), particularly short-chain fatty acids (Department

of Health, 1991).

Figure 1.5 Transport of lipids by plasma lipoproteins
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1.3.1 Lipoproteins

Lipids, which are hydrophobic compounds, are the major stores of energy producing

substances for human metabolism. These non-water soluble compounds are

transported by lipoproteins in the circulating blood (Table 1.4). Lipoproteins are

particles with a relatively hydrophilic surface and a highly hydrophobic core.

Cholesterol esters, {triglycerides (TAG), apoproteins, and phospholipids are

compaonents contained within each type of lipoprotein. Depending on the type of

lipoprotein; the amount of each component varies. Major lipoptoteins are classified

into chylomicrons (CM), very low-density lipoproteins (VLDL), low-density

lipoproteins (LDL), and high-density lipoproteins (HDL) (Table 1.5; Olson, 1998;

Fielding and Frayn, 1999).

Table 1.5 Lipoprotein classes

Major lipids in Lipoprotein  Main Apolipoproteins

diffcrent lipoproteins composition (%)

Dietary TAG Chylomicrons  TAG (90%) B48, Al, All, C and
E

Endogenous TAG VLDL TAG (65%) B100, Cand E

Cholesterol and LDL Cholesterol Bi00

cholesterol ester (45%)

Cholesterol ester and  HBIL Protein (50%) Al AIl, Cand E

phaosphelipids

(Olson, 1998; Frayn,, 2003u ; Redgrave, 2004 ; Manchekar ef al. 2004)



Apoproteins are the protein constituents of lipoproteins. Apoproteins are categorised
on the basis of their function into four classes A, B, C, and E. Apoprotein A is sub
classified (urther to apo Al, All and AIIL. Apo A-III was previously called Apo D
{Connelly and Kuksis, 1981; Olson, 1998). The plasma lipid transport system
includes various lipoproteins, their receptors at the cellular sites and different
enzymes in the tissues and circulation involving in lipid metabolism (Goldberg and

Schonfeld, 1985).

Adfter lipid absorption, TAG is resynthesised and coated with phosphalipids, apo A
and apo B-48 in the enterocytes. The resulting large particles are chylomicrons
(CMs,) which are the largest parlicles among lipoproteins, CMs are composed
mainly of TAG (90%), proteins, cholcsterol, cholesteryl csters and phospholipids
(Olson, 1998). CMs are transported from the gut into the lymphatic system and
finally via the thoracic duct into the bloodsiream. When CMs enter into the tissues
{e.g. adipose tissue), their TAG are cleaved and fatty acids are released by [L.PL
action. The produced fatty acids are used by the tissues for energy or stored as TAG
in adipose tissues {Redgrave, 2004). After LPY action. the CMs shrink into CM
remnants. These remnants are recogniscd and taken up by apo E and apo B reeeptors
in the liver, In this way, CMs are considered as the main dietary lipid carrier (Olson,

1998; Figures 1.6 and 1.7).

VLDLs transport endogenous produced TAG in the liver. Similar to CMs, TAG is

the main constituent of VLDLs (65%). LPL hydrolyses the TAG inside VEDLs and

release free fatty acids. The degradation of VLDLs results in VLDL remnants called
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intermediate-density lipoprotein (ID1.) which becomes LDL by further degradation

(Hill and McQueen, 1997, Frayn, 2003b; Figures 1.6 and 1.7).

[.DI.s are the main carrier of cholesterol in the circulation. The I.DL particles contain
cholesterol und cholesteryl esters (65%) and protein (20%). The main apoprotein of
LDLs is apo B-100. LDLs may be removed from the circulation by either LDL
receptors or scavenger routes. These routes seem to be important when the LDI. levels
are high and cholesterol is incorporated into atheromatous plaques (Hill and

McQueen, 1997; Frayn, 2003a).

HDLs are the smallest Lipoproteins. The high proportion of protein in HDL causes its
high density. The main apoproteins of HDL are apo Al and apo All. HDL particles
are derived [rom gut and also the liver. HDLs originated from the liver are HDL3,
which are discoid shaped lipoproteins. By transferring free cholesterol and
phospholipids released by LPL from TAG-rich lipoproteins (chylomicrons and
VLDL) to HDL3 via LCAT action, HDL2 (a spherical shaped HDL) is produced
(Figure 1.5). FIDL2 contains 50% protein and 20% cholesterol and cholesteryl esters.
HDL2 takes free cholesterol to the liver and is converted to pre-f8 1HIDL or apo Al
which are ready for further circulation (Qlson, 1998; Frayn, 2003a; Redgrave, 2004,
Manchckar ¢f al. 2004). When plasma TAG increases, HDI. {ransfers cholesteryl
esters into TAG-rich lipoprotein via cholesteryl ester transferase protein (CETP).
Thus HDL transfers cholesterol to the liver and reduces of plaque formation and

CHD.
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The different classes of lipoproleins interact with each other and exchange contents.
Two interconnected exogenous and endogenous cycles in lipoprotein metabolism
cxist and the liver plays pivotal role in their metabelism (Hill and McQueen, 1997).
Two enzymes, lipoprotein lipase (LPL) and lecithin:cholesterol acyl transferase
(LCAT) are key elements in lipoprotein metabolism. LPL in the tissues and mainly
adipose tissue releases free fatty acids and glycerol from chylomicrons and VLDL
into the tissucs while LCAT forms cholesterol esters from free cholesterol and fatty
acids (Hill and Mc Queen, 1997). There are four main steps in the reverse cholesterol
transport (RCT) system exist (ie movement of cholestero} to the liver). Binding of the
free cholesterol from peripheral tissues by 1IDL particles causes an efflux of free
cholesterol. The second step is the conversion of free cholesterol in HDL particles (o
cholesterol esters by LCAT. The transfer of cholesteryl ester from HDL to apo B
containing particles (VLDL and LDL) in exchange for TAG is the third step which is
facilitated by cholesterol transfer protein (CETP). Subsequently, the produced
cholesterol is taken up by the liver through the specific receptors for LDL or returned

to the periphery (Hill and McQueen, 1997).

Transfer of lipids between the plasma lipoproteins is catalysed by CETP and this
protein clears cholesterol fram peripheral tissues (Bruce ef o/ 1998). CETP has a
two-fold action in cholesterol metabolism. One is transferring cholesterol from I1DL
to VLDL and LDL. A reduction in aclivity of CETP level leads to an increase in HDL,
level (Hill and MecQueen, 1997). However, other studies have shown that CETP
action results in the production of pre-f~1 HDL in the degradation of 1IDL2 and

therefore may lead to an increase in HDL levels similar to the protective effects of
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moderate alcohol consumption (Hannuksela et al. 1992). Therefore, HDLs act as a

cholesteryl ester shuttle (Figure 1.5 and Figure 1.7).

Figure 1.6 shows the relationships between chylomicrons from the gut and VLDL
from the liver. Dietary lipids and in vivo biosynthesised lipids enter the metabolic

system through the liver and peripheral tissues (Goldberg and Schonfeld, 1985; Olson,

1998)

Figure 1.6 HDL and lipid metabolism (Olson, 1998; Frayn, 2003a; Redgrave,

2004; Manchekar ef al. 2004)
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Figure 1.7 Comparison of the fate of dietary lipid and newly synthesised lipid as it

enters the circulation

Dietary fat
Intestine
Chylomicron
LPL
YLDL
Liver  CETP & LPL . TAG Adipose Tissue
> >

T FFA »

Tissues

30



33

0} 9V L Jo uoisiaauo) (g 31242 snoudsoxy

‘TAH o) 3utpurg (]

jo131sajoqgd Kaelig

1
1d1 i
Tat ER B
!
I
103dadaa 124> snoua3opuy -
uoI}EPIXO
Tan ! v.l_o 1
. CTAH - - P vaa -
TER) . I
123u02A82S I » TAdTA .Im
1 €1TdH
w san A dnwoneL (6 T A |L
! S e s s = e
' VL 40) 33ueygdrx? (e = — == e |
: ur ‘g ode o) x3ysuea] (¢ - T rT '\o TAH gd21d J

i
)
M
‘[o133sajoyd : sjueuwaxr WO
i
i
i
i

||||||||||||||||||||||||||||||||||| ’ \‘
dLdD 2
/
uonjepixQ 410 { 1N
VEAN = bl \.
} T N~ et = s = - = ¢ = gosdtmojiy

124 pue QHD £ieiaig

wsijoqeid w urdjosdodi] snousaSopud pue SNOUIFOXFO MIIAIIAQS'] ain3diyg




1.4 Interrelationship between metabolism of dietary carbohydrate

and fat

There are many interactions between the metabolism of carbohydrates and fats
(Randle, 1998; Fried and Rao, 2003; Frayn, 2003b). Carbohydrates provide the
catrbon skeleton for fally acid synthesis. Oxidation of carbohydrate produces acetyl
residues that are exported from the mitochondria as citrate and then converted to
fatty acyl-CoA. Acyl-CoA is then incorporated into TAG which is mainly exported
from the liver as VLDL (Fried and Rao, 2003; Frayn, 2003b). TAG is synthesised
cvery day by the liver (+40-100g/day) from dietary carbohydrates and [rce fatty
acids. 1 the amount of consumed carbohydrates exceeds requirements, carbohydrales
are converted to TAG within hepatocytes and adipocytes (Austin, 1997; Fried and
Rao, 2003) and hepatic VLDL seerction is incrcased. In this way high-carbohydrate
diets may acl in a similar way to high-fat diets resulting in higher levels of plasma

TAG (Truswell, 1994).

Excess carbohydrate leads to an increase in movement of glucose and fructose
through glycolysis, This incrcases acctyl CoA that then provides more substrates for

De novo fatty acid synthesis (Frayn and Kingman, 1995).

Carbohydrate feeding through the action of insulin also up-regulates the activily of
the enzymes, which svnthesize fatty acids. The activity of hepatic synthases and the
NADPH-generating enzymes significantly increases in rats fed on glucose and

fructose, which in turn led to a significant incrcase in the rate of TAG scerction

(Kazumi ef al. 1997).
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[t has been shown that a low-fat diet in healthy subjects caused a reduction in plasma
[.DL-cholesterol concentration (Dreon ef af. 1997). In another study, consumption of
a low-fat diet resulted in a change in LDL pattern in 44% of subjects (Krauss and
Dreon, 1995). The low-fat diet also significantly increased plasma TAG
coneentrations and reduced IIDL-cholesterol concentrations (Parks ef al. 1999). Thus
consumption of high carbohydrate diet could induce fatty acid biosynthesis through

De novo lipogenesis by carbohydrate over feeding ot either glucose or fructose.

1.4.1 Insulin and hepatic TAG secretion

TAG is stored in adipose tissue (adipocytes), and is produccd by intraccliular
lipoprotein lipase (LPL). After that hormone sensitive lipase (HSL) action leads to
the production of NEFA (Trayn, 1998). Insulin and NEFA levels are related, as when
insulin level increascs after meal, plasma NEFA is suppressed (Singer ef al. 1985).
Insulin reduces the hydrolysis of lipids in adipose tissues and causes an inhibition in
VLDL-TAG secretion. In this way, resistance to the effects of insulin could result in
a chronic increase in circulating NEFA levels by increasing the rate of lipolysis in
the liver. In addition, some resistance to the physiological effccts of insulin can
develop in less physically active people (Zammit ef el 2001). The activity of
muscles, which are the major site for insulin dependent glucose metabolism, and also
the type of diet and its constituents contribute to the development of this disorder

which is a critical point in the development of insulin resistance.
High fructose intake (Taghibiglou et al. 2000) or consumption of high fal diets
(Boden ef al. 1995) in human subjects or in experimental animals blocks the enzyme

that catalyzes long-chain fatty acids B-oxidation within mitochondria (Carnitine
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palmitoyl transferase I), which produces resistance to the effects of insulin. Il the
oxidation of fatty acids exceeds their metabolism, they divert toward glyceride

synthesis.

Increased FFA and glucose levels that regulate VLDL output from the liver and
elevate TAG concenirations inhibit apo-B degradation also caused by an increase in
VLDL secretion. Meanwhile, lipoprotein lipase levels decrease and result in
decreased clearance of VLDL and the final result would be more TAG rich particles,
fewer HDL and smaller LDL particles lcading to insulin resistance. Impaired VLDL
fipolysis which depletes 1IDL by delaying the transfer of apoproteins from TAG rich
lipoproteins ta the HDL and increased hepatic lipase activity to facilitate HDL
clearance are some of mechanisms of the decreased levels of HIDT. in the mentioned

conditions (Howard, 1999).

Decreased HDL-C concentration and reduction in LDL particles size, which is equal
to an increase in concentration of circulating small dense LDL lipoproteins, are the
metabolic conscquences that develop in response (o an increase in TAG levels. They
are the major components of dyslipidemia which occur in insulin resistance

(Howard, 1999).

1.4.2 Glucose- fatty acid cycle

Randel introduced the concept of a Glucose-Fatty acid cycle in 1963. It integrates
fatty acid and glucose metabolism (Randle, 1963), as if FFA could produce
inhibitory effect for glucose metabolism as an oxidative fuel. The presence of FFA

determines the rate of fat oxidation and directly inhibits glucose metabolism (Guerre-
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Millo, 2003; Frayn, 2003b), A scries of studies have confirmed a mechanism in
which an increase in fatly acid oxidation reduces glucosc uptake and oxidation in
muscle tissues and the major role of this mechanism in reducing insulin sensitivity

and ghucose utilisation that can lead to insulin resistance (Belfiore ef al. 1998).

High FFA in the ccli promotes fatty acid oxidation whilg it inhibits glucose oxidation
{Beshel' ¢/ «l. 2003). This phenomenon also promotes glycogen synthesis
accompanied by more fat storage (Randle, 1998). A central point in this relationship
is that fatty acids reduce glucose oxidation and uptake in muscle tissues (Frayn
,2003b}. Falty acid oxidation can lead to reduced glucose uiilisation. High levels of
fatty acid have been shown to stimulate glucose production similar to what happens
in type 2 diabetes which is followed by stimulation of glucose production and
deterioration of glucose intolerance (Frayn, 2003b). An increase in actyl-CoA
procluction by more [-oxidation of FT'A is an important issue. Acctyl-CoA as an
inhibitor of pyruvate dehydrogenase, is required for oxidative utilisation of glucose

(Randle, 1998; Hegarty er al. 2003).

The glucosc-falty acid cycle and the probable cffects of increased availability of
acetyl-CoA and B-oxidation of FFA are summarised in Figure 1.9. The high ratio of
fatty acid oxidation and the resultant acetyl-CoA develop high concentration of
citrate through citrate synthase. In addition, the ratios of NADH/NAD" and
ATP/ADP increase. High acetyl-CoA/CoA and NADH/NAD" ratios inhibit pyruvate

dehydrogenase and in this way oxidation of pyruvate from glycolysis is suppresscd.
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Figure 1.9 Glucose-fatty acid ¢ycle
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Three mechanisms have been hypothesised to cxplain the inhibitory effects of fatty

acids on glucose oxidation through this cvcle:

o The inhibition of pyruvate dechydrogenase which mediated by increased ratio of

acetyl-CoA to CoA,
¢ The inhibition of phosphofructokinase by an increase in citrate,

» The inhibition of hexokinase by glucose-6-phosphate (Randle et al. 1994).

Figure 1.10 shows the inhibitory effects of fatty acids on glucose metabolism.



Figure 1.10 Inhibitory effect of FFA on glucose metabolism
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Formation of citrate from acetyl-CoA can inhibit another glycolytic enzyme,
phosphofiuctokinasc, which diminishes glucose utilisation (Figure [.11; Belfiore ef

al. 1998).

Figure 1.11 Inhibitory effect of citrate on glucose oxidation
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The main mechanism for the glucose-fatty acid cycle is when fatty acid oxidation in
muscle reduces glucose uptake and oxidation. The link between lipid accumulation

and insulin resistance goes beyond the classic glucose-fatty acid cycle, A mechanism
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for msulin resistance and its major role in reducing insulin sensitivity and glucose
utilisation has reccntly been proposed. It is postulated that accumuiation of long-

chain falty acyl-CoA plays a critical role and leads to insulin resistance (Hegarty et

al. 2003),

Thus, the glucose-fatty acid cycle is not a metabolic cycle and does not show the
interconversion of glucose-fatty acid, but it represents a coordination of a series of
metabolic regulations in glucose and fat metabolism. When the conccntrations of
insulin and glucose are high, the malonyl CoA produced suppresses faity acid
oxidation, however, when the oxidation of fatty acids increase and the produced
citrate inhibits pyruvate dchydrogenase, glucose uptake and oxidation reduce.
Simply elevated glucose levels cause stimulation in insulin production and

suppresses FEA release from fat depots (Frayn, 2003b).

The fatty acids released by the physiologic action of LPL may be isolated in adipose
tissue. The released fatty acids may be esterified or released as Non-Esterified Fatty
Acids (NEFA) into eirculating blood. NEFA or free faity acids are metabolic fucls
and account for a greater variation in energy flux compared to glucose and reflect
nutritional status and physical activity (Frayn ¢z al. 1997). Acute elevation of NEFA
causes hyperinsulinemia without an effect on insulin secretion rate in healthy
subjects. This condition has been observed in obesity; impaired glucose toleranee,
diabetes and dislipidemia tinked to insulin resistance and hyperinsulinemia (Balent et

al. 2002) and similar metabolic disorders.
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1.5- Carbohydrate and fat requirements and recommendations

Carbohydrate is an important nutrient for different organs in the body, particularly
for the neural tissues. Unlike other tissues, neural tissue preferentially uses glucose

as fuel and adapts to oxidation of ketonc bodics only after prolonged fast (Wolever,

2003).

The minimum amount of glucose needed for brain utilisation is 130 g/day.
Therefore, carbohydrate should be at least 23% of a 2000 kcal diet (Jenkins et al.
2004). In very low carbohydrate dicts (c.g. Atkins diet with <20 g/day carbohydrate
content), fat and protein must supply the rest of required energy, this may adversely
affect health because of ketosis and also because vegetables and fruits may be
restricted. This type of dict may also not meet other nutricnt requirements including

vitamins and minerals.

Results of per capita energy and nutrient intakes from household food and drink in
the UK have shown a longterm decrease in energy intake between 1975 and 2002-03
(from 2489 keal/day Lo 2091 keal/day, respectively). Average fat intakes have also
decreased steadily over the period (=24%), particularly by decreasing saturated and
monounsaturated fatty acids. Regarding carbohydrate intakes, there was a reduction
between 1975 and 1991 (331 g/person/day compared with 250 g/person/day). Per
capita intake of carbohydrates was around 270 g/day from 1992 to 2000 and then it
has been reduced by 6.9% {average intake was 205 g/day in 2002-03). In term of
percentage of energy, there has been no significant change in carbohydrate intakes
(47.2% in 1975 and 47.5% in 2002-03; Figure 1.12). Non-milk extrinsic sugars

which are usually referred as added sugars has decreased from 87 g/person/day to 82
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g/person/day while no significant changes were found for total sugar and starch

intakes since 1975 (Department of Agriculture, 2004).

Figare 1.12 Confribution of fat and carbohydrate in energy intake (Department of

Agriculture, 2004)
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Recommended daily amounts (RDAs) for energy and nutrients in the UK were set in
1979. In 1987, the Committee on Medical Aspects of Food Policy (COMA)
reviewed the RDA and Dictary Reference Value (DRV) was set (Committee on

Medical Aspects of Food Policy 1984).

The definition of DRV for nutrients is usually based on estimation of average
requirements for different groups of the population. The basic assumption in the
DRYV definition is that nutricnt requirements are normally distributed. There are also
some limitations for a number of nutrients and no DRVs are available. For example,
as dietary carbohydrate and fat consist of variety of -gt.‘oups with different chemical

and physiological propertics, no exact DRV could be defined or estimated for fat,
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fatty acids, starches and sugars. However, some dietary guidelines have been
proposed such as contribution of starch or sugars to the energy intake (Department of
Ilealth, 1991). Recommendations for carbohydrate and fat intake as DRV are given
as the desirable contribution of these macronulrients to either daily total energy
intake (including alcohol) or food energy. The acceptable carbohydrate intake ranges
from 45% to 65% of daily energy intake (Jenkins ef @/ 2004). For example, the
recommended DRV for carbohydrate and fat are 50% and 33% of food energy in the
UK, respectively (Table [.6, Department of Health, 1991). The average intake of fat

and carbohydrates in the British adults is summaurised in Table 1.7.

Table 1.6 DRV for fat and carbohydrates for adults as a percentage of daily

energy intake

Population average (%)

Total energy Food energy

Total fat 33 35

Saturated fatty acids 10 11

Cis-polyunsaturated faity acids 6 6.5

Cis-moncunsaturated fatty acids 12 13

Trans-fally acids 2 2

Total fatty acids 30 32.8

Total earbohydrates 47 50

Neon-milk extrinsic sugars 10 H

[ntrinsic and milk sugars and starch 37 39

Non-starch polysaccharides (g/day) 18 N/A

{Department of Health, 1991).
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Table 1.7 Daily intakes of energy, fat and carbohydrates by the British population

Men Women Total
(N=1087) (N=1110)
Energy (kcal) 2450 1680 2061
Total fat (g) 102.3 73.5 87.8
Carbohydrates (g) 272 193 232
Sugars (g) 115 80 100
Starch (g) 156 106 130
Non-starch polysaccharides (g) 11.2 12.5 1.6

{(Department of Hlealth 1941)

1.5.1 Simple sugars

Highly refined carbohydrates could be considered as ‘emipty calories’ as they provide
encrgy but not any essential nutrients (Department of Ifealth, 1991, Jenkins el al.
2004). Although carbohydrate intake has not shown a marked change, simple sugar
consumption has increased. For instance, in the United States, dietary carbohydratcs
showed a stcady decrease from 500g/day (in 1963) 1o 374g/day (in 1991) and then it
increased back to 500 g/day after 34 years (in 1997). The increase in dietary
carbohydrate was parallel to an increase in not only highly refined carbohydrates but
also increases in total fat and energy and a decrease in dietary fibre intake (Gross ef
al. 2004), Refined sugars arc casily digestible carbohydrates A number of studies
have shown that these type of carbohydrates are associated with higher risk or
incidence of chronic diseases such as obesity, type 2 diabetes, insulin resistance and

CHD (Katan et af. 1997; Parks 2001; Fricd and Rao 2003, Jenkins ef af. 2004).

Simple sugars in the diet are derived from thosc, which occur naturally in foods (e.g.

lactose in milk, fructose in fruits) called intrinsic sugars and those, which are added
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to the foods during food processing and production, called non-milk extrinsic sugars
(NMES). There arc two diffcrent recommendaiions:

M no limitation has been recommended for intrinsic or milk sugars,

(2} intake of NMES should not exceed 10% of total energy intake (Department

of Health, 1991).

1.5.2 Fructose and high fructose corn syrup

Dietary carbohydrate intake increased since 1963 by 126 g per day in the USA and
the average daily intake of fructose is from 19g per day to 37g (Glinsmann and
Parks, 1995), Consequently, consumption of [ructose has increased, because soft
drinks and some foods have been sweetened by manufacturers with corn syrup.
Although if does not stimufatle insulin secretion from $-cells and in the postprandial
stale and it hus a smaller postprandial insulin secretion effect than glucose containing
foods and beverages (Elliott ¢r al. 2002), fructose causes a dramalic increase in
circulating TAG level. There was an cxaggerated postprandial fipemia after fructose
feeding revealed by a significant increase at TAG level (Jeppessen ef al. 1995).
They showed that adding fructose (50g) to the standard fat load for 11 healthy adult
subjects meals, resulted in a higher postprandial TAG level. In this way, TAG-rich
lipoproteins of intestinal origin may play a role in the fructose-induced increase of
postprandial lipemia. The other suggested mechanism for this observation would be

an impaired TAG clearance.

Although the reason for the different effects of fructose on TAG level is not yet clear
(Jeppessen ef al. 1995; Grant er al. 1994; Arefaine et al. 1998), this monosaccharide

has less glycaemic eflect and induces lower insulin secretion than glucose and starch.
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Pancreatic B cells are not stimulaied by fructose intake, so foods and beverages,
which contain fructose, have smaller effects on postprandial insulin level than
glucose (Elliott et al. 2002). However, the increase in the prevalence of obesity,
which is attributed to increase in dictary intake of fructose containing food and

beverages is linked to insulin resistance (American Diabetes Association, 2000).

The increase in carbohydrate intake in devcloped countries is associated with
increased intake in fruclose containing corn syrup and this has expanded
dramatically, because soft drinks and some foods have been sweetened by
manufacturers to produce more tasty foods (Gross ef al. 2004; Bray et af. 2004).
Although dietary fructose reduces circulating insulin level it increases TAG levels
and consequently worsens the lipid profile (Jenkins e/ af. 2002¢; Wu ef al. 2003;

Teff and Townsend 2004; Elliot et al. 2002).

1.5.3 Starch

Starches arc the major type of dietary polysaccharides. Starchy toods not only play
an important role in energy provision for the body but also contain other nutrients.
Starches are classified according to the rate of digestibility duc to physical state of
starch granules such as rapidly digestible starch (e.g. found in bread, cooked rice and
potatoes), slowly digestible starch (c.g. raw cereals, beans and whole grains) and
resistant starch (c.g. raw potatoes). Resistant starch, which escapes digestion in the
small intestine, is a subslrale for colonic fermentation and results in production of
short-chain fatty acids. These fatty acids are absorbed and contribute up to 10% of
body encrgy supply (Department of Health, 1991; Jenkins ef af. 1998). The ratio of

simple to complex carbohydrate (i.e. sugar/starch ratio) in the diet may influence
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fatty- acid synthesis. That is lower (40:60) compared with the higher (60:40) sugar to
starch ralio in a low-fat food resulted in trace increase in de nove fatty acids in

VLDL-TAG (Hudgins et al. 1996).

Starch accounts for around half of the carbohydrate intake by the British population.
The DRV for starch accompanied by intrinsic and milk sugars is that it should

provide 39% of daily food cnergy (Department of Health, 1991),

1.5.4 Dietary fibre and non-starch polysaccharides

One of the major factors influencing digestability and the rate ol absorption of
carbohydrate foods, and hence postprandial glycaemia, is their dictary fibre content,
In 1976 Trowell defined dietary fibre as the edible parts of plants and the remnants
of plant cells that are resistant to hydrolysis by human enzymes. This includes afl
indigestible polysaccharides that undergo full or partial fcrmentation in the large
intestine (Trowell ef «l 1976) and include cellulose, hemicelluloses, lignin,
pentrosans, pectins, gums, waxes, mucilages, modified cellulose and some processed
polysaccharides. Dietary fibres are not nutrients, but they produce important

physiological effects on human metabolism. (Tabie 1.8)

The term dietary fibre in the /K was later replaced by non-starch polysaccharides
(NSP), which include cellulose and non-cellulosic polysaccharides {British Nutrition
Foundation Task Force, 1990 and Prosky, 2000a). These are compounds in the plant
cell walls such as pectin, cellulose, hemicetlulose, pentosan and gums (e.g. guar gum
and arabic gum). Fruits, vegetables, legumes, and cereals are NSP rich foods. NSP

are calegorised into sotuble and insoluble NSP. Soluble NSP may form viscous gels

45



in the small intestine, which can reduce the absorption of other nuftrients such as
carbohydrate and fat (Edwards and Parrett, 1994). They are fermented by the
colonic bacteria and produce SCFA (acetate, propionate and butyrate in the
approximate molar ratio of 60: 25: 15) and gas. Insoluble NSP have little effect in
the small intestine and arc relatively resistant to bacterial fermentation and maintain
their water holding capacity (WHC), which increases stool output (Cummings and
~ Englyst, 1987). Cellulose and lignin are examples of insoluble NSP. The ratio of
soluble to insoluble (S/I ratio) NSP in food varies. For instance, fruits and vegetables

have higher S/1 ratio whereas wheat has a lower ratio.

The physiclogical effects of NSP are summarised below in Table 1.8.

Table 1.8 Physiological effects of NSP

Function Soluble NSP Insoluble NSP

Gel formation Increase® - o

Water Holding Capacity . Increase’

Colonic fermentation Increase” Slow or resistant®

Gas production Tncrease®™® -

Transit time Decrease Decrease”

Water absorption in the Increasc” -

colon

Steol vutput - Increase ”

Absorption in GE Fermentation® -

Gastric empiying - Increase”

Blood cholestero! Decrease’ Decrease due to
mcrease in bile
excretion ©

Blood rlucose Decrease® * -

Insulin seusitivity Increased®®® Increase®™?

{Tummings and Englyst, 1987;"Prosky, 2000a;"Jenkins ¢t al, 1978; Uchenna, er al.
1998; °Arjmandi ef al. 1992a; *Turner ez al. 1990). '
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The “current recommendations are to encourage people to consume more NSP rich
foods because of their beneficial effecls. Consumption of NSP have been shown to
be associated with an increase in insulin sensitivity, anti-carcinogenic effects in large
bowel, decreased risk for type 2 diabetes (Salmeron ef al. 1997a; Salmeron ef al.
1997b; Uchenna et al. 1998; Gross ef af. 2004), and CVD (Jenkins et «f. 2002)
(Department of Health, 1991; Bessesen, 2001b; Brand-Miller e al. 2003). The
average intake of NSP in the UK is between 11 to 13 g/day, of which around half
and 40% is provided by vegetables, and cercals, respectively. The DRV for NSP is
an average |8 g/day (ranged from 12-24 g/day) from a variety of foods including

fruits, vegetables, cereals (Department of Health, 1991).

1.5.5 Dietary Fat

Obesity and especially abdominal obesity is an important metabolic risk factor for
insulin resistance, which is increasing worldwide. The prevalence of metabolic
diseases also has increased with greater dietary fat consumption (Hooper et al
2001). The quantity and quality of the fat in the diet has changed in the National Diet
Surveys over the last three decades in the UK. However, there are large variations in
the amount of total fat intake across countries in different parts ot the world
(FAO/WHO, 2003). The assessment of fal intake and subsequent CHD mortality in a
cohort of randomly selected adults aged 40-75 years old for 16 years since1984-1985
up o 2000-2001 in the UK showed there is a positive and significant relationship
between fat intake and mortality from CHD while taking account of other CHD
related risk factors (Boniface and Tefft 2002), however the cross-sectional Scottish
Heart Health Study (Bolton-Smith e al. 1992) did not find any association in males

or females.
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There is strong evidence for the link between fat intake and risk of chronic diseases
such as CVD in experimental animals. Studies in animal models of atherosclerosis in
hamsters or iransgenic models of atherosclerosis in mice, (Mangiapanc ef al. 1999}
indicated the contribution of a high saturated fat diet to CVD disorders. Atherogenic
processes were also seen in healthy human subjects after a high saturated fatl diet (Hu
ef al. 2001) and large scale epidemiologic studies confirm these associations (Hooper
ef al. 2001). Reduction in total fat intake and especially intake of saturated fatty
acids is an importanl aspect of dietary guidelines, particularly in Western countries.
The recommended intake for dietary fat in the UK is 33% of total energy (including
alcohol) and 35% of food cnergy (excluding alcohol) (Table 1.5). The proportion of
saturated fat should be around one third of energy from fat (i.c. about 10% of total
dietary energy). Mono- and poly- unsaturated fatty acids should provide on average
about 12% and 6% of dietary energy, respectively. The proportion of saturated fatty
acids should not exceed 10% of total energy (Department of Health, 1991). Storage
fipid plants (e.g. vegetable oils) and marine animals (e.g. fish) are good dietary

sources of fat.

— NS
/'”“' -

Cis Trans

Figure 1.13 Geometric configuration of unsaturated fatty acids.
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Vegetables, cereal products and fat spreads are main sources of n-3 and n-6 fatty
acids in the diet of British adults (Gregory et al. 1990). The other important issue is
the geometric nature of the consumed unsaturated fatty acids (Constant, 2004).
Figure 1.13 shows the geometric structure of two different conformations of
unsaturated fatty acids present in human metabolism. The production of the trans
form of unsaturated fatty acids (mono, di and poly unsaturated fatty acids) by thermo
reactive processes results in a higher melting point compared with the isomeric
compound of the same fatty acid in cis configuration (van Greevenbrock ef al. 1998;
Wang et al. 2003). This will affect membrane fluidity and response to hormones.
Several large-scale studies report trans fatty acids as a significant risk factor for CHD
(Lichtenstein ef al. 2003), in contrast, some smaller scale studies did not reveal any

association with insulin resistance (Lovejoy et al. 2002).

1.6 Effects of high carbohydrate (FIC) diets

As a high carbohydrate diet is recommended for the whole population, it is important
to consider the scientific basis on which these recommendations were made and

whether the recommendation is stiil relevant.

The interaction between dictary carbohydrate and lipid metabolism in health and
disease has been a major research interest since Ruderman ez al. {(1971) reported an
increasc in plasma TAG levels on a high carbohydrate diet. Disturbances in
carbohydrate metabolism characterised by high glucosc conecentrations and other
features of insulin resistance arc more likely to be accompanied by dyslipidemia
(Abbasi et al. 2000; Parks and Hellerstein, 2000; Bessesen, 2001, Isomaa ef al. 2001;

Hellerstein, 2002; Thomas and Wolever, 2003). In 80% of patients with type 2
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diabetes, metabolic syndrome (i.e. obesity, dyslipidemia, hypertension, and
microalbuminuria) is observed (Bos et al, 2003). The presencc of insulin resistance
and metabolic syndrome in type 2 diabetic patieats results in hypertriglyceridemia
and low HDL-cholesterol concentrations and high levels of small dense LDL

particles and consequently a higher risk of atherosclerosis (Goldberg, 2000).

The health effects of increasing carbohydratc intake through decreasing dietary fat
have been investigated through various epidemiological and intervention studies.
Although there is no universally accepted definition for HC and low carbohydrate
(LC) diet according to either percentage of energy intake derived from carbohydrate
or absolute amount of carbohydrate in the diet, most studies have defined HC diet as
a diet with 55% or more cnergy from different Lypes of carbohydrate (Jeppesen ef o,
1997). Some aspects, such as the difference between high or low carbohydrate diets
in isoenergetic conditions as well as different level of energy intake, amount of
dictary carbohydrate (gradient effect), various chemical forms of carbohydrates
(simple or complex), rate of carbohydrate digestibility, quality of carbohydrate
(glycaemic index of food), duration of study (short- and long- term), in animal
models and human, in healthy and patients subjects (particularly type 2 diabetic
patients), interaction by genetic and lifestyle factors (e.g. physical activity level)
have been of concern. Although some studies revealed variabilily in the response to
HC diet, health benefits such as lower risk of CHD and type 2 diabetes, weight loss,

reduction in total and LDL-cholesterol concentrations have been reported.
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1.6.1 Beneficial effects of HC diets

‘The LF-HC diets might play a role in weight loss associatcd with improvements in
glucose metabolism and insulin sensitivity. Diets higher in unrefined carbohydrates
and dietary fibre have been shown to siow down glycaemic and insulinaemic
responses compared with refined carbohydrate diets. For example, increased whole-
grain intake was associated with decreased risk of CHD after adjustment for age and
smoking (Liu ef al. 1999). Therefore, such diets may protect from the development
of type 2 diabetes and related health outcomes (Hu ef af. 2001b). Dietary patterns
including higher intakes of fruits, vegetables, legumes, [ish, poultry, and whole
grains, a so-called ‘prudent’ dietary pattern, has been shown to be associated with a
lower risk for CHD (RR=0.76, 95%CI: 0.60-0.98) compared with the “Western
dietary pattern’ characterised by higher intakes of red and processed meats, sweets
and desserts, french fries, and refined grains which significantly increased the risk of
CHD (Fung et @l. 2001). The protective ef{ects against CHD have been shown by
increasing consumption of fruits and vegetables, particularly green leafy vegetables
and vitamin C-rich types (RR=0.80, 95% CI: 0.69 to 0,93; Joshipura ef af. 2001).

The HC-LF diet including at least five portions of fruit and vegetables per day is
supposed to reduce risk of CHD (Ullmann ef ¢/, 1991; Rimm ef al. 1996; Dreon ef
al. 1999; Liu ef al. 1999; Joshipura et al. 2001; Cernea et @i. 2003). Reductions in
body weight, total cholesierol, LDL and TIDL cholesterol concentrations were shown
following the American Heart Association Step 1 dict, as a HC-LF and low
cholestercl, after 10 weeks among overweight and obese women (Bunyard et al.
2002). However, a two-week isoenergetic FIC and HY intervention diets (i.e. 75%
and 10% vs 30% and 55% energy from carbohydrate and fat, respectively) failed to

show any significant difference in plasma total cholesterol concenlration
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(Mittendorfer and Sidossis, 2001). Variability in response to HC diet among healthy
people could be a major factor (Ruderman et al. 1971; Mancini ef al. 1973, Parks et
al. 1999, Parks and Hellerstein, 2000). In addition, different types of dietary
carbohydrates have diffcrent glucose and insulin responses (Wolever ef al. 1988;

Riccardi ef al. 2003), and consequently, may result in different metabolic effects

(Laville, 2004),

1.6.2 Adverse effects of HC diets

Reduction in fat intake (at 33%) and its replacement by carbohydrate in which
energy intake is maintained at the same level is recommended in the UK. However,
this recommendation does not seem to reduce the risk of CHD. Despite the potential
beneficial eflects of a HC diet, there is evidence indicating that HC diet leads to
increases in plasma TAG and a deerease in HDL cholesterol concentrations (Chen ef
al. 1993; Jeppesen et ¢l 1997, Koutsari er al. 2000). Hypertriglyceridemia as a
predictor of CHD risk has been reported through intense studies after following not
only a HF diet but also [1C diet (Kasim-Karakas ¢/ af. 1997; Austin, 1999; Parks ef
al. 1999, Hudgins er al. 2000; Kasim-Karakas ef al. 2000; Parks and Hellerstein
2000; Parks, 2001; Hellerstein, 2002). The increase in TAG levels, however, has

been associated with a reduction in LDL particle size (Kasim-Karakas e/ af. 1997).

Short-term intervention studies have similarly reported hypertriglyceridemia and
reduction in HDL-cholesterol levels. The effect of two experimental isoenergetic
diets: (1) HC diet (60% of energy from carbohydrate and 23% from fat) and (2) HF
diet (40% and 45% energy from carbohydrate and fat, respectively) for three weeks,

showed higher fasting TAG and VLDL cholesterol concentrations and lower HDL
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cholesterol level after the HC dict compared with the HF diet (Kasim-Karakas ef af.

1997).

In order to maintain glucose homeostasis, an increase in carbohydrate intake imposes
a demand for insulin secretion. An increase in TAG and a decrcase in HDL-
cholesterol concentrations have been reported following diets high in either
carbohydrate or polyunsaturated fat (Brunner ez @/ 2001), As HC dict is onc of the
reasons for hypertriglyceridemia, there has been an interest to find the best type of
carbohydrate to avoid distutbances in glycemia. Results of various studies have
shown that, high amylopectin starch (Kabir er a/. 1998) and wheat starch {Lever-
Metzger e al.  1996) induce hyperglycemia, hyperinsulinemia and

hypertriglyeeridemia as well as increasing adiposity in normal and diabetic rats.

The major metabolic pathway for supply of energy reserves and cellular structure is
fatty acid synthesis, which is regulated by dict (c.g. HC and low-fat (ILF) diets) and
hormonal controls (e.g. insulin, glucagon and thyroid hormones) (Hillgartner et al,
1995). For instance, three week consumption of a high Gl diet may lead to adverse
effects on lipogenic cnzymes (i.c. fatty acid synthase and LPL) to incrcase plasma
lipids and fat accumulation while low GI diets (low in amylopectin and high in
amylose) inhibits long-term fat accumulation by inhibition of these lipogenic

enzymes in normal and diabetic rats (Kabir er al. 1998).

De novo lipogenesis has been proposed as one of the probable mechanisms to
explain dyslipidemia following a HC diet. De novo lipogenesis is defined as the

process by which carbon units from carbohydrates are used for fat synthesis (Partks,
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2001). Fatty acids synthesised from dietary triglycerides, sugars from consumed
carbohydrates, adipose tissue or remmant TAG following the action of LPL on

chylomicrons are the sources of VLDL-TAG synthesis in the liver (Figure 1.14).

Hudgins et al. (2000) showed that diets high in simple sugars were siguificantly
associated with higher de novo lipogenesis in healthy subjects. This condition may
stimulate VI.DL-TAG synthesis but little is known aboul stimulation of fatty acid
synthesis in humans. However, results of the in vivo measurements of fatty acid
synthesis have revealed that despite high body carbohydrate stores and stimulation of
de novo lipogenesis by HC diet in humans, fatty acid synthesis through this process
is quantitatively minor (Hellerstein er af. 1996). One of the possible hypotheses is
that high monosaccharide diets increase blood giucose levels and are more likely
increase fatty acid synthesis from glucose by providing more carbon units 1o the
liver. Therefore, elevated levels of glucosc and insulin may stimulalc de rnove
iipogcnesis. Parks (2002) failed to find any positive association between these
parameters among subjects followed HC diets but there was a positive relationship
between insulin concentration and de novo lipogencsis in subjects on HI diet (Figure
1.15). Non-digestible oligosaccharides (e.g, oligofructose) may directly influence
increased lipogenesis. Qligofructose is fermented in the colon and provides short-
chain fatty acids (SCFA). It has been suggested that TAG and cholesterol synthesis
are affected by the proportion of propionie to acetic acid. In one study,
supplementation with 15g/day oligofructose in healthy subjects reduced fasting TAG

level by 21% (Parks, 2002).
Proposed factors influencing the control of liver TAG secretion are:
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¢ the form of carbohydrate (solid or liquid),
* the level of carbohydrate processing in food,
» the physical state of the carbohydrate in the diet

(Parks & Hellerstein 2000; Parks 2002).

Figure 1.14 De novo lipogencsis (*)

| Dietary TAG

Dietary sugars

'

Adiposc tissuc

Chylomicron TAG

]
Chylomicron remenant l £

l TAG in the hiver TA
g
Remnant TAG .

VLDL

v

VLDL TAG

NEFA

In general, these studics are mostly very short term and the effects may not be

sustained over a longer time. There are arguments for appropriate amounts of



carbohydrate and fat in daily energy intake (Hung er a/. 2003). The controversy for
dietary tat and carbohydrate for the management of diabetes has produced three main

guidelines for the management of diabetes since 2000.

In the first approach, saturated fatty acids (SF) were avoided and it was emphasised
to provide energy from carbohydrate and monounsaturated fatty acids (MUFA),
however there was no regard to carbohydrate quality in the recominendations of the
American Diabetes Association (ADA). The most recent ADA advice is for for
diabetics to reduce body weight and increase physical activity, with 60-70% of
energy from MUFA and complex carbohydratc with no attention to the quality of

carbohydrate (Parks, 2002).

Nevertheless, there is a special interest in the quality of carbehydrate (e.g. glycaemic
index). Low glycaemic index (low GI) and high fibre carbohydrates are
recommended and this type of dictary carbohydrate is considered as an important
parameter for diabetes management. The Canadian Diabetes Association (CDA) and
the Diabetes Australia (DA) have also recommended low fat, low saturated fat and

high carbohydrate diet (FAQG/WHO, 1997).

The European Association for the Study of Diabetes (EASD) has combined the lwo
approaches (The Diabetes and Nutrition Study Group (DNSG) of European
Association [or the study of Diabetes, 2000). The American Heart Association
(AHA) in 2000 and National Cholestero} Education Programme (NCEP) in the third
Adult Treatment Panel (ATP-IIT) in 2001 (LaRosa and Gotto, 2004) (Isomaa ef dl.

2001; Isomag, 2003) have addressed nutritional management of diabetes and insulin

56



resistance and they recommend the modification of carbohydrate quality by an

increasc in dietary fibre and MUFA up to 20% of daily energy intake.

1.7 Glycaemic index (GI)

The concept of Glycaemic Index is an extension of the dictary fibre theory that was
introduced by Burkitt and Trowell in 1977, Consumption of fibre reduces the rate of
nutricnts mflux from intestine (Jenkins ef a/. 2002). The rate of digestion contributes
o the postprandial blood glucose and secreted insulin in response to the dietary

intake of carbohydrate containing foods (Wolever and Bolognesi 1996).

In order Lo guide food choices in 1997, a committee of experts commissioned by the
FAO and the WHOQO reviewed the research evidence regarding the importance of
carbohydrates in human nutrition and health, They accepted the use of glycaemic
index (GI} method to classify foods rich in carbohydrate and that to consume from
carbohydrates with low GI is good for health. A low GI dict can reduce postprandial
glucose levels and keep blood glucose fevels within a normal range (Brynes et al.

2005) which may increase insulin sensitivity.
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-Figure 1.15 Blood glucose response to low and high GI foods up to two
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Jenkins (1981) proposed that the accepted caiegories in the classification of dietary

carbohydrate and the division of simple and complex carbohydrates could not

explain all the characteristics and observations of the physiological cfteets of

different carbohydrate consumption especially in diabetics (Opperman et al, 2004).

Jenkins introduced the GI theory in 1981 and since then has carried out much

rescarch into this concept and th application of this unew classification in

understanding of carbohydrates in the dict of diabetic patients and especially in the

postprandial condition.
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1.7.1 Definition of GI

The GI of a food can provide useful information on the likely effect of a carbohydrate-
containing food on postprandial blood glucose. It is based on the area under the
postprandial blood glucose curve after enough of the food to contain 50g of
carbohydrate compared with 30g of readily digestible carbohydrate. A syrup of
glucosc or white bread is used as the standard digestible carbohydrate. The GI is
expressed as a percentage of the glycaemic response to the reference food. Figure 1.15
shows the difference in glycaemic response between foods with high and low GI. The
GI of a food does not rellect the quantity of carbohydrate in the food. If a food
contains very little carbohydrate you need to eat a large volume to carry out the

measurement, which may affect the result.

1‘.7.2 Definition of glycaemic load (GL.)

The term glycaemic load (GL) quantifies the average glycaemic effect of a portion of
food and was introduced in 1997 (Frost ef al. 1999; Liu er al. 2000; Jenkins er ¢l
2000b; Laville, 2004). The GI of a carbohydrate containing food provides information
on the nature of food while the GL reflects the resultant blood glucose and insulin
level (Nantel, 2003). The GL is the product of the amount of available carbohydrate
and the GI of the food and is calculated by multiplying GT of the food by carbohydrate
content of the food divided by 100 (Foster-Powell ef al. 2002).

1.7.3 Calculation of average GI and GL

Average GI and GL arc calculated by cither direct assessment of GI for foods or use of
previously determined and published values for each {ood. For determination of

average Gl and GL values, dictary data should be analysed. To obtain carbohydrate
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content for each food, a list of the consumed food items is provided and then
carbohydrate content is estimaled. The GI for each food is selected appropriately from
the International Table of Glycemic Index and Glycemic Load Values (Foster-Powell
et al. 2002). The average (il in the table is based on studies in either healthy or
diabetic subjects (type 1 or type 2 diabetes) and foods have been sorted descending
according to their carbohydrate content. It has been shown that GI values determined
in normal subjects correlate well with those found in diabetic subjects (Wolever ef al.
1987). Even though people with diabetes have higher blood glucose values, they are
members of the same human specics and they show the same differences in rates of
digestion and absorption of carbohydrate (Brand-Miller and Mendosa, personal
communication on 17, August 2003). For food items with high carbohiydrate content
and without GI, it is recommended to consider the GI from similar or the closest food
item by type and amount of carbobydrate. Tt is also suggesied that if 80% of the
consumed food items with GI value from the top of the list are prepared, it could be
enough for calculation of GL and average GI (Jenkins 2003, the 9™ Furopean Congress

on Nutrition, Rome).

1.7 4 Advantages and disadvantages of GI and GL

There are several advantages and disadvantages to the use of GI and GI.. A
physiological classification of dictary carbohydrates in common foods has an
important advantage over the traditional classification using molecule size.
Classification of a food based on ils glycacmic response provides an indication of the
carbohydrate quality (Schenk ef al. 2003) and also a reasonable insighl into the link
between foods and health outcomes. GI has been shown to be a strong predictor of

HDL-C and C-reactive protein levels in healthy and patients with chronic disease
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such-as metabolic syndrome, CHD, obesity and some kinds of cancer. {Brand-Milier
et al. 2003; Frost et al 1999; Liu et al 2000). However, many factors such as food
form, cooking method, processing and structure of starch have a strong influence on
the GI of foods. ‘There can be a great variability of the GI of foods depending on the
botanic origins of the food, the time and temperature during cooking, and the fat and
wiler content (Brand-Miller et af. 2003; Laville 2004). Moreover the GI ol a food
does not reflect the real postprandial glycaemia of the normal portion size of the food
in conjunction with other meal ingredients. The GL improves on this but still does

not necessarily retlect the true postprandial consequences of the diet.

The determination of the postprandial response for each food, which is required by
both GI and GL, is expensive and in general people use the published international
table of GI and GL values instead of measuring their own foods (Sydney University-
Glycaemic Index Research Service 2003). This means that many studies may under
or overestimate the response to the foods in their country’s diet. Table 1.9 and 1.10
summarise advantages and disadvantages of application of GI and GL. 'T'able 1.11

presents some examples of food with different GI and GL.
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Table 1.11 Glycaemic Index by Glycaemic Load (Mendosa 2004)

T LOW GI

MED GI

HI1 GI

LOW
GL

All-bran cereal (8%,42%%) |Beets (5,64)

opcorn (8,72)

{Apples (6,38)

Cantaloupe (4,65)

'Watermelon (4,72)

Carrots (3,47)

Pineapple (7,59)

[Whole wheat flour bread]
K9,71)

Chana dal (3,8)

Sucrose (table sugar) (7,68)

Chick peas (8,28)

Grapes (8,46)

Kidney beans (7,28)

INopal (0,7)

Oranges (5,42)

[Pcaches (5,42)

]Peanuts (1,14)

[Pears (4,38)

|Pint0 beans (0,39)

[Red lentils (5,26)

Strawberries (1,40)

Sweet corn (9,54)

VIED
GL

Apple juice (11,40)

. |Life cereal (16,66)

“{Cheerios (15,74)

Bananas (12,52)

New potatocs (12,57)

Shredded wheat (15,75)

Buckwheat (16,54)

Wild rice (18,57)

White wheat flour bread
(11,70)

fFetcine (18,40)

Navy beans (12,38)

Orange juice (12,50)

|Parboiled rice {17.47)

Pearled barley (11,25)

Sourdough  wheat
(15,54)

bread

111 GL

ILinguine (23,52)

Couscous (23,65)

fBaked Russet potato.cs
(26,85)

[Macaroni (23,47)

Sweet potatoes (27,61)

Cornflakes (21,81)

Spaghetti (20,42) White rice (23,64)
Adapted from Foster Powel ef af., 2002; Mendesa, 2004
GI: Low=1-55 Med=56-69 High=70-100
GY: Low=1-10  Mcd=11-19 High=20 or more
* Food GL
=% Food GI

GL (g) =((G} (%) / 100)) * Carbohydrate (g))

64



There is not a general agreement about the importance of GI on human health,
nutrition and disease prevention (Ludwig and Eckel, 2002; Kelly et al 2004). Table
1.12 summarises the name and references of organizations that did accept or did not
encourage application of GI parameter as a base for dietary managment. It is
therefore important lo consider the epidemiological evidence for the importance of

GI and GL in the incidence of chronic disease.

Table 1.12 Approval and disapproval of GI by different organizations in the

world (Opperman et al. 2004).

Organization References Organization References
approved use of GI disapproved use of GI

Joint FAO/WHO 1997 American Diabetes 2001
Tixpert Consuitation Association

on Carbchydrates

European Assoctation 2000 American Heart Krauss et al.
for the study of Association 2000
Diabetes (EASD)

Canadian Diabetes 2000 American Dietetic 1999
Association Association

Diabetes UK 2003

Dietitians Association 1997

of Australia

1.8  Association between dietary GI and GL and chronic disease

There are several epidemiological studies which have investigated the association
between GI, GL and chronic diseases including cardiovascular diseases, cancer and

type 2 diabetes (T.udwig, 2003¢; Tables 1,13, 1.14) GI. has been suggested as an



independent risk facior for myocardial infarction (Ford and Liu, 2001; Liu et al.
2001), cancer (Augustin ef gl 2001; Augustin et al. 2003) and type 2 diabetes

(Salmeron et al. 1997a; Salmeron et al. 1997b).

Liu ef al. examined the association between dietary GL and risk of coronary heart
disease (CHD) in 75,000 women aged 38-63 years in 1984 and after 10 years follow-
up using a validated food frequency questionnaire. Over 10 years follow-up, 208
fatal and 553 non-fatal myocardial infarction occurred. After adjustment for other
CHD risk factors (c.g. age, smoking, total energy intake), a high dietary GL was

associated with a higher risk of CHI (Liu ez af, 2001).

The first cross-sectional study in UK investigated the relationship between dietary GI
and cardiac risk factor such as HDL cholesterol, was carried out by Frost ez al. in
1999. The retrospective study was undertaken on 7-day weighed records of 1,420
British adulits. Results showed that there was a negative correlation between dietary
GT and serum HDL cholesteroi concentrations (Frost ef al. 1999). Ford and Liu (Ford
and Liu, 2001) in the US population also contirmed this finding. They reported that
plasma HDL level was inversely associated with dietary GI after adjustment for risk
factors for CITD, that is the HDIL. level for the lowest GI quintile was 1.36 mmol.I.”

while its concentration was 1.26 mmol.L™ in the highest quintile of GI.

1.8.1 GV and GL and Type 2 diabetes mellitus

Dict is one of the pivotal factors which influences the development of type 2 diabetes
(Hu et al. 200%a; van Dam es of. 2002b). HC-LF diets might aid in weight loss

associated with improvements in glucosc metabolism and insulin sensitivity.
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Complex and unrefined carbohydrates cause slower glycaemic and insulinaemic
responses compared with highly processed refined grains and in this way play a

protective effect on the development of type 2 diabetes (Meyer ef al. 2000; Iu ef al.

2001b).

Dietary GI has been used as a carbohydrate guality indicator for studies investigating
the link between dietary carbohydrate and the risk of type 2 diabetes. The link
between dietary GI and GI. in relation to lipid profile has mostly been studied with
diabetic patients. Dictary carbohydrates may influenece the risk of developing type 2
diabetes. For example, there is strong evidence indicating the association between
lower dietary fibre intake and an increased risk of developing type 2 diabetes
(Salmeron et af. 1997a; Salmeron et al. 1997b; Meyer et al. 2000) whereas a few
studies have reported no association between total carbohydrate intake and diabetes

risk (Salmeron et al. 1997a; Salmeron ez al. 1997b; Meyer ef al. 2000).

A number of epidemiological studics have investigated the association between the
GI or GL of diet and diabetes risk using multivariate adjusted relative risk (RR). For
example, the Nurses’ ITealth Study has revealed that incrcasc in GI of diet was
positively associated with risk of type 2 diabetes after 6 years follow-up. The
adjusted RR for women was 1.37 (95% CI: 1.09, 1.71) for an increase in Gl of 15
units and 1.47 (95% CI: 1.16, 1.86) for the highest quintite of dictary GL. Women
with both a high GL and a low cereal fibre intake were at an even higher risk of type
2 diabetes (2.43; 95% CI: 1.12, 5.27) (Salmeron ef al. 1997a). Among men, the RR
was 1.37 (95% CI; 1.02, 1.83) for extreme quintiles of dietary GL and 2.17 (95% CI:

1.04, 4.54) for the combination of a high GI. and a low intake of cereal fibre
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(Salmeron er al. 1997b). However, the [owa Women's Health Study cohort tailed to
find any associations between GI and GI. and diabetes risk in the six-year foflow-up

{Meyer ef al. 2000).

1.8.2 Gl and GL and Coronary heart disease

Dietary GI and GL are suggested as important dietary indicators in relalion (o lipid
metabolism and insulin-related disturbances and consequentty CHD risk (Wolever e/
al. 1991; Frost ef al. 1999; Liu et al. 2000; Jenkins ef al. 2000a; Laville, 2004).
‘These indicators have mainly been studied by metabolic risk factors for CIID rather
than assessing the direct effect on incidence of CHD. The most frequenily studied
risk factors of CHD are lipid profile, (c.g. TAG, total, HDL and LDL cholesterol),
insulin-related parameters (e.g. glucose, insulin, and insulin sensitivity index) and

inflammatory markers (e.g. C-reactive protein).

1.8.2.1 Lipid risk factors

These associations have been examived through epidemiological and intervention
studies. High-GI diet has been shown to be associated more with higher CHD risk
(Frost ef al. 1999; Jenkins ef al. 2000a). Dietary GT is associated positively with
TAG concentrations, negalively with HDL levels {Liu er al. 2000), inversely
associated with satiety through short-term feeding and with weight loss (Leonetti et
al. 2002; Pawlack er al. 2004). Food form, particle size, food processing and cooking
and structure of carbohydrate affect the GI. In addition, glucose and insulin
responses vary by amount and type of carbohydrate (Wolever ef ol. 1988; Brand-
Miller et al. 2003) and various metabolic effects could be expected (Laville, 2004).

Slow release of insulin as a result of slowly absorbable carbohydrate seems to
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modulate lipid concentrations (Riccardi ef ¢, 2003). Increase in carbohydrate intake
and particularly higher intake of simple sugars than starches can inducc
hypertriglyceridemia. Plasma TAG levels increase in a dose-dependent manner
(Leeds, 2002; Ludwig, 2002; Brand-Miller et al. 2003; Fried and Rao, 2003). Low
GI carbohydrates is supposed to improve lipid profile in hyperlipidemic patients by
increasing HDL cholestercl concentrations because they are slowly absorbed and
form lente or sustained release carbohydrates by providing a substrate for colonic
fermentation (Jenkins et al. 2002).

However, not only no protective effect of dietary GI has been shown on lipid profile
and risk of acute myocardial infarction (Tavani er al. 2003; Frost ef a/. 2004) or cven
increased risk of CHD (Brynes et al. 2003). The most important effects of GI on
lipid profile are low plasma HDL concentrations and elevated fasting TAG
concentrations (Lin ef al. 2000; Liu ef al. 2001). Among 280 postmenopausal women
in the Nurses” Health Study, dietary GL was associated with low plasma HDL
cﬁolesterol and elevated fasting T'AG concentrations (Liu et @l 2001). A similar
cffect on HDL cholesterol was found by Frost ef al. (Frost ef al. 1999) on British

heaithy adults.

Results from a meta-analysis of 17 population-based studies showed a 76% increase
in CVD risk in women and a 31% increase in men associated with a 1 mmol/L
increase in TAG levels (Opperman er al. 2004). It could be partially cxplained by
hormonal difference between women and men as menstrual cycle has an important
influence on TAG levels but not on cholesterol concentrations. The risk of CHD
increases afler mcnopause (Rich-Edwards er al. 1995; Tremollieres ef al. 1996;

Jeppesen ef al. 1997; Woods ef al. 1998).
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Insulin seems to be a good predictor for HDL cholesterol concentrations in healthy
populations and diabetic patients whereas type and amount of fat failed to show it
(IFford er . 1999). Insulin is at the centre of metabolism of ingested nutrients, in
particular dietary carbohydrate. Tnsulin by reducing gluconeogenesis, glycogenolysis
and suppressing lipolysis and the release of NEFA, stimulates the disposal of
ingested glucose into muscle and adipose tissue (Frayn ef al. 1997; Kraegen et al.

2001).

Low GI diet has shown to improve insulin sensitivity while high GI diet is supposed
to be associated with insulin resistance {(Salmeron ef al. 19974; Salmeron ef al.
1997h; Ludwig, 2002). In addition, LPL is activated by insulin in adipose tissue.
Thus, in postprandial condition, because of an increase in TAG level, the clearance
of TAG-containing lipoprotein increases. The mechanisms for hypertriglyceridemia
following consumption of high GI dict arc what were described eatlier in the effect
of 1IC diet. Because there is a strong interrelationship between TAG and HDL
cholesterol concentrations (Figure 1.4 and 1.5), similar mechanisms are supposed for

HDL chalesterel as well,

1.8.2.2 TInsulin-related parameters

Insulin resistance is a metabolic disorder and associated with obesity, hyperiension,
diabetes and CHD. Alteration in diet is supposed to influence insulin sensitivity
howcver, other factors may contributc 1o its progression. Associations between
insulin resistance and disease such as CHD have observed in some but not all
populations (Bessesen, 2001). Plasma glucose, insulin, and insulin sensitivity

indicators (such as homostatic model assessment (HOMA) or euglycemic
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hyperinsulinemic clamp technique) are a number of insulin-related factors. Although
large-scale epidemiological studies such as the Fealth Professional Follow-up Study,
the fowa Women’s Health study and the Nurses Health Study failed to establish the
association between diet composition and diabetes (Salmeron ef al. 1997a; Salmeron
et al, 1997b; Meycer e/ al. 2000); results of studics have shown that HC dict docs not
adversely influence insulin sensitivity compared with HF diet (Jeppesen ef al. 1997,

Bessesen, 2001).

Low GI diet has shown to improve insulin sensitivity (Ludwig et @l 1999) and
reduce the risk of type 2 diabetes (Salmeron ef al. 1997a; Salmeron ¢f al. 1997b).
Nevertheless, using the euglycemic hyperinsulinemic clamp as a gold standard
technique for measuring insulin sensitivity failed to show the association with dietary
Gl in healthy and highly active young men (Wolever, 2000). Low GI starches seem
to improve insulin sensitivity but variations in the type, amount and rate of
absorption of dietary carbohydrate are other determinants of glucose and insulin
responses (Lineback and Miller Jones, 2003). Four-week consumption of low GI diet
resulted in reduction in area under the glycaemic response curve (AUC) in response
to oral glucose and improved insulin sensitivity among patients with CHD (Frost ¢f
al. 1996). In another study of Frost e/ al., they found that low G) diet improved in
vitro insulin sensitivity measured by reduction in glucose after insulin injection
(Frost ef al. 1998) and also decreased HDL cholesterol concentration following low
(I diet was due to the improving effect of low GI diet in insulin sensitivity (Frost ef
al. 1999). Similar results in HDL level was also found by one month following IIC-

high Gl diet in type 2 diabetic patients (I .uscombe et al. 1999).
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1.8.2.3 Inflamnmatory markers

C-reactive protein (CRP) belongs to the Pentraxin protein family. It consists of 5
identical subunits of 206 amino acid residues. Five non-covalently associated
prolomess are arranged symmetrically around a central pore determined by X-ray

crystallography (Shtive et al. 1996).

CRP is a plasma protein that is an essential part of the inflammatory process. It riscs
rapidly ib serum in response to inflammatory stimuli (Volanakis and Kaplan, 1971;
Volanakis, 2001). CRP is regulated by proinflammatory cytokines including
interfeukin-1 (1L-1}), tumor necrosis factor-o. (INF-a) and interleukin-o (IL-6) and
biosynthesised in the liver (Hardardottir ef af. 1994; Baumann and Gauldie, 1994).

The main biclogic function of this molecule is the recognition of pathogens,
damaged cells and their elimination (Volanakis, 2001). Heinrich showed that in liver,
the synthesis of CRP is largely regulated by IL-6 (Heinrich et a/. 1990). In turn, it
ériginates largely from activated leukocytes in the vessel wall (Danesh ef ¢l. 1997).

CRP, along with other elements of the immune system, not only has protective
characteristics but also may have harmful cffects including atherogenic effects
(Ridker ef al. 2002). The mechanism underlying the relationship between
inflammatory processes and CHD is poorly understood. However, a number af
studies inciuding the longitudinal Physician Health Study in the USA. (Ridker ef al
1997, Ridker et al. 2002) have indicated that higher levels of plasma CRF and IL-6
arc associated with higher CIHD risk (Mendall er af. 1997; Yudkin er al. 1999,

Ridker et al. 2002).
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The lesions developed in atherosclerosis represent cellular responses to inflammatory
diseases (Ross, 1999). Increased plasma CRP, a marker of systemic inflammatien, is
suggested to be a stronger risk marker of cardiovascular disease and sudden death
than LDL cholesterol concentration confirmed by multivariable analysis after
adjusting for common cardiovascular risk factors (Ridker ef al. 1997). CRP levels
have been reported to predict cardiovascular events and CHD mortality (Kuller ef al.

[996; Koenig ef al. 1999).

CRP also contributes to the insulin response as it is modulated by insulin (Campos
and Bauman, 1992). This cytokinc inhibits insulin sighalling (Hotamisiigil and
Spiegeiman, 1994). Insulin sensitivity was inversely associated with plasma CRP
levels and total body fat (Sites er a/. 2002). In addition, treatment with insulin
accompanied by diet restriction among type 2 diabetic patients resulted in lower

plasma CRP concentration (Yudkin ef af. 1999).

The results of the Women’s Health Study showed that plasma CRP concentration
varied from 1.9 mg/L to 3.7 mg/L in the lowest up to the highest quintile. Those
with the highest GL value had 9.4 (imes greater risk of having a higher value of
plasma CRP. Dietary GL was positively and significantly correlated with CRP. The
possible mechanism for the effect of high GL on CRP could be through stimulalion
of TL.-6 secretion (Liu et ol 2002). T1.-6 is as another inflammatory factor and
modulator of fat metabolism in human and may predict CHD (Chot er ol 2004). IL-
6 increases lipolysis and fat oxidation without causing hypertriacylglycerolaemia
(van Hall ef al. 2003) and enhancing endogenous gluC(-)se production (Pedersen ef al.

2004). Although combined healthy eating recommendations (i.e. high fibre and LT°
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diety and exercisc have been shown to iead to significant reductions in plasma CRP
level (Wegge et al. 2004), the direct effect of a change in dietary macronutrients or

glycacmic index on CRP is not clear (Clifton, 2003).

1.8.2.4 Plasma antioxidant activity

Although there may not be much evidence for the benefits of a high carbohydrate
diet, one consequence of such dietary advice is an increase in the intake of fruit and
vegetables. Most of the UK population do not ingest the recommended 5 portions of

fruit and vegetables a day.

One of the main benefits of increasing fruit and vegetable intake in rclation to CHD
is the increased intake of dietary antioxidants, which protect against free radical
damage to plasma lipids increasing the resistance of low-density lipoprotein (LDL)
to oxidation (Diaz ef al. 1997, Luo et al. 1994) that facilates the process of

atherosclerosis (Fig 1.17).

Free radicals are any species capable of independent existence that contain one or
more unpaired electron, They are produced during the normal metabolic pathways in
the ccll and particularly in the mitochondria. These very reactive and unstable
molecules include the super oxide anion (O;-), hydroxyl (OH), peroxyl (LOO"),
hyperchlorous acid (HOCI), hydrogen peroxide (H>O;) and singlet oxygen ('02).
Radicals such as nitric oxide (NO) or peroxynitrite (ONOOQ') are nitrogen containing

reactive moleculies.
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In order to become more stable, [ree radicals attempt to take an electron from a
stable molecule and in doing so, they cause damage to PUFAs, protein and DNA.
The body normally protects iisell from these free radicals by adding another electron
to the free radical or removing the unpaired electron. This is achieved by enzymes

such as super oxide dismutase, catalase and glutathione peroxidase.

In addition dietary antioxidants such as water-soluble Vitumin C, pyridoxal
phosphate, flavonoids and lipid soluble antioxidants such as Vitamin E and
caretenoids work together to protect membtane lipids, protein and DNA. Vitamin C
works in the cytoplasm but also regenerates Vitamin E which is situated in the
membranes and protects PUFAs by donating a H from OH groups on its ring
structure to a free radical, by donating a H. ¢ ~tocopherol becomes an unreactive free
radical as the unpaired electron can be delocalized into the aromatic ring structure

increasing its stability (Duvall, 2005).

Oxidation of LDL is critical to the formation of atherogenic plaques in blood vessels.
Goldstein ef al. (1979) showed that chemically modified (oxidised) LIDL was taken
up by macrophages resuliing in the formation of foam cells which accumulated in
atherosclerotic lesions (Itabe, 2003).  This work led to them being awarded the

Nobel prize.
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Figure 1.1.6 Schematic processes for the formation of foam cell in vesscl wall and

contribution of macrophages.

EDL

NP8 Modified
o (Ox} LDL =P

Foam cell

Macrophage

Iixcessive fullness of macrophages with modified LDL cholesterol is the main
characteristic of atherosclerotic plaques that cause most heart attacks and strokes

{Kruth ef al. 2002; Ttabe, 2003).

Epidemiological studies strongly suggest that diets rich in fruit and vegetables,
containing antioxidants such as vitamins C and E, carolenoids and flavonoids,
protect against CHD (Leenen, 2001) and most evidence indicates that diets rich in
antioxidants may reduce the risk of CHD by protecting against the adverse effects of
free radicals (Ness ef af. 1996). However it is not certain that advice to increase fiuit
and vegetable intake results in an increase in the antioxidant potential of plasma.
‘This possibility is explored in one of the study deseribed in chapter 3 of this thesis.
Moreover, to date large scale randomized control trials of antioxidant vitamin

supplements have failed to show a protective effect on CVD (Asplund et af 2002).
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1.9° Rationalc for the thesis

Carbohydrates are not only a main source of energy for the body but also interact
with other macronutients (i.e. lipids and proteins) in human metsbolism. The
structure of dietary carbohydrates plays an important role in their digestion and
absorption and glycaemic response. It is important that the quality and quantity of
carbohydrates in the diet and their role in promoting health and and reducing risk of
cardiovascular discase arc studied. Thete is evidence indicating that the use of
dietary GI (quantitative indicator) and GL (qualitative and quantitative indicator) is
more advantageous than the traditional classification of dictary carbohydrates for
management of a number of conditions such as type 2 diabetes. Results of large-
scale population studies have revealed the probable association between dietary Gl
and GL with a number of chronic diseascs as well as metabolic risk factars for CHD

(e.g. plasma HDL cholesterol and TAG concentrations).

The current dietary recommendation is to provide at 50% (45%-65%) of dictary
energy from carbohydrates, although results of the National Diet and Nutrition
Survey indicates that less than half of energy intake is derived from carbohydrates in
the UK. ITowever, several short-term studies have shown possible adverse effects of
a high carbohydrate diet on plasma HDL cholesterol and other risk factors for CHD.
It was therefore decided to investigate the effect of these dietary guidclines on the
eating habits and CHD risk factors of freeliving postmenopausal women. It is

important to cheek that these dietary guidclines are appropriate,

Following on from this, it was decided to check il there was any relationship

between GI and the GL of the diet of offspring of patients with type 2 diabetes and
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matched controls, and their risk factors for CHD. Finally the relationship between
GT and GIL on these risk factors was studied in a short term intervention study in

healthy adults.

These studics should show if the level of carbohydrate in the dict is detrimental to
CHD 1isk factors in a range of individuals and whether the glycaemic response is

more important than the amount of carbohydrate eaten,

1.10 Aim of the thesis

The aim of the thesis was to test the hypotheses

» A high carbohydrate diet increases CHI) risk factors under ficeliving

condittons in post menopausal woinen

* GI and GL are more important factors in determining CHD risk factors than a

simple measurc of the amount of carbohydrate in the diet.

The ohjectives of the present thesis were

* To investigate the effect of advice to increase carbolbiydrate intakes as part of
dietary advice to follow the UK dietary guidelines on some meiabolic risk
factors for CHD in healthy free-living postmenopausal women,

° To assess habitual dietary intake, GI, GL and the metabolic risk factors for
CHD and type 2 diabetes,

. To examine the relationships between habitual dietary intake, GI, GL. and
metabolic risk factors in offspring of patients with type 2 diabetes and in
control subjects, |

e To examine (he influence of high carbohydrate, isocaloric, high and low GI
and GL diets for three days on metabolic parameters in the fasted state

including plasma lipids, glucose, insulin, NEFA and inflammatory matkers in

healthy male subjects.
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Chapter 2

Methodology
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2.1 Introduction

This chapter details the methods of the three different studies that makc up this
thesis. Each study bad its own design and subjects but many of the methods
including dietary assessment, hiochemical and anthropometric measurements were
similar. The common methods are described in this chapter and experimental details

specific to the different studies are included in the relevant chapters.

2.2  Summary of study protocols

2.2.1 First study: Effect of increased carbohydrate intake (as part of
advice to follow the UK dietary guidelines) on metabolic risk factors
Sfor CHD in healthy postmenopausal women

This was a dictary intervention trial in which healthy postmenopausal women were

given detailed dietary advice on how to change their habitual diet to increase

carbohydrale intake in line with the current dietary guidelines. A fasting blood

sample was taken at screening, baseline, and after 1 and 4 wecks of the dietary

intervention to measure a number of metabolic parameters.

2.2.1.1 Objectives of the study

. To investigate the effect of advice to increase carbohydrate intake as part of
the UK dietary guidelines on metabolic risk factors [or CIID in healthy, free-

living postmenopausal women.



2.2.2 Second study: Relationships between dictary glycaemic index and
metabolic parameters in offspring of patients with type 2 diabetes and
control subjects

A case-control study was carried out on thirty-four healthy subjects, 17 offspring of

patients with type 2 diabetes meflitus (4 men and 13 women) and 17 age and sex-

matched control subjects. Control subjects had no history of diabetes mellitus in the

family.

2.2.2.1 Objectives of the study

‘The objectives of the study were to:
. Assess habitual dietary intake, glycaemic index (GI), glycaemic load (GL})

and some common metabolic risk factors for CHD and type 2 diabetes.

o Examine relationships between habitual dietary intake, GI, GL and metabolic
risk factors in offspring of patients with type 2 diabetes and in control

subjects.

2.2.3 Third study: Effect of high carbohydrate, isocaloric high and low
glycaemic index diets on fasting plasma metabolic parameters in
healthy male subjects

A randomised-crossover dietary intervention trial ol high carbohydrate, isocaloric

high and low GI diets was conducted on healthy male volunteers. The duration of the

intervention was three days on each trial with at least a two week washout period

between trials.
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2.2,3.1 Objectives of study

) To examine the influence of high carbohydrate, isocaloric, high and low Gi
diets for three days in healthy male subjects on a number of metabolic

parameters.
2.3 Measurements

2.3.1 Anxnthropometric Measurements

All  anthropometric measurements including height (m), weight (kg), waist
circumference, hip circumference (cm) and mid-upper arm circumference (cm)
(MUAC) were conducted in the fasted state. Height was measured using a
stadiometer (Holtain Ltd, Crymych, Dyfed UK). The subjects’ body weight was
measured (SECA scales, Germany) in light clothes and no shoes. Body mass index
(BMI) was calculated from weight and height (weight (kg)/ height (m?)). Waist
circumference was evaluated as an indicator of central obesity (Lean ef al. 1995;
Gray et al. 2000). It was measured midway between the lower margin of the last rib
and the erest of the ilium, in the horizontal plane using a non streteh tape without
compressing any soft tissues to the nearest 0.1 ecm. Hip circum/lercnce was measured

at the top of iliac crest using a tape measure to the nearest 0.1 cm (Garrow ef al.

2000).

Body fat was estimated by skinfold thickness measurements. The skinfold
measurement was made using calipers (Holtain Ltd. Crymych, UK), which measure
the thickness of a fold of skin with its underlying layer of fat. Skinfold thickness was
measured at four different sites; biceps; triceps; subscapular, and suprailliac.

Subcutaneous fat is not uniformly distributed on the body. Thus, taking skinfold
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measurement at different sites on the body (such as triceps, biceps, subscapular and
suprailiac) will help to account for the differing disiribution of subcutaneous fat.
Three measurements were taken at each site and averaged. Then, the sum of the four
values was used to calculate the percent of body fat for cach subject using the

cquations of (Durnin and Womersley, 1974).

2.3.2 Dietary assessment

Dictary assessment is an essential tool for studying relationships beiween dietary
exposure and disease causation. A number of methods arc availablé 10 asscss
individual dictary intakc. None will provide a truly accurate picture of the habitual
dietary intake of an individual because of the complex nature of diet (Willett, 1998).
There is no ideal or gold standard wmethod and thercfore, the choice of method

depends on the design and objectives of the study (Nelson and Bingham, 1997).

Dietary assessment methods can be classified as prospective or retrospective
techniques that assesses food intake in the present or past (Nelson and Bingham,
1997). Retrospective methods include 24-hr diet recail, food frequency questionnaire
(FFQ) and the diet history method (Bingham et al. 1994) Prospective methods
include keeping a food diary and either weighing actual foods consumed or
estimiating the weights of the foods. A 24-hr diet recall i1s an interview in which
respondants describe all of the foodstuffs they consumed in past 24 hours. A FI'QQ is
questionnaire containing a list of foods with questions on the frequency of
consumption, such as per day, per week, per month or rarely. Subjccts can complete
a FFQ themselves or the questionnaire can be administered by an interviewer

(Schatzkin et al. 2003). FFQ tend to be used in large-scale epidemiological studies
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where the researchers want to rank individuals by dietary intake or compare dietary

intake of specific nutrients by group.

A diet history is an interview by a trained person who tries to build up a picture of a
typical pattern of food intake during a recent week. Food intake is usually quantified
either by using houschold measures or food photographs. There are advantages and
disadvantages of hoth prospective and retrospective methods. The advantages of
retrospective methods are that they do not require a lot of effort from the subjects.
Another advantage of retrospective methods, especially the FFQ, is that these
questionnaires can in some cases be coded by machine and this substantiafly reduces
the cost involved of analysing this data. The main disadvantage of tetrospective
methods is that they arc reliant on the respondent’s memory. Difficulty in accurately
remembering previously consumed foods and beverages is the main weakness of
these methods. Also, accurate memory of past diet can be influenced by the subject’s

current eating habits (Bingham et af. 1994).

Prospective methods that involve keeping records of foods and beverages consumed
at the time of eating were for a long time considered to be the gold standard of
dietary assessment. These methods involve the subject recording everything that they
cat and drink during a specified period of time, usually between 1-7 days (Gibney ef
al. 2002). Subjects should be given clear and detailed instructions on how to do this
and this will minimise the errors involved. These methods, if carried out properly,
can provide highly detailed information on foods consumed. Sometimes subjects are
asked fo weigh foods before eating, while in other studies subjects are asked to

quantify the amount of foods consumed by household measurcs or photographs.
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The main advantage of these methods as a way of assessing diet is that they are in
general more reliable and precise for estimaling mean intake of nutrients as they are
less influenced by the subjects’ memory (Lee-Han ef af. 1989). As regards the length
of time for which subjects need to record their food intake, it has been suggested
(Gibson, 1993) that a minimum of two week days and onc weekend day should be
included to take account of potential differences in food intake patterns. However,
(Bingham et al. 1994) have recommended that 7 days are needed to accurately assess

macronuirient intake.

There are disadvantages of food records as a dietary assessment method, including
the fact that they require a high level of respondent literacy and subjects need to be
able to read and write 1.e. therefore not suitable for using in a study on young
children. Another disadvantage is that subjects need to to be very well motivated as
keeping food records for a number of days is quite a lot of work and effort. Carrying
out a weighed food record can be very inconvenicnt for the subject, especially for
meals that are consumed outside of the home, ie. restaurant or party. Iurthermore
these methods place a great burden on the respondents and are very time consuming.
The food records are expensive to analyse, and therefore their use tends to lead to
higher dropout rates. For these reasons, food records tend not to be used in large-
scale studies (National Institute of Flealth Guide, 1992; Bingham et al. 1994). Also,
it well known that underreporting is a common problem associated with these

methods (IBingham ef al. 1994).

In the studies in this thesis, weighed food records were the chosen method for dietary
assessment. This method was also used to assess compliance to dietary interventions.

Subjccts werc asked to keep a record of all food and drink consumed. Each food item



was weighed immediately prior to consumption using a portable battery operated
food weighing scales (Slater Household Ltd, Tonbridge, UK). In the first study,
postmenopausal women were asked to keep a 7-day weighed food vecord for the
assessment of habitual diet and a 3-day weighed food record for each weck over the
4-week dietary intervention to assess compliance to the dictary advice. In the second
study, subjects carricd out a 7-day weighed food record to assess their habitual diet.
[n the third study, volunteers carricd out a 3~day weighed food record to assess their
habitual diet and they also weighed their food consumption according to the amounts
specified on their individualised menu plan. They were also asked to note changes, if
any, in their food consumption on the menuplan. This was then anslysed for

complance to the intervention diets.

The information recorded in the food diaries was imputed and analysed using a
computerised version (Diet 5™ Robert Gordon University, Aberdeen) of the food
composition tables (Holland ef «f. 1991). The dietary rccords were analysed for
energy intake, absolute amounts of carbohydrate, fat, protein, alcohol and a some
vitamin and minerals and also for the proportion of energy from the main energy

providing nutrients.

Biomarkers are a very important part of dietary asscssment because they are
objective, which mcans that do not have the errors and bias that are associated with
sell-reporting diet. An example of a useful biomarker for asscssing energy intake is
the use of doubly labelled water to estimate energy cxpenditure. Also, 24-h urinary
sodium excretion is reported to be a reliable measure of sodium intake. Serum
carotenoid concentrations could be used to confirm if subjects followed advice to

increase their fruit and vegeable intake in an intervention study. However, there are
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some nutrients for which there are no biomarkers currently available, e.g. total fat
intake. Obviously using biomarkers in diclary studies adds to the cost of doing a
study and depending on the biomarker needed may not be feasible to use in some
studies. Another consideration is that body tissues may be needed (e.g. blood or
urine) and depending on the resources available, it may not be feasible to carry out
this biomarker analysis. In spite of these problems associated with the use of
biomarkers, there is increasing awareness of the importance of using biomarkers to
help with the interpretation of results in studies that rely on self-reported diet

{Gibney et ai. 2002).

Studies which have used doubly labelled water as a biomarker for energy intake have
highlighted the problem of under-reporting of dietary intake by showing that some
reported energy intakes were biologically implausible. It also seems to be the case
that certain people are more likely to underestimate their dietary intake, and in
particular women, obese indivuals, people who ate conscious about their weight, and
people who are not very motivated to do the study in the first place (Samaras ef af.
1999). It has also been suggested that people under-estimate or under-report some
foods such as fat-rich foods or desserts more than other foods. However, it is
possiblc to climinate dietary intake cstimates that fall below a certain cut-off point of
biological plausibility. For example, energy intakes estimated by FFQ are usually not
used if the energy intake values are above 3,000 kecal or below 1,000 keal as it
assumed that these FFQ had not been completed properly {Date es al. 2005). If
measures of weight are available, it is possible to estimate basal metabolic rate
(BMR) using the Schofield equations (Schoficld er ol 1985) and this allows
investigators to identify and eliminate under- or over-reported data. In this thesis, the

Schofield equations (Schofield e¢f al. 1985) were used to estimate BMR, and
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subjects’ diet records were not included in the statistical analysis if their reported
energy intakes were less than their cstimated BMR multiplied by 1.1 (under-
reporters) or greater than 2.0 (over-reporters). These cut-offs are used as it is highly
unlikely that habitual energy intake would be < 1.1 x BMR or > 2.0 x BMR (Black
et al. 1991; Goldberg ef al. 1991). However, it mus( be admitted that the use of these
cut-offs are limited and imperfect as they only exclude individuals who have
reported biologically implausible energy intakes and do nol identify individuals who

mis-report to a lesser degree.

2.3.3 GI and GL calculation
In each study, we estimated the Gl and GL of the diet. GI values werc taken from the
The International Table of GI and GL (Foster-Powell et af. 2002). The following

steps were applicd for each subject to determine the appropriate average GI and GIL.;

A desceription of the fvods that subjects consumed and the amount in grams

were provided in the subjects’ food records.

° The carbohydrate content of each food was determincd using Diet 5™
sollware.
» The appropriate Gl for each food was found in the International Table of GI

and GI. (Foster-Powell e al. 2002).
® If GI values for a specific food was not available in the tabie, where possible

a value for a similar and appropriate food was used.

In general, the Gl value for foods was an average from a number of studics mvolving
healthy individuals as well as paticnts with type 1 and type 2 diabetes. The

similarities in GI values derived in subjects using healthy individuals and patients
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with diabetes has been discussed by Wolever et al. (1987). It has been shown that GI
values determined in healthy subjects correlate well with those found for diabetic
subjects (Wolever ef /. 1987). Bven though individuals with diabetes have higher
blood glucose values, they are members of the same human species and they show

the same differences in rates of digestion and absorption of carbohydrates.

The International Table of GI and GL contains relevant Gl values data published
from 1981 to 2001 and contains nearly 1300 separate entries (more than 750

different types of foods) (Foster-Powell et al. 2002).

(Laville 2004) suggested that differences in testing methods such as different types
of blood sampling (venous or capillary), the variation for the same food due to
inherent botanical differences from country to couniry, differences in amylose to
amylopectin ratio, type of cooking method, and differences in methods of food

processing could explain the variations in GI observed for a single food item.

The glycaemic load ol individual foods was calculated by multiplying the amount of
carbohydrate, in grams in cach food (obtained from Dict 5™ Robert Gordon
University, Aberdeen) with their respective GI value, and dividing by 100, The GL
for cach diet was obtained by finding the sum of each individual GL value. The GI
of each diet was calculated by dividing the GL of the dict by the total amount of

carbohydrate in the diet (obtained from Diet 5'™) then multiplying by 100.
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2.4  Outcome measures

24.1 Laboratory analysis

2.4.1.1 Fasting blood samples

Subjects were asked to refrain from alcohol and vigorous physical activity for 24h
before visit and fasting biood samples were collected by an experienced person (after
a 12 hr over night fast) into vacutainers containing cthylenediamintetra-acetic acid

(EDTA), lithium heparin or tluoride oxalate.

2.4.1.2 Oral glucose tolerance test (OGTT)

In order to assess the insulin sensitivity and insulin resistance indices in the second
study, subjects had an OGTT. They arrived at the laboratory aller an overnight fast
(12 h). At the beginning of the test, each subject had a cannula that inserted in the
ante-cubital fossa vein in the non-dominant arm. Blood samples were taken hefore
and 15, 30, 60, 90, and 120 minutcs aftcr subjects consumed a 75g oral glucose load
(75g glucosc dissolved in 250 ml water). Sterile saline (9g/l NaCl, 5 ml) was used to

prevent blood from clotting in the cannula throughout the test period.

Blood samples were kepl on ice, and plasma was separated as soon as possible and
idealy within 10 minutes of collection. The blood samples were cenirifuged at 3500
revolutions per minute (rpm) for 10 minutes at 4°C using a clinical centrifuge
{Mistral 3000i, Sanyo Gallenkamp ple, Leicester, UK), Plasma was divided into

aliquots and stored at - 70° C until analysis.

Plasma samples, collected in EDTA, were used for triacylglycerol (TAG), total and

HDL cholesterol, C-rcactive protein {(CRIP), non-esterified fatty acids (NEFA) and
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adiponectin analysis and plasma collected in lithium heparin was used for insulin
determination.  In the postmenopausal women study (study 1) and the diabetic
relatives study (study 2), plasma collected in fluoride oxalate was used for glucose,

but in the intervention study (study 3) glucose was analysed from EDTA plasma.

2.4.2 Lipid parameters

Lipid parameters in the first study were assessed using Kkils and the methods are
briefly described below. The lipid measurements related to the second and third
study were measured in the Department of Pathological Biochemistry at the
University of Glasgow. TFasting plasma lipids including total and HDL cholesterol,
and triacylgiycerol concentrations were determined using an automated Hitatchi 197
multichanncl analyscr (Roche Diagnostics, Lewes, Cast Sussex, UK) using standard
procedures. LDL cholesterol concentrations were calculated using the Friedewald

formula (Friedewald ef al. 1972).

2.4.2.1  Triacylglycerol (TAG)

Methods for assessing TAG usually involve enzymatic or alkaline hydrolysis to
glyceral and fatty acids followed by thc chemical or enzymatic measurement of the
glycerol compouent. The kit that was used involved the hydrolysis of TAG by the
enzyme lipase to glycerol and free fatty acids. The glycerol produced was coupled by
enzyme reactions catalyzed by glyceraol kinase (GK), glycerol-1-phosphate
dehydroenase (G-1-PDH) and diaphorase. The formazan produced is highly coloured
and has an absorbance maximum at 500 nm. The intensity of the color produced is
dircctly proportional to the TAG concentration of the sample. The enzymatic

reactions involved in the assay are as follows:
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Lipoprotcin Lipase

TAG » Glycerol + Fatty acids

GK
Glycerol + ATP » G-1-P + ADP

G-1-PDI1
G-1-P - NAD ™ DAP NADH

Diaphorase
(Enzyne)

NADH + INT - Formazan (dyc) + NADH
The procedure (Sigma, procedure no. 336) bricfly involved mixing 1 ml of
triglyceride reagent (provided in the kit) to 0.01 ml of sample or standard, which are
then incubated at 15 min at 37°C. The absorbance of the samples and standard were
then read using a spectrophotometer (Thermo Labsystems Multiscan, Vaanta,
Finland) at 500 nm. A standard curve was constructed and the equation of the line
was used to calculate the concentration of the TAG in the plasma samples in mg/L.
TAG values were then converted to mmol/L by multiplying by the conversion factor
of 0.0113. A coefficient of variation (CV) of 2.2% was obtained [or TAG

determination.

2.4.2.2 Total cholesterof

Methods for assessing total cholesterol usually involve enzymatic reactions tollowed
by the chemical or enzymatic measurement of the developed and coloured adducts.
The kit that was used involved the enzymatic hydrolysis of cholesterol csters by
cholesterol esterase (CE) to free cholesterol and free fatty acids. Oxidation of free
cholesterol by cholesterol oxiduse (CO) to cholest-4-en-3-one and hydrogen peroxide

and at the end, combination of hydroxylbenzoic acid (HBA) and 4-aminoaniipyrinr
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(4AAP) in the presence of peroxidase (POD) o form a chromophore (quinoneimine
dye) which has its Ama is 500 nm are the major steps in the determination of plasma

or plasma or serum cholesterol level. The enzymatic reactions involved in the assay

are as follows:

Cholesterol Esters »  Cholesterol + Fatty Acids
CO
Cholesterol + 02 ¥ Cholest-4-en-3-one -+ HyOy
POD
2H,0, + 4AAP Quinoneimine Dye

‘The procedure (Sigma, procedure n0.401) briefly involved mixing 1 ml of the
reagent (provided in the kit) to 0.0 ml of sample or standard, which are then
incubated for 15 min at 37°C. The absorbance of the samples and standard were then
read using a spectrophotometer (Thermo Labsystems Multiscan, Vaanta, Finland) at
500 nm. A standard curve was constructed and the equation of the line was nsed to
calculaled the concentration of the cholesterol in (he plasma samples in mg/L.
Cholesterol values were then converted to mmol/L. by multiplying by a conversion
factor of 0.0259. A coefficient of variation (CV) of 1.6% was obtained for

cholesterol determination using the Sigma kit in the first study.

2.4.2.3 HDL-cholesterob

The method for asscssing HDL-cholestero! involves the precipitation and removal of
apo-B containing lipoproteins, so that the apolipoproteins of HDL which are apo A-1
and apo All remain, and then the cholcsterol component is measured, The kit that I
used in my first study involved phosphotungstic acid (30.3 mmol/L) and magnesium

chloride (100 mmol/L) (PTA/ Mg Cly) as active ingredients. HDL cholesterol was
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assessed after precipitation of apolipoprotein B-containing lipoproteins with PTA/
Mg Cl; mixture by Sigma diagnostics kit No. 352-4. The precipitated lipoproteins
are removed from tube by centrifuging at 500g for 10 min by micro-centrifuge (MSE
micro-centrifuge, UK).

Then the cholesterol precipitated is measured using same kit for cholesterol that was
already been described. The procedure (Sigma, procedure No. 352.4) bricfly
involved mixing 1 ml of rcady to use reagent (provided in the kit) with 0.05 ml
supernatant of the extracted plasma after precipation of the other lipoproteins of
plasma samples (EDTA as anticoagulant reagent) and which are then incubated at 135
min at 37°C. The absorbance of the samples and standard were then read uvsing a
spectrophotometer (Thermo Labsystems Multiscan, Vaanta, Finland) at 500 nm. A
standard curve was constructed and the equation of the line was used to calculate the
concentration of the TIDL-cholesterof in the plasma samples in mg/L. Cholesterol
values were then converted to mmol/l. by multiplying by a conversion factor of
0.0259. A cocfficient of variation (CV) ol 2.8% was obtained for HDIL.-cholestercl

delermination using the Sigma kit in the first study.
2.4.2.4 Low-densiiy lipoprotein (LDL) cholesteroel
Low-density lipoprotein (LDL) cholesterol concentration was estimated by the

I'riedewald equation {Friedewald et al. 1972) using the following equation:

LD ~cholesterol(mg/dl) = total cholesterol - (HDLcholesterol + triacylglyceride/5).
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2.4.3 Non-essential fatty acids (NEFA)

NEFA was assessed in plasma samples using an in vitro enzymatic colorimetric
method (Wake Diagnostics Riclunond Virginia, USA). 'This assessment was done at
the department of Pathological Biochemistry at Glasgow Royal Inlirmary using an
automated ITitatchi 197 multichannel analyser, The Wako enzymatic method relies
upon the acylation of coenzyme A (CoA) by the NEFA catalysed by ucyl-CoA
synthetase. The acyl-CoA thus producted is oxidized by added acyl-CoA oxidase
with generation of hydrogen peroxide. Hydrogen peroxide in the presence of
peroxidase permits the oxidative condensation of 3-metyhl-N-(B-liydroxyecthyl)-
aniline with 4-amino antipyrine to form a purple colored adduct which can be
meagsured colorimetrically at 550 nm. The formation of this purple colour is dircetly

proportion to concentration of NEFA in plasma samples.

2.4.4 Gluense

Glucose concentrations in plasina samples for the first study were assessed using a
comiercial kit (Glucose GOD-PAP, BioStat Diagnostic Systems, Cheshire, UK).
This GOD-PAP’’ enzymatic colorimetric test involved the determination of
glucose concentrations after enzymatic oxidation with glucose oxidase (GOD). The
colorimetric indicator is quinoneininc, which is generated from 4-aminoantipytine
and phenol by hydrogen peroxide under the catalytic action ol peroxidase (POD).

The enzymatic reactions involved in the assay are as foliows:

GOD

Glucose + Oy —— 3 Gluconic acid + H,0,

ron

2 H,0O; + 4-Aminoantipyrine + Phenoi ~————— Quinoneimine + 4 Hy,O
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The procedure briefly involved mixing 1 ml of glucose reagent (provided in the kit)
to 0.01 ml of sample or standard, which are then incubated for 10 min at 37°C. The
absorbance of the samples and standard were then read against a blank (0.01 ml
distilled water + 1 ml reagent) using a spectrophotometer (Thermo Labsystems
Multiscan, Vaanta, Finland) at 500 nm. A standard curve was constructed and the
equation of the line was used to calculate the concentration of the glucose in the
plasma samples in mg/L. Glucose values were then converted to mmol/L by
multiplying by the conversion factor of 0.0551. A coefficient of variation (CV) of

1.8% was obtained for this assay.

Plasma glucose concentrations for the second and third studics were determined at
the Department of Pathological Biochemistry at Glasgow Royal Infirmary using
standard procedures. Briefly, this method (Gluco-quant Glucose/HK, Roche
Diagnostics Corporation, Lewes, UK) involved the phosphorylation of glucose with
ATP by hexokinase to produce glucose-6-phosphate (G-6-P). The produced G-6-P,
which then reacts with NADP" catalyzed by glucose-6-phosphate dehydrogenase (G-
6-PDH) to produce gliconate-6-phosphate and NADPH. The formation of
gluconate-6~phosphate during the reaction is directly proportional to the glucose
concentration, which is measured photometrically using an automated Hitatchi 197

multichannel analyser.

2.4.5 Insulin
Insulin is a polypeptide hormone (MW 6000) composed of two joined non-identical

chains A and B, which are joined by disulfide bonds. Insulin is formed from a
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precursor, proinsulin in the beta cells of the pancreas. Insulin is stored in the
seeretory granules of the islet cells of the pancreas and is then secreted. Insulin is

secreted in responsc to an increase in blood glucose concentration.

Insulin measurements for the studies described in this thesis were carried out by the
Department of Biochemistry at Glasgow Royal Infirmary. losulin was measured in
plasma using the Abbot IMx Insulin Assay kit (Abbot T.aboratories, Tokyo, Japan)

which is a Microparticle Enzyme mmuno Assay (MEIA).

Briefly, to carry oul the IMx Insulin assay, the reagents in the kit and samples arc
added to cells in the following order:

. The sample, the antibody (anti-insulin, Mouse, Monoclonal coated
microparticles) and the assay buffer are added to the incubalion wells, and a
reaction takes place in which an antibody-insulin complex is formed.

n An aliquot of the reaction mixture containing insulin bound to the anti-insulin
coated microparticles is transferred to the glass fiber matrix.

= The matrix is washed to remove unbound materials.

. An anti-insulin: alkaline phosphatase conjugate is dispensed onto the matrix
and binds to the antibody-antigen complex.

n The matrix is washed to remove unbound materials.

® The substrate, 4-methylumbelliferyl phosphate, is added to the matrix and the

fluorescent product is measurcd by the MEIA oplical assembty.

The sensitivity of the IMx analyscr insulin assay was calculated to be 1.0 ulU.

Results of a study on 148 normal fasting plasma showed a mean *+ 3SD
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concentration egual to 7.1t 15.6 uU/ml. The reference range for fasting subjects was
<13 pU.L" and there was a mean interassay imprecision (CV) of 5.0% across the

range 4-120 pU.L™".

2.4.6 C-reactive protein (CRP)

CRP is defined as a marker of systemic inflammation (Volanakis, 2001). It has
recently gained more reognition as a predictor of cardiovascular disease (CVD)
(Clifton, 2003). The results of the Physicians Health Study (Ridker ela‘ al. 1997,
Ridker e al. 2002) in the USA revealed that higher levels of CRP and 1L-6 were
associated with higher CI1D risk (Mendall et al. 1997; Yudkin et al. 1999; Ridker et
al. 2002). CRP level has been reported to predict CVD events and CHD mortality
over 2 and 17 year follow up in the MONICA-Ausburg cohort (Muliinational
MONTItoring trends and determinants of CArdiovascular diseases) study (Koenig ef
al. 1998) and the MRFIT study (Kuller e al. 1996), respectively. It is also suggested
that CRP is a stronger predictor of CVD than LDL cholesterol concentration after
adjusting for a number of risk factors (Ridker er al. 1999; Ridker et al. 2002;
Guerrero-Romero and Rodriguez-Moran, 2003; Ridker ef ol 2003b). The advantage
of CRP compared to the other inflammatory markers is that the relationship with
CHD risk for inflammatory factors such as interleukin-6 was not as strong after
controlling for common risk factors, while CRP remained a significant predictor

even after controlling for these confounding factors (Ridker ef al. 2002).

There are no intervention studies that have investigated the direct cffect of glycaemic
index (GT) or glycaemic load (GL) on CRP ot any other inflammatory markers

(Clifton, 2003). In the tirst and third studies in this thesis, subjects increased their
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carbohydrate inlake and their dietary GI and GL were altered and this provided an
opportunity to investigate this issue. We could only find one published study (Liu e#
al. 2002) which was an analysis on a sub sample of the Women’s Health Study
Cohort and reported a strong statistically significant positive association between GL
and CRP levels, with the odds ratio for the highest GL quintilc compared to the
lowest being 9.43 (95% CI 1.92, 46.23), suggesting that dicts with higher GL are

associated with higher CRP levels.

‘The Department of Pathological Biochemistry laboratory at Glasgow Royal
Infirmary carried out the assessment of CRP using an in house ELISA (Highton &
Ilessian, 1984). CRP was measured using a highly sensitive double antibody
sandwich EI.IZA with rabbit anti-human CRP and peroxide conjugated rabbit anti-
human CRP. The substrate for the colour development was 1,2 phenylamincdiamine

and the standard used was human CRP calibrator,

Median CRP concentrations for subjects who appear clinicatly well are in the region

of 0.7- 0.8 mg/l with 90% having values of < 3.0 mg/l.

2.4.7 Interleukin-6 (IL-6)

IL-6 is another marker of inflammation, which is associated like CRI* with increased
risk of CHD (Ridker et al. 2000; Pradhan er al. 2002) and type 2 diabetes (Hu ef al.
2004). [1’s level in the circulation has been shown to be associated with insulin
sensitivity, and this association is independent of BMI (Fernandez-Reul ef af. 2001).

Elevation of glucose levels has been shown to significantly increase I1.-6 and other
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inflammatory cytokines (IL-18, TNF-a) in both normal and impaired glucose tolerant

(IGT) subjeets (Esposito et al. 2002),

In my third study, IL-6 was determined using a quantitative sandwich ELIZA kit
(R&D Systems, Euwrope Lid). The Quantikine High Sensitivity kit was chosen as all
of the subjects were healthy and no extreme values were expected. IL-6 was
measured by a trained technician at the Department of Human Nutrition. This ELISA
was designed to measure human I1.-6 in serum, plasma and urine. A monoclonal
antibody specitic for IL-6 is precoated to the wells. Standards and samples are
pipetted into the wells and the immobilized antibody binds IL-6. After incubation
period of two hours any unbound substances are washed away and an enzyme-linked
polyclonal antibody specific for IL-6 added to the wells. Alter another incubation
periad of two hours any unbound antibody-enzyme reagent is washed and a substrate
solution is added to the wells. Another incubation period of 60 minules at room
temperature follows and after that an amplilier solution is added to the wells and
colour develops in proportion to the amount of IL-6 bound in the first step of the
assay. Within 30 minutes, a stop solution is added to each well and colour
development stops. Finally the samples are read at 490 nm with a wavelength
correction set to 650nm or 690nm using a plate reader (Thermo IT.absystems
Muitiscan, Vaanta, Finland). A standard curve is constructed using the valucs of the
standard solutions while the mean value of the duplicate samples is used to
determine IL-6 concentration in pg.ml™'. The R-squared of the reference curve for

this assay was 0.9996 whilc the mcan CV of the duplicates was 4.1%.
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2.4.8 Adiponectin

Adiponcctin is a plasma protein secreted specifically by adipose tissue (Maeda et a4/,
1996). Higher levels of adiponectin in the body are associatcd with improved insulin
sensitivity, reduced inflammation and better glycaemic control. Although there are
very few studies that have cvaluated wheter diet has any effect on plasma
adiponectin concentrations, Qi et a/. (2005) studied this in male subjects with type 2
diabetes. Results of this cross-sectional study among 780 diabetic men from the
Health Professionals’ Follow-up Study showed that after adjustment for age, BMI,
smoking and a number of other risk factors for CHD, dietary GI and GL were
inversely associated with plasma adiponectin concentrations. I’ for trend was 0.005
for GI and 0.004 for GL. Circulating levels of adiponectin were 13% lower in the
highest quintile of GI than its level in the lowest quintile. Assessment of dietary GL
showed the similar trend and adiponectin levels were 18% lower in the highest
quintile of GL than in the lowest GL. TFurthermore dietary fibre intake was

positively associated with the circulating level of adiponectin.

In the sccond study (chapter 4), adiponectin concentration was measured in EDTA
plasma using an ELISA at the Pathological Biochemistry Department of Glasgow
Royal Infirmary. Pre-treated samples and scrially diluted standard (recombinant
human adiponectin) solutions were added to an appropriate number of wells of the
microtiter plate and incubated at room temperature for 60 mins. After washing, the
secondary rabbit anti-adiponectin antibody was added to each well and incubated at
room temperature for 60 mins. After washing, a conjugate of horseradish peroxidase
and goat anti-rabbit IgG was added to cach well and again incubated at room

temperature for 60 mins, After washing, the colorimetric substrate for the enzyme
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was added to the wells and incubated at room temperature for 15 mins. The colour
development was terminated by the addition of a stop solution. The intensity of the
colour was measured at 450nm on a VERSAmax Tm plate rcader. The concentration
was calculated using the absorbance values of the adiponectin standard solutions

assayed at the same time. Results were quoted as mg.I". The CV value was 3.5% for

this assay.

2.4.9 Ferric reducing ability of plasma (FRAP) assay

Antioxidants are compounds that can protcct the body or foods against the
potentially harmful effects of free radicals or reactive oxygen speeies (ROS)
{Halliwell and Gutteridge, 1995). The human body is constantly under attack {rom
free radicals and ROS which are produced endogenously in the body as by products
of normal aerobic metabolism and enzyme systems as well as being supplied from
sources outside the body such as cigarette smoke, lipid peroxidation preducts in
foods or pollutants. In order to protect the body from inappropriate exposure to these
[ree radicals and ROS, the human body has developed a powerful and complex
antioxidant defence system. Enzymatic antioxidants within the cetl, such as
superoxide dismutase function by inactivating or removing free radicals and ROS
from the ccll before they can cause damage. Non-enzymatic protein antioxidants
function by controlling the storage and release of metal ions which are needed for the
enzymatic antioxidants to function but can also convert relatively unreactive radicals
such as superoxide to the much more reactive hydroxyl radical. However,
antioxidants such as vitamin C, a-tocopherol, carotenoids and phenolic compounds
such as {lavonols act by donating electrons to free radicals in order to stabilise them

and in this way behave as reducing agents. It is this ability to donate an electron or to
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act as a reducing agent that is used to measure 'antioxidant potential’ in the FRAP

assay.

The FRAP assay offers a simple index of 'antioxidant or reducing power’, and the
results are reported 1o be highly reproducible (Benzie and Strain, 1996). However,
there are also a number of limitations associated with the use of (his assay lfor
measuring 'antioxidant power'. The most obvious limitation of the FRAP assay is
that while it claims to measure 'antioxidant power', it actually only measures
‘antioxtdant power' of non-enzymatic antioxidants that act as reducing agents. While
the FRAP assay can be used to measure the 'antioxidant powet' of foodstuffs, the
tesults do not give us any information on the bioavailability of these antioxidants in
the body and thus about their actual physiological ‘antioxidant power' in vivo. In
addition, substances that bind with either Fe** or Fe** could in theory interferc with

the results of the assay (Benzie and Strain, 1996).

The method measures the ability of antioxidants in plasma or in foods to reduce the
ferric component (Fe*") of a ferric tripyridyltriazine (Fe* " TPTZ) complex (which is
contained in the FRAP reagent) to the ferrous form (Fe“). During this reaction
which takes place at a low pll, the reduction of ferric iron (Fe’*) to the ferrous form
(Fe®™) is accompanicd by the formation of a blue colour which can be measured at an

absorption maximum of 593nm using a spectrophotometer {Benzie and Strain,

1996).

The FRAP assay was carried out according to the methods of Benzie and Strain,

(1996). It is a simple spectrophotometric assay that assay involves making up a
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FRAP reagent, making up the 1.0 mM ferrous sulphate (FeSQOs, Fe™") standard
solution, then making dilutions of the stock standard to produce standards of range 0-

1.0 mM FeSO4, and then carrying out the FRAP assay with the plasma samples.

The FRAP reagent (120 ml) was prepared freshly on each working day and should

be orange-brown in colour. It was prepared by mixing the [ollowing solutions

together:

» 100 mi acetate buffer (300 mM acetic acid, pll 3.6)

» 10 ml TPTZ solution (10 mM, made up with 40mM HCL)

. 10m} ferric chloride solution (20 mM, made up in distilled water)

A standard curve was prepared according to the following table from FeSO4 (1 mM).

Table 2.1 Standard solutions of FeSO4 (1mM) preparation

Final concentration of Yolume (ml) of 1 Volume (inl) of
FeSO,, (inM) mM FeSO, te be distilled H,O to be
added added
0.0 (Blank) 0.0 50
0.2 1.0 4.0
0.4 2.0 3.0
0.6 3.0 2.0
0.8 4.0 1.0
[.0 5.0 0.0

The FRAP solution and distilled water werc kept warm throughout the procedure by

keeping in a waterbath at 37 C. As shown below, 100ul of each concentrations of
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standard or plasma sample was pipetted into into a cuvette. 300ul of distilied water
was then pipetled into the cuvette. Then, at 30-second intervals, 3ml freshly prepared
warmed FRAP solution was then pipetied into the cuvette. Only six standards or
samples were prepared at a time. The standards were analyscd in triplicate and the
plasma samples in duplicate. The contents of the cuvettes were then mixed by
inverting (with lids on). The cuvectics wete then incubated for exactly 4 min at 37 C

in an incubator.

The absorbance of each standard, and plasma sample was then measured at 593nm
using the plate reader. A standard curve was constructed from the concentrations of
the standards and the absorbance values using Microsoft Excel, and the equation of
the fine was was found. The equation of the line was then used to caleulated the
FRAP concentration of the plasma samples (in mM FcS0y). The CV for the analysis

of the plasma samples was 2.7%.

2.4.10 Homeostatic Model Asscssment (HOMA, ) Score

There are a number of tcchniques available fo measure insulin sensitivity such as the
euglycemic clump method, the insulin tolerance test (ITT), the oral glucose tolerance
test (OGTT), the intravenous glucose tolerance test (IVGTT), the insulin suppression
test (IST), and the homeostatic model assessment of insulin resistance (HOMAR).
Tiach technique has advantages and disadvantages and various tests can be validated
against each other. FHowever, it has now been generally accepted that the euglycemic
clamp technique is the ‘gold standard’ method for assessing insulin action in vive
(Isomaa, 2003). This method involves the infusion of glucose to provide a constant
blood glucose concentration (euglycemia) in all subjects, and provides a scale to

compare insulin sensitivity. The greater the quantity of glucose needed to produce
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euglycaemia the greater sensitivity to insulin. Although this method is an important
and precise procedure for asscssing insulin sensitivity, it is a demanding,
complicated and expensive technique involving intravenous insulin infusion (Scheen
et al. 1994, Isomaa, 2003). Other methods used to assess insulin sensitivity are
simpler, less costly and invasive comparcd with the euglycemic clamp technique and

have been validatcd against this gold standard method.

Matthews et al. (1985) also presented another method, which is a calculation using
Tasting glucose and insulin, the haomostatic model assessment for assessing insulin
resistance (HOMA®R). The HOMA R model was developed and validated against the
hyperinsulinemic-euglycemic clamp (for insulin resistance) and the hyperglycemic
clamp (for insulin secretion). In this thesis insulin resistance was estimated using the

HOMA g technique. HOM A was estimated as follows:

FTOMAR score = Fasting insulin (WU/ml) X fasting glucose (mmol/L) /22.5

2.4.11 Tusulin-sensitivity index (/S/) and insulin-resistance index (IR/)

In the second study (Chapter 4) insulin sensitivity was assessed using the Belfiore ¢f
al. (2001) method. This method was used to determine the insulin sensitivity because
of its feasibility and accuracy compared with the gold standard technique. This
method for assessing insulin sensitivity uses fasting and oral glucose tolerance Lest
(OGTT), glucose, insulin and NEFA concentrations, has been validated against the

euglycemic clamp technique.
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The insulin sensitivity index for glycemia (ISI () and insulin sensitivity index for
blood free fatty acids (FFA) (IS1 () were calculated as follows (Belfiore er al.

2001):

18I {gly) = 2/{(1118[1“1‘1 Auc X Giy AUC) +1], and IRI (gly}=2/i 1/ (lnsu[in Auc X G]y .'\UC)] +1

IS1 () = 2/[(11151]“11 auc X FT'A aye) t1], and IRI (;fa);2/[1,’ ('[!}Slllill Auc X FEA I\UC)] +1

Insulin zyc, Gly ayc and FFA syc indicate insulinemic, glycemic and
blood free fatty acid areas under the curve (AUC), respectively during
oral glucose folerance test. IRI is the abreviation for insulin resistance
index. AUC was calculated geometrically using trapezoidal rule.

2.5  Statistical analysis

Statistical analyses were carried out on Statistical Package for Social Sciences (8PSS
for Windows, release 11.0, 2002, SPSS, Chicago, IL, USA). In each study, the data
was checked for normality by examining the histograms for any skewness, and by

using Q-Q plot. The distribution was considered as symmetrical and normal when

the value was very close to zero. Diversion from this condition was defined as non-

symmetrical or not normal distribution. When data was found to bc normally
distributed, the results were expressed as means and standard deviation and
parametric statistical test were carried out. In situations where the data was found to
be not normally distributed, the results were expressed as median and range, and
non-parametric statistical tests were performed. Details of the statistical test used in
each study are discussed the relevant chapter. P values of less than 0.05 were
considered to be statistically significant. Power calculations were carried out for

studies one and three, and the details are given in the chapters.
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Chapter 3
Effect of increasing carbohydrate
intake (as part of advice to follow the
UK dietary guidelines) on metabolic
risk factors for CHD in healthy

postmenopausal women

110



3.1 Introduction

Coronary heart disease (ClID) remains the major leading cause of premature
death in the world and the global burden of CHD is increasing in association with
increasing prevalence of type 2 diabetes mellitus, obesity and metabolic syndrome
(FAO/WHO 2003). In lact, CHD mortality data collected by WHO show thal the
mortality rate in the UK, particularly in Scotland, is one of the highest in the
world (The Scottish Office 2000; FAQ/WHO 2003). In the UK, CHD resulied in
one in four male deaths and one in six female deaths, and caused around 125,000
deaths in 2000. CHD costs the National Health Service around £1.6 billion cach
year, only 1% of which 1s spent on primary prevention. The overall cost of CHD
to the UK economy is around £10 billion each year (British Heart Foundation,
2002). Although in the UK there are high risk factors for CHD, there are not
many published data on the cffectivencss of CHD interventions in preventing or

reducing these risk factors in the UK, particularly in women.

A number of risk factors for CHD have been identified as reversible and
irreversible risk factors (Rittner, 2002). TFactors such as age, gender, ethnicity (i.e.
African-Americans) and genetic background are non-modifiable risk factors but
diet, lack of regular physical activity, obesity, tobacco use, high level of alcohol
consumption, dyslipidemia, high blood pressure and diabetes mellitus are among
the more than 300 suggested risk factors for CID and related discascs that could

be modified (FAO/WHQO, 2003).

Women at any given age arc gencrally at lower risk than men for CHD until their

menopause. Women after menopause lose the supportive effects of sex hormones
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(Rosenberg ¢/ al. 1981). Steroids have important biological ¢ffects on vascular
function and beneficial effects of ocstrogens are caused by modulation of lipid
metabolism (Suzuki ef al. 2003). There are three main types of oestrogens in

human metabolism:

(1) Oestrone (El) is an oestrogen formed from oestradiol and is the
predominant kind of steroid after menopause.

(2) Estradiol (E2) is the primary oestrogen produced by the ovarics. E2 is a

' weak oestrogen and the most abundant form found in the body before
menopause,

(3) Estriol (E3) is produced in large amounts during pregnancy and is a
breakdown product of estradiol. E3 is also a weak ocstrogen and may
have anti-cancer cffccts (Mueck ef al. 2002). Before menopause,
estradiol is the predominant oestrogen but after menopause estradiol

levels drop more than oestrone. QOestrone would be the predominant

oestrogen in postmenopausal metabolism (Seed and Knopp, 2004).

When confounding variables for lipid profile such as body mass index (BMI),
smoking and age are matched, the natural menopause is associated with
aggravated postprandial lipemia. The progression of higher postprandial lipemia
may cxplain the link between TAG level and CHD mortality risk in
postmenopausal women (van Beek ef al. 1996; Durtington 1998). TAG levels are

very important risk factors for CIID (Williams, 2004).
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Results from a meta-analysis of 17 population-based studies showed a 76%
increase in CHD risk in women and a 31% increase in men associated with a 1
mmol/L increase in TAG levels (Austin ef af. 1999). The menstrual cycle phase
has been reported to have a significant effect on plasma TAG levels but not on
plasma cholesterol (Woods et al. 1987). When oestrogen levels are high, TAG
concentrations are low. After menopause when oestrogen levels decline, LDL
cholesterol and TAG increase while [IDL cholesterol decreases (Rich-Edwards et
al. 1995; Tremollieres ef al. 1996; Jeppesen er al. 1997). Oestrogen also
influences chylomicron metabolism in postmenopausal women. Deficiency of
endogenous ocstrogens may lead to a decrcased chylomicron clearance capacity

(Westerveld ef al. 1995). This will also increase risk of CHD.

It has been well established that diet plays a prominent role in the aetiology and
development of CHD (Hu et al. 1997; Williams ef ol. 1999; Hu ef al. 1999;
joshipura et al. 2001; Hu er ol 2001; Fung et al. 2001; Poulicr, 2003). A
‘prudent’ dietary pattern characterized by higher intakes of fruits, vegetables,
legumes, fish, poultry, and whole grains was associated with a lower risk for CHD
(RR=0.76, 95%CI: 0.60-0.98) while the “Western dietary pattern’ characterized
by higher intakes of red and processed meats, sweets and desserts, french fries,
and refined grains significantly increased the risk of CITD (Fung ef «f. 2001).
Increased whole-grain intake was associated with decreased risk of CHD after
adjustment for age and smoking (Liv ef al. 1999). The protective effects against
CHD have been shown by increasing consumption of f{ruits and vegetables,
particularly green leafy vegetables and vitamin C-rich fruits and vegetables

(RR=0.80, 95% CI: 0.69 to 0.93; Joshipura et al. 2001). All these resulis have led



to dictary recommendations for the general public including postmenopausal

WOmern.

The current dietary guidelines are to eat a high carbohydrate diet which is low in
fat and to consume at least five portions of fruit and vegetables per day. This is
supposed to reduce risk of CHD (Ullmann ef /. 1991; Rimm ef al. 1996; Dreon et
al. 1999; Hu ef al. 1999; Liu et al. 1999, Fung ef al. 2001; Hu ef al. 2001;
Joshipura ef al. 2001; Cernea et al. 2003). However, several studies have shown
that a high carbohydrate diet rather than decrease plasma lipids and increase HDL
cholesterol actually had the opposite effect in postmenopausal women. For
instance, conirolled feeding of a high carbohydrate diet in 14 healthy
postmenopausal women for 4 months resulted in hypertriglyceridemia but was not
associated with a reduction in LDL particle size (Kasim-Karakas et al. 1997). The
effect of following the American Heart Association Step 1 diet (i.c. low fat, low
saturated fat, low cholesterol and high carbohydrate diet) for 10 weeks among 55
overweight and obese postmenopausal women showed reductions in body weight,
total cholesterol, I.DL and HDL cholesterol concentrations (Bunyard ef al. 2002).
The effect of variation in carboﬁydrate and fat intake using two experimental
isoenergetic dicts (i.c. 60% and 25% vs 40% and 45% energy from carbohydrate
and fat, respectively) was investigated in postmenopausal women (each diet for
three weeks). Results showed that fasting TAG and VLDL cholesterol
concentrations were higher after the high-carbohydrate diet while HDL
cholesterol level was lower compared with the high-fat diet (Jeppesen ef al.
1997). These studies are mostly very short term aﬁd the cffects may not be

sustained over a longer time.
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When a high carbohydrate diet is followed by an individual under free living
conditions, they can chose from simple and complex carbohydrates. The
proportion of sugars eaten may be important in determining the plasma lipid
profile as sugars have been reported to have more adverse effects on TAG than
other forms of carbohydrate such as starch (Parks and Hellerstein, 2000) and high
fructose intake has also been related to increased TAG (Gross ef al 2004). This
may also be related to the Gl of the diet chosen and several epidemiological
studies have suggested that high GI diets increase the risk Cactors for CHD (Liu ef
al, 2000) and type 2 diabetes (Salmeron ez al. 1997a; Salmeron ef al. 1997b) and
in the control of risk factors for these diseases (Frost et af. 1999; Ford & Liu,
2000; Liu e of. 2001; Brand-Miller ef al. 2003). However, not all studies have

shown that GI is important in risk of chronic discasc (van Dam et al. 2000).

Thus the way that an individual interprets the guidelines may be as important in
determining their lipid profile as a choice to change their diet. It is therefore very
important to consider the effects of the guidelines under free living conditions to

take this into account.

In summary, it 1s not clear whether complying with cwrrent dietary guidelines
makes postmenopausal women more susceptible to CHD. There is no published
evidence on the effects of following UK dietary guidelines on metabolic risk
factors for CHD in free-living healthy postmenopausal women. In the study
described in this chapter, therefore, the effect of dietary advice based on the UK
recommendations on plasma lipids was tnvestigated in free-living postmenopausal

women over 4 weeks
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3.2 Objectives

To investigate the effect of advice to increase curbohydrate intake, as part of
advice to follow the UK dietary guidelines, on metabolic risk factors for CHD in

healthy free-living postmenopausal women

3.3 Materials and methods

In this study, 1 organised the day-to-day running of the study, carried out the
analysis of total and HDL cholesterol, triaclyglycerol, glucose and ferric reducing
ability of plasma (FRAP) assay, the dietary {Dict 5) analysis, calculations of GI

and GL and statistical analysis.

3.3.1 Subjects

Twelve subjects were recruited to take part. However, two subjects dropped out
after the first week of the intervention and did not complete the whole study.
Therefore, the subject numbers are 12 for baseline and week T measurements, and

10 for the week 4 measurements.

The volunicers, appatently healthy postmenopausal women, were recruited by
various methods including: an advertisement in the university newsletter and in a
local newspaper, posters, and via friends and (amily of Department of Human
Nutrition employees. The study reccived cthical approval from Glasgow
University Lthics Committee and written informed consent was obtained from

cach volunteer before being enrolled into the study.
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To take part in the study, subjects were required to fulfil a number of criteria
including: to be healthy, to be postimenopausal, to have had their last menses at
least three years before starting the study, not to have had a hysterectomy or ovary
surgery, not receiving hormone replacement therapy (HRT), not to be obese (i.e.
BMI less than 30 kg.m™, not taking any medication known to affect carbohydrate
or lipid metabolism, not trying to lose weight, taking any antibiotics or dietary

supplements.

As subjects were required 10 be healthy they completed a health history

questionnaire.

3.3.2 Experimental design

This study was a four-week dietary advice intervention of frce-living subjects
with measurements taken at baseline, after one week and four weeks of the dietary
intervention. Subjects were involved in the study for approximately five weeks in
all. Subjects attended the Department of Human Nutrition at Yorkhill Hospital for
four visits including: at the screening, baseline, end of the first week, and at the

end of week [our of the dietary intervention.

At the screening visit, subjects were given the opportunity to ask questions about
the study before signing the consent form. The information sheet was posted to
potential subjects in advance to give them time to read it and fo discuss with
family and friends, if necessary. At this visit, subjects provided their contact

details, the inclusion criteria for the study were checked and subjects completed
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the health history questionnaire. In addition, anthropometric measurements were
carried out and a fasted blood sample was taken. At this visit, subjects were asked
to carry out a 7-day weighed intake of their habitual dietary intake. It was stressed
that subjects should try as much as possible not to change from their usual dietary
habits and that this measurement should reflect their habitual diet as much as
possible. Subjects were provided with oral and written instructions, a digital food
scales and an A3-sized diary, which they were asked to post back fo the
Department for analysis before the next visit. Subjects were provided with a

simple breakfast before leaving the study room.

Subjects were required to attend the baseline visit usually within a couple of days
of receiving the returned completed 7-day weighed intake dairy to allow for time
to analysis the diary and preparation of the individualised dietary advice. Subjects
wetre required to attend this visit after at least a 12 hour fast and anthropometric
measurements were taken and a fasted blood sample obtained before the subject
was provided with a light breakfast before leaving., Al lhis visil, subjects were
shown the results of the habitual dietary intake compared to the current dictary
reference values (Department of Health, 1991) and advice on the basis on this on
how to make practical changes to their diet in order to belter comply with the
recommendations. Subjects were asked to follow this advice for four wecks in a
free-living situation and were not provided with food or funds (o purchase
particular foods. During the dietary intervention period subjects were required to
keep a 3-day dietary diary (one weekend and two weeks days) of all food and
beverages consumed. This was used to assess compliance to the dietary advice

given.
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Subjects were required to return after one week and after four wecks of lollowing
the dietary advice to give a fasted blood sample and to have anthropometric
measurements taken. During the visit after the first week of the dietary
intervention, subjects were required to bring their 3-day diet diary for inspection
and were encouraged to maintain the dietary changes for a further three weeks,
Subjects were given three more 3-day diel diaries to complete during each
subsequent week of the dietary intervention with stamped addressed envelopes to
post back to AH for analysis. Subjects were contacted a number of times during
the subsequent three weeks via email and post and encouraged to keep following

the dietary advice given at the bascline visit.

3.3.3 Anthropometric measurements

Anthropometric measurements were made in the fasted state, in light clothing and
without shoes using. Body weight was measured at cach visit while height, waist
circumference, hip circumference, mid-upper arm circumference and body fat
were measured al the screening and baseline visits only. Weight was measured
with a digital scales (SECA scales, Germany), height (m) using a stadiometer
(Holtain Iid, Crymych, Dyfed) with subjects in a rclaxed position and arms
hanging [recly. Body mass index (BMl) was calculated by dividing weight (kg)
by height squared (m®). Waist, hip and mid-upper arm circumferences were
measured by standard recommended procedures (described in the methods
chapter). Body fat was estimated by skinfold thickness using calipers (Holtain
Lid. Crymych, UK). Skinfold thickness measureménts were taken at [our different
sites; biceps: triceps; subscapular; suprailliac. Threc measurements were taken at
each site and averaged, and the sum of the four values was used to calculate the %

body fal of cach subject using the equations of Durnin & Wormersley, (1974).
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3.3.4 Dietary intervention

Dietary targets for 2005 in Scotland (The Scottish Office, 1993) have been
defined:
1) To increase consumption of starchy foods such as breads, cereals, potatoes
{(>40% of enerygy),
2} To increase non-starch polysaccharides e.g. fruits and vegetables (>16g),
3) Reduction in total and saturated fat intake (less than 35% and11% of energy,

respectively) by consumption of low fat products and decreasing intake of high-

fat foods such as chips.

Tahle 3.1 Department of Health (1991), Scottish Diet Report and Dietary

Targets for 2005

Macronutrient Cusrent average inlake Proposed average

% Energy from:

Carbohydrates
Starch 25.3 >4Q
NSP (g) 10.5 >16
Sugar 16.3 <10
Total fat 40.7 <35
Saturated fat 16.6 <1l

Subjects were advised to alter their habitual diet to include 55%, 30% and 15% of

from carbohydrate, fat and protein, respectively. The subjects were advised:

1} To consurme more complex carbohydrates especiatly more starchy foods such as
pasta, boiled rice, boiled and baked potatoes and breakfast cereals,
2)  Toreplace the intake of saturated fat with carbohydrate,

3)  NSP more than 16g/day,
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4) - To avoid fried and high-fat foods and high intake of saturated fatty acids (Details

in Table 3.2)
Each subject was advised on their diet in an individual manner based on their

habitual dict records,

3.3.5 Dietary assessment

During the course of this study, subjects were asked to carry out a 7-day weighed
intake to assess their habitual dict prior to starling the dietary intervention and
were also asked o carry out four 3-day weighed intakes during cach week of the
four weeks of the dietary intervention. Subjects were asked keep a record of all
foods and drinks consumed and asked to weigh each food item immediately prior
to consumption. Subjects were provided with a portable electronic food scales
(Slater Household Ltd, Tonbridge, UK), a food diary (with the appropriate
number of pages depending on whether they were required to record food intake
for seven or three days). Subjects were provided with both verbal and writien
Instructions on how to record their food and beverage intake, and on correct use of
the scales. At the baseline visit, subjects were shown how o usc the digital scales
including use of the “tare’ facility to allow weighing of foads cumulatively on to a
plate. The completed diet records were inspected on their return to ensure that the

subjects’ diaries were complete, and that sufficient detail had been recorded.

Table 3. 2. Dietary goais and practical advice given to achieve these goals

“Goals  Advice

increase intake of carbohydrate (55% of Increase intake of starchy foods (e.g.
total energy intake) breads, breaklast cereals, potatoes, pasta,

rice), fruits, vegetables, legumes
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Increase intake of more céiﬁplex
carbohydrates such as slarchy foods

(>45% of total energy)

Deerease intake of simple sugar (<10%
total energy)
non-starch

Increase intake of

polysaccharides (>16g/day)

Reduce intake of total fat and saturated
faity acids (less than 30% and 10% of

total energy, respectively)

Increase  consumption  of  breads,
particularly wholemeal and brown breads,
such as

cereals and  potatoes,

baked/mashed/boiled  potatoes,  pasta,
filling lettuce, tomato, cucumber or cooked
vegetables

Decrease intake of sugar, sweets or foed
products with added supar

Eat fruit and vecgetables daily (5 portions
of fruit and vegetables including fresh,
frozen, canned, or dried [ruils, vegetables
and pulses)

Increase (ruit and vegetable intakes to at
least 400g per day

Choose less-refined breads and cereals
Choose low-fat milk, low-fat cheese, low-
fat meat and meat products (e.g. lean
cooked ham, chicken, beefl or (urkey)
Choose steamed, boiled, grilled or micro-
waved meat and fish

Decrease intake of fried foods (e.g.
French fries) and high-fat meat products
(e.g. sausages and meat pies)

Choose oily fish such as salmon, luna

Dietary analysis was carried out using a computerised version of Dict 5™ (Robert

Gordon Universily, Aberdeen) of the food composition tables (Holland et al.

1991). Diet diaries were analysed for daily energy and macronulrient intakes in

absolute amounts as well as the percentage of energy derived from the main

macronutrients.

Subjects’ habitual diet records were not included in the statistical analysis if their

reported energy intakes were less than their estimated basal metabolic rate (BMR)
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multiplied by 1.1 (under-reporlers) or greater than 2.0 (over-reporters). BMR was
cstimated using the Scofield equations (Schofield er al. 1985). These cut-offs are
used as it is highly unlikely that habitual energy intake would be < 1.1 ¥ BMR or
> 2.0 x BMR (Goldberg et al. 1991). One subjects’ diet records were excluded as

she was found to have under-reported.

3.3.6 Calculation of GI and GL

GI and GL were estimated from subjects’ 7-day and 3-day weighed intake diaries.
The GL of each carbohydrate-containing food recorded in the diet diary was
cstimated by multiplying the carbohydrate content of the serving of food
(obtained from Diet 5) by the GI of that food item (obtained from the
International Table of GI and GL; (Foster-Powell et al. 2002} divided by 100
(Brand-Miller et al. 2003). The GI. values, calculated in this way, for each
carbohydrate-containing food consumed was summed to give the GL for seven or
three days, and this value was then divided by seven or three to give the daily GL.
The daily GI value was then calculated by dividing the daily GL by the total daily
carbohydrate intake (obtained from Diet 5), and by multiplying by 100 (Brand-

Miller et af. 2003).

3.3.7 Blood Sampling

A fasted blood sample was obtained from subjects at each of the four visits.
Subjcets were advised to come to the laboratory early in the morning (before
breakfast) and after fasting for at least 12 howrs beforehand. Subjects were asked
to not to consume any alcohol or to parlicipate in any vigorous physical activity

for at least 24 hours before this visit. A venous blood sample was taken from the
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antc-cubital fossa vein in the non-dominant arm into vacutainers containing
EDTA and sodium fluoride. The blood samples were immediately placed on wet
ice and centrifuged at 3,000 rpm for 10 minutes at 4° using clinical centrifuge
(MSE Leicester, U.K.). Plasma was divided into pre-labelled aliquots and stored

at -80°C.

Blood sampies taking in EDTA vacutainers were used for lipid, insulin, C-
reactive protein and non-esterified fatty acid concentration analysis while blood
samples taking into sodium fluoride were used for the analysis of glucose

concentrations.

3.3.8 Laboratory analysis

The full details of the methods used for these laboratory analyses are described in
Chapter 2, and therefore only a brief indication of the method is given here. Total
cholesterol concentration was determined using a coloromctric cnzymatic assay
(SIGMA. Chemical Co., St. Louis, U.S.A) with the coefficient of variation of
1.63%. HDL cholesterol concentration was assessed using the same kit after the
precipitation of apolipoprotein B-containing lipoproteins with magnesium-
chloride and sodium-langestate mixture at 500g for 10 min. by micro-centrifuge
(MST. micro-centrifuge, UK). The coefficient of variation for the measurcment of
HDL cholesterol was 2.78%. Fasting triaclyglycerol concentrations were
determined coloromtrically (SIGMA Chemical Co., St.Loius, U.5.A) with a
coefficient of variation 2.2 %. LLDL cholesterol concentrations were estimated

using the Friedewald equation (Friedewald e af. 1972} as follows:
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LDL cholestero! (mg.dl"y=  Total cholestero! -- (MDL cholesterol (mg.dl™") + Fasting

triaclyglycerol (mg.dI'ys)

Insulin ¢concentrations were determined at the Biochemistry Department at the
Glasgow Royal Infirmary using an automated analyser technique (Abbot IMX
Analyser and dry slice technology. The homeostatic model assessment
(HOMA,x) technique (fasting insulin x fasting glucose/22.5) was used as a
validated surrogate measure of insulin resistance (Mattews ef ¢l. 1985). Analysis
of C-reactive protein (CRP) was carried out in EDTA plasma samples using an
in house ELISA (Highton & Hessian, 1984) at the Department of Pathological

Biochemistry at the Glasgow Royal Infirmary.

3.3.9 Ferric reducing ahility of plasma assay (FRAP)

The antioxidant power of plasma was determined using the ferric reducing ability
of plasma (FRAP) assay, as described by Benzie & Strain (1996). This method
assesses the ‘antioxidant power’ by measuring the absorbance (i.e. optical
density) of the blue colour developed when a ferric-tripyridyl-triazine (Fe™*-
TPTZ) complex is reduced to the ferrous form (Fe?*), The greatest ‘antioxidant
power’ is associated with the deepest shades of blue. Briefly, the method involves
adding 3 ml of FRAP reagent (ferrous chloride, TPTZ and acctate buffer at pH
3.6, made freshly each day) and 400 ul water into individual test tubes (in
triplicate). Then at 30-second infervals, 100 ul EDTA plasma was added to cach
tesl tube and vortex mixed for 30 seconds and incubated for to exactly 4 minutes
before the absorbance was recad. The absorbance of the samples was then

determined al 593 nm using spectrophotometer {Thermo Labsystems Mulitiscan,
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Vaania, Finland) The FRAP (mmol Fez".L) concentrations of the samplcs were
calculated against a standard curve ranging from (.1-1.0 mmol/L of ferrous
sulphate and results are expressed as mmol Fe**/L of ferrous iron formed.

The obtained coefficient of variation for the assay was 2.7 %.

3.3.10 Statistical methods

The computerised statistical package SPSS (version 11.0) was used to perform the
slatistical analysis. All data was checked for normality by visual inspection of
histograms and comparison between mean and median in SPSS. As data was not
normally distributed, Data are given as median and range. Wilcoxon Sign ranked
test was used to compare the difference in dietary data between habitual and after
one week and also habitual and mean of four weeks of dietary intervention trial.
Similarly, metabolic risk factors were compared at two lime sections (i.e. baseline
and after one week as well as baseline and at the end of four weeks dietary
intervention (rial). Spearman’s correlation test was used to cxplorc the
relationships between dictary and metabolic parameters. Statistical significance

was accepted at the £<0.05 level.

3.4 Results

3.4.1 Subject characteristies

Postmenopausal women (n=12) int this study were aged from 46 to 66 years old
and their last period was between 3 1o 16 years before joining this study. The
mean BMI was 24.7 kg.m*, however the range was 21.6 to 29.3 for study group.
Waist circumferences and waist lo hip ratio were determined for four subjects

only in this study (Table 3.3).
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Table 3.3, Subject characteristics (n=12)

Characteristics Mean SD Range
Age (years) 56.2 6.5 46-66
BMI (kg.m™) 24.7 2.8 21.6-29.3
Waist circumference (cm)*® 76.0 7.8 66.0-85.0
Waist (o hip ratio™ 0.73 0.06 0.66-0.78
Last period (ycars) 7.1 5.0 3-16

* n=4
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3.4.2 Daily energy and macronutrient intakes (absolute amount)

Table 3.4 illustrates the daily energy and macronutrient intakes in absolute arnounts in
the habitual diet, after one and four weeks of the dietary intervention of the
postmenopausal women. There was a stgnificant reduction in daily energy inlake
{kecal and kj) during the first week (P=0.021) and after a mean of four weeks

(£=0.011) of the dietary intervention.

There was a reduction in non-milk extrinsic sugar intake following a mean of four

weeks of the dietary intervention (£=0.015).

On the other hand, there was an increase in non-starch polysaccharide intake, which
was statistically significant after one week (P=0.05), but not quite statistically

significant after a mean of four weeks of dietary intervention (P=0.086).

There was significant reduction in total fat intakes afler one week (P=(0.013) and after
a mean of four weeks (P=0.011), saturated and monounsaturated fat intakes after onc
(P=0.026) and four weeks (P~0.011). Polyunsaturated fat intake was not significantly
reduced after one week (P=0.075) but was significantly reduced after a mean of four

weeks of the dictary intcrvention (P=0.021) (Table 3.4).

There was a significant reduction in protein intake following a mean of four weeks of

the dietary intervention (£=0.003).
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3.4.3 Percentage of energy intake from macronutrients

The subjects significantly increased their percentage of energy from catrbobydrates
and starch (£=0.026 and P=0.002, respectively) during week one of the dietary
intervention, and there was a significant increase in the percentage of energy from

starch afler « mean ol [our weeks of the dietary intervention (P=0.013) (Table 3.5).

There was a significant decrease in percentage of energy from total fat (P=0.008),
saturated fat (P=0.004 and P =0.008) and monounsaturated fat (P =0.003 and P
=(.008) during week one and afler a mean of {four weeks of the dietary intervention,

respectively (L'able 3.5).

3.4.4 Dietary glycaemic load (GL) and glycaemic index {GI)
Gl was significantly increased after week one (P=0.026) and aflter a mean of four

weeks of the intervention (#=0.011) (Table 3.6).

When GL and GI were expressed per 1000 kecal, GL (P=0.011 and P=0.003) and GI
(P=0.008 and P=0.011) were significantly increased after one week and after a mean

of four weeks of the dictary intervention (Table 3.6).

131



Zel

(353) SHURY pPIUSIS HOXOIIAL) [RLL} NOIUSAIFIUL AIBISID 311 IO SHIDM JINOJ JO URIM E9J]E DUR JIID [ENJIGRY UIIMIIY uosHIuduod J08 4 . .

{1531 SHuBY PITSIS UOX0IIAL) | BL] HOTIHAAIIE AILIIP 30 JO U0 Yaom Surap pae J31p [BMIYLY Ud3M)3q Hostiedried 10f 4

110°0 (6£'1¢) 59 8000 {6£°0%) Z€ (SZ17) £z (%) XOpUI D1UISROATT)
€00°0 (6L'79) St 1100 (98°99) z8 (r9°st) €S (3) peoy omaraAiny
e 0001 #ad
I16°0 (65'7S) 85 920°C (09°6v) 8§ (TS'si) 8 (%) xopur o1eRafD)
PLED (zsi‘eol)  Lid 900 (zsrson) 611 (62186} 001 (5) peoj 1uraBoAjD)
ue

010 PN €010 uBIpap €010 UEIPIA

(6= (11=u) (11=1)

sxd Sy{2eM 0] JO UBBIN ad 2UO I 19Ip [enjigey

Ul HOJHIAIIUT ATRJIIP OTf) JO SHOOM .INOJ JO HEIUI B JOIJE pUE ‘U0 NIom SULIND puE 3P [RNIGEY 343 Jo "[) pug 5 Aieli(f 9°¢ dqe ],

(€0 ‘TO) se8uea o[raenb-J3)ul pag SURIPIT JI¥ SINJEA "PL0IdX J3P PIYSom Aq wmoa jesnsdousursod




£l

{1591 Sy paudIS UOXOI[IAL) GOIIUIAIIIUL AITIOIP SHISAM IR0 JOYE PUR AHIJISEQ BIIMIIG TOSHRAmOD 10f .,
(3591 SyUBY PoUSIS HOXOIIAL) BONDAAIIN AIEIID HO3M JUO 1) DUE 2UIjISRG udamaq wasiiedwod 10 o .

LO0'0 (09°0°¢<0) LSO T00'0 (£9°0°65°0) 9¢'Q (65°0°05°0) $S0 (,-1'four) vyl
£56°0 (s 1'970) 0% 0  $790 (SO'T°0%°0) 090 (Loieem o {(I'Bw) urezo1d sanowat-3
£€E°0 {TL'1°c8'0) CTT LE6O Zri'es0) i (3571°65°0) 601 IYINOH
€50 (86°9°CL°¢) 09°S 68L0 (Zrocey) S6'Y (869780 oSt (fur el wrpnsur Sunsey
98¢ (65'S°CLy) 9I'S ¥8L (p€'5°89%) LS (8e5'6L1) 80°G {4 fourwr) asoon(d Sunse]
870°0 (€859 ST) 16T +0U'D (16'6¢7°89°57)  18°ST (£6'$T°0L°ST) $8'sT () azis oponyed QT
¥IT0 (91'%°99°7) 6T€ PSLO (£0'p°95°T) 00 (86'€°TST) vO'E oyel [019989[0Y2 WILDL
30£°0 TIv'0eD) 88°C L¥I'O AR AYES) 96'C 00V 09T p1°g (1 Tounur) 1011831079 TJ]
120°0 {Fo1°8E1) 9%l 100 (08 18%1) LY'T (6178 1) Tl {,I'Tow) josisojono JH
££E0 (€8 ¢PL ) 00°S LITO (bL$°L9Y) 01°¢ (8LssL'y) s (,.Frour) [02152)040 [EI0],
£80°0 (s£1°28°0) 7207 P10 Friven) 101 (90 1%8°¢) 560 (| Jow) [o1e04BiAdei ],
FI00 (FLcvTd €2 SST0 (£8T°ST0) _ 9%T (Tt ) 9T (u33) pAg

010 e €010 uBpaR €010 uEIps

(01=) (Z1=1

sud 53o0Mm IN0J I3V wd (Z1=U) Yoom oT0 Y auyoseg

(€0 ‘TO) se8uwl anaenb-19)u puw SUBIPIHI J¥ SIN[EA "UIUOM

jesnedonsmysod Ul WONWIAINUT LILIAIP JO SHIIA INOJ PUE U0 JJ)Je pUR AUHISeq I8 siajowreied [uonmagaolq pue YN °L°€ dIqe]




Table 3.8 Normal ranges and recommendced cut-offs for high levels of blood lipids

Lipid Level Concentration (mmol/L)
Total cholesterol Desirable <52
Borderline high 5.2-6.2
High >6.2
LDL cholesterol Optimal <2.6
Near or above optimal 2.6-33
Borderline high 3.4-4.1
High 4.2-49
Very high >4.9
HDL. cholesterol Low <1.0
High 21.6
Triacylglycerol Normal <1.7
Borderline high 1.7-2.3
High 2.4-5.6
Very high >35.6

Expert Panel on Detection, Evaluation and Treatinent of High Blood Cholesterof in Adults

(2001)

Cholesterol concentrations were converted from mg/dL to mmol/L by dividing by 38,7
Triacylglycerol concentrations were converted from mg/dl. to mmol/L by dividing by 88.6
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3.4.5 BMiI and biochemical factors

There was no significant change in BMI after one week of dictary intervention
(P=0.155) but there was a significant decrease after four weeks of dietary

intervention (P=0.014; Table 3.7).

There was a significant increase in fasting triacylglycerol concentrations after one
week of dietary intervention (P=0.014) but this difference did not reach statistically

significance after four weeks of dietary intervention (7=0.083).

HDIL cholesterol concentration showed a significant decrease aflter one week
(P=0.014) and also after four weeks of the dietary intervention (=0.021). There was
no statistically significant change in total and LDL cholesterol concentrations after
one and four weeks of dictary intervention. LDL particle size was significantly
decreased after one and four weeks of dietary intervention (P=0.004 and P=0.028,

respectively).

There was no statistically significant change in fasting glucose and insulin
concentrations aficr one and four weeks of dietary intervention. Although HOMA
score showed an increase after Tour weeks of dictary intervention but it was not

slatistically significant (P=0.333).

Table 3.8 show the normal ranges and recommended cut-offs for high levels of blood

lipids.
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3.4.6¢ Corrclations between simple and complex carbohydrates and plasma

lipids

The relationships between starch intake and sugar intake with plasma lipids was
explored to sce if the type of carbohydrate was important in determining the lipid

response.,

There was a significant positive association between change in encrgy from simple
sugars and the change in TC/HDL-C ratio (#—0.66, P=0.029) after 1 week (Figure
3.1). There was also a significant relationship between the percent of changes in
sugar to starch ratio intake and the percent of changes in TC/HDL-C after four weeks
(r = 0.67, P = 0.050) (Figure 3.2). No statistically significant relationships were
found between the pereentage change in GI and GL and fasting lipid concentrations.
Furthermore, no statistically significant relationships were found between the
percentage change in fasting lipid concentrations and perecentage change in dictary

intakes of fal.
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Figure 3.1 Relationship between changes in energy from sugar intake and changges in

TC/HDL-C ratio in 11 postmenopausal women afier dietary advice
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3.47 Changes in FRAP and CRP

There was a significan{ increase in the antioxidant potential of the plasma as
measured by FRAP (Tables 3.7) and this was related to the increase in intake of fruit
and vegetables (Figure 3.3, Table 3.9). There was no significant cffcet on C-reactive

protein {Table 3.7). However, it is not likely that the study was sufficiently powered

to detect a change.

Figure 3.3 The percent change in FRAP capacity and changes in fruit and vegetable
intake in 9 postmenopausal women after dietary advice
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3.5 - Discussion

In order to reduce the risk of atherosclerosis the curmrent dielary guidelines
recommend the replacement of a counsiderable amount of dietary fat with
carbohydrate (Department of Health, 1991). Most studies on the etffect of high
carbohydrate diets on CHD risk factors have been carricd out in short term very
controlled laboratory style studies. The aim of this intervention study was to assess
the effect of giving dietary advice based on current guidelines in a more normal and
relevant situation for free-living postmenopausal women, as a high risk group for
CHD. The way thcy changed their dict was noted in relation to starch and sugar

intake, GI and GL and related to the changes in their plasma lipid profiles.

The findings of the present study revealed that the women changed theiv diet with
significant increases in dietary GL and Gl and there were significant increases in
plasma TAG and FRAP levels and reductions in HDL cholesterol concentration and

LDL particle size.

Subjects significantly reduced the absolute amount and percentage of energy intake
from total fat, saturated fat, MUFA after one and four weeks of dietary intervention.
Consequently, they increase their total carbohydrate and starch intake. Encrgy from
carbohydrates significantly increased after one week bul because two subjects
dropped out between week one and week four of the dietary intervention, this was
not statistically significant after the four-weck dietary intervention. The increase in
carbohydrate intake was achieved with significant increases in dictary GI after one
and four weeks. ‘The dietary GL was non-significantly increased (P = 0.062) after

one week but was not statistically significantly increased at 4 wecks.
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The -subjects were advised to increase their carbohydrate intake particularly in
respect of starchy foods. Although they significantly decreased the absolute amount
of non-milk extrinsic sugar intake after four weeks of dietary intervention, the
change was not statistically significant in terms of the proportion of energy. The
decrease in body weight over the dielary intervention resulted [rom a significant
reduction in energy intake during the first week and after a mean of four weeks of
dietary intervention. However, although they were advised to maintain their normal
lifestyle including exercise, it cannot be ruled out that an increase in physical activity
was a reason for the weight loss. There was a significant increase in energy from
carbohydratcs only after onc week. The lack of a statistically significant change in
energy from carbohydrate at the end of intervention trial may have resulted from the
dropping out of two subjects after following one week of the dietary iniervention.
Energy from starch showed a significant increase afier one and four weeks of the
dietury iniervention. Although the postmenopausal women increased starch intake
and decreased the ratio of sugar to starch (0.82 in habitual diet vy 0.71 at the end of
study), the change in sugar to starch ratio was not statistically significant over the
dietary intervention. The mean of sugar intake increased from 19.1% at habitual diet
to 21.2%, and 21.6% after one and four weeks of dietary intervention. This reveals
that the subjects increased dietary carbohydrates by increasing the intake of both
sugar and starch. This is not surprising when dietary advice is given to individuals in
a free-living state, which is not under the control of investigator and is more relevant
to real life than when complex carbohydrates are given under laboratory style
conditions. [t reflects the need to be more specific in dietary guidelines and the need
to explain more the differences in the types of carbohydrales in foods and their

probable effects on health.
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The -advice to increase carbohydrate intake was also associated with significant
increases in dietary GI and GL, which from the literature would be associated with
increased risk of CHD (Liu er al. 2000) und type 2 diabetes (Salmeron ef al. 1997a
and b) and a worsening of metabolic risk factors (Frost ef al. 1999; Ford & Liuy;

2000; Liu et g/, 2001) for these discascs.

There was an adverse effect on fasting plasma lipids including an increase in fasting
TAG (P = 0.014 and P = 0.083 after one and four weeks, respectively), and a
decrease in HDL cholesterol concentrations (P = 0.014 and P = 0.021 afier one and
four weeks, respectively). A number of correlations were carried out to asscss the
relationships between changes in the type of carbohydraic caten and the relative
changes in plasma lipid levels (Figures 3.1, 3.2, 3.3). In general there was a
protective effect of increasing intakes of complex carbohydrates and starch on
plasma lipids and an adverse effect of increases in simple sugar intake. This
approach of looking at the relative changes in individuals with their individual lipid
profile was more powertul in detecting these changes than looking at group changes

alone.

Although the median change {or TAG between baseline (0.95 mmol/I.) and week 1
(1.01 mmol/L) is statistically significant (/7 = 0.014), looking at the normal ranges
and recommended cut-offs for high plasma lipids in Table 3.8, one can see that the
changes are still within the normal range (<1.7 mmol/L)). However, the trend is for
TAG to increase which is not in a benefical direction, and even though the changes
might not be clinically significant for the individuals in this study, on a population

wide basis, it is very likely to be associated with increased risk of CHD. After all the
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results from a meta-analysis of 17 population-based studies showed a 76% increase
in CHD rigk in women and a 31% increase in men associated with a 1 mmol/L
incrcase in TAG levels {(Austin ef al. 1999). On the other hand, median HDIL-C
concentrations decreased statistically significantly (P = 0.021) from 1.72 mmol/L. to
1.46 mmol/l which meant that the median value at baseline would be considered high
(= 1.6 mmol/L) which is associated with lower risk ot CHD, where as the value afier
four weeks of the intervention would no longer be categorised as high. Regarding the
individual changes in HDL-C, for four of twelve subjects, their HDL-C values
decreased from above 1.6 mmol/L to less than this value, which would be considered
biologically significant for these individuals. It has also been reported that for every
decrease of about 0.026 mmol/L. in HDL-C concentration, the risk of CHD increascs
by 3.2% in women and 2.3% in men (Ford and Liu, 2001}. A reduction on HDL-C
concentration of this magnitude was obscrved in three of the twelve subjects in this

study.

Several previous studies have indicated that increased sugar intake may increase
TAG level during low [at and high carbohydrate diets. Hudgins ef al. (1996) Showed
that change in the ratio of simple sugar to complex carbohydrate from 60:40 to 40:60
in low fat and high carbohydrate dict prevented stimulation of de nove lipogenesis.
and an increase in energy from simple sugars was adversely associated with changes
in HDL cholesterol concentrations among 55 overweight postmenopausal women
(Bunyard et al. 2002). Although glucose is the monomer of the starch structure, it
may physiologically act differently in human metabolism when included in an ad
libitum intake of low-fat and high starch diet (Marckmann e /. 2000). This may be

related to the GT of the food. Moreover much of the sugar in the diet may be from
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fructose in the fruits and sucrose and high fructose corn syrup which has also been
related to increased TAG (Gross ef al. 2004). The current recommendation is that
complex carbohydrates should provide more than 30% of daily energy intake and
energy from simple sugar intake should reduce as much as possible. However this
may be difficult for the general public to achieve if they do not undeistand the sugar

contents of foods.

The GIL. of the diets of the women in this study increased and this may have
adversely affected their plasma lipids. Results of an observational study of 280
apparently healthy postmenopansal women revealed that dietary GI. and average GI
were inversely related to plasma HDL concentrations and posilively related to fasting
plasma TAG levels, independent of BMI, weight change, total energy intake, and

other known CHD risk factors (Liu ef al. 2001).

Reduction in HDL cholesterol level is associated with increased risk of CHD. For
every decrease of about 0.026 mmol/L in HDL-C concentration, the risk of CHD
increases by 3.2% in women and 2.3% in men (Tord and Liu, 2001). After following
the dietary intervention in thiS study, plasma HDL cholesterol concentrations
decreased 4.5% and 9.8% after one and four weeks of dietary intervention,
respectively. The consumption of a iow fat diet results in more rapid clearance of
HDL and decreased transport of HDL apo-proteins. However, it has been shown that
diet-induced lowering HDL cholesterol level is not equal o reduced atherogenicity

in some people consuming a high-fat dict (Brinton ef al. 1990).
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Ullman er al. (1991) showed that the gradual introduction of a high-carbohydrate
diet prevented the hypertriacylglycerolaemic effect that occurred when a high-

carbohydrate diet was introduced abruptly.

There is substantial evidence that in free-living situations low-fat high-carbohydrate
diets lead to weight loss (Kasim-karukas ef ¢l 1993; Leenen ef af. 1993) that in turn
may correct insulin resistance and plasma TAG metabolism (Purnell and Brunzell,
1997). In the present study, over the four weeks of dietary intervention, there was
significant reduction in BMI and although there was a trend for incrcasc in HOMA

score il was not slatistically significant,

It seems cleuar that the increase in TAG that was observed in this study was most
likely to be due to an increase in carbohydrate intake, as this effect is well known
and has been recognised for several decades. However, it is less clear whether it was
the reduction in subjecls’ body weight and/or the dietary changes that caused the
observed reduction in HDL cholesterol. In a study carried out by Kasim-Karakas e
al. (2000) on 64 healthy postraenopausal women, the effects on HDI. cholesterol of
following an energy-controlled high-carbohydrate, low fat (HC-LF) diet for [our
months and an ad libitum HC-LF diet for eight months was studied. The authors
reported that HDIE. cholesterol decreased on the energy controlled HC-LF diet in
which no weight loss was obscrved and therefore the changes were thought to be duc
to dictary changes. However, HDL cholesterol remained low on the ad libitum HC-
LF diet which suggests that weight loss can also contribute to lowering HDL

cholesterol.



One-very positive aspect of the dietary intervention in this study was that after
following the recommended diet there was a significant merease in the intake of fruit
and vegetables. This had the added benefit of increasing the antioxidant power of
the subjects’ plasma as measured by FRAP (Table 3.7 and 3.9). This appcars to

have mostly been associated with an increase in fruit intake (Table 3.9).

CRP has been introduced as an independent risk factor for type 2 diabetes and CHD
(Ridker et al. 1999 and Ridker er @f 2000). CRP is an acute phase inflammatory
protein, and proven as a strong indicator of CHD risk (Ridker et af, 2001), The
possible effects of the dietary changes on CRP level were examined, but there was
no stalistically significant change. In other studies, CRP was positively cotrelated
with dietary GI (Liu ef o/ 2001). Liu ¢f @l (2001) showed positive association
between CRP concentration and dietary GI in large population. Healthy diet and
exercisc together were shown recently to reduce CRP concentration by 45% (Wegge
et al. 2004). This study had a relatively small number of subjects compared to these
studies that have detected changes in CRT and il is likely that it was not sufficiently

powered to detect any change.

In conclusion, following the UK dietary guidelines by increasing dietary
carbohydrate with emphasis on starch intake in postmenopausal women resulted in
weight reduction and an increase in antioxidant power of plasma which should
benefit health. However, the changes in lipid profile were more likely to favour an
increased risk of CHD. There seem to be worse effecls when women increased their
simple sugar intake at the expense of starch. GI or GL were not used in the dietary

advice in this study and this may have affected the interpretation of the guidelines.
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The effects of these parameters are explored more in the following chapters

particularly in the intervention study described in chapter 5.

As women who follow dictary guidclines in a {ree-living situation, rather than under
very controlled conditions, ave likely to make dietary changes in thc manner of Lhe
women in this study, more research is needed to devise better and more appropriate

guidelines for reducing CHD risk.
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Chapter 4

Relationships between dietary
cglycaemic index and metabolic
parameters in offspring of patients with

type 2 diabetes and control subjects
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4,1 Introduction

Type 2 diabetes, formerly known as non-insulin dependent diabetes or adult onset
diabctcs, is the most common form of diabetes and is estimated to affect more than
150 million adults worldwide (FAG/WHO, 2003). The disease is becoming more
prevalent and the incidence is expected to double over the next 25 yeurs (King ef al.
1998). This is a worrying trend, as not only is it affecting a large proportion of the
world’s population, but it has also started to appear earlier in life and is now being
identified in younger age groups including adolescents and children (Aboderin,

2001).

In recent years there has been a lot of interest in a condition called the metabolic
syndrome, which was the term put forward by Reaven (1988) to describe a cluster of
disorders linked with obesity and hyperinsulinaemia, and associated with increased
risk of type 2 diabetes and CVD. Although a number of different sets of diagnostic
criteria have been proposed for the metabolic syndrome (Expert Panel on Detection,
Evaluation, and Trcatment of lligh Blood Choelesterol in Adults, 2001; European
Group for the Study of Insulin Resistance, 2002), insulin resistance, hyperglycaemia,
dyslipidaemia, central obesity and hypertension are generally agreed to be the five

key features.

[nsulin resistance is believed to occur up to ten or twenty years before type 2
diabetes develops (Wareham ef af. 1990: Martin ez al. 1992). Insulin resistance is the
resistance of the tissues of the body to the effects of glucose. The body then has to
produce more insulin to gel the same action in response to normal blood glucose

levels aftct a mecal. This is thought to lead fo gradually increasing glucosc
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concentrations, which result in even higher insulin secretion and cventually to the

beta cells in the pancreas that produce insulin not working (Pan ef al. 1997).

There are a number of complications associated with type 2 diabetes including
increased risk of infections, coronary heart disease (CHD) and stroke (King et al.
1998; (FAO WIIO, 2003)). In fact, individuals who devclop type 2 diabetes are
reported to have a three- to four fold higher risk of mortality and morbidity from

CHD compared with healthy individuals (Niskanen ef a/. 1998).

Genetic and environmental factors are believed to influence the development of type
2 diabetes, and the increasing rates of the condition show the importancce of
environmental and lifestyle factors. The increasing rates of overweight and obesity,
reductions in physical activity levels and changes in diet are thought to play
particularly important roles in the increase in rates of type 2 diabetes. In many
populations, it has been reported that being overweight or obese is associated with
increased risk of type 2 diabetes, and this has especially been shown to he the case
when too much of the excess adipose tissue is stored around the abdomen

(FAO/WHO, 2003).

It is also known that having a genetic susceptibility to type 2 diabetes increases the
risk of developing the condition. For example, certain ethnic groups such as the Pima
Indians of Arizona in the USA show the highest known prevalence of type 2 diabetes
of any population (Haffner, 1998; Lindsay et @l. 2002). Furthermore, having a family
history of type 2 diabetes increases one’s tisk of developing the condition, in fact, it

has been reported that first degree relatives of patients with type 2 diabetes have a
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three-to four fold higher risk of developing type 2 diabetes compared with those

without this family background (Kobberling and Tillil, 1982).

While lifestyle factors, which confribute to the development of overweight, are
cerlain to increase the risk of type 2 diabetes, whether dietary factors bave an effect

independent of this is not known.

However, a number of large-scale epidemiological studies have provided evidence
for a link between habitual diet and the development of type 2 diabetes. A diet high
in saturated fatty acids has been associated with higher fasting plasma glucose and
insulin concentrations (Feskens ef al. 1990; Parker er al. 1993), impaired glucose
{olerance (Feskens ef al. 1995), and higher proportions of saturated fatly acids in
serum lipids and muscle phospholipids have been associated with greater risk of
developing type 2 diabetes (Vessby ef al. 1994). In contrast, there is evidence that a
‘higher proportion of long-chain polyunsaturated fatty acids in skeletal muscle
phospholipids is associated with increased insulin sensitivity (Salmeron ef al. 2001),
and higher dietary intake ol unsaturated fatty acids has been associated with lower

risk of developing type 2 diabetes (Meyer ef al. 2001; Salmeron ef al. 2001),

There is also evidence that dietary carbohydrates may influence the risk of
developing type 2 diabetes, and a number of studics have reporled that a lower
dietary {ibre intake is associated with an increased risk of develaping type 2 diabetes
(Salmeron ef al. 1997a; Salmeron ef al. 1997b; Meyer et al. 2000) while quite a few
studies have reported no association between total carbohydrate intake and diabetes

risk (Lundgren ef al. 1989). Several studies have used the concept of Gl in studying
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relationships between dietary carbohydrate and the risk of type 2 diabetes. In the
Nurses” Health Study, the multivariatc-adjusted relative risk of type 2 diabetes
during 6 years of follow-up was 1.37 (95% CI: 1.09, 1.71) for an increase in GI of 15
units and was 1.47 {95% CI: 1.16, 1.86) for extreme quintiles of dietary GL. Women
with both a high dietary GL and a low cercal fibre intake were at an even higher risk
of type 2 diabetes (relative risk: 2.43; 25% CIL 1.12, 5.27) (Salmeron ef al. 1997a}. In
the Ilealth Professional’s Follow-up Study, the multivariate-adjusted relative risk
was 1.37 (95% CI; 1.02, 1.83) in a 6-vear follow-up for extreme quintiles of dietary
GL and 2.17 (95% CI: 1.04, 4.54) for the combination of a high GL and a low intake
of cereal fibre (Salmeron ef al. 1997b). By contrast, no meaningful associations were
found between GI and GL and diabetes risk in the 6 year follow up of the Iowa

Women’s Health Study cohort (Meyer et al. 2000).

A number of cross-sectional studies have also reporied relationships between dictary
Gl and GL and metabolic risk factors for type 2 diabetes and CHLD. In a cross-
sectional study of 1,420 healthy adults in the UK, GI of the habitual diet was the
only dietary variable found to be significanily related to serum HDL cholesterol
concentrations (Frost ef al. 1999). In the US, high dietary Gl was associated with
low plasma HDL concentrations and elevated fasting triaclyglycerol concentrations
in 280 postmenopausal women {aking parting the Nurses’ Health Study (Liu e/ al.
2001). In another cross-scctional analysis of a random sample of 244 healthy middle-
aged women from the Women’s Health Study (Liu e/ . 2002}, dietary GI was found
to be significantly and positively associated with C-reactive protein concentration,
which is repotted to be a scnsitive marker of systematic inflammaltion, independent

ol usua] risk factors.
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There have been a munber of large-scale intervention studies reporting that changes
in lifestyle including weight loss, increases in physical activity and dietary changes
can reduce the risk of type 2 diabetes. In the Finnish Diabetes Prevention Study
(Tuomilehio ef 4/ 2001;Uusitupa et al. 2000), the incidence of type 2 diabetes was
reduced by 58% following combined dietary and physical activity advice in 522
middle aged, overweight subjects with impaired ghicose tolerance after a 3.2 ycar
follow-up. Similarly, in the US Diabetes Prevention Study (Knowler ef al. 2002), on
3,234 non-diabetic, high-risk individuals, a lifestyle intervention inciuding advice to
losc weight, to follow a ‘healthy, low caloric, low fat dict® and to increase physical
activity reduced the incidence of type 2 diabetes by 58% (95% CI. 48, 66%}), and 1o 2
significantly greater extent compared with a control or intervention with a drug. In
these studies, it is difficult to separate an effect of diet from other lifestyle advice,
however, in the Da Qing Impared Glucose Tolerance Test and Diabetes Study (Pan
et al. 1997), the influence of a dietary intervention was investigated separately. In
this large-scale intervention study, involving 577 high-risk individuals, diet only,
exercise only, and diet and exercise interventions, were {ound to significantly reduce
the incidence af type 2 diabetes by 31%, 46% and 42%, respectively, over a 6-yecar

follow-up period.

Thus, is seems to be the case that there is evidence from epidemiological, large-scale
intervention and cross-sectional studics that dict may influence the development of
type 2 diabetes. As I said at the start of this chapter, insulin resistance is a central
metabolic problem in type 2 diabetes, and a number of possible mechanisms have

been put forward that could explain how diet could influence insulin sensitivity.
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Diets lower in fat might help people lose weight and reduce obesity which could
improve glucose conirol in the body and insulin sensitivity (Hu er «f. 2001).
Alternatively, the cflects of dietary fats and fatty acids could be explained by the
their influence on the fatty acid composition of cell membranes in the body. It has
been shown that increasing the proportion of polyunsalurated fatty acids and
reducing the proportion of saturated fatty acids in phospholipids in skeletal muscle
could improve insulin sensitivity (Borkman ef a/. 1993) by scveral mechanisms
including altering insulin receptor binding or affinity and influencing ion
permeability and cell signalling (Vessby, 2000). Furthermore, diets that are higher in
unrefined carbohydrates and dietary fibre produce slower glycaemic and
insulinaemic responscs comparcd with more processed refined cereal grains and

could protect against the development of type 2 diabetes in this way (Hu ef al. 2001).

As | already mentioned, offspring of individuals with type 2 diabetes have a higher
risk of developing this condition compared with people who have no family
members with the disease (Kobbetling ef al. 1985), and this is thought to be due to
genetic factors and also lifestyle factors. People in the same family have many
similar lifestyle habits such as eating similar foods and cooking foods in the same
way, Trying versus grilling of foods. Indeed, studies that have looked into this have
reported that the children’s food intake and cating patterns are influenced by their
parents’ (Wardle, 1995; Feunckes ef al. 1997). It has also been shown by a study,
that (he what pcople eat when they are adults is very close io whal they ate when
they werc children and adolescents (Welten er al. 1997). Thus it could be believed
that ‘poor dictary habits’ in families could influence or add to the higher risk of

diabetes in their offspring. This idea is supported by a study carried out by Adamson




et a!._ (2001) who assessed the dietary intake of 149 non-~diabetic relatives and the
same number of age- and sex-matched control subjects with no family history of
diabetes. These authors reported that relatives consumed diets that were more likely
to promote rather than prevent the development of type 2 diabetes as their diets were
higher in total fat, saturated fat and cholesterol and lower in carbohydrate and non-
starch polysaccharide compared with control subjects. However, the researchers who
carried oul this study did not examine the dietary GI or GL of type 2 diabetic

relatives.

Whether the GI or the GL of the habitual diet of high risk individuals such as type 2
diabetic oflfspring could increase the risk of developing the condition is not known,
as [ could find no other study that reported on this. Furthermore, to my knowledge,
there is no published studies cxamining the relationships between habitual GI and
GL, and anthropometric and metabolic risk factors that arc known to be important

for diabetes risk in this vulnerable group.

4.2 Objectives

The objectives of the study were:

® To assess habitual dictary intake, GI, GL and the metabolic risk factors for
CHD and type 2 diabetes,

e To examinc the relationships between habitual dietary intake, GI, GL and
metabolic risk factors in offspring of patients with type 2 diabetes and in

control subjects.
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4.3 - Materials and methods

‘The data used in this study was collected as part of a larger study (Higgins ef al.
2004). It was my idea to look at GI in this study. [ carried out the GI and GL
calculations of the subjects’ habitual dicts and the comparisons and statistical

analysis described in this chapter.

4.3.1. Subjects

Thirty-four healthy volunteers participated in this study; 17 (13 females and 4 males)
were adult ollspring of patients with type 2 diabetes (offspring proup) and 17 were
control subjects {control group). Subjects were individually matched for age (+ 2
years) and gender. Subjects were not matched for fatness or adiposity as a number of
previous studies (Humphriss ef a/. 1997; Ezenwaka ¢f al. 2001; van Dam er of. 2001)
have reported that offspring of patients with type 2 diabetes have greater levels of
adiposity compared with individuals with no family history of diabetes. To take part
in the study, subjects in the offspring proup were required to have at least one parent
diagnosed with type 2 diabetes before the age of 65 years and controi subjects were
required to have no first or second-degree relatives with type 2 diabetes. In addition,
subjects were requircd to be; aged between 20 and 50 years, to have a fasting glucose
less than 7mmol.l”, be healthy, pre-menopausal, not taking medications that affect
lipid or carbohydrate metabolism (apart from oral contraceptives), not pregnant, not
be on any special diet or taking any nutritional supplements. Three offspring subjects
and five subjects in the control group weye smokers. Ten and 11 of the subjects in the
offspring and control groups, respectlively were tuking oral contraceptives at the time

of study. The subjects were all of Northern European extraction. Ethical approval
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was obtained from the Bthics committee at Glasgow Royal Infirmary and subjects

provided written informed consent.

Subjects were recruited through advertisements in the University of Glasgow
newsleller and by poster. Letters were also sent to patients with type 2 diabetes
asking them if their adult daughters or sons would like to participate in the study.

Subjects were mostly university staft, and postgraduate students and nurses.

4.3.2 Experimental Design

Subjects were required to attend a preliminary screening session at the Department
of Human Nutrition at Yorkhill hospital in the fasted state. The subject information
sheet was posted to intercsted volunteers in advance to allow them time to read it
carefully and at the preliminary session, subjects were required to sign the consent
form. At this visit, inclusion criteria were checked, anthropometric measurements
were made, subjects also completed a health history questionnaire, and provided
their contact details. Subjects were provided with a 7 day physical activity diary (the
data on this is not presented here) and detailed instructions on how to complete it.
Subjects were also provided with a 7-day diet diary, a digital food scales and detailed
written and oral instruction on recording their habitual diet. Subjecis were asked to
keep a rvecord of their usual diet for 7 days prior to the subsequent visit. For the
second visit, subjects werc collected in a taxi, after an overnight fast, and brought to
the study room at the Department of Human Nﬁtritlon at Yorkhill or at Glasgow
Royal Infirmary Hospitals, depending on which site was more convenient {o the
subject. Subjects were required to abstain from alcohol and vigorous physical

activity for 24 hours before this visit. At this visit, subjects were required to take part
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in an oral glucose tolerance test. Subjects also had their completed diet and physical

activity diaries checked at this visit,

4.3.3 Anthropometric measurements

Height (m) (Holtain Ltd, Crymych, Dyfed), weight (kg) (SECA scales), waist
circumference (cm), hip circumference (cm) and mid-upper arm circumference (cm)
(MUAC) were measured. Body mass index (BMI) was calculated from weight and
height (weight (kg)/ height (m”)). Body fat was estimated by skinfold thickness. The
skinfold mcasurements were made using calipers (Holtain 1.td. Crymych, UK) which
measure the thickness of a fold of skin with its underlying layer of fat which were
measured at four different siles; biceps; triceps; subscapular; suprailliac. Three
measwrements were taken at each site and averaged, and the sum of the four values
was used to calculate the % body fat of each subject using the cquations of Durnin &

Wormersley (1974).

4.3.4 Dietary assessments

Subjects were asked Lo keep a detailed record of their habitual dietary intake for 7
days (Bingham, 1987) immediately prior to visiting the laboratory [or blood
sampling. Subjects were provided with portable clectronic food scales (Slater
Household Lid, Tonbridge, UK), a food dairy, and oral and written instructions on
how to record their diets, and on correct use of the scales, The completed diet records
were inspected on their return to ensure that they were complete, and that sufficient
detail had been recorded. Subjects were asked keep a record of all foods and drinks
consumed and asked to weigh each food item immediately prior to consumption. The

diet records were analysed for daily encrgy and nutrient intakes using a computerised
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version (Diet 5™ Robert Gordon University, Aberdeen) of the food composition

tables (Holland er al. 1991).

Subjects’ diet records were not included in the statistical analysis if their reported
energy intakes were less than their estimated basal metabolic rate (BMR) multiplied
by 1.1 (under-reporiers) or greater than 2.0 (over-reporters). BMR was estimated
using the Scofield equations (Schofield ef al. 1985). These cut-offs were used as it is
highly unlikely that habitual energy intake would be < 1.1 x BMR or > 2.0 x BMR
(Goldberg et al. 1991). On this basis, one subject was excluded tor under-reporting.
This will explain which there are 17 subjects in the offspring group but only 16

subjects in the conlrof group in the dietary results tables.

4.3,5 Calculation of glycacmic index (GI) and glycemic load {GL)

Subjects kept detailed weighed records of their habitual dietary intakes for seven
days, which in addition (o being analysed for daily energy and nutrient intakes, werc
also used for the estimation of GI and GL. Firstly, the GL of each carbohydrate-
containing food recorded in the diet diary was estimated by multiplying the
carbohydrate content of the scrving of food (obtained from Diet 5) by the GI of that
food item (obtained from the International Table of Glycaemic Index and Glycaemic
Load; Foster-Powell ef al. 2002) divided by 100 (Brand-Miller et ¢f. 2003). The GL
values, calculated in this way, for each carbohydrate-containing food consumed was
surmed to give the GL for seven days, and this value was then divided by seven to
give the daily GL. The daily GI value was then calculated by dividing the daily GL
by the total daily carbohydrate intake (obtained from Diet 5), and by multiplying by

100 (Foster-Powell ef uf. 2002),
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4.3.6 Oral glucose tolerance test (OGTT)

Subjects arrived at the laboratory after an overnight fast (12 h) and were asked to
reftain from alcohol and vigorous physical activity for 24 h before this visit. On
arrival, each subject had a cannula placed in the ante-cubital fossa vein in the non-
dominant arm. Biood samples were taken before and 15, 30, 60, 90, and 120 minutes
after subjects consumed a 75 g oral plucose load (75g glucose dissolved in 250 ml
water). Sterile saline (9g/l NaCl, 5 ml) was used o prevent blood from clolting in the
cannula during the test period. The samples were immediately centrifuged for 10 min

at 3,000 rpm at 4°C and plasma separated and stored at —80°C.

4.3.7 Laboratory analysis

Blood samples were collecied into ethylenediaminetetra acetic (CDTA), sodium
flucride and lithium heparin vacutainers after a 12-hour overnight fast and
immediately placed on wet ice. Plasma was separated by low speed centrifugation
(MSI Leicester, UK) at 3000rpm for 10 minutes at 4°C. Plasma was divided into

aliquots and stored at -70°C until analysis.

All metabolic parameters were measured either at the Department of Pathological
Biochemistry or the Department of Biochemistry at the Glasgow Royal Infirmary
and full details of ecach of the mcthods are given in the methodology chapter
(Chapter 2). I will briefly describe the method here. Plasma samples collected into
EDTA were used for the determination of triaclyglyccrol and total and high-density
lipoprotein (HDL) cholesterol by standard enzymatic colorimetric procedures (Roche

Diagnostic Corporation, Lewes, UK). Low-density lipoprotein (LDL) cholesterol
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concenfrations were calculated using the Friedelwald equation (Friedetwald et gl
1972). Non-eslerified fatty acid (NEIA) concenirations were determined in EDTA
plasma using a standard enzymatic method (Roche Diagnostic Corporation, Lewes,
TJK) Plasma samples collected into sodium fluyoride were analysed for glucose
concentrations using a standard enzymatic method (Roche Diagnostic Corporation,
Lewes, UK). Insulin concentrations were determined in lithium heparin plasma by
the Department of Biochemistry. Analysis of C-reactive protein (CRP) was carried
out in EDTA plasma samples using an in house ELISA (TTighton and Hessian, 1984).
Adiponectin concentrations were also measured in EDTA plasma samples using a

commercially available ELISA (B-Bridge International, Inc. Japan).

The homeostatic model assessment (HOMAR) technique (fasting insulin x fasting
glucose/22.5) was used as a measure of insulin resistance (Matthews ef al. 1985).
Additionally, insulin scnsitivily was cstimated using fasting and oral glucose
tolerance test glucose, insulin and NEFA concentrations using the Belfliore ef af.

(2001) method which has been validated against the euglycemic clamp technique.

4.3.8 Statistical analysis

Data were cxpressed as mcan £ standard deviation (SD). Data was checked for
normality by visual inspection of the histograms in SPSS. Anthropometric data was
[ound to be normally distributed but the dietary and metabolic parameter data were
found not to be normally distributed, Where data was normally distributed, the
student’s independent {-test was used to compare mean values between the groups
and to test for significant differences, Where data was not normally distributed,

differences between the groups were assessed using the non-parametric, Mann
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Whitmey U test. In order io explore relationships between the variables, the non-
parametric Spearman’s correlation coefficient test was used. Chi Square and Fisher
Exact tests (when required) were used for examining associations between
categorical variables. Statistical analysis was performed using SPSS (version 11.0)
and P values were accepted as being statistically significant when they were less than

0.05.
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4.4 Results

4.4.1 Anthropometric Characteristics

Subjects were matched for gender and age (& 2 years), and therefore, no significant
difference in the age of the groups was found or expected. There were no significant
differences in any of the anthropometric measurements between the offspring and
control groups (Table 4.1)

Table 4.1. Anthropometric Characteristics

Offspring Control P

=17 =17

"Mcean SD Mean  SD

Age (years) ’ 327 71 35.1 6.0 0302
Weight (kg) 706 9.6 668 100 0.809
Height (m) 1.7 0.1 1.7 0.1 0270
Body mass index (kg.m %) 25.8 3.3 24.1 3.1 0.137
Body fat (%) 29.8 5.9 27.6 5.9 0.278
Waist circumference (cm) 81.8 9.0 77.7 a8 0.217
Waist to hip ratio 0.8 0.1 0.8 0.1 0.404
Mid upper arm circumference  30.6 2.4 29.0 3.1 0.122
{cm)

* lndependent Student t-fest

The majority (64.7%) of offspring and 35.3% of control subjects were either
overweight or obese (BMI > 25 kg.m™) (P=0.086) (WHO 1998). A significantly
higher proportion of subjects in the offspring group had a BMI > 27.5 kg.m™ (35.3
%) compared with the control group (5.9 %) (£ = (.043, for onc-sided Iisher exact
test) (Table 4.2). This cut-off of 27 kg.m™ was suggesied to be used by Sargeant e
al. (2000). In addition, the prcvalcnce.of high waist circumferences (>80 cm for

women and >94 ¢m for men) (Department of Health 2004) was 17.6% in both
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grou;_)s. No difference in the prevalence of high waist to hip ratio (0.85 or greater for
women and 0.95 or greater in men) (Department of Health, 2004) was obscrved

between the two groups (the prevalence was three of 17 subjects in both groups).

Table 4.2 Proportion of the offspring and control groups with BMT less than and

greater than 25 and 27.5 kg.m'z.

BMI (kg.m"z) Offspring (#=17) Control (#=17) P
n (%) n (%)
<25 6353 11 (64.7) 0.086
(Overweight or obhese) 11 (64.7) 6(35.3)
<275 11 (64.7) 16 (94.1) 0.043
>27.5 6 (35.3) 1 (5.9)

When the anthropometric characlerisitics for the subjects were analysed separately,
female offspring had a significantly higher waist to hip ratio than control subjects (P
= 0.036) (Table 4.3). Waist circumference and body mass index were also higher in
female offspring compared with [emale control subjects, however, the differences
did not quite reach statistical significance (P=0.063 and P—0.083, respectively).
There were no other significant differences in any of the other anthropomtric

variables between female or male offspring and control subjects (Table 4.3).
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Table 4.4. Daily energy and macronutrient intakes in the offspring and control

subjects by weighed diet record

Offspring Control p#
n=17 a=16
Mean  SD  Mean SD

Epergy (keal) 2,124 401 2,112 453 0,857
Encrgy (kJ) 8,887 1,678 8,837 1,895 0.857
Nutrient (g}
Total fat 73.2 217 72.9 11.9 1.00
Saturated fat 273 10.4 25.2 4.7 0.627
Monounsaturated fat 22.6 7.2 24.2 4.5 0.439
Polvunsaturated fat 12.6 4.3 133 43 0.639
Carbohydrute 272.9 60.6 260. | 64.5 0.564
Sugar 105.3 32.4 102.9 36.0 0.517
Starch 148.4 40.7 125.3 22.5 9.044
Non-milk extrinsic sugar 724 30.6 66.4 26.8 0.540
Non-starch
imlysaccharide 15.1 3.5 14.6 6.2 0.705
Protein 35.7 16.0 79.1 211 0.078
Alcohol 14.1 9.0 222 18.1 0.407

* Mann Whitney U test

4.4.2 Dietary Intake

‘There were no significant differcnces in daily cnergy or in absolute amounts of
macronutrients between offspring and control subjects with the exception of starch
intakes, which were signilicantly higher in offspring compared with control subjects
(P=0.044) (Table 4.4). GI and GL valucs were not significantly diffcrent between the

groups (Table 4.5).
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Table 4.5 - Dictary glycaemic index and plycacmic load in the offspring and

control subjects by weighed diei record

Offspring (n=17) Conirul (n=16) P
Mean SD Mean Sp
Glycaemic load 147.0 340 1407 405 0.460
Glyeacmic index 54.0 2.8 54.0 4.9 0.971

* Mann Whitney U test

Table 4.6. Percentage of encrgy intuke from macronutrients in the offspring and

contral subjects by weighed diet record

Offspring Control (n=106) P
{(n=17)
Mean SD Mean  SD

% energy from: o
Total fat 30.3 56 31.0 43 0.601
Saturated fat 11.2 3.0 10.7 1.9 0.614
Monounsaturated fat 9.5 23 10.2 1.5 0.482
Polyunsaturated fat 5.1 1.5 5.6 1.7 0.470
Carbohydrate 48.0 6.5 46.8 5.9 0.418
Sugar 19.1 5.4 18.5 4.1 0.540
Starch 28.1 6.2 24.2 4.2 0.023
Non-milk extrinsic sugar 2.8 43 12.0 4.2 0.692
Protein 16.6 33, 152 2.3 0.227
Alcohol 4.5 2.8 6.3 4.6 0.339

# Mnmi“\h’hitney U {est
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Apart from.the percentage of energy from starch, which was significantly higher (P =
(.023) in the offspring group, therc were no significant differences in the percentage

of energy {rom carbohydrate, fat, protein or alcohol hetween the groups (Table 4.6).

Table 4.7. The proportion of the offspring and control subjects meeting the UK

dietary targets (Scottish Office, 1993)

Nutrient intake Dietary  Offspring  Control P
target n=17 n=16

% Energy from
Carbohydrate =47 58.8 43.7 0.387
Non-milk extrinsic sugar <11 353 43.8 0.619

Starch =37 0 0 -
Sugar: starch ratin <0.66 353 235 0.452
Non-starch  polysaccharides
(®) >18 23.3 (2.5 0.656
% Knergy from

Total fai <33 76.5 56.3 0.218
Saturated fat <10 35.3 37.5 0.895
Monounsaturated fat <12 88.2 87.5 1.000
Polyunsaturated fat <6 . 882 68.8 0.225
Aleohol <35 58.8 50.0 0.611

* Chi square {est

The proportion of subjects meeting the UK dietary targets (Scottish Office, 1993) was
not significantly different between the two groups. However, a low proportion of
subjccts from both groups achieved the dietary targets, and this was especially so for
percentage energy from non-milk cxtrinsic sugars, starch, NSP and saturated fat,
showing that both groups consumed diets that were too high in non-milk extrinsic

sugars and saturated fat and too low in starch and NSP (Table 4.7).
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Table 4.8. Metabolic purameters in offspring and control subjects

Biochemical factnrs Offspring n=17 Control #=17 P
Mean SD Mean Sp

Total cholesterol (mmoal.I™") 4.31 0.83 4,54 0.67 0.367
Triacylglycerol (mmol.I") 1.38 1.21 1.0t 0.35 0.245
VLDL cholesteral (mmol.17) 0.45 0.50 0.25 0.12 0.116
LDL cholesterol {mmol.I'") 2.59 0.72 2.69 0.85 0.710
HDL chelesterol (mmol.I™) 1.27 0.20 1.61 0.45 0.013
LDL; (mmol.I™) 1.32 1.53 1.09 1.07 0.804
Fasting glucose (mmol.I") 5.16 0.59 5.20 0.45 0.844
2 hour glucose (mmol.I"") 6.75 2.20 5.69 1.41 0.121
Fasting insulin (pU.ml") 8.12 5.86 5.02 1.58 0.049
C-reactive protein {mg.]™) 223 2.66 1.37 1.73 0.551
Adiponectin (mg.I") 6.98 3.65 8.16 4.61 0.278
Fasting NEFA (mmol.]") 0.48 0.20 0.51 0.19  0.697
HOMA |k 1.97 1.56 1.16 0.37 8.052
Insulin Sensitivity Index (Glu) 0.84 0.62 0.92 0.54 0.241

Insulin Sensitivity Index (FFA) 1.20 0.77 1.11 0.73 0.478
* Mann Whitney U test .

4.4.3 Metabolic Parameters

'The results show that HDL cholesterol concentrations were significanily lower (2 =

0.011) and fasting insulin concentrations were significantly higher (£ = 0.049) in the
offspring comparcd with control subjcets. HOMAR score was higher in offspring

compared wilh control subjects but the difference did not quite reach to statistical

significance (P = 0.052). There were no significant differences in any other metabolic

parameters measurcd (Table 4.8).
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As there were no significant differences in habitual dietary intake, GT or GL between
offspring and control subjects, the dala for both groups was combinced to look at the
relationships between the dietary parameters and anthropometric characteristics and
metabolic risk factors. Figure 3.1 shows the relationship between dietary GT and waist
circumfercnce in the study subjects. Dietary GI was positively and significantly
correlated with waist circumference, an indicator of centrul obesity. GI was also
significantly correlated with waist: hip ratio ( = 0.43, P = 0.013) but not correlated
with BMI or percentage body fal. GL was not significantly correlated with any of the
anthropometric characteristics. Furthermore, neither dietary GI or GL were

significantly correlated with any of the metabolic risk factors measured,

Table 4.9 Relationships between anthropometric characteristics and some metabolic

risk factors (n = 34)

Waist circumference BMI
{cm) (kg.m™)

r ¥ r P
Total cholesterol (mmol.1™) 0.38 0.025 0.33 0.054
Triacylglycerol (mmol.l™") .63 0.001 0.49 1.003
VLDL cholesterol (mmol.I™) 0.38 0.020 0.42 0.014
LDL cholesterol (mmol.I™) 0.51 0.002 0.36 0.034
HDL cholesterol (mumol.i") -0.69 0.001 -0.49 0.003
LDL; (mmol.1™) 0.54 0.018 0.01 0.977
TC:HDL cholesterol ratio 0.72 0.061 0.58 0.601
C-reactive protein (mg.!I'") 0.21 0.241 0.41 0.013
Adiponcetin (g1 -0.36 0.044 0.08 0.613
Fasting NEFA (mmol.l'l) 0.12 0.510 0.01 0.597
HOMA R 0.52 0.002 0.5G 6,003
Insufin sensitivity index (Glu) -0.39 0.043 ~0.34 0.074
Insulin sensitivity index (NEFA) -0.42 0.026 -0.52 0.004
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Figure 4.10, Relationship between dietary glycaemic index (%6) and waist

11

circumference (cm) (Spearman’s Correlation Coefficient)
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4.4.4 Relationships between anthropometric characteristics and metabolic
parameters
Waist circumference ws positively correlated with fasting lipids, total cholesterol,
triacylglycerol, VLDL and LDL cholesterol, total cholesterol to HDI. cholesterol
ratio, LDL;, and IIOMAR score and negatively correlated with HDL cholesterol,
HDL,; and the insulin sensitivity indices (Table 4.9). BMI was positively correlated
with TAG, VLDL and LDL cholesterol, total to HDL cholesterol ratio, CRP and
HOMA R score and was inversely correlated with the HDT. cholesterol, and the insulin

sengitivity index assess against NEFA (Table 4.9)

HOMAr score was significantly and positively correlated with BMI, waist
circumierence and waist to hip ratio (Table 4,10). while the insulin sensitivity indices
were inversely correlated with waisl circumference, and the insulin sensitivity index
assessed against NIUFA was inversely correlated against BML. HOMAg was
positively correlated with fasting triacylglycerol, LDL cholesterol, total to HII.
cholesterol ratio and C-reactive protein and inversely correlated with HDL cholesterol
concentrations. The insulin sensitivity index assessed against glucose was inversely
correfated with VLDL cholesterol, C-reactive protein and positively correlated with
adiponectin concentrations. The insulin sensitivity index assessed against NEFA was
inversely correlated with fasting triaclyglycerol, VLDL cholesterol and C-reactive

protein (lable 4.10).
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Tuble 4.10.

Relationships between HOMA)r and the insulin sensitivity indices (ISI

GLU, ISI NEFA) with anthropometric characteristics and metabolic

risk factors

HOMAR TST(GLU) IST (NEFA)

1 P t P R P
"BMI (kg.m™) 046  0.007 034  0.074 -053  0.004
Waist {(cm) 0.52 0.002  -0.39 0.043  -0.42 0,026
Waist to hip ratio 0.49 0.003 -0.30 0.057 -0.24 0.212
‘T'otal cholesterol (mmol.1™") 0.30 0.085 -0.15 0.44% -0.27 0.162
Triacylglycerol (mmolI™) 0.48 0.004  -0.36 0.061 -0.55 0.003
VLDL cholesterol (mmol.I') 0.22 0.220 -0.37 (.050 -0.43 0.802
LDL cholesterol (mmol.I") 0.36 0.038 -0.11 {.569 -0.20 0.298
HIL cholesterol (mmol.1™) -{.35 0.041 027 0.158  0.25 0.194
TC:HDL cholesterol ratio 0.41 0.016 -0.23 0.238 -0.31 0.103
Fasting NEFA (mmol.l") -0.14 0.458 0.07 0.716 -0.25 0.200
C-reactive protcin (mg.") 0.41 06019  -0.58 0.002 -0.74 0.001
Adiponectin (mg.{™") 026 0147 053 0.004 037  0.060

In offspring, CRP was positively correlated associated with BMI,

walst

circumference, HOMAR score and fasting triaclyglycerol concentrations and

inversely corrclated with the insulin sensilivity indices. In the control group, CRP was

only correlated with the insulin sensitivity indices (Table 4.11).
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Table 4.11. Relationships  between C-reactive protein with anthropometric
characteristics and metabolic parameters in offspring and control
groups scparatcly

Offspring (n;l" ?-)' Control (s17)

R £ r P

BMI (kg.m™) 0.65 0.005 0.13 0.648
Waist circumference (cm) 0.49 0.046 -0.32 0.239
HOMAR 0.59 0.013 0.02 0.950
Insulin sensitivity index (Glu) -0.60 0.015 -0.87 0.06¢
Insuiin sensitivity index (NEFA) -0.77 0.001 (.65 0.032
Total cholesterol (mmol.l") 0.39 0.126 -0.07 0.795
Triacylglycerol (mmol.I') 0.57 0.017 -0.08 0.775
HDL cholesterol (mmol.1™) -0.31 0.227 0.36 0.183
TC:HDL cholesterol ratio 0.36 0.154 -0.34 0.211
Adiponectin (mg.I™) -0.26 0.309 0.11 0.694
Fasting NEFA (mmol.l™) 0.40 0.130 -0.01 0.974
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4.5 Discussion

The objectives of the study were, first, to assess habitual dietary intake, glycaemic
index (G1), glycaemic load (GL) and metabolic risk factors for CHD and type 2
diabetes, in offspring of patients with type 2 diabetes and in control subjects.
Secondly, to examine the relationships between dietary GI and GL with

anthropomelric characteristics and metabolic risk factors in these subjects.

The main findings of the current study were that there were no differences in habitual
dietary intake, GI or GL belween olfspring and control subjects. Offspring were found
to have greater levels of adiposity with a greater proportion of the otfspring subjects
having a BMI > 27.5 kg.m®. Female offspring were found to have a significantly
higher waist to hip ratio (£ = 0.036), and a higher waist circumference (P = 0.063)
and BMI (P = 0.083) compared with female control subjects. Offspring were found to

be significantly more insulin resistant compared with control subjects wilh

significantly lower HDL cholesterol concentrations (P — 0.011). While dietary GI and
GL were not found to be directly associated with any of thc metabolic parameters
measured in the study, GI was positively correlated with waist circumference (P =
0.039) and waist to hip ratio (P = (0.043), and these measures of adiposity (i.e. waist
circumference and BMI) were significantly correlated with many of the metabolic
parameters measured in the study. Thus, while the glycaemic quality of the diet did
not appear to directly influence metabolic risk factors, the results do support the idea
that they influence metabolic risk factors through their affect on adiposity, and in

particular central adiposity.
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There was no difference in absolute daily energy or macronutrient intakes ('1'able 4.4)
or in the proportion of energy from the main energy providing nutrients (Table 4.6)
between otfspring and control groups. This finding of no significant difference in
dietary intake is in agreement with the results of a study carried out by Johanson ef al.
(2003) but in disagreement with the results of an earlier study by Adamson et al.
{2001). In the present study, and in the study by Johanson ef «l. (2003), babitual
dietary intake was assessed by 7-day weighed intake. In contrast, Adamson e/ al.
(2001) uscd a food frequency questionnaire to assess habitual dietary intake, and the
authors admitted excluding more than half of their subjects (60%) due to suspected
unreliable reporting, suggesting that there may have been a problem with the
questionnaire that they used. Adamson ef @l.’s (2001) findings of ‘less healthy’
habitual diet in relatives of patients with lype 2 diabetes compared with control
subjects led the authors to suggest that “shared dietary habits amongst families could
contribute to increased familial diabetes risk™ We found that dietary intake was
similar between offspring and control subjects and the dietary assessment method that
we used was a more reliable method. Thus, if our results are correct it might be the
case that factors other than family influences on dict may be more important. This
might not be thal surprising since there are many factors that influence diet, including
current trends and fashions in diet and cuisine, intensive advertising by the [ood
industry and large supermarket chains, and also ‘healthy cating’ campaigns by health

promotion groups (Food Standards Agency, 2004),
Dietary GI or GL were not found to be significantly different between ofl8pring and
control subjects, in the present study (Table 4.5.). However, the GI and GL values

reported in the current study (Gl 54 in both offspring and control subjects, GI. 147 in
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offspring and 141 in control subjects, respectively) are similar to values reported in
healthy adult volunteers in the UK (Haji Faraji et af. 2003). o my knowledge, no
other study has reported on the dietary GI or GL of type 2 diabetic offspring, thus,
very little is known regarding these dietary parameters, which have been shown to be

associated with diabetes risk (Salmeron ef af. 1997a and b).

The proportion of subjects in both the offspring and control groups who wete meeting
the UK dietary reference values (Department of Health, 1991), were compared and
were found not to be significantly different (Tabte 4.7). However, a relatively small
proportion of subjects in hoth groups were found to be achieving the dietary targets,
and this was especially so for the percentage energy from starch, non-milk exirinsic
sugars (NMES), NSP and saturated fat, showing that both groups consumed diets that
were too high in NMES and saturated fat and too low in starch and NSP, thus both
groups should try to improve their diet. Furthermore, these dietary characteristics arc
associated with higher levels of insulin resistance, poorer glycaemic conirol and

adverse effects on blood lipids (I1ung et af. 2003).

It has been reported by a number of studies (Perseghin ef al. 1997, Humphriss er al.
1997; Ezenwaka et al. 2001), that offspring of patients with type 2 diabetes have a
metabolic profile compared with the general population. In agrcement with these
findings, the offspring in the present study appeared to have significantly more insulin
resistance with significantly higher fasting insulin (# = 0.049), higher HOMA i scores
(P = 0.052) and significantly lower HDL cholesterol concentrations (# = 0.011). We
also found that a greater proportion of offspring subjects had a BMI above the cut-off

(BMI > 27.5) recommended by (Sargeant e/ al. 2001} and that female offspring had
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higher BMI (# = 0.083) and a greater degree of abdominal obesity (waist to hip ratio
P = 0.036; waist circumfercnce P = 0.063) compared with female confrol subjects,
this ts alsa in agreement with other studies (ITumphriss et al. 1997; Ezenwaka et al.
2001; Vaag et al. 2001). The offspring in this study were found to have many of the
characteristics of the ‘metabolic syndrome’ (i.e. higher BMI and waist circumference,
higher fasting insulin and HOMAj and lower HDL cholesterol concentrations)
(Gibney et al. 2005) compared with individuals with no family history of type 2
diabetes. This is not a new finding and has been reported before (Humphbriss ef al.

1997, Ezenwaka er al. 2001; Vaag et al. 2001),

As habitual dietary intake, GI and GL were found to be similar between offspring and
control groups, I decided to combine the data for both groups, 10 examine the
relationships between the dictary parameters and the anthropometric and metabolic
characteristics measured in the study. Dietary Gl was found to be positively correlated
with waist citcumference (r = 0.36; P = 0.039; Figure 4.1) and waist to hip ratio (» =
0.43; P = 0.013), in that as the as the Gl of thé diet increased, abdominal adiposity
also increased. T was surprised that GL was not found to be significantly associated to

any of the anthropomelric characteristics.

Waist circnmference, which is a measure of abdominal obesity, was found to be
positively correlated with fasting lipids, total cholesterol, triacylglycerol, VLDL and
LDL cholesterol, total cholesterol to HDI. cholestero! ratio, LDL;, and HOMAR score
and negatively correlated with HDL cholesterol, and the insulin sensitivity indices.
BMI was positively cormrelated with triaciyglyceroh VLDL cholesterol, LDL

cholesteroel, total to HDL cholesterol ratic, C-reactive protein and HOMA Rz and was
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inversely correlated with HDL cholesterol concentrations and the insulin sensitivity
index assessed against NEFA. Thus, a higher waist circumference and BMI were
associated with a more adverse metabolic profile (Table 4.9). There are many
dilferent studies thal have reported that increasing adiposity is associated with an
increase in metabolic risk factors that increase risk of CHD and type 2 diabetes

(Grundy, 2004).

Dietary GI and GL were not significantly correlated with any of the metabolic
parameters measured in the study. However, GI was positively correlated with waist
circumference, and waist circumference was significantly associated with most of the
metabolic parameters. These correlations support the idea that the dietary GI could
influence metabolic risk for diabetes through its effects on abdominal adiposity. Of
course, correlations do not prove cause and effect. A randomised control trial would
need to be set up to look at the effect of high and low GI diets on metabolic risk

factors 1o confirm this idea.

In the present study, plasma CRP levels werc not significantly different between
oflspring and control subjects (2.23 vs 1.37 mg.l", NS; Table 4.8). My results do not
agree with the results of a study by Pannacciulli ef af. (2002) who carried out a study
of 162 non-smoking women, and found that women with a family history of type 2
diabetes (n' = 95) had significantly higher CRP plasma Jevels than age- and BMI-
matched contral subject (n = 67; 5.5 vs. 3.5 me ", P =0.012). However, our results
of similar CRP plasma levels in offspring and control subjects are in agreement with a
more recent report by Kriketos et al. (2004) who reported that first-degree relatives of

patients with type 2 diabetes had normal and comparable levels of CRP. Howcever,
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like my study, the numbers in this study (19 first degree relatives and 22 control
subjcets) were telatively small, and the study may not have had adequate statistical

power to detect a statistically significant difference between the two groups.

The relationships between plasma CRP levels and anthropometric and metabolic
parameters were explored in this study (Table 4.11), and interestingly, it was found
that in offspring, CRP was positively correlated with BMI, waist circumference,
HOMA«r and fasting triaclyglycerol concentrations and inversely correlated with the
insulin sensitivity indices, while in control subjects, CRP was only significantly
correlated (inversely) with insulin sensitivity, suggesting the CRP is morc sensitive to
increasing adiposity in people with a family history of type 2 diabetes. Pannacciulli ef
al. (2002) also reported that CRP levels were posilively correlated with BMI, waist
circumference and HOMAR, in a pooled analysis of females with and without a
family history of type 2 diabctes. Similarily, Yudkin et /. (1999) reported in a cross-
sectional study of 107 non-diabetic subjects, that CRP levels were related to insulin
resistance, blood pressure, HDL and fasting triaclygiycerol concentrations. Therefore,
my resulis are in agreement with previous studies (Yudkin ef al. 1999, Pannacciulli et
al, 2001; 2002) which reporled 4 posilive association (possibly mediated by cytokines
produccd by adipose tissue) of BMI, waist and insulin resistance with plasma CRP

concentrations.

In conclusion, in this study, habitual diet, GI or GL were not found to be different
between ollspring and control subjects. Both offspring and control subjecis did not
comply well with the current dietary guidelines and could have improved their diets.

It is importanl for individuals, and especially for oflspring of patients with type 2
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diabetes tohave a healthy diet as a number of recent large intervention studies (Pan ef
al. 1997, Uusitupa e/ al. 2000; Tuomilehto er al. 2001; Knowler et al. 2002) have
shown that improving diet can substantially reduce risk of developing type 2 diabetes
in people who have a high risk. Although my results showed that GI was associated
with measures of abdominal adiposity, [ did not find any significant correlations
between GI and any of the metabolic risk factors. It is possible that GI could influence
metabolic risk factors through an effect on abdominal adiposity, however, my study
did not prove this. The teasons for this could have been that the study was cross-
sectional rather than an intervention study, and also the study may not have had
enough subjects Lo detect significant relationships. This does not mean that GI does
not influence metabolic risk, as therc are many epidemiological studies that have
shown that GI may be important for risk of type 2 diabetes (Salmeron et al. 1997a;

Salmeron et al. 1997b; Frost et al. 1999; Liu et al. 2000; Liu ef o/, 2001).
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Chapter 5
The effect of high and low glycaemic

index diets on metabolic risk factors for

CHD
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5.1  Introduction

Coronary heart disease (CHD) is a leading cause of mortality and morbidity
warldwide (FAQO/WHO, 2003), and is the most common cause of death in the United
Kingdom, being responsible for 22% and 17% of deaths in males and femalcs,
respectively (British Heart Foundation, 2004). Type 2 diabetes is also a major public
health concern and the number of people with the disease is expected to rise from
135 million in 1995 to 3060 million by 2025 (King ef af. 1998). Insulin resistance is
of central importance in the pathogenesis of type 2 diabetes and is also implicated in
the development of risk factors for CHD such as abnormal blood lipid patterns.
Furthermore, suffering from type 2 diabetes is now recognised to be a risk factor for

the development of CHD (Diabeles UK, 2004).

Current trends in health promotion emphasize the importance of reducing dietary fat
intake (Department of Health, 1991; FAOG/WHO, 2003). However, as dietary fat is
reduced, the dietary carbohydrate content of the diet usually increases and the
desired reduction in plasma cholestercl concentration is frequently accompanted by
an elevation of plasma triacylglycerol (TAG) and reduced HDL-cholesterol
concentrations (Mensink & Katan, 1992; Parks & Hellerstein, 2000) that are
associated with an increased risk of CHD and type 2-diabeles. Furthermore, results
from the previous experimental studies presented in this thesis have shown that
increasing carbohydrate intakes (Chapter 3) in postmenopausal women and higher
carbohydrate intakes in healthy relatives of individuals with type 2 diabetes and
control subjects (Chapter 4) are associated with significantly higher TAG

concentrations and lower HDL cholesterol concentrations.
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However, it iy also evident from the literature (Parks & Hellerstein, 2000; Parks,
2002; Hellerstein, 2002) that not all carbohydrates have the same effects on healih,
and whilc some have been shown to have adverse effects on health, especially with
regard to lipid levels, it may be that it is the type of carbohydrate that dictary fal is

replaced with that is the problem.

Traditionally carbohydrates in foods have been classified as ‘simple” or ‘complex’
depending on how many sugars are in the chain. Ilowever, more recently is has been
suggested (Jenkins er ¢f. 1981) that it may be more uscful to describe the effects of
carbolhydrates on health on the basis of their physiological effects, for example, their
ability to raise blood glucose levels, which depend on their constitucnt sugars
(glucose, ftuctose, and galactose), the physical form of the carbohyvdrate (particle
size and degree of hydration), the nature of the starch (amvlose and amylopectin) and
other components of the {ood (dietary {ibre, fat). This classification is referred to as
the glycaemic index (GI) of a food, which is a method of ranking carbohydrate-
containing foods by their blood glucose raising ability (Jenkins e/ a/. 1981). A high
GI food with an equivalent carbohydrate content as a low GI food induces a larger
area under the glucose curve over the postprandial period. Thus, reducing the rate of
carbohydrate absorption by lowering the GI of the diet may have several health
benefits, such as reducced insulin demand, improved blood glucose control and

reduced blood lipid concenirations (Augustin ef af. 2002).

There is increasing evidence that the GI of carbohydrates is impertant in the

prevention of and control ol chronic disease (Brand-Millar, 2002; Frost, 2000; Liu et

al. 2000). There are reports from a number of the large cohort studies that have
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investigated rclationships between the dietary GI and giycaemic load (GL; GT x
carbohydrate content) and risk of chronic diseasc. Results from the Nurses’ Health
study, investigating 75 521 women over a 10-year follow up period, showed that
individuals in the highest GL quintile had a significantly increased risk of CHD (OR:
1.98, 95% CI: 1.41, 2.77) (Liu ef ai. 2000). Data from this study following 75 543
women over a 6 year period showed that individuals in the highest GL quintile had a
significantly increased risk of developing type 2~diabetes (OR: 1.47, 95% CI: 1.16,
1.86) (Salmeron ef af. 19974). No significant association was found between dietary
GL and type 2-diabetes in the Health Professionals Follow-up study, in which 51,
529 men were followed for 6 vears (Salmeron et al. 1997b). However, individuals
who were in the highest quartile for dietary GI had a significantly increased risk

(OR: 1.37, 95% CI: 1.02,1.83) of developing the condition (Salmcron er al. 19975).

In a cross sectional analysis of the Nurses’ Health Study. a strong posi‘tive
alssuciation between GL and fasting plasma TAG levels was observed in
postmenopausal women, with a 0.0284 mmol/L increase in TAG per 25-unit increasc
of GI., along with an inverse relationship with HDL-cholesterol, 0.03 mmol/L
reduction per 25-unit increase in GL (Liu e al. 2001). In a cross-sectional analysis
of the Third National Health and Nuirition Examination Survey and the Survey of
British Adults data, significant inverse relationships between GL and HDL-
cholesterol were observed (Ford & Liu, 2000; Frost ¢f «f. 1999). However, in a
prospective study of elderly men in the Netherlands these associations were not

found (van Dam et af. 2000),
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A recent review of randomised controlled trials involving individuals with at least
one risk factor for CHD by Kelly er al. (2004) reported that that low Gl diets appear
to reduce total cholesterol. In patients with diabetes, intervention studies involving
the consumption of low GI diets have generally been found to improve plasma
glucose and lipid profiles (Brand-Millar e/ al. 2003). However, whether consuming a
diet of low GI is beneficial with regards to the improvement of risk factors for CHD
and type 2 diabetes in the healthy non-diabetic population remains controversial.
There arc very few studies on the effects of low compared with high GI diets in
healthy individuals, however, some of these studies have reported beneficial effects
of a low versus a high GI diet. In the study of Bouche et al. (2002) consumption of a
low GI diet for 5 weecks lowered postprandial glucose, insulin and TAG profiles
compared with the high GT diet. Sloth ef al. (2004) reported reduced LDL cholesterol
concentrations after a 10-week ad libirum low GI diet in overweight healthy subjects.
In a study involving six healthy male subjects, Jenkins er al. (1987) reported
significant reductions in {uctosamine (indicator of blood glucose control), 12-h
blood glucose profile, 24-h C-peptide concentrations {measure of insulin secretion),
and total serum cholesterol concentrations following a low compared with a high GI

diets.

Therefore, it appears that there is some evidence {rom the large cohort studies, cross-
sectional studies and from a limited number of intervention studies that consumption
of a low GI diet could improve metabolic parameters such as blood glucase, insulin

and lipid concentrations and reduce the risk of CHD and type 2 diabctes,
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CRP-and IL-6 are acute inflammatory cytokines, and associated with inereased risk
of CHD (Ridker et al. 2002; Pradhan ¢t al. 2002) and type 2 diabetes {(Hu ef al.
2004), and whose concentrations in the body appear to be related to glycacmic
control. While CRP concentrations are known to be associated with obesity (Visser
et al. 1999), they have also been independently associated with the HOMAR index
(Wallace et al. 2004). In a recently published study conducted in a sample of 1000
middle-aged subjects, CRP levels were positively and independently associated with
fasting glucose levels, indicating that hyperglycaemia may also play an important
role in the regulation of CRP levels. It has also been reported that CRP
concentrations were mote strongly associated with post-challenge glycaemia
compared with fasting glucose levels (Festa ef al. 2002). Similarly, [L-6
concentrations have been shown 1o be associated with insulin sensitivity,
independently of BMI (Fernandez-Real es al. 2001). Furthermore, Esposito ef al.
(2002) showed that elevating glucose levels to 15 mmol/IL for 5 hours while blocking
endogenous insulin release significantly increased inflammatory cytokines (IL-6, [L-

18, TNF-a) in both normal and impaired glucose tolerant (IGT) subjects.

Thus, there appears 10 be a relationship between CRP, IL-6 and hyperglycaemia and
insulin resistance, and it is conceivable that a dict that leads to better glycaemic
control i.e. diets with a lower G could reduce or be associated with lower levels of
CRP and IL-6. I could only find one published report which examined this
hypothesis. Liu ef al. {2002) carried out an analysis on a sub sample of the Women’s
Health Study Cohort and reported a strong statistically positive association between

GL and CRP levels, and the odds ratio for the highest GL quintile compared to the
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lowest was 9.43 (95% CI 1.92, 46.23), suggesting that diets with higher GL are

associated with higher CRDP levels.

Therefore, there appears to be some evidence from the literature that consumption of
a low GI dict could reduce the risk of CHD and type 2 diabetes. Thus, it may be that
the benefits of reducing fat intake (i.e. cholesterol lowering) could be maintained,
and the adverse effects associated with increasing carbohydrate intakes could be
avoided if dietary fat was replaced with carbohydrates of low GI. As we have
discussed, there are very few intervention studies that have been carried out in
healthy individuals and more studies (of both short and long-term) are necded to
answer this question. 1 decided to carry out a short-terin study employing healthy
subjects whereby dictary carbohydrate intake was increased, and the diets consumed

were either of high or Tow GL.
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5.2 Objective

The objective of the study was to examine the influence of high carbohydrate,
isocaloric, high and low GI and Gl. diets for three days on metabolic parameters in
the fasted state including plasma lipids, glucose, insulin, NEFA and inflammatory

markers in healthy male subjects.

It is much more effective from an cconomic and a personal cost perspective to
prevent chronic diseases such as CLID and type 2 diabetes rather than to treat people
who have already developed these conditions. For this reason, it is important to study
the effects of different types of diets that may have a role in protecting against the
development of these diseases in individuals who are healthy as well as those who
already have the conditions or have a high risk. Furthermore, two very recent meta-
analyses by Opperman et of. (2004) and Kelly et al. (2004) have suggested that more
studies on the effects of GI on metabolic risk factors armong healthy young people

free of chronic diseases are needed.

5.3 Mcthodology

In this study, | was involved in the planning of the study and the development of the
intexvention diets, I carried out the dietary (Diet 5) analysis of the subjects’
compliance to the interventions, and I also cartied out the calculations of GI and GL

and subsequent analysis of the data.

189




5.3.1-Study design

A randomised, crossover design was uscd in which subjects followed high
carbohydrate, high and low GI dicts for three days, separated by a washout period of
at least two weeks (Figure 5.1), The design of the study was based on that described
by Koutsari et al. (2000}, in which a short-term (i.e. 3-day) high carbohydrate (68%
of energy from carbohydrate) diet that was shown to have significant effects on a
number of mctabolic parameters. Written consent was given by each of the subjects
who participated in the study and ethical approval awarded by the University of

Glasgow Ethical Committee.

5.3.2 Study cutline

Subjects attended five separate visits to the Human Performance Laboratory, located
in the Kelvin Building, University of Glasgow. During the first visil, subjects were
given wrilten and oral instructions explaining how to complete a 3-day weighed
record of their habitual dict. Digital scalcs and a diary were provided. Subjects also
signed the consent form at this visit. Subjects were randomised to start cither a high
or a low GI diet. At the second visit a fasting blood sample was taken and food for
the first dietary intervention was provided, along with individualised version of the
menu plans shown in figures 5.2 and 5.3, and careful instructions on how to follow
the diet. Anthropometric measurements were also taken during this visit and only
body weight was measured at each subsequent visit. The third visit took place, after
a 12 hour fast, on the morning afier the final day of the first dietary intervention,
during which another fasting blood sample was taken. After the washout period the
subjects attended their fourth visit to the laboratory where a third fasting blood

samplc was taken (washout sample) and food, menu plans and instructions for the
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second dietary intervention was provided. The final visit took place the morning
following the final day of the secondary intcrvention when a final fasting blood
sample was taken. Subjects were instructed not to drink alcohol, change their
activity levels or participate in vigorous exercise over the study period, as these are

factors known to affect blood lipids.
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5.3.3-Subjects

The subjects who participated in this study were fellow students and friends of the
BSc and MSc students who were involved in the study. Fourteen apparently healthy
male subjects participated in the study. Subjects were required to (ulfil the following

inctusion and exclusion eriteria;

Inclusion criteria:

. Healthy,

. Normal body weight (i.c. body mass index ol between 18.5-25 kg/m™)
. Reereationally active (exercising not more than three times per week)
. Not on weight reducing diet/ weight stable for 1 month prior to testing

Exclusion criteria;
. Taking prescribed medications known to influcnce lipid metabolism,
nutritional supplements and following a special diet (e.g. vegetarian)

. Smoking

5.3.4 Anthropometric measurements

Anthropometric measurements were carried out in the fasted state at the end of the
habitual diet-recording period using standard procedures and body weight was
measured in the fasted state at each visit. Height (m) (Stadiometer, Iloltan Ltd.
Crymych) and weight (kg) (SECA scales) were measured and body mass index
(BMI) was calculated using the following formula: BMT = weight (kg)/(height {(n*)).
Waist, hip and mid upper arm circumferences were measured using standard
procedures. Body fat was estimated by skinfold thickness. Three measwrements at
each of four different sites (biceps, triceps, subscapular and supiliac) in the standing

position were taken using callipers (Holtain Ltd. Crymych, UK) and then averaged.
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The sum of the four skinfold thickness measurements were used for body fat

calculation using the equations of Durnin & Wormersley (1974).

5.3.5 Development and design of the high and low glycaemic index diets

Prior to starting the study, a number of students who participated in the study cartied
out a 7-day weighed intake of their habitual diet to determine their approximate daily
cnergy intake. The energy intake of the subjects averaged 2,500 kcal per day and the
energy content of the standard intervention diets shown figures 5.2 and 5.3 were
based on this value. The main high and low Gl foods for the intervention diets were
then selected using the International table of Glycaemic Index and Glycaemic Load
values (Foster-Powell er af. 2002). The low GI foods chosen were porridge,
wholemeal ryc bread, lentil soup, spaghetti (cooked for only 5 minuies) and apple
juice, The high GI foods chosen were wholemeal bread, comflakes, instant mashed
potato and hicozade. Initial drafts of the diets were constructed with these high and
low GI foods and other foods were added to the dict to make them palatable and to
ensure that they would provide adequate energy intake. A substantial amount of time
was required to ensure that the high and low Gl diets contained similar energy,
proportions of energy from carbohydrate, fat and protein, and that the amount of
non-starch polysaccharide was as similar as possible. Supermarket research was then
carried out to make sure that these foods were readily available and could be
purchased within the budget for the study. It was also important the foods contained

in the diet did not require too much preparation or cooking.
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5.3.6 High and low glycaemic index diets

The intervention diets were designed to be iso-energetic, high in carbohydrate
(approximaiely 70% of energy from carbohydrate), low in fat (approximately 17%
energy from fat) and contain equal amounts of dietary fibre, and to differ only in GI
and GL. The nutritional composition of the diets is shown in table 1. Menus of the
standard intervention diets are provided in Figure 5.2 and 5.3, and the major high and
low glycemic foods highlighted in bold. As already mentioned, subjects completed a
3-day diet record of their habitual diet. These diaries were analysed using Diet 5. A
new individually planned diet was created based on the standard diets, but modified
so that it would be iso-energetic with the habitual diet of the subjects. We also could
have predicied the subjects’ energy requirements using the Schofield er af. (1985)
equations to estimate BMR and by adjusting for a moderate level of physical
activity. Using of this method would have avoided the problems associated with
under-reporting. However, we were also able to use the 3-day diet records to

examine the quality of the diet and the G and GL.

5.3.7 Dietary analysis, calcalation of glycéemic index and glycaemic load

Dietary analysis of the habitual and intervention diets was carried out using a
computerised version (Diet 5™ Robert Gordon University, Aberdeen) of the food
composition tables (Holland ef af. 1991). GI values were taken from the International
table of GI and GL values (Koster-Powell ef al. 2002). GI. of individual foods were
calculated by multiplying the amount of carbohydrate, in grams, in each food
(obtained trom Dici 57, Robert Gordon University, Aberdeen) with their respective
GI vatue and dividing by 100. The GI. for each diet was obtained by finding the sum

of each individual GL value. The GI of each diet was caleulated by dividing the GL
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of the diet by the total amount of carbohydrate in the diet (obtained from Diet 5%)

then multiplying by 100,
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Table 5.1 Nutritional Composition of the high and low glycaemic index diets

High GI diet Low Gl diet

Energy (Kcal) 2324 2531
Percentage encrgy from
CHO 69.9 70.7
Fat 17.1 V7.5
Protein 13.0 i1.8
NSP (g) 232 24.5
GI 77 35
GL 358 155

Figure 5.2, High Glycaemic Index Diet

Breaklast
Wholemeal bread (2 slices) with jam (40g) and low fat spread (11g)
Mug tea (260g) with semi-skimmed miltk (10g)
Corn Flakes (55g) with semi skimmed mifk (100g)

Mariing Snack
Apple (150g)

Lunch
ITam sandwich (made with 4 slices wholemeal bread (140g) with low fat spread (28g) and
leun ham (48g)
Glass of lucozade (330g)

[ ——

Adternoon snack
Glass of lucozade (330p)

Evening meal
Glass of lucozade (330g)

Low fat chicken casserole (200g)
Instant potato cooked (240g) with 10g of low [at spread
Peus boiled (65g)

Evening snack
Wholemeal bread (2 slices) with jam (40g) and low fat spread (14p)
Mug tea (260g) with semi-skimmed milk (40g)
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Figure 5.3. Low Glycaemic Index Diet

Breakfast
Gilass apple juoice (330g), Mug tea (260g) with semi-skimmed milk (40g)
Bow! porridge (made with semi-skimmed milk) (300g)
Wholemeal rye bread (2 stices) + low-fat spread (14g)

Morning Snack
Banana (green/under-ripe) (120g), Apple (150g)

Lunch
Ham sandwich (made with rye bread (50g) with low fat spread (14g) and lean ham (48g)
Can lentil soup (400g), apple juice (330g)
Appie (150g)

Aflernoon snack
Banana (green/under-ripe) (120g), Apple (150g)

Evening meal
Spaghetti (boiled foy only 3 minutes) (400g cooked weight)
Pasta sauce (355g), apple juice (330g)
Low fat fruit vogurt (200g)

Evening snack
Wholemeal rye bread (50g) with low fat spread (14g) + 2 slices processed cheese (40g

Glass water

5.3.8 Compliance

The diets were designed to ensure maximum compliance by using foods that were
easy to prepare and involved little cooking. All foodstulls were provided to the
subjects and in many cascs delivered to their homes. Subjects were provided with
individually tailored versions of the menus plans shown in figures 5.2 and 5.3 along
with clear written and oral instructions, and subjects were able to make at any time
by telephone if they had any querics. Subjects were encouraged to follow the
individually tailored menu plans as closely as possible and to note changes, if any,
which werc retwrned to the investigators during the laboratory visit following the

dietary inlervention and analysed using Diet 5™ (Robert Gordon University,
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Aberdeen) to assess reporicd compliance to the prescribed diets, GI and GL of the
actual diets were calculated as already described. I carried out the analysis of

compliance to the diets myself.

5.3.9 Blood sampling

Blood sampling was carried out by my supervisor using a canunula inserted info a
forearm vein. A cannula was used as subjects took part in an exercise irial involving
additional blood sampling after the fasted blood sample was obtained, Fasted blood
samples were takcn into EDTA (2 x 7ml} and lithium heparin (1 x 6éml) vacutainers
and were centrifuged (Mistral 30001, Sanyo Gallenkamp ple, Leicester UK) at 3,000
rpm for 10 min at 4 °C. After separation, plasma was alliquoted into pre-labelled
ependorf tubes that were then stored at -70 °C for analysis later on. EDTA plasma
was uscd for the analysis of plasma lipids, glucose, NEFA, CRP and II.-6, while

lithium heparin plasma was used for the analysis of insulin.

5.3.10 Laboratory analysis

The majority of the laboratory analysis for this study was carried out at the
Department of Pathological Biochemistry (lipids, glucosc, NEFA, CRP) or the
Department of Biochemistry (insulin) at the Glasgow Royal Infirmary. For this
reason only a brief indication of the methods arc provided here and full details of
each of the methods are given in Chapter 2. Interleukin-6 measurements were carried
out at the Department of Human Nutrition and the method is described below.
Plasma samples collected into EDTA were used for determinations of TAG, total
cholesterol, HDL cholesterol, non-esierified fatty acid (NEFA) and glucosc by

standard enzymatic colorimetric procedures {(Roche Diagnostic Corporation, Lewes,
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UK)- Low-density lipoprotein (LDL) cholesterol concentrations were calculated
using the Friedelwald equation (Friedelwald er o/, 1972). Insulin concentrations were
determined from lithivm heparin plasma using an automated analyser technique
(Abbot TMX) and dry slice technology. Analysis of C-reactive protein was carried
out in EDTA plasma samples using an in housc ELISA (Highton & Hessian, 1984).
Finally, trom the fasting insulin and fasting glucose values, the HOMA index was
calculated (fasting insulin x fasting glucose/22.5) and used as a mcasure of insulin

resistance (Matthews et al. 1985).

Interlevkin-6 (IL-6) determination was performed using a quantitative sandwich
enzyme linked immunosorbent assay (ELISA) kit (R&D Systems, Europe Ltd). The
Quantikine High Sensitivity kit was chosen since all our subjects werc healthy
individuals and no extreme values were expected. The analysis was performed at the
Department of Human Nutrition laboratory in Yorkhil hospital by an MSc student
(bimitrios Kessaris), one of my supervisors {Dr Siobhan Higgins) and with the help
of an experienced technician (Alexander Fletcher). The full method is described in

the methodology chapter (Chapter 2),

5.3.11 Statistical analysis

1 carried out a power calculation before starting the study to find out how many
subjects would be needed ta see a statistically significant difference in fasting 1AG
levels. The information for the power calculation was collected in my first study and
I used bascline and week one of the intervention TAG concentrations to Icalculate the
mean difference and the standard deviation of the difference (mean difference = —

0.046; standard deviation of the difference = 0.0529; Power = 80%). The results of
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this_power calculation showed that at least 8 subjects would be needed in the present

study.

As mentioned above, a total of fourteen subjects completed the trial, however nat alj
of these subjccts were included in the statistical analysis and the reasons for that are
given here. The results for one of the subjects were excluded from analysis as this
subject was found to have dyslipidemia according to the cut off values (TAG > 2.26
mmol/L, total cholesterol > 6.22 mmol/L and LDL-cholesterol > 4.14) defined by the
National Cholesterol Fducation Program (NCEP) (2001). Thus, the number of
subjects that I have for the dietary, lipid, glucose, insulin and NEFA results for is
thivtieen. ‘There were two other subjeets for which resnits for CRP and three subjects
for which IL-6 resulls were not analysed and therefore the subject number is 11 for

CRP and 10 for IL.-6.

Data werc expressed as mean * standard deviation (SD) for normally distributed
variables and median and range for non-parametric variables. Data was checked for
normality by inspecting the histograms in SPSS. All variahles apart from CRP and
I1.-6 data were normally distributed. Where data were normally distributed, paired 7-
test was used to compare mean values before and after dietary intervention for
significant differences. Where data was not normally distributed, the comparison was
made using Wilcoxon Signed Ranks test. Statistical analysis was performed using
SPSS (version 11.0) and P values less than 0.05 were considered to be statistically

significant.
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5.4 Results

5.4.1 Subject characteristics

The mean body mass index (BMI) for the group was within the healthy range (20-25
kg.m™), however, three of the thirteen subjects were classified as overweight with a
BMI over 25 kg.m‘2. However, these subjects were not excluded from the study as
their waist circumference (<102 cm ; Janssen ez al. 2004) and percentage body fat
(<25%) were within the acceptable ranges for good health (Ametican Council on

Exercise, 2004} (Table 5.2). Body weight remained constant over each study period.,

Table 3.2. Subject characicrislics at baseline (n=13)

Characteristics Mean SD Min Max
Age (years) 24.2 4.5 19.0 33.0
BMI (kg.m™?) 23.9 2.0 20,2 26.9
Waist circumference (cm) 79.8 5.0 71.4 87.5
Waist to hip ratio 0.84 0.05 0.78 0.94
Body fat (%) 15.0 2.7 10.7 19.2
Mid upper arm 31.0 34 23.0 35.0

circumference {cn)

5.4.2 Daily energy and macronutrient intakes (absolute amounts}

The low and high glycaemic index (GI) intervention diets consumed were
significantly higher in carbohydrates, sugar, non-miik extrinsic sugar, starch, non-
stareh polysaccharides and protein compared with the subjects’ habilual diet. The
intervention diets consumed were significantly lower total fat, polyunsaturated fat
and alcohol compared to the subjects’ habitual diet. The low GI diet was
significantly lower in saturated and monounsaturated fat compared to the subjects
habitual diet. As expected, the GI of the low GI diet was significantly lower that the

habitual diet and the GI of the high GI intervenlion diel was significantly higher
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compared to the subjects habitual diet. The glycentic Ioad (GL) of the high GI diet

was significantly higher that the subjects habitual diet (Table 5.3).

While the high and low GI intervention diets were dcsighed to be similar
nutritionally with exception of GI and GL, the low GI diet consumed was found to
be significantly higher in the intake of sugars (P=0.001) and polyunsaturated fat

(P=0.006) compared to the high GI diet (Table 5.3).

5.4.3 Percentage of energy from the main energy producing macronutrients in
habitual, low and high GI dicts

‘The percentage of energy derived from total fat and each of the different types of fat
and protein in both intervention diets consumed by the subjects was significantly
lower compared with subjects’ habitual diet. The proportion of cnergy [rom
carbohydrates, sugars, non-milk extrinsic sugar, and starch was significantly higher

in both low and high GI diets compared with habitual diet.

There were no differences in percentage of energy from carbohydrates, non-milk
extrinsic sugar, starch, and non-starch polysaccharides between the intervention
dicts. ITowever, the mean percentage of energy from sugar was sigpificantly greater
in the low compared with high GI diet (P=0.001). There was no significant
difference in percentage of energy from total fat, saturated and monounsaturated fat
between low and high GI diets while the percentage of energy from polyunsaturated
fal was significantly lower in the high GI diet compared with the low GI diet
(P=0.011). No significant difference was found in other energy-producing

macronutrients between the two intervention dicts (Table 5.4).
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5.4.4 Fasting plasma lipid concentrations

There were reductions in total cholesterol, HDL cholesterol level and L.
cholesterol following low GI diet (£=0.029, P=0.009 and P=0.058, respectively)
compared with baseline values. After the high GI diet, HDL cholesterol
concentration was also significantly lower than baseline. [lowever, the ratio of total
cholesterol to 11DL cholesterol was significantly higher (7=0.009) aficr the high GI
diet compared with baseline. TAG levels were significantly increased after both the
high and low GI diets compared to bascline. TAG concentrations were significantly
higher after the low GI diet compared with after the high GI diet (P=0.004). There
were no significant differences in any of the other plasma lipids after the intervention

diets (Table 5.5).

54.5 Tasting NEFA, glucose, insulin, HOMAR

There were no significant changes in fasting NEFA, glucose, insulin concentrations
or HOMA score after the low or high GI diets compared with baseline values.
Furthermore, there were po significant differenccs in any of these parameters

between the low and high GI diet interventions (Table 5.6).

5.4.6 Fasting C-reactive protein (CRP) and interleukin-6 (IL-6) concentrations
As the data for IL-6 and CRP were not normally distributed, the median and range
for the data is presented (Table 5.7). The medians for CRP were higher after both the
fow and high GI diets compared with baseline values, however the changes were not
statistically significantly. However, CRP concentrations after the low GI diet were
almost significantly higher (£=0.075) compared with-basc}ine concentrations. When

the individual CRP concentrations were examined, CRI* concentrations were found
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to be higher after either high (6/11) or low (7/11) GI diets in 9 of the 11 subjects

(Figure 5.4),

The medians for IL-6 concentrations were also higher after both the low and high GT
diets compared with baseline values, however the differences were not statistically
significant, When the IL-6 concentrations were examined for cach individual (Figure
5.5), it was found that IL-6 concentrations were higher after either low (5/10) and

high (6/10) in 7 of the 10 subjects for which IL-6 results were available.
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Figure 5.4. Individual C-reactive protein concentrations at baseline, after low and

high GI diets
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Figure 5.5. Individual interleukin-6 concentrations at baseline, after low and high
Gl diets.
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5.5 - Discuassion

The aim of this study was to investigate the short-term effects of two high-
carbohydrate, low-fat high and low glycaemic index (GI) diets on a number of
fasting metabolic parameters using a randomised crossover design in healthy male

subjects.

Reported compliance to the intervention diets showed thal as planned, the low and
high Gl diets were of equal energy content with the habitual diets, and the
intervention diets were significantly higher in carbohydrate (increased [roin 46.9% to
~70% of energy) and lower in fat (reduced from 33.7% to ~17% of energy)
compared with the habitual diets. Furthermore, the GI values of the low (36.2 £ 1.1)
and high (70.0 + 2.7) GI diets consumed were significantly different from that of the
habitual dict (55.9 + 4.4) and were significanily different from each other. The
glycaemic load (GL) of the high GI diets (332.3 + 83.8) consumed were also
significantly higher compared with those of the subjects’ habitual (159.1 *+ 30.8) and
fow GI diets (162.1 £ 18.6). Thus, subject compliance to the prescribed diets in this

study appears to have been very good.

The main findings of the present study were that both high-carbohydrate, low-fat
intervention diets signilicantly increased fasting plasma TAG and significantly
reduced HDL cholesterol concentrations, and the low G diet also reduced total and
LDL cholesterol (almost significant; P == 0.0SS) concentrations. Furthermore, the
increase in fasting plasma TAG was greater after the low GI diet compared with the
high GI diet. There were no significant changes in fasting plasma NEFA, glucose ox

insulin concentrations, or in the HOMA score following either of the inlervention
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diets.. Although no statistically significant changes in either IL-6 or CRP were
observed following either the high or low GI diets, there does appear to be a trend for

both of these high carbohydrate diets to have increased these inflammatory markers.

The increase in fasting plasma TAG and the reduction in HDI. cholesterol
concentrations observed after both of these high-carbohydrate, low-[at intcrveation
diets are consistent with many previous reports (Mensink & Katan, 1992; Parks et al.
1999). This finding is also in agreement with a study of similar design in which
switcling to a high carbohydrate diet (68% of total energy intake) for three days
resulted in an increase in fasting TAG and a reduction in HDL cholesterol

concentration (Koutsari e af. 2000).

The mechanism for the increase in TAG after consumption of a high carbohydrate
dicts is debated but is most likely due to an increase in hcpatic secretion and
synthesis of VLDL-TAG (Blades & Garg, 1995; Mitiendorfer & Sidossis, 2001).
The two mostly likely sources of the fatty acids used for TAG synthesis are believed
to be firstly, fatty acids derived from the plasma non-esterified fatty acid pool, which
in the fasted state, mainly come from adipose lissuc; and, secondly, fatty acids
synthesised from glucose in the liver or de novo lipogenesis (Parks e «l. 2002). It
has also been suggested that a reduction in TAG clearance may occur following a
high-carbohydrate diet, and there are two mechanisms by which TAG clearance
could be effected (Parks e al. 1999). The first is via lipoprotein lipase, an enzyme
that hydrolyses core TAG off circulating chylomicrons and VLDL.. Onc hypothesis
is that increases in insulin after high carbohydrate diet decreases lipoprotein lipase

activity in muscle, leading to decreased TAG clearance. The second mechanism by
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which TAG clearance from plasma is believed to occur is via a receptor mediated
process (which could be down-regulated by a high-carbohydrate diet) in which TAG-
rich lipoproteins are taken up by the liver (Parks et af. 2002). Which of these
mechanisms is most important when high carbohydrate diets cause an elevation in

TAG is not currently known.

Elevated TAG concentrations are associated with lowered HDL cholesterol
concentrations as was found following both intervention dicts in the present study.
Increased TAG concentrations due to an increased carbohydrale intake have been
shown to fead to adverse changes in HDT, and LDL cholesterol via cxcessive transfer
of TAG catalysed by the action of cholesterol ester transfer protein (CETP). The
accumulation of excessive amounts of TAG on HDI. and LDI. leads to the removal
of TAG from these lipoproteins via hepatic lipase resulting in the formation of small,
dense lipoprotein particles (Gibney et af. 2003). In the case of HDL, smaller, more
dense particles are more quickly broken down by the liver leading to reductions in
circulating levels as we observed in the present study. A second explanation for the
lower HDL cholesterol concentrations observed mighl be the reduced need for
cholesterol to be removed out of circulation due to the lower dietary saturated fat
intake of the high-carbohydrate, low-fat intervention diets (Velez-Carrasco et al.
1999). On the other had, small, dense T.DI. remains in circulation for longer as it is
not well recognised by the LDL receptor. Due to its small size and the fact that it
remains in circulation for longer periods than normal, it is better able to penetrate the
endothelium and contribute to the dcvclopment of atherosclerosis (Gibney et agi.

2003).
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The results this study appear to suggest that a high carbohydrate dict of low GI has
more harmful etfects on fasting plasma TAG, shori-term, than a high carbohydrate
diet of high GI, as TAG concentrations were significantly higher after the low GI
diet compared with the high GI diet (P = 0.004). This adverse effect on fasting TAG
after the low GI diet was unexpected. Numerous intervention studies have examined
the effects of dietary GI on TAG in individuals with diabetes under macronutrient-
confrolled condition, and the majority reported that plasma TAG was reduced by a
low GI diet (Ludwig, 2002). However, a recent Cochrane review (Kelly ef al. 2004)
reported no evidence of an effect of a low G1 diet on plasma TAG in individuals with
at least one risk factor for or established CHD. I could find no other study on healthy
subjects of similarly short duration comparing low and high GI diets on plasma
TAG, and studies in which the intervention period was of longer duration (ie. two
weeks or more) have reported ejther no significant differences (Jenkins ef «l. 1987;
although TAG was reduced in five of the six subiects studied) or changes (Sloth ef

al. 2004), or significantly reduced postprandial TAG (Bouche ef al. 2002).

The low GI diet was higher in sugar compared with the high GI diet, and this may be
the reason for the adverse effect on TAG, as sugars have been reporied lo bave a
more adverse effect on TAG than other types of carbohydrate (Parks and Hellerstein,
2000). The amount of sugar calculated (using Diet 5) to be in the low GI diet was
significantly higher (260.4g + 44.0g; P = 0.001) compared with the high GI diet
(177.4g + 39.2¢) (Table 5.3). Therc was approximately an 83g calculated difference
in the amount of sugar between the diets. This seems to be related to the amount of
intrinsic food sugars rather than the non-milk extrinsic sugars (NMES) supplied by

foods such as apple juice, lucozade, pasta sauce or yoghurt. In fact there was no
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difference calculated in the NMES contents of the intervention dicts (140.6 + 24.4
vs. 141.0 + 15.6; NS) (Table 5.3}, The low GI diet in this study contained two
bananas (weighing 240g; 20.9g sugar per 100g banana = 50.2¢ sugar) and two apples
(weighing 300g; 11.8g sugar per 100g apple = 35.4g) more than in the high GI diet,
which seems to have supplied this additional sugar. The food tables show that the
carbohydrate contained in bananas is almost all sugars (Holland ef af. 1991), and in
particular sucrose, galactose and fructose (Forster et al. 2002). Unfortunately 1 did
not carry out a chemical analysis of the intervention diets. Ilowever, Tnglyst &
Cummings (1992) studied the digestion and absomption of the carbohyvdrate in
bananas by feeding ileostomy subjects bananas of different degrees of ripeness. The
authors reported a ten-fold difference in non digestible starch in very ripe and not so
ripe bananas with 37% of the dry weight in the least ripe being non digestible starch
to only 3% of the dry weight in the bananas that were most ripe. Thus, with
progressive ripeness there is a decrease in starch and an increasc in the sugar content
‘of bananas (Ercan ef al. 1993). As the bananas used in the study were green
(therefore under-ripe) they probably contained much more non-digestiblc starch than
sugar. Thus the difference in the sugar contents of the diets may have been over-
estimated, and the low GI diet may only have contained about 35g ot sugar (from the
apples) more than the high GI diet. Thus, it may have been this additional sugar
supplied by the two extra apples that caused the more adverse effect on TAG of the

low GI diet.

In the present study, there was a reduction in total cholesterol (P = 0.029) and LDL
cholesterol (almost significant, P = 0.058) after the low GI diet but not after the high

GI diet. This finding is in agrecment with most previous studies which have show
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that a low GI diet reduces either total or LDL cholesteral or both parameters. Ludwig
(2002) reviewed twelve studies involving diabetic and hyperlipidemic patients, and
reported that in all but one of theses studies, a low GI diet was associated with lower
LDL cholesterol concentrations. In the recent review by Kclly ef of. (2004), a meta-
analysis of pooled data from thirteen studies showed a mean reduction in total
cholesterol of 0.17mmeol/L, P = 0.03 (95% conlidence interval —0.32 to ~0.02) but no
evidence of an effect of low GI diets on LDL cholesteroi. In the studies that have
been carried out on healthy individuals, Jenkins ef ¢/, (1987) reported a reduction in
total cholesterol of 15 £ 3% (P < 0.01) after the low Gl diet. Sloth et al. (2004)
reported a 10% deercase (P < 0.05) in LDL cholesterol and a tendency for a larger
reduction in total cholesterol (P = 0.06) with consumption of the low GI as compared
with the high GI diet. Bouche et af. (2002) reported a tendency for a reduction in
total cholesterol (P = 0.065) as well as apo B (£ = 0.076) afier the low GI
intervention of their study. A reduction of fal intake, cspecially saturated fat intake,
as occurred with both intervention diets in this study, is known to reduce cholesterol
levels. A reduction in saturated fat is believed reduce cholesterol in the circulation by
up-regulating the LDL receptors in the liver to increase the uptake of cholesterol out
of circulation and thus rcducing total plasma levels and that carried by the
lipoprotein fractions (Conor & Conor, 1997, Gibney er af. 2003). However, this
could explain why both intervention diets would have reduced cholesterol not why

the low GI diet only had these effects.

Qur resulls appear to show a trend towards increased levels of inflammatory markers
after both high carbohydrate intervention diets with no clear difference between the

high and low GI interventions. CRP concentrations were non-signiflicantly increased




after-both the low (P=0.075) and high GI diets compared with baseline values, and
individual CRP concentrations higher in 9 of the 11 subjects after the dietary
interventions. Similarly, median IL-6 concentrations were non-significantly
increased after both dicts compared with baseline values, and IL-6 concentrations

were higher in 7 of the 1() subjects.

However, there were a number of factors associated with the design of this study
which may not have made it the most suitable for investigating the effects of these
diets on inflammatory markers. This study was initially designed primarily to
examine the cffcct of the diets on plasma lipids and the power calculation was
carried out using data for TAG concentrations. Ilowever, a power calculation was
carried out retrospectively using the IL-6 data, and this showed that 25 subjects
would have been nccessary to identify significant changes in IL-6. Thus, it is very
likely that the present study did not have the statistical power to see a diffcrence in
inflammatory markers between these two diets. Also, the length of dietary
interventions was bused on the time needed to see a change in plasma lipids, and as
there is no other similar study in the literature, il is not known the length of dietary
intervention that would be optimal, if any, to obscrve a change in inflammatory

markers with high and low Gl diets.

There were no changes in fasting NEFA, glucose or insulin concentrations, or in
HOMA|r observed in the present study. Fasting concentrations of these metabolitcs
are well regulated, and this may be the reason that we were not able to observe any
changes. In addition, the fact that healthy individuals were employed as subjects

made it more difficult to see changes in these metabolites (Parks & Hellerstein,
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20000 llowever, it could be speculated that the changes in fasting lipid
concentrations and the trend towards increases in the inflammatory markers observed
were duc to changes in the day time profiles of these metabolites during the three-
day dietary intervention, For example, increasing the carbohydrate contents of the
diets to approximately 70% encrgy may have resulted in higher day-time profiles of
glucose and insulin, especially on the high GI diet. Unfortunately, we were not able
to measure the day-time profiles of these metabolites at part of the present study,
however, postprandial changes that occwr during high and low GI diets are clearly
shown in a number of other studies (Jenking ef ol 1987, Kiens & Richer, 1996).
Jenkins et al. (1987) rcported that while fasting glucose concentrations were not
different after twelve days on a high Gl diet compared with a low Gl diet, 12-hour
blood glucose profiles were found to be significantly higher. Similarly, in the study
of Kiens & Richer (1996), while morning fasting insulin concentrations were not
different after high and low GI diets, serum insulin concentrations were found to be
significantly lower after the lunch-time meal after three days on a low GI diet

compared with the high GI diet.

There were a number of limitations associated wilh this study. Ideally, I would have
like to have measured lipids not only in the fasted state but also coliected
postprandial blood samples. It is generally agreed ((Zilversmit, 1979; Chen ef al.
1995; Jeppessen ef al. 1995; Frayn ef al. 1997; Frayn,1998a; 1998c¢; Koutsari ef af.
2000; Lemieux ef «/. 2000; Yu and Cooper 2001; Daly 2003; Wolever and Mehling,
2003a; Wolever et al. 2004; Parks ef «f. 2002) that disease risk is better predicted by
a postprandial test, especially in the case of TAG, as most individual are in the

postprandial state for 16~18 h/d and only in the fasted state for about 6 h in the
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middle of the night. Unfortunately, collection of postprandial blood samples was not

possible in this study.

The calculation of GI and the GL of the diets was performed using published
glycaemic index tables (Foster-Powell ef al. 2002) rather than actually measuring the
GI of the foods or meals or diets themselves. In addition, while the tables provided
data for all the foods used in the two intervention trials some of the foods of the
habitual diets of the subjects were missing from the tables. As mentioned above, in
that case GI values of similar foods were used. These factors may have led to
incorrect estimations of the GI and the GL of the diets and for this reason the
difference between the two intervention diets and the habilual diet may not have

heen as great as estimated.

Another limitation of our study is that we used a three day weighed diet record to
assess subjects’ habitual energy intake. Ideally we would have used the doubly
labelled water method to assess habitual energy expenditure, which is recognised as
the more objective measure of habitual energy intake. However, this technique is
expensive and was beyond the scope of this study. However, we could have asked
subjects to record their habitual diets for at least seven days which would have been

more reliable than three days..

In conclusion, the resulls of this study showed a beneficial effect of a low versus a
high GI diet on total and LDL cholesterol conceniration. However, as regards effects
on TAG and IIDL cholesterol, no benefits of a low GI were found, but this was

probably duc to the high carbohydrate content of the diets. Surprisingly, the low GIT
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diet appeared to have a more adverse effect on TAG which may be explained by the
fact that the low GI diet was higher in sugar. Overall, the results suggest that in a
high carbohydrate diet, the total carbohydrate and sugar content of the diet may have
a more important influence on lipids and other metabolic parameters than the
glycaemic index of the diet. That is not {0 say that glycaemic index of the diet is not
important, and there are several epidemiological studies which support a beneficial
effect low GI diets (Salmeron ef al. 1997a; Salmeron er al. 1997b; Frost ef al. 1999;
Liu ef al. 2000; Ford & Liu, 2000; Liu et af. 2001). Furthermore, diets of low GI
tend to be associated with other healthy dietary aitribuies, for example, they tend to
contain more wholegrain, more non-starch polysaccharide, antioxidants and other
micronutrients, and tend to be lower in fat. This was an experimental, mechanistic
type study and future studies should look at the effects of glycaemic index diets in
diets with a more realistic carbohydrate content (50% energy} which would have

more relevance to real life situations and to public health.
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Chapter 6

General discussion and conclusion
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6.1 Introduction

Coronary heart disease (CHD) is leading cause of death and il health worldwide
(FAQ/WHO, 2004), and is the most common cause of mortality m the United
Kingdom (British Heart Foundation, 2004), and it is a particularly serious problem in
Scotland (The Scottish Office, 2000). Type 2 diabetes is also a major public health
concern with the rates of this condition increasing rapidly worldwide (King ef al.
1998), and worryingly the disease has also started to appear in children (Aboderin,
2001). Also, individuals who develop type 2 diabetes have a high risk of developing

CHD (Niskanen ef af. 1998)

Insulin resistance, which is the term given to the situation in which the actions of
mnsulin are blunted in the presence of normal or increased insulin secretion ((ibney
et al. 2005), is a central feature in the development of type 2 diabetes and is now
recognised to play a role in mauy of the risk factors for CHD such as abnormal lipid
levels or dyslipidemia. It is also now recognised that insulin resistance may be the
common link between obesily, impaired glucose tolerance or type 2 diabetes,
dyslipidemia (high LDL cholesterol, low HDL cholesterol, high TAG
concentrations), hypertension and impaired fibrinolysis which together have been

called metabolic syndrome or syndrome X (Reaven ef al. 1996).

Dicl has an important role to piay in the prevention of CHD, type 2 diabetes, the
metabolic syndrome and insulin resistance (Hankey & I.eslie, 2001; Fung ef al.
2001; Joshipura et al. 2001; Hu ef al. 2001b; Poulter, 2003). The most important
aspect of diet seems to be to consume a diet that will provide enocugh energy to

maintain a healthy body weight and avoid overweight. Of course, regular physical




activity Is a very important part of maintaining a healthy body weight. However, as
well as the overall energy intake, the composition of the diet has also been shown to
be important, and current dietary guidelines recommend a reduction in total and
saturated fat intake and increasing carbohydraie intake, cspecially complex
carbohydrates (Department of Health, 1991; Department of Health, 1994,

FAO/WHO, 2003)

However, as dietary fat is reduced and is replaced with carbohydrate, the desired
reduction in LDL cholesterol is often accompanied by abnormal lipid coneentrations
such as an increase in TAG concentrations and a reduction in HDL cholesierol
concentration (Jeppesen et al. 1997; Mensink & Katan, 1992}, which has been shown

to be associated with increased risk of CHD (Austin et al. 1999).

Howcever, not all carbohydrates have the same effects on health (Parks & Hellerstein,
2000) and it may be that carbohydrates that are broken down into their constituent
sugars very quickly and have consequent e(fects on raising blood glucose and insulin
levels are the problem. Giycaemic index (GI) is a physiological measure of the
ability of carbohydrate foods to raise blood glicose levels (Jenkins et al. 1981). A
food with a high GI produces a much larger area under the blood glicose curve after
consumption compared with a low GI food of equivalent carbohydrate content. The
glycaemic load (GI.) is a measure of both the GI and the amount of carbohydrate
contained in a food. Fxampies of foods with low GI include pulses, wholegrain foods
such as rye bread, and porridge; and examplcs of high GI foods include white bread,
mashed potato and cornflakes. When foods with similar amount of carbohydrate are
compared, there is a gap of (up to 10 fold differences) in their glycaemic effects

(Foster-Powell er al. 2002; Brand-Miller & [olt, 2004).




There_is currently much intercst in the concept of GI and in the ability of low Gi
diets to reduce risk of chronic disease. There is ¢vidence available from a number of
large epidemiological studies that have shown that the dietary GI and GL may be
important in the prevention of CHD (Liu ef ¢/, 2000) and type 2 diabetes (Salmeron
et al. 1997a; Salmeron ef al. 1997b) and in the control of risk factors for these
diseascs (Frost ef al. 1999; Ford & Liu, 2000; Liu et ¢/. 2001; Brand-Miller ¢ al.
2003). However, not all studics have shown that GI is important in tisk of chronic

diseasc {van Dam er af. 2000).

Furthermore, it seems that there is no general agreement about the importance of Gi
op human health, nutrition and disease prevention (LLudwig & Fckel 2002). In fact
while a pumber of major organisations (European Association for the Study of
Diabetes, EASD, 2000; Canadian Diabetes Association, 2000; FAQ/WIIG, 2003;
Diabetes UK, 2003) encourage the use of the GI concept, there are also a number of
large organisation who do not accept or encourage the use of Gi in dietary

management (American Heart Association, 2000; Amcrican Diabetes Association

2001).

‘T'he objectives of the studies in this thesis were:

1. To investigate the effcet of advice to increase carbohydrate intake as part of
dietary advice to follow the UK dietary guidelines on some metabolic risk
factors for CHD in healthy free-living postmenopausal women {Chapter 3),

2. To assess habitual dietary intake, GI, GL, anthropometric measurements and

metabolic risk factors for CHD and type 2 diabetes (Chapter 4),
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3._To examine the relationships between Gi, GL and anfhropometric
characteristic and metabolic risk factors in offspring of patients with type 2
diabetes and in control subjects (Chapter 4).

4. To examine the influence of high carbohydrate, isocaloric, bigh and low GI
diets for three days on metabolic parameters in the fasted state in healthy

male subiects (Chapter 5).

6.2 Summary of findings

6.2.1. Study io investigate the effect of advice to increase carbohydrate intake as
part of dietary advice to follow the UK dietary guidelines or metabelic risk

Jactors for CHD in healthy free-living postmenopausal women

After the menopause, women lose the protective effects that the reproductive
hormones have on lipid metabolism, and their risk of CHD is incrcased (Rich-
Edwards ef al. 1995; Jeppesen et al. 1997). There are no speeific dietary guidelines
for the prevention of CHD for postmenopansal women, and the role of diet and in
particular, carbohydrate intake has not been well studied in this vulnerable group. In
this study, effect of increasing carbohydrate intake, with emphasis on starch, as part
of dietary advice to follow the current dietary guidclines on some metabolic risk

factors for CHD was examined in a group of postmenopausal woimen.
The main finding of this study showed that there was a significant reduction in body
mass index (BM1) afler the four-week intervention. Subjects appear to have followed

the dietary advice given as they reporied significantly reducing their total daily
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energy, fat and non-milk extrinsic sugar (NMES) intake, and significantly increasing
their total carbohydrate, starch and non-starch polysacchacide (NSP) intake. Subjects
also significantly increased their dietary Gl and GI. during the intervention. There
was an adverse effect on fasting plasma lipids including an increase in fasting TAG,
and a decreasc in HDL cholestero] concentrations. A number of correlations were
carried out, and they showed a protective effect of complex carbohydrates and starch
and an advers¢ effect of simple sugars on fasting plasma lipid concentrations.
Subjects reported increasing their consumption of firuit and vegetables, and there was
a significant increase in the ‘antioxidant power” of plasma as mecasured by IFRAP.

This appears to have mostly been associated with an increase in fruit intake.

The dietary intervention was associated with a significant reduction in BMI, and this
was likely to be due to the fact that the subjects reduced their energy intake as a
result of following advice to reduce fat intake. However, even though subjects were
asked not to change their lifestyle or physical activity levels (other than diet) during
the study, activity jevels were not measured or recorded, therefore it is not definite
that the observed reduction in BMI was n(;t duc to an increase in physical activity.
The advice to increase carbohydrate intake was also associated with significant
increases in dietary GI and GE, which from the literature would be associated with
mereased risk of CHD (Liu er af. 2000) and type 2 diabetes {Salmeron et al. 1997a
and b) and a worsening of metabolic risk factors (Frost et . 1999; Foxd & Liu;
2000; Liu ef al. 2001) for these diseases. The advice given in this intervention study
was associated with adverse effects on TAG and HDL cholesterol, however, the
advice to increase fruit and vegetable intake appears to have had a positive effects on

the ‘antioxidant power’ of plasma. In conclusion, although the dietary advice given
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to these women appearcd o have some important positive effects on health, namely
on weight loss and on the ‘antioxidant power” of plasma, adverse effect on plasma
lipids were also observed. Thus, the findings of the present study show that more
research is needed to develop more appropriate dietary advice for reducing not only

some but all aspects of risk of CHD in postmenopausal women.

In this study, it was seen from the correlations that were carried out that simple
sugars appeared to have a more adverse effect on plasma Iipids than starch. Due to
this finding, it was decided that it would be very interesting to look at rclationships
betwcen GI, which is a physiological measure of the blood glucose raising ability of
carbohydrate containing foods which might reveal the real cflects of carbohydrates
on plasma lipids and other metabolic risk factors in data that had already been

coltected on offspring of patients of type 2 diabetes and control subjects.

6.2.2. Relationships between dietary glycaemic index and metabolic parameters in

offspring of patients with type 2 diabetes and condrol subjects.

Type 2 diabetes is a major public health concern as it increases risk of CHD and
other complications and iis rates are increasing worldwide. Offspring of patients with
type 2 diabeles have an increased risk of developing the condition, and this is
thought to be due to both genetic and lifestyle factors such as diet and physical
activity. Tmproving diets has been shown in a number of large intervention studies
(Pan er af. 1997, Uusitupa ef al. 2000; Tuomilehto et af. 2001; Knowler et al. 2002)
to substantially reducc the risk of developing typc 2 diabetes in high risk groups.

Furthermore, a number of cohort studies (Salmeron er al. 1997a; Salmeron ef al.
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1997b) have shown that diets with low GI and GL may be protective against the

developiment of type 2 diabetes.

The main findings of this case conirol study on offspring of patients of type 2
diabetes (offspring) and control subjects showed that there were no differences in
habilnal dictary intake, GI or GL between the groups. Only a small proportion of the
offspring and countrol subjects followed the dietary guidclines. A number of recent
large intervention studies (Pan er al. 1997; Uusitupa et al. 2000; Tuomilehto et al.
2001; Knowler ef al. 2002) have shown that improving dict can substantially reduce
risk of developing type 2 diabetes in people who have a high risk. However, the
offspring subjects in this study did not secem to be aware of their higher risk of
developing diabetes, as they were not found to be following a healthier diet than the
conirol subjects. Offspring were found to have greater levels of adiposity with a
greater proportion of the offspring subjects having a BMI > 27.5 kg.nt'. Female
offspring were found to have a significantly higher waist to hip ratio (# = (.036), and
a higher waist circumference (P = 0.063) and BMI (# = 0.083) compared with
female control subjects. Offspring were found to have a poorer metabolic profile and
appeared to be significantly more insulin resistant compared with control subjects
with significantly higher fasting insulin (£ = 0.049) and higher HOMA (f” = 0.052),

and significantly lower HDL cholesterol concentrations (£ = 0.011).

A mumber of correlations were carried outto study relationships between the
glycaemic quality of the diet and anihropometric characteristics and metabolic risk
factors. Dietary GI and GL were not found to be directly associated with any of the
metabolic parameters measured in the study, but Gl was positively correlated with

waist circumference (P = 0.039) and waist to hip ratio (£ = (1.043), and these
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measures of adiposity (l.e. waist citcumference and BMI) were significantly
cotrelated with many of the metabolic parameters measured i the study. Thus, while
the glycaemic quality of the diet did not appear to direetly influence metaholic risk
factors, the results do support the idea that they influence metabolic risk factors
through their affect on adiposity, and in particular central adiposity. Of course this
study was not able to show this for certain. In support of these findings therc are
many large epidemiological studies (Salmeron et al. 1997a; Salmeron ef al. 1997b;
Frost ef al. 1999; Liu er al. 2000; Liu e al. 2001) that have shown that GI may be

important for risk of type 2 diabetes.

Thus, this cross-sectional study provided somc idea that the glycaemic quality of the
dict could have an effect on metabolic risk factors, which is supported by
epidemiological studies. There were very few intervention studies that had been
carried out in healthy individuals, of either short or longer-term. 1t was decided that
it would be intcresting to scc if the benefits of reducing fat intake (i.¢c. cholesterol
lowering) could be maintained, and the adverse effects associated with. inereasing
carbohydrate intakes (increasing TAG and reducing HDL cholesterol) that were
observed in the first study on postmenopausal women, could be avoided if dietary fat
was replaced with carbohydrates of low GI. For this reason, it was decided to carry
out a high and low GI intervention study on healthy individuals using a high-
carbohydrate, short-term study model (Koutsari ef /. 2000), which had been shown

to be a good model for studying cffects on plasma lipids.
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6.2.3._ The influence of high carbohydrate, isocaloric, high and low GI diets for 3

days on metabolic parameters in the fasted state in healthy male subjects.

This was a randomised, cross-over study in which subjects recorded their habitual
diet and had a bascline blood sample taken and then followed high carboliydrate,
high and low GI diets for three days with a washout period between. The results of
the study showed that the low GI dict had some beneficial effects in that it reduced
total and LDL cholesterol. Both high and low GI diets had adverse effects on TAG
and HDL cholesterol concentrations but this was probably due to the fact that the
diets were very high in carbohydrate (70% coergy intake) as high carbohydrate diets
have been shown to have this effect in many other studies. TAG concentrations were
found to be higher after the low GI diet, which was surprising, as studies in the
literature have generally reported that low GI diets either have no eifect or reduce
TAG concentrations. In this study, this could possibly be explained by the fact that
the low GI diet was higher in sugars compared with the high GI diet, and it has been
reported that sugars have an adverse effect on plasma lipids (Parks & Hellerstein,
2000). These resuits are interesting and suggest that the overall carbohydraie and
sugar content of the diet have a more important influence on plasma lipids and other
metabolic parameters thau the glycacmic quality of the diet. Of cowrse, it should be
temembered that the intervention diet used in this study was high in carbohydrate
and for this reason, these results may not be applicable to the general population who
would probably not have this much carbohydrate in their diet. Many studies have
shown bLeneficial effect of low GI diets (Salmeron ef «f. 1997a; Salmeron et al.
1997b; Frost ef al. 1999; Liu et al. 2000; Ford & Liu, 2000; Liu ef af. 2001). Also,
diets of low GI tend have other healthy characteristics, for example, they tend to

contain more non-starch polysaccharide, antioxidants and other micronuirients, and
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tend to be lower in fat. All of these dictary aspects have been shown to have
protective health effects. Finally, it should be rcmembered that his was an
experimental, mcchanistic type study and future studies should look at the effects of
glycaemic index diets in diets with a more realistic carbohydrate conient (50%

cnergy) which would have more relevance to real life situations and to public health.

Before concluding this thesis, u few methodological points will be considered. First,
it would have been better to assess lipids in the postprandial as well as the fasted
state. It is generally agreed (Zilversmit, 1979; Parks ef al. 2002) that disease risk 1s
better predicted by a postprandial test, especially in the case of TAG, as most
individual are in the postprandial state for 16-18 h/d and only in the fasted state for
aboul 6 h in the middle of the night. Unfortunately, collection of postprandial blood

samples was not possible in thiy study.

An important issue when studying the Gl and GI. is that the calculation of GI and the
GL of the diets was performed using published glycaemic index tables {Foster-
Powell ef ai. 2002) rather than actually measuring the GI of the foods or meals or
diets themselves. Throughout the world there are just 15 laboratories that have been
approved to measure that actual GI of the foods (Foster-Powell ef of. 2002). This is
a very difficult issue when considering the many variations in foods, food
composition and food preparation all of which may affect digestibility and glycaemic
response, 1t would be impossible 1o measure GI directly for cach food in a study, but
if GI and GI. are to be used for scientific research then much more comprehensive
tables are needed to cover the huge ravge of foods and country specific data may be

necded.
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Each of the studies in this thesis involved dietary assessment methods and there are
well known errors associated with these methods including reporting crror,
difficultly in assessing real habitual diet, errors associated with using the food tables.
It must be admilied that the use of the cut-offs for exclusion of under and over-
reporters are limited and imperfect as they only exclude individuals who have
reported biologically implausible energy ntakes and do not identify individuals who
mis-repott {o a lesser degree. The methods for dealing with these are described in the

relevant chapters.

6.3 Conclusion

In both the intervention studics described in my thesis, adversc effects of increasing
carbohydrate intakes on plasma lipids were found. In the first study, healthy free-
living postmencpausal women were simply advised to increase their carbohydrate
intake to the level recommended by the current dictary guidelines (50-55% energy)
{Chapter 3). The second was an experimcntal, more mechanistic type, high
carbohydrate (70% energy) intervention study in which healthy male subjects were
provided with all the foods and give detailed instructions on diet (Chapter 5). The
adverse cffects on plasma lipids include an increase in TAG and a reduction in HDI.
cholesterol concentration, and are associated with in increased risk of CHI? (Austin
et al. 1999), In my third study (Chapter 5), even when subjects were advised to
increage carbohydrate intake and the carbohydrate food were low G, adverse effects
on these lipid parameters were stitl observed. Thus, it seems that increasing
carbohydrate intake even if the carbohydrate is low GI still has adverse effects on
plasma lipids. Of course, the particular characteristics of the low GI diet used in our

study, which was high in carbohydrate and sugar may cxplain this.
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While_therc are many cpidemiological studies that have reported protective effects of
low GI diets on risk of CHD and type 2 diabetes and thcse have been referred to
numerous times in this thesis, in fact very few intervention studies have been carricd
out looking at the effect of GI on metabolic risk factors in healthy individuals, Two
mcta-analyses on the effects on health effects of GI have recently been published,
one on mainly diabetic individuals (Opperman ef al. 2004) showing that low GIT diets
significantly reduced indicators of glycaemic conirol, total and LDL cholesterol but
no significant effects on HDI. cholesterol or TAG were reported. The other on
individuals with at least one risk factor for CHD (Kelly et af. 2004) reported weak
evidence of an effect of low GI diets on total cholesterol but no evidence of an effect

on LDL or HDL cholesterol, TAG, fasting glucose or insulin levels.

Gl is a measure of the blood glucose raising ability of carbohydrate foods and in
general low GI diets are made up of carbohydrate foods that release glucose slowly
into the blood strcam. It is by this mechanism that it is hypothesised that low GT diets
would have a beneficial effect on glycaemic control, blood, lipids and other
metabolic parameicrs. However, one problem with GI is that foods that are high in
fructose such as ripe sweet [uit and foods sweetened with high fructose corn syrup
have low Gl values. This ts because fiuctose does not have the same effect on raising
blood glucose and stimulating insulin secretion and causes a smaller blood
postprandial insulin secretion compared with glucose containing foods (Elliott et al.
2002). However, the problem is thai fructose still does have adverse effects on TAG
levels (Jeppessen et al. 1995). Thus, this issue may be a major problem with the vsc
of GI and for this reason, it may be better to go back to the idea of advising people to
eat morc slowly digestible carbohydrates, for example beans pulses and whole

grains, rather than low GI dicts which could still contain a lot of fructose-containing
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foods which may mask the positive effects of the low GI diet on lipids and especially

TAG.

If we are to give beneficial dietary advice to the general public then we nced to give
advice based on good seience and using good communication. Most people do not
understand which foods are high in sugar but have a low GI and, as seen in study
one, the responsc to advice to increase carbohydrate intake often resulted in
increascd sugars. We need to do more research to find develop better and more
specific dietary guidelines and to educate the public so they can use them

appropriately.
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