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Abstract 

Principal aims were to investigate long-term outcomes from T2DM and IGT screening, 

examine morphological and biochemical phenotypes of screened subjects, comparing White 

Europeans (WE) with South Asians (SA), and emerging therapies including basal insulin 

analogues in T1DM and meglitinides in T2DM and their place in management. 

Following adjustment for age, sex and ethnicity, no significant difference in mortality, 

microvascular or macrovascular outcomes were detected between known and screened 

T2DM after ten years. Findings were limited by few events and relatively short follow-up. 

These data may be useful in power calculations for longer randomised controlled trials. 

Body fat is higher in SA than WE for given BMI and increases with worsening glucose 

tolerance. Bioelectrical impedance analysis and skinfold thickness are less sensitive and 

specific with increasing body fat regardless of ethnicity, and gender. Ethnicity and BMI, but 

not age, predict total and abdominal fat using DEXA scanning. 

After adjustment for age, BMI, WHR, gender, smoking and drug history, no differences 

between SA and WE for adiponectin and resistin were detected. Leptin is predicted by age, 

gender and smoking in WE but only gender in SA. BMI predicts hsCRP in both groups 

while age and smoking predicts TNFa in SA. Longitudinal cohort studies are needed to 

determine impact of interventions on risk markers in different ethnic groups. 



Insulin glargine results in a small but significant glycaemic improvement without 

significantly increased hypoglycaemia, weight gain or reduced patient satisfaction when 

used in a basal bolus regimen with aspart compared with NPH insulin in T1DM. 

In a six-month randomised study, four different dual oral combinations including 

nateglinide, pioglitazone, metformin and gliclazide, in early T2DM result in significant 

glycaemic improvement without increasing hypoglycaemia or patient dissatisfaction with no 

significant differences between groups. Longer RCT are required to determine how duration 

of glycaemic improvement with each combination. 



CONTENTS 

Page No. 

CONTENTS 4 

ACKNOWLEDGEMENTS 8 

LIST OF TABLES 9 

LIST OF ILLUSTRATIONS 12 

ABBREVIATIONS 14 

SUMMARY 15 

CHAPTER ONE: INTRODUCTION 19 

1: 1 General Aims 20 

1: 2 South Asian Population in the United Kingdom 24 

1: 3 New and Emerging Therapies in Types 1 and 2 Diabetes 29 

1: 3: 1 Glargine 29 

1: 3: 2 Meglitinides 31 

CHAPTER TWO: LONG TERM OUTCOMES 33 

OF SCREENING FOR DIABETES MELLITUS 

AND IMPAIRED GLUCOSE TOLERANCE 

2: 1 Introduction 34 

2: 2 Key Research Questions 42 

2: 3 Patients and Methods 43 

2: 4 Statistical Analyses 46 

2: 5 Results 48 

2: 6 Discussion 53 

2: 7 Conclusion 57 

4 



CHAPTER THREE: PHENOTYPE OF SUBJECTS WITH 

SCREEN-DETECTED DIABETES 

Body Fat Composition 58 

3: 1 Introduction 59 

3: 2 Key Research Questions 66 

3: 3 Subjects and Methods 67 
3: 4 Statistical Analyses 69 

3: 5 Results 71 
3: 6 Discussion 82 

3: 7 Conclusion 86 

CHAPTER FOUR: PHENOTYPE OF SUBJECTS WITH 

SCREEN-DETECTED DIABETES 

Circulating Risk Markers and Glucose Tolerance 87 

4: 1 Introduction 88 

4: 2 Key Research Questions 101 

4: 3 Subjects and Methods 102 
4: 4 Statistical Analyses 103 

4: 5 Results 104 
4: 6 Discussion 117 

4: 7 Conclusion 123 

CHAPTER FIVE: PHENOTYPE OF SUBJECTS WITH 

SCREEN-DETECTED DIABETES 

Circulating Risk Markers and Metabolic Syndrome 124 

5.1 Introduction 125 

5.2 Key Research Questions 128 

5.3 Subjects and Methods 129 

5.4 Results 111 
5.5 Discussion 136 

5.6 Conclusion 139 

5 



CHAPTER SIX: EMERGING THERAPIES IN TYPE 1 AND 140 

TYPE 2 DIABETES 

6: 1 Glargine therapy in Type 1 Diabetes 141 

6: 2 Meglitinides in Type 2 Diabetes 148 

CHAPTER SEVEN: GLARGINE VS INSULATARD: COMPARISON 165 

OF A BASAL BOLUS REGIMEN WITH MEAL-TIME ASPART IN 

TYPE 1 DIABETES (GLASS STUDY) 

7.1 Introduction 166 

7: 2 Key Research Questions 168 

7: 3 Patients and Methods 169 

7: 4 Statistical Analysis 172 

7: 5 Results 174 

7: 6 Discussion 179 

7: 7 Conclusion 183 

CHAPTER EIGHT: PIOGLITAZONE IN COMBINATION WITH 188 

NATEGLINIDE IN CARE OF TYPE 2 DIABETES (PICNIC STUDY) 

8.1 Introduction 189 

8: 2 Key Research Questions 190 

8: 3 Patients and Methods 191 

8: 4 Statistical Analysis 196 

8: 5 Results 197 

8: 6 Discussion 210 

8: 7 Conclusion 212 

6 



CHAPTER NINE: DISCUSSION AND ISSUES FOR 213 

FUTURE RESEARCH 

9: 1 Introduction 214 

9.2 Areas for Further Research 215 

9.3 Final Conclusion 224 

REFERENCES 225 

PUBLICATIONS ARISING FROM THIS THESIS 255 

APPENDICES 

i. Patient Satisfaction Questionnaires 

ii. Patient Information Leaflets 

iii. Consent Forms 

iv. Titration Algorithms 

7 



ACKNOWLEDGEMENTS 

This thesis incorporates a body of work I planned and conducted over four years. All the 

studies reported were fully under my supervision. However I would like to acknowledge 

the help and support of the following individuals. 

The completion of this thesis would not have been possible without the invaluable support 

of my esteemed and learned supervisors Prof Melanie Davies and Prof Kamlesh Khunti. I 

shall always be grateful for their positive feedback and encouragement at all stages of the 

research process. I would also like to thank everyone in the Diabetes Research Team 

within the University Hospitals of Leicester for their constant hard work and unfailing 

enthusiasm. I am grateful for the statistical support provided by Dr Nick Taub of the 

Trent Institute and by Mrs Caroline Whatley-Smith. My fellow research colleagues, 

especially Dr Jennifer Tringham, played a major role in maintaining my morale 

throughout. 

My research colleagues, in particular Dr Nancy Fernando Da Silva, at the Institute of 

Diabetes and Metabolism, Warwick Medical School, patiently taught me complex 

laboratory techniques for which I am very grateful. I would also like to acknowledge the 

help of Mr Neil Raymond and Dr Hanna Blackledge in the collection and analysis of the 

Long Term Outcomes data. I am grateful to Prof Ranjan Yajnik from Pune, India who 

along with his research team gave me advice and taught me methods of measuring body 

composition. 

Finally I am indebted especially to all the patients who participated in the studies described 

in this thesis as without them this research would not have been possible. 

8 



LIST OF TABLES 
Page No. 

TABLE 2: 1 Baseline Characteristics of Study Population 50 

TABLE 2: 2 Outcome Events by Group 51 

TABLE 2: 3 Outcome Analyses for All Cause Mortality and 52 

Myocardial Infarction 

TABLE 3: 1 Baseline Characteristics of Study Population for Skinfold 75 

Measurements and Bioelectrical Impedance Analysis 

TABLE 3: 2 Baseline Characteristics of Diabetic Study Population 76 

undergoing DEXA Scanning 

TABLE 3: 3 Multiple Linear Regression of Total Body Fat Percentage 77 

using DEXA Scanning 

TABLE 3: 4 Multiple Linear Regression of Abdominal Fat Percentage 77 

using DEXA Scanning 

TABLE 3: 5 Correlation between Measurement Methods for Body Fat 78 

Composition in Male Subjects Screened for Diabetes 

TABLE 3: 6 Correlation between Measurement Methods for Body Fat 79 

Composition in Female Subjects Screened for Diabetes 

TABLE 4: 1 Key Associations of Risk Markers in South Asian Population 100 

in UK and Globally 

TABLE 4: 2 Baseline Characteristics of Male Subjects 106 

TABLE 4: 3 Baseline Characteristics of Female Subjects 107 

9 



TABLE 4: 4 Concentrations of Circulating Risk Markers in Males 108 

TABLE 4: 5 Concentrations of Circulating Risk Markers in Females 109 

TABLE 4: 6 Multiple Linear Regression of Leptin 110 

TABLE 4: 7 Multiple Linear Regression of Adiponectin 111 

TABLE 4: 8 Multiple Linear Regression of Resistin 112 

TABLE 4: 9 Multiple Linear Regression of TNFa 113 

TABLE 4: 10 Multiple Linear Regression of HsCRP 114 

TABLE 5: 1 Major Definitions for Diagnosis of Metabolic Syndrome 127 

TABLE 5: 2 Baseline Characteristics of Subjects with and without 131 

Metabolic Syndrome using IDF Definition 

TABLE 5: 3 Baseline Characteristics of Subjects with and without 131 

Metabolic Syndrome using NCEP Definition 

TABLE 5: 4 Baseline Characteristics of Subjects with and without 132 

Metabolic Syndrome using WHO Definition 

TABLE 5: 5 Correlations of Markers with Different Definitions for 133 

Metabolic Syndrome 

TABLE 5: 6 Differences in Risk Markers between SA and WE with 135 

and without Metabolic Syndrome 

TABLE 6: 1 Association between Post-prandial Glucose Values and the 152 

Risk of Cardiovascular Heart Disease across the Spectrum 

of Glucose Tolerance 

TABLE 7: 1 Baseline Characteristics of GLASS Population 186 

10 



TABLE 7: 2 Summary of Treatment Differences in GLASS 187 

TABLE 8: 1 PICNIC Study Visit Schedule 193 

TABLE 8: 2 Baseline Characteristics of PICNIC Study Population 200 

TABLE 8: 3 Change in HbAlc after Six Months' Treatment with each 201 

Dual Combination of Oral Hypoglycaemic Agents 

TABLE 8: 4 Change in Weight during PICNIC Study 202 

TABLE 8: 5 Frequency of Hypoglycaemia with each Drug Combination 204 

During Study 

TABLE 8: 6 Patient Satisfaction using DTSQ 205 

TABLE 8: 7 Patient Satisfaction using ADDQoL Questionnaire 206 

11 



LIST OF ILLUSTRATIONS 

Page No. 

FIGURE 2: 1 Screening Outcomes from the Leicestershire 44 

Diabetes Screening Study 

FIGURE 3: 1 Body Fat Percentage in Subjects with Screen-detected 80 

T2DM using Three Different Methods of Measurement 

FIGURE 3: 2 Bland and Altman Plot of BF% Differences between DEXA 81 

and Bioelectrical Impedance Analysis 

FIGURE 3: 3 Bland and Altman Plot of BF% Differences between DEXA 81 

and Skinfolds 

FIGURE 4: 1 The Role of Activated Innate Immunity as the Antecedent 89 

of Type 2 Diabetes and Atherosclerosis 

FIGURE 4: 2 Proteins derived from Adipose Tissue 95 

FIGURE 4: 3 Concentrations of Resistin, Adiponectin and Leptin 115 

According to Glucose Tolerance and Ethnicity 

FIGURE 4: 4 Concentrations of hsCRP and TNFa according to Glucose 116 

Tolerance and Ethnicity 

FIGURE 5: 1 Prevalence of Metabolic Syndrome according to Definition in 134 

White European and South Asian Subjects 

FIGURE 6: 1 UKPDS Extrapolation of the Time of Deterioration of ß Cell 149 

Dysfunction 

FIGURE 7: 1 Schematic Diagram of Study Design for GLASS 184 

FIGURE 7: 2 Change in HbAlc during Study 185 

12 



FIGURE 8: 1 Change in HbAlc according to Drug Combination 203 

over Study Period 

FIGURE 8: 2 Seven Point Glucose Profile - Visit 3 208 

FIGURE 8: 3 Seven Point Glucose Profile - Visit 4 209 

13 



ABBREVIATIONS 

T2DM Type 2 diabetes mellitus 

T1DM Type 1 diabetes mellitus 

PDM Pre-diabetes 

IGT Impaired glucose tolerance 

IFG Impaired fasting glucose 

UKPDS United Kingdom Prospective Diabetes Study 

DCCT Diabetes Control and Complications Trial 

CVD Cardiovascular disease 

WHO World Health Organisation 

NCEP (ATPIII) National Cholesterol Evaluation Program Adult Treatment Panel III 

IDF International Diabetes Federation 

ADA American Diabetes Association 

EASD European Association for the Study of Diabetes 

OGTT Oral glucose tolerance test 

%BF Body fat percentage 

BIA Bioelectrical impedance analysis 

DEXA Dual energy X-ray absorptiometry 

14 



SUMMARY 

The principal aims of this thesis were to: - 

" investigate long-term (ten year) outcomes from screening for T2DM and IGT 

" examine morphological and biochemical phenotype of subjects with screen- 

detected diabetes, comparing White European (WE) and South Asian (SA) 

populations 

" investigate efficacy of insulin glargine in a basal bolus regimen in T1DM 

" investigate efficacy of different dual combinations of oral agents in early T2DM 

The worldwide incidence and prevalence of T2DM continues to rise inexorably. Earlier 

identification and intensive management to avoid complications and mortality are 

necessary but data on the long-term impact of screening remain sparse. The second chapter 

of this thesis investigates long-term outcomes of screening from data collected 

approximately a decade earlier in Leicestershire. 

Specific differences in morphological and biochemical phenotype may characterise T2DM, 

PDM or metabolic syndrome diagnosed through screening, with ethnicity-specific 

differences. This is investigated in more detail in Chapters 3-5. Waist circumference, 

skinfold thicknesses, bioelectrical impedance analysis and dual energy X-ray 

absorptiometry are used to determine differences in body fat composition in WE and SA 

across the glucose spectrum. Circulating risk markers such as C-reactive protein and the 

adipocytokines adiponectin, leptin and resistin are measured and compared in these two 

ethnic groups across the glucose spectrum. 
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Following diagnosis, it is essential to maintain strict glycaemic control as well as modify 

cardiovascular risk factors to reduce morbidity and mortality from macrovascular and 

microvascular complications. New and emerging therapies are available which may lead 

to improved management of this chronic condition. 

Chapter 6 reviews the use of insulin glargine in T1DM followed by a report of the Glargine 

and Aspart study (GLASS) in Chapter 7 where glargine and NPH insulin are compared in a 

basal bolus regimen with aspart in a nine-month randomised cross-over study. In Chapter 

6, there is a literature review of the meglitinides repaglinide and nateglinide followed by 

the PICNIC study in Chapter 8 describing dual oral combinations including nateglinide in 

early T2DM. 

Summary of Main Findings 

The main findings and recommendations are as follows: - 

" No significant difference in mortality, microvascular or macrovascular outcomes 

were detected between known and screened T2DM subjects approximately a 

decade after screening 

9 No differences were detected in long-term outcomes between WE and SA 

9 Findings are limited by small numbers of events and short follow-up 

" These data may be useful in power calculations for longer randomised controlled 

screening trials (RCT) 

" Body fat, which increases with worsening glucose tolerance, is higher in SA than 

WE for a given BMI 

" Ethnicity and BMI, but not age, predicts total and abdominal fat using DEXA 

scanning 
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9 Waist circumference correlates with BMI in only WE males and SA females 

9 BMI underestimates body fat and other methods need to be validated and used to 

determine CVD and diabetes risk 

9 Differences are observed in circulating risk marker concentrations across the 

glucose spectrum and between WE and SA living in the UK 

" After adjustment for age, BMI, WHR, gender, smoking and drug history, there are 

no differences in adiponectin and resistin concentration between SA and WE 

" Leptin concentration is predicted by age, gender and smoking in WE but only 

gender in SA 

" BMI predicts hsCRP in both groups while age and smoking predicts TNFa in SA 

" Longitudinal cohort studies are needed to determine impact of lifestyle and 

therapeutic interventions on risk markers in different ethnic groups 

" Insulin glargine results in a small but significant glycaemic improvement without 

significantly increased hypoglycaemia, weight gain or reduced patient satisfaction 

when used in a basal bolus regimen with aspart compared with NPH insulin 

(GLASS) in T1DM 

" In the PICNIC study, four different dual combinations of oral agents in early 

T2DM all result in significant glycaemic improvement without increasing 

hypoglycaemia or patient dissatisfaction over six months 

" There are no significant differences between combinations of 

pioglitazone/nateglinide, metformin/gliclazide, metformin/pioglitazone and 

metformin/nateglinide 

9 Longer RCT are required to determine duration of glycaemic improvement and 

emerging differences between these combinations 
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In conclusion, improved morbidity and mortality outcomes were not observed 

approximately ten years after screening in a multiethnic UK population although 

differences were detected in morphological and biochemical phenotype between ethnic 

groups and across the glucose spectrum. Following diagnosis, improved glycaemic 

control is achieved using insulin glargine in T1DM in a basal bolus regimen. Dual oral 

combination therapy improves glycaemic control regardless of agents used in early 

T2DM. Justification for diabetes screening will need reassessment following the 

completion of large multicentre randomised trials. In the meantime, intensive 

management of both types of diabetes is essential to minimise the significant burden 

associated with complications. 
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CHAPTER ONE 

INTRODUCTION 
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1: 1 General Aims 

The worldwide prevalence of T2DM is predicted to increase to 220 million by 2010 (1). 

The enormous burden of this chronic disease is manifested by development of 

macrovascular and microvascular complications such as CVD, stroke, amputation, 

blindness and renal failure. UKPDS, a landmark study of over five thousand participants 

with T2DM, showed that intensive management of glycaemic control significantly 

decreased the development and/or progression of microvascular complications and there 

was a trend towards improvement of macrovascular complications. Inevitably, glycaemic 

control deteriorated with time (2). 

Delayed diagnosis of T2DM leads to development and progression of undetected 

microvascular complications such as retinopathy (3). This delay is estimated at 7-12 years 

with around 50% of patients asymptomatic at presentation (4). Earlier identification of 

asymptomatic patients allows multifactorial intervention and monitoring of T2DM and its 

complications (5). A screening programme identifying asymptomatic patients by targeting 

those at risk is one way of lessening the long-term impact. In the UK, a systematic 

programme of widespread screening has not been advocated as robust data are not 

currently available to support its implementation. 

In Chapter 2, long-term outcomes of screening for T2DM and its precursor of IGT are 

reviewed. These data are extrapolated from a screening study conducted in the early 1990s 

in Leicestershire when subjects were initially identified by postal screening for glycosuria 

and were then diagnosed with T2DM or IGT using an oral glucose tolerance test (OGTT) 

(6). Approximately ten years on, rates of all-cause and cardiovascular mortality and 

development of macrovascular and microvascular complications in screen-positive subjects 
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have been analysed, and compared with known diabetic patients at the time of screening 

and those who originally screened negative. 

The "thrifty genotype" hypothesis has been postulated to explain the development of 

insulin resistance as a selection advantage in hunter-gatherers alternating between periods 

of feast and famine (7). Risk of developing T2DM is probably determined by a specific 

phenotype with notable differences according to ethnicity. Increasing obesity is associated 

with development of T2DM, and both location and quantity of adipose tissue are important 

in determining risk. A number of circulating inflammatory markers such as C-reactive 

protein as well as hormones secreted by adipose tissue, known as adipocytokines, have 

been linked with increased risk of developing PDM, defined by IFG and/or IGT, as well as 

T2DM and CVD (8-11). - Metabolic syndrome describes the constellation of factors such as 

hypertension, lipid abnormalities and glucose intolerance that combine with obesity to 

increase risk of developing T2DM and CVD. 

In Chapters 3-5, the morphological and biochemical phenotype of screened subjects is 

described in those with T2DM or PDM and compared with normal glucose tolerant 

subjects. These data were derived from two large population-based screening studies in 

Leicestershire, the "Screening Those At Risk" (STAR) study (12) and the Anglo-Danish- 

Dutch Study of Intensive Treatment and Complication Prevention in Type 2 Diabetic 

Patients Identified by Screening in Primary Care (ADDITION) (13), where around 30% of 

the screened population was of South Asian (SA) ethnicity. SA are known to have much- 

increased risk of both T2DM and CVD compared with the native White European (WE) 

population and this occurs at relatively lower body mass index (BMI). The association of 

circulating risk markers with metabolic syndrome is examined in Chapter 5. Their 

phenotype is characterised by examining demographic data, measurement of body fat 
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composition using simple anthropometry, bioelectrical impedance analysis (BIA) and dual- 

energy x-ray absorptiometry (DEXA), and measuring biochemical analysis of risk markers 

for CVD. 

Following a diagnosis of both T1DM and T2DM, tight glycaemic control is essential to 

delay onset and progression of macrovascular and microvascular complications (14,15). 

This is often difficult to achieve despite intensive treatment with traditional oral 

hypoglycaemic agents as demonstrated by UKPDS in T2DM and with insulin in T1DM as 

shown by DCCT (14). In Chapter 7, the use of some emerging therapies is reviewed. 

Insulin glargine was the first genetically engineered basal insulin available and its longer 

duration with no pronounced peak allows a more physiological mode of action with the 

potential for less hypoglycaemia, especially nocturnal (16). One of the problems with the 

intensive insulin treatment arm in DCCT was increased hypoglycaemia. The GLASS 

study is described in Chapter 7. This is a randomised cross-over trial of insulin glargine 

compared with NPH insulin, both in combination with meal-time aspart, in subjects with 

T1DM. 

Newer oral agents, which have a more physiological mode of action, are potentially more 

effective especially when combined in a rational manner and given early in the natural 

history of T2DM. They target insulin resistance and impaired insulin secretion which 

characterise the pathophysiology of T2DM. 

A randomised controlled pilot study, PICNIC, which compares four different oral 

hypoglycaemic combinations used early in the natural history of T2DM, is described in 

Chapter 8. Long-established agents such as sulphonylureas and metformin are compared 
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with newer ones such as thiazolidinediones and meglitinides and the effects of dual therapy 

on glycaemic control, weight gain and patient satisfaction are examined over six months. 

In the final part, Chapter 9, findings from the various studies in this thesis are discussed, as 

well as the ways in which T1DM, T2DM and the at-risk individual may be better managed 

in the future and implications of the research described in this thesis. 
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1: 2 South Asian Population in the United Kingdom 

Diabetes and cardiovascular risk 

Certain ethnic groups are at greater risk of T2DM and CVD. One such high-risk group is 

the SA population comprising of individuals of Indian, Pakistani, Bangladeshi or Sri 

Lankan descent. Overall increased risk persists despite heterogeneity in cultural practices 

and eating habits (17). Compared with WE, SA have 40% higher CVD mortality (18). 

CVD mortality rates for SA men in the UK are 46% higher and for SA women 51% higher 

than in non-Asians (19). T2DM affects around 20% of SA aged over 50 years in the UK 

(20) and is increasingly prevalent in urban populations in the Indian sub-continent (21). 

Risk of hyperglycaemia and hypertension increases with urbanization regardless of body 

fat percentage (BF%) and distribution (22). SA present at an earlier age, on average up to 

five years earlier, compared with WE in the UK (23,24). CVD and renal disease are more 

prevalent in UK SA (25,26), with CVD mortality four-fold higher (27). 

In UK SA aged less than 40 years, 25% had evidence of at least one complication of 

T2DM at diagnosis following opportunistic screening (28). SA had higher prevalence of 

established macrovascular and microvascular disease, and lower high density lipoprotein 

(HDL) cholesterol and higher blood pressure, contributing to increased CVD risk when 

compared with WE. Other notable differences were greater waist-hip ratio (WHR) and 

lower insulin sensitivity in SA, which were also observed in UKPDS (29). 

Conventional risk factors such as hypertension and smoking are less prevalent in India. 

For example, one study in India, where cigarette smoking is practically unheard of 

amongst women, found rates of CVD as high or higher than in men (30). Even amongst 

pre-menopausal SA women, three-vessel coronary disease was more common. Many SA 
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are vegetarian but obesity and dyslipidaemia are prevalent. Specific lipid abnormalities 

include higher triglycerides, apolipoprotein B and lipoprotein(a) concentrations with lower 

HDL cholesterol concentrations, and other emerging risk factors are more prevalent, such 

as homocysteine, fibrinogen, plasminogen-activator inhibitor type 1 (PAI-1), high- 

sensitivity C-reactive protein (hsCRP) and interleukin-6 (IL-6) (31,32). Identification and 

optimal management of lipid abnormalities are a key aspect of reducing CVD morbidity 

and mortality (33). Other findings in SA are impaired insulin-mediated vasodilatation and 

lower adiponectin concentrations (34,35). Adiponectin has anti-inflammatory and anti- 

atherogenic properties and is secreted by adipose tissue. How early these abnormalities 

develop remains unclear. Furthermore, there are little data comparing these biomarkers in 

SA and WE screened for T2DM and PDM. 

Obesity and Metabolic Syndrome in the South Asian Population 

CVD is associated with T2DM, IGT and metabolic syndrome, and obesity is a key risk 

factor for these three conditions. BMI has been used to define obesity but SA have greater 

insulin resistance, dyslipidaemia and CVD risk compared with Caucasians of the same 

BMI and age (36). Greater WHR and abdominal fat are seen in SA living in North 

America for a specific BMI (36,37). Location of fat in the abdominal compartment and 

around organs, that is, visceral rather than subcutaneous, is more closely linked to T2DM. 

A good predictor of risk of insulin resistance and metabolic syndrome is the measurement 

of waist circumference (WC) (38). 

25 



In urban Asian Indians, T2DM was strongly associated with visceral and central abdominal 

fat (as measured by computed tomography and DEXA), and these two measures correlated 

well with each other as well as with WC and sagittal abdominal diameter (39). 

Metabolic syndrome refers to a cluster of risk factors, including insulin resistance, obesity, 

lipid abnormalities, high blood pressure and glucose intolerance, that have been linked 

with increased development of CVD (40) and is discussed more fully in Chapter 5. It has 

been variously defined but only the IDF definition recognises the importance of different 

WC cut-offs for obesity according to ethnic group (41). In contrast, the NCEP ATP III 

definition does not require insulin resistance or abnormal glucose tolerance to diagnose 

metabolic syndrome (42). Metabolic syndrome is more prevalent in SA living in both 

India (43) and in the UK (44). Canadian SA had greater prevalence of metabolic 

syndrome compared with Europeans and Chinese and was associated with more 

atherosclerosis and elevated PAI-1 (45). Sagittal abdominal diameter predicts metabolic 

syndrome in both SA and WE males in the UK (4ý6), and has been suggested as a useful 

clinic or bedside tool for determining risk. Adiponectin is lower in SA in India with 

metabolic syndrome (47). There are very few studies investigating adiponectin 

concentrations in migrant SA. 

South Asian population in Leicestershire 

The county of Leicestershire has a culturally diverse current population of over 950,000, 

with approximately one third (320,000) resident in the city of Leicester. According to the 

2001 census, 33% of Leicester citizens are of SA origin. Leicestershire SA have acute 

CVD rates twice as high as the Caucasian population (48). 
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In Leicester, a unique opportunity exists to compare the phenotype of indigenous WE 

subjects and the substantial migrant SA population. The majority of this cohort originates 

from the state of Gujarat in Northern India either through direct immigration or via 

previous settlement in sub-Saharan Africa. 

Efforts to tackle this burden of disease in SA have concentrated on lifestyle modification 

involving increased activity levels, promotion of weight loss and improvement of diet, for 

example, the community scheme Project Dil (49). Pharmacological management of CVD 

risk factors such as hypertension, diabetes and dyslipidaemia are necessary but emphasis 

must be given to maintaining compliance and ensuring understanding of the need for 

multiple medications. The possibility that subtle but definite differences in phenotype exist 

could allow more tailored therapy to be provided. 

Understanding of social and cultural aspects that determine health beliefs and behaviour 

are of paramount importance when tailoring therapies in this high risk population (50). 

When calculating CVD risk, lower thresholds for example obesity, blood pressure and 

dyslipidaemia are needed to avoid underestimation and under-treatment (19). 

A further concern is that risk is present at an early age in SA. Comparison of body size 

and cord blood leptin and insulin concentrations in Indian and Caucasian babies showed 

that Indian babies had relatively greater adiposity, hyperinsulinaemia and hyperleptinaemia 

(51) despite Indian mothers being smaller. A key priority is the maintenance of optimal 

maternal health to ensure a favourable uterine environment. 
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Fat distribution of peripubertal Asian females tends to be less gynoid than white females 

when measured by skinfolds and DEXA (52). Insulin resistance and BF% are also 

increased in UK SA adolescents compared with WE counterparts (53). This difference is 

not restricted to SA as more subcutaneous adipose tissue is found in Singaporean Chinese 

compared with Dutch adolescents (54). Ethnic specific growth charts are required 

especially with the rising incidence of childhood and adolescent overweight and obesity in 

the UK. All these findings suggest that an unfavourable metabolic environment is already 

present at early developmental stages. There is an urgent need to address adverse lifestyle 

factors in second and third generation descendants of migrant SA populations (19). 
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1: 3 New and Emerging Therapies in Type 1 and Type 2 Diabetes 

The increasing prevalence of diabetes in most populations, especially T2DM, has placed an 

enormous burden on health care systems worldwide (55,56). Factors such as increasing 

obesity, sedentary lifestyle, ageing population, improved medical care and decreasing 

mortality rates are all contributory factors. The economic impact is considerable and was 

estimated at £1 billion to the NHS for England and Wales for both types of diabetes 

resulting in consumption of at least 5% of health resources in the 1990s (57,58). 

Two landmark studies, DCCT (14) and UKPDS (59), showed that in T1DM and T2DM 

respectively, intensive management was essential to delay or prevent development of 

complications. However, intensive management as defined by maintaining HbAlc<7% 

has been difficult to achieve, especially as hypoglycaemia increases with tightening 

glycaemic control (2,14,60). Hypoglycaemia is likely to be an increasing problem as 

glycaemic control targets are lowered further in both T1DM and T2DM. 

1: 3: 1 Glargine 

Glargine was the first commercially available DNA-recombinant long-acting insulin 

analogue. Replacement of asparagine by glycine and addition of two arginine molecules in 

the molecular structure of insulin results in glargine having a longer, often 24-hour profile 

which is described as "peakless" compared with other basal insulins such as Neutral 

Protamine Hagedorn (NPH) and Ultralente. 

Prior to biosynthetically produced human insulin, which has been available for 

approximately thirty years, insulin was derived by purification and extraction from porcine 

and bovine sources. Several different regimens and formulations of insulin are available. 
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Insulin may be given as a twice daily pre-mixed formulation where short-acting and 

intermediate-acting insulin are combined. Although simple and convenient, this 

formulation does not closely mimic physiological insulin profiles. Endogenous insulin 

secretion is better approximated by short-acting insulin such as soluble insulin or rapid- 

acting analogues for example lispro or aspart at meal-times, usually thrice-daily, combined 

with intermediate or long-acting insulin once or twice daily, the so-called basal-bolus 

regimen. Alternatively, insulin may be provided by continuous subcutaneous infusion 

(CSII) using soluble insulin or short-acting insulin analogues, known as the `insulin pump'. 

On the horizon are alternative insulin administration methods such as inhaled insulin. 

Original long-acting insulins such as Ultralente and intermediate-acting insulins like NPH 

were characterised by variable subcutaneous absorption, delayed onset of action, and peaks 

and troughs in profile, exposing patients to increased risk of hypoglycaemia, especially 

nocturnal, and periods of relative hyperglycaemia (61). The search for an ideal long-acting 

basal insulin led to the development of glargine with its relatively peak-free near 24-hour 

duration and reduced intersubject variability. 

Aspart has been extensively studied in combination with NPH insulin in T1DM and 

represents a significant proportion of the rapid-acting analogue market currently prescribed 

in the UK. Insulin glargine has been studied in combination with other short-acting 

insulins such as Lispro. Little data are available on efficacy of combining glargine and 

aspart in a basal bolus regimen, and this was the rationale for the Glargine and Aspart 

Study (GLASS), described in Chapter 7. 
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1: 3: 2 Meglitinides 

Since the 1950s, metformin and sulphonylureas have formed the mainstay of oral therapy 

for T2DM. Metformin targets insulin resistance probably by increasing peripheral glucose 

uptake and utilization and suppressing hepatic glucose output. It may have other 

mechanisms of actions which are not completely understood. UKPDS showed that 

metformin was effective in lowering HbAlc, and in particular was the only agent to confer 

cardiovascular benefits (62). However, like sulphonylureas and insulin, metformin did not 

maintain good glycaemic control. It is also associated with significant gastrointestinal 

side-effects resulting in around 10% of patients being unable to tolerate therapy and may 

rarely cause lactic acidosis. 

Sulphonylureas such as gliclazide and glimepiride are insulin secretagogues which bind to 

the sulphonylurea receptor of the pancreatic ß cell promoting closure of ATP-dependent 

potassium channels. They are effective at improving glycaemic control but associated with 

weight gain and increased risk of hypoglycaemia. Incidence of severe hypoglycaemic 

episodes with sulphonylureas is approximately 0.2/1000 patient-years. About 20-25% of 

patients with T2DM are initially unresponsive to sulphonylureas and secondary failure 

occurs in 5-10% of individuals on an annual basis. 

Alpha glucosidase inhibitors such as acarbose are used either as monotherapy or in 

combination with metformin and sulphonylureas to reduce carbohydrate absorption from 

the small intestine. UKPDS showed that acarbose was less effective in lowering HbAlc 

compared with other oral agents. The STOP-NIDDM trial showed that, with acarbose, 

fewer patients progressed to T2DM from IGT (acarbose vs. placebo, 32% vs. 42%). 

However, 31% had to discontinue acarbose due to gastrointestinal side-effects. 
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More recent oral agents include thiazolidinediones or peroxisome proliferator-activated 

receptor y (PPAR y) agonists which enhance endogenous insulin action on target organs 

such as skeletal muscle, liver and adipose tissue. The first launched was troglitazone but 

had to be withdrawn following hepatotoxicity. Rosiglitazone and pioglitazone are 

currently available and do not appear to be hepatotoxic. They have a modest effect on 

blood pressure and lipid profile thus potentially improving CVD risk and these areas 

continue to be explored. 

A new class of drugs known as meglitinides have recently been launched on the 

international market and have been developed to improve early phase insulin secretion 

which is one of the earliest pathophysiological manifestations of T2DM. They are derived 

from the meglitinide portion of sulphonylureas. Repaglinide is derived from the non- 

sulphonylurea moiety of glibenclamide whereas nateglinide is derived from an amino acid. 

Meglitinides are rapid-acting insulin secretagogues (or prandial glucose regulators) which 

have a fast onset and short duration of action resulting in more physiological insulin 

secretion. Meglitinides have a glucose-dependent mechanism of action and this has 

important implications for lessening the risk of hypoglycaemia. The question remains as to 

whether these newer agents lower HbAlc and sustain it for longer without increasing 

hypoglycaemia risk. 

In the pioglitazone in combination with nateglinide in care of early type 2 diabetes 

(PICNIC) study described in Chapter 8, the efficacy of the meglitinide nateglinide is 

investigated in combination with pioglitazone or metformin over a six month period. 
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CHAPTER TWO 

LONG TERM OUTCOMES OF SCREENING FOR DIABETES 

MELLITUS AND IMPAIRED GLUCOSE TOLERANCE 

33 



2: 1 Introduction 

The Need for a Screening Programme 

UKPDS provided clear evidence that T2DM is asymptomatic for several years before 

diagnosis, during which time macrovascular complications such as CVD and 

microvascular complications such as retinopathy or nephropathy develop in a significant 

number of patients (63). Diagnostic delay has been estimated at 7-12 years with 

approximately 50% asymptomatic at diagnosis (4). 

The Steno type 2 randomised study showed that intensified multifactorial intervention in 

patients with T2DM and microalbuminuria slowed progression to eventual nephropathy, 

and further progression of retinopathy and autonomic neuropathy (15). Intensive treatment 

consisted of behaviour modification with additional pharmacological therapy targeting 

hyperglycaemia, hypertension, dyslipidaemia and microalbuminuria. In UKPDS, 

intensive treatment for hyperglycaemia and hypertension had fewer diabetes-related 

endpoints than when blood glucose was targeted alone (64). Identifying patients earlier in 

the disease process potentially enables multifactorial risk intervention and intensive 

management of the overall CVD risk profile (15). 

A targeted screening programme for subjects at high risk of T2DM would help in the 

prevention and delay of complications but little robust data are available to support this. 

Recent data from UKPDS identified that those with lower initial fasting glycaemia have 

significantly reduced risk of progression of retinopathy and development of 

microalbuminuria and less reduction in vibration sensory potential (65). 
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SA patients have greater rates of CVD and T2DM compared with WE. A 28-year 

prospective cohort study in insulin-treated SA (n=828) and non-SA (n=27 962) patients in 

the UK showed very high mortality in the SA cohort (66). 

The History of Screening Programmes 

The earliest organised screening programmes were conducted among insurance applicants 

during the early 1900s. During World Wars I and II, recruits to the armed services were 

also screened for diabetes. High false positive and false negative rates and overall poor 

performance of diabetes screening tests were a major problem with these early screening 

programmes. 

The Bedford survey was one of the first UK screening studies and conducted in the 1960s 

(67). However, screened subjects did not undergo long-term follow-up and clinical 

endpoints were not evaluated. Another screening study conducted during this decade 

performed repeat screening after a five year interval on Leicestershire villagers and 

detected an increase in T2DM incidence, with multiparous women identified at greater risk 

of developing disease (68). 

Subsequently there have been few large UK screening studies. Notable are those 

conducted in Leicestershire, East Anglia and Coventry in the late 1980s and early 1990s 

(6,69-73). These form a unique and valuable resource to investigate long-term outcomes 

in patients screened for T2DM compared with those with known T2DM. 

East Anglia data showed that patients identified through screening had modifiable risk 

factors that would benefit from earlier treatment (74). Since then, there has been little 
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evidence in the literature investigating whether screening programmes provide a "window 

of opportunity" for addressing risk factors and reducing micro- and macrovascular 

complications and all-cause mortality. 

In 1978 Panzram and Ruttman showed that there was no survival benefit in 250 patients 

screening positive for glycosuria. No difference was identified between groups for 

mortality, survival times and vascular complications at 10 and 20 years. Their conclusion 

was that screening groups with high diabetes risk would be expected to yield higher 

effectiveness than the mass screening they had performed (75). 

Another German study showed that patients admitted to hospital with positive glycosuria 

screening lived one year longer than those who attended with clinical symptoms (76,77). 

However, this study lacked robust evidence of reduced mortality rates. 

An Italian study compared 105 patients with screen-detected diabetes with 104 matched 

patients (by age, sex and weight, family history, therapy and smoking) who had been 

diagnosed clinically. After six years of follow-up, average glycaemia was significantly 

less in the screen-detected group. However, there was no difference in development of 

retinopathy, cataracts, neuropathy, cardiovascular or peripheral vascular disease (78). 

A study conducted in Melton Mowbray, Leicestershire, identified that elderly diabetic 

subjects screened for diabetes were 4.5 times more likely to die than subjects who had 

normal glucose tolerance detected by OGTT (69). 

The UK National Screening Committee has not yet recommended a screening programme 

because of lack of robust evidence in several areas (79). One of the main gaps is long-term 
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data showing that screening improves patient outcomes. Unfortunately most of the above- 

mentioned studies were not designed or powered enough to analyse long-term outcomes. 

Screening programmes for diabetes may be associated with physical, psychological and 

social disadvantages and need to be undertaken using the best possible and most cost- 

effective strategy. It has been suggested that individuals aged more than 40 years with at 

least one diabetes risk factor would benefit from screening. Screening for diabetes fulfils 

the criteria recommended in a screening programme by the World Health Organisation 

(Box 1) (80). 

Box 1 Criteria for instituting a screening programme (80) 

Disease Serious 

High prevalence of preclinical stage 

Natural history understood 

Long period between first signs and overt disease 

Diagnostic test Sensitive and specific 

Simple and cheap 

Safe and acceptable 

Reliable 

Diagnosis and treatment Facilities are adequate 

Effective, acceptable, and safe treatment available 
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The Screened Subject 

Screening needs to be distinguished from diagnostic testing. Screening detects 

asymptomatic disease and differentiates high risk from low risk subjects. Methods used 

need to be quick, simple and safe, such as risk assessment questionnaires, capillary blood 

testing or laboratory-based measurements. Conversely, diagnostic testing is carried out 

when patients have symptoms or signs of disease. Increased mortality is associated with a 

positive questionnaire-based risk score even if biochemical testing is normal (5). 

Screen-detected individuals would be expected to have some advantages. Earlier diagnosis 

leads to identification of complications such as cardiovascular and renal disease with 

appropriate referral and management. The patient has an earlier opportunity to address 

smoking, obesity and reduced activity. However, the ability to manage these risk factors 

and others such as hypertension and hyperlipidaemia would not be a justification per se for 

screening. 

Importantly, screening is associated with adverse effects. Early diagnosis leads to labelling 

and there are the restrictions of intensive management. There is considerable variation in 

compliance with complex treatment regimens involving polypharmacy. Patients diagnosed 

early may be more compliant. Conversely, lack of symptoms may deter them from 

complying with optimal management. 

Despite these provisos, the current evidence is strongly in favour of detecting and 

managing T2DM, hyperlipidaemia and hypertension earlier if better outcomes are to be 

achieved, as demonstrated by major studies such as UKPDS, The Scandinavian 

Simvastatin Survival Study and Steno study (15,81,82). 
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Assessing benefits of screening 

The benefits of screening can be assessed using the following measures: - 

9 The relative reduction in morbidity or mortality rates 

9 The absolute reduction in morbidity and mortality rates 

" The number of patients needed to treat to prevent one adverse event (in a given 

time period) 

0 The total cohort mortality rate (all causes of mortality, not just diabetes related) 

Randomized controlled trials (RCT) are the best way of evaluating benefits and risks of 

diabetes screening programmes because they measure the effect of the screening procedure 

alone and not other health behaviours that make an individual submit to screening. In an 

RCT, a control group where subjects are not screened and receive currently available 

routine care after clinical diagnosis usually at onset of hyperglycaemic symptoms could be 

compared with an intervention group diagnosed earlier, that is, before symptomatic 

hyperglycaemia, following active screening. 

Although this would yield valid results, it has not been conducted to date and there are 

ethical and economic considerations. Large numbers of subjects and long-term follow-up 

are necessary. Currently a large randomised controlled trial of diabetes, the ADDITION 

study, is being conducted in Leicester in collaboration with other UK and European centres 

(13). 
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In the meantime, observational data may allow some evidence to be derived as to 

effectiveness of screening. 

Biases affecting analysis of screening programmes 

Selection bias 

Better outcomes may be seen if healthier subjects tend to participate in screening 

programmes. Prevention or delay in diabetic complications may occur as they are more 

likely to follow recommendations, rather than because of their early diagnosis. 

Lead-time bias 

Lead time bias refers to increased survival time which is expected when subjects are 

diagnosed earlier through screening rather than following clinical presentation. Comparing 

survival, or time to development of complications, is affected by this bias between groups. 

Longer "survival" following detection includes a period for the screened group during 

which no symptoms or signs of disease are present. Overall survival may not be improved. 

However, this is always an issue of screening. 

Lead time bias may be expected to have an effect on improved survival when comparing 

screened with clinically diagnosed patients. There is little published evidence comparing 

longer term outcomes in screened and clinically diagnosed groups. In the study described 

in this chapter, there is an opportunity to evaluate formally screened and clinically 

diagnosed groups after ten years to see if the screened patients do in fact fare better. In 

interpreting the results, the effects of lead-time bias need to be considered. 

40 



Length time bias 

This is a function of severity of disease. Subjects with less severe or slowly progressing 

disease would be expected to do better than those with more severe disease, and would be 

less likely to be diagnosed. This latter group may be detected in screening, thus 

introducing a bias between screen-detected and clinically diagnosed groups, leading to 

artificially large differences in survival or other outcomes. Retrospectively, little can be 

done to alleviate this bias, but the effects can be considered when evaluating and 

interpreting study results. 

Overdiagnosis 

Errors in diagnosis may occur as a consequence of overzealous screening in individuals 

without disease. 
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2: 2 Key Research Questions 

1. Does screening for T2DM and IGT reduce all-cause and cardiovascular mortality? 

2. Does screening for T2DM and IGT improve long-term macrovascular and 

microvascular outcomes by introduction of therapeutic interventions and 

monitoring early in the disease process? 

3. Can the results of this study contribute to the power calculations for randomised 

controlled trials such as the ADDITION study designed to look at long-term 

outcomes? 
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2: 3 Patients and Methods 

In 1993-4,9896 subjects were screened for T2DM and IGT using self-testing for post- 

prandial glycosuria in Leicestershire (74). They were obtained from two randomly 

selected primary care practices. Patients themselves were not randomised but consent was 

obtained from all. 

In the original study, screening was performed in two local general practices with a large 

proportion of registered patients of SA ethnicity. A register of all patients aged 35-70 

years was provided by the practices and this was used to exclude patients with known 

diabetes (types 1 and 2) and also those who had moved from the area. All remaining 

patients (n=9896,6198 = SA, 3698 = WE) were sent individual instruction cards and foil 

wrapped urine testing sticks (Clinistix, Bayer Diagnostics Ltd, Newbury, UK). A letter 

was also sent explaining the procedure and inviting them to participate in screening. 

One hour after the main meal of the day, subjects were instructed to self-test for 

glycosuria. To facilitate ease of understanding, instruction and response cards were sent to 

SA subjects in Punjabi and Gujarati. 

Subjects with documented glycosuria were invited to attend for a 75g OGTT at the local 

hospital. 1985 WHO criteria were used to classify glucose tolerance (83). Subjects and 

their general practitioners were informed of OGTT results on the same day. If an abnormal 

result was recorded, an invitation was sent for a second OGTT two weeks later. Patients 

were considered normal if the second OGTT was normal. Figure 2: 1 illustrates the 

outcomes from this study. 
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Figure 2: 1. Screening Outcomes from Original 

Screening Study 

Known Type 2 Diabetes 
N=457 

Screened l( Declined Screening 
N=4125 (41.7%) II N=5777 

Leicestershire Diabetes 

Population offered screening 
N=9896 (60% South Asian) 

Negative Glycosuria 
N=3886 

Positive Glycosuria 
N=239 (0.06%) 

Normal 
N=110 

Practice Population aged 35-70 
N=10496 

75g OGTT 
(1999 WHO Criteria) 

Impaired Glucose Tolerance 
N=29 

Type 2 Diabetes Mellitus 
N=63 

(confirmed with 2 OGTT) 
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The present study focused on comparing mortality rates of the group with screen-detected 

T2DM with the population with known T2DM. In addition, those patients with screen- 

detected IGT were compared with 

1. screen-detected T2DM subjects 

2. subjects with normal OGTT 

3. glycosuria-negative subjects. 

A list of patients from Leicestershire, who were subjects in the initial research study, was 

compiled with contact details, including postcode and National Health Service number, 

Tracing was performed by the Leicestershire Health Informatics Service, which has an 

established record linkage system and includes a variety of routine data on all 

Leicestershire residents registered with general practices in the district. The core of the 

system is the Family Health Service (FHS) patient register. This links to acute in-patient 

data sets with historical data back to the late 1980s, outpatient and accident and emergency 

sets, and mortality with a complete record set since 1993. 

The Diabetes Register was record-linked to the FHS register allowing accurate outcome 

information such as mortality, coronary heart disease-related admissions and amputations 

to be obtained. Mortality and patient migration details are updated at regular intervals. 

It was also possible to link data from the Health Authority with the list of screened- 

positive and known T2DM patients, allowing mortality status and causes of death to be 

available. The outcome events determined were 
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1. myocardial infarction (MI) - macrovascular complication 

2. coronary artery bypass grafting (CABG) - macrovascular complication 

3. amputation - macrovascular complication 

4. renal failure - microvascular complication 

5. death. 

Retinopathy was not used as it was not available as an endpoint in the hospital coding 

system. 

Analyses of survival from positive screening were compared amongst the following 

groups: - 

1. newly diagnosed T2DM at screening 

2. established T2DM 

3. IGT 

4. normal - negative glycosuria 

Age-sex standardised mortality for causes of death was compared with the screening 

group. 

2: 4 Statistical Analyses 

Sample size was estimated with all cause mortality as the primary endpoint, using the 

Sample computer program (Medical Statistics, University of Southampton, Version 3.1). 

Substantial mortality was anticipated in both the diagnosed and screen-detected T2DM 

group. 
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The Melton screening study conducted in the 1980s-1990s, with people aged over 60 

years, and with 5 years of follow-up, suggested mortality rates of 52% in known and 37% 

in discovered diabetes subjects (69). In the current study, the screening age range was 

younger at 45-70 years, but the follow-up period longer at approximately 10 years. The 

high prevalence of SA people in the current Leicester study sample (more than 70%) in 

both screened and diagnosed groups was expected to raise mortality rates relative to the 

previously reported data. The old study suggested a relative risk of 1.8 for mortality in 

diagnosed compared to screened groups. 

To detect a difference in proportions of deaths in the current study, 52% vs 37%, with 80% 

power and a one-sided test significance level of 5%, 135 subjects in each group with 1: 1 

allocation, was required. Using an allocation ratio of 2: 1 or 3: 1,100 or 89 subjects per 

group were needed respectively. The total numbers of subjects available, allowing for 

dropouts and some variation from the suggested mortality differential therefore provided 

adequate numbers to detect differences. 
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2: 5 Results 

In the original study, over 40% of those who attended for OGTT were subsequently found 

to have abnormal glucose tolerance. However, there was a relatively low response rate to 

the initial screening invitation with only 41.7% of SA and 54.2% of WE returning urine- 

testing sticks (6). In comparison, in the predominantly White European East Anglia study, 

the response rate was 75% (70). 

Ten years later, record retrieval was 86%, 94%, 86% and 95% for those with known 

diabetes (KDM), screened diabetes (SDM), screened IGT and normal OGTT respectively. 

Table 2: 1 shows the baseline characteristics of the screened groups and the KDM group. 

From the original study, data were obtained on 393 subjects with KDM, 59 with SDM, 25 

with screen-detected IGT and 107 who had normal OGTT but were originally glycosuria 

positive. 

Following adjustment for age, gender and ethnicity, OR compared to screened normal 

subjects were 2.0 (0.89 to 4.48, p=0.09) for KDM, 1.68 (0.59 to 4.84, p=0.33) for SDM, 

and 0.55 (0.06 to 4.82, p=0.59) for screened IGT. 

On specifically comparing KDM and SDM, there were no significant differences between 

the groups for gender or ethnicity. Relative risk (RR) for males was 0.97 (0.77 to 1.21) 

and SA 1.01 (0.89 to 1.24). Odds ratios (95% Cl) in KDM vs. SDM for all-cause mortality 

were 1.2 (0.6 to 2.5), MI 2.7 (0.8 to 8.8), CABG 1.9 (0.4 to 8.1), and renal failure 1.7 (0.5 

to 5.6). 
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Table 2: 2 shows the absolute number of events across the groups. SA were younger across 

all groups and had fewer events. 

Table 2: 3 shows outcome analyses for all-cause mortality and MI. The wide confidence 

intervals indicate the relatively small number of outcome events that were recorded. 

Overall there was a difference in all-cause mortality between groups in the 10-year period 

following screening. Using logistic regression and comparing with those with normal 

OGTT, OR (95% Cl) were 2.6 (1.2 to 5.6, p=0.01), 2.2 (0.8 to 6.0, p=0.13), and 0.5 (0.1 to 

4.2, p=0.52), for KDM, SDM and screen-detected IGT respectively. 

Compared with OGTT normal subjects, OR for cardiovascular mortality was 1.83 (0.62 to 

5.39, p=0.27) for KDM and 1.08 (0.59 to 1.97, p=0.81) for SDM. There were no 

cardiovascular deaths in the screened IGT group. 

Following adjustment for age, sex and ethnicity, there was no significant difference in 

outcomes for all-cause mortality or MI between the groups. 

The recorded causes of death in the 8 WE patients diagnosed with T2DM following 

screening were as follows: - bronchopneumonia, carcinomatosis due to right breast 

carcinoma, cardiac arrest, metastatic pancreatic carcinoma, congestive cardiac failure, 

cardiac failure, pneumonia, and coronary atherosclerosis. In the one SA patient with 

screen-detected diabetes who died the cause of death was pulmonary embolism. 
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Table 2: 1 - Baseline Characteristics of Study Population -N (%) 

Known T2DM 

N=393 

Screened 

T2DM 

N=59 

Screened 

IGT/IFG 

N=25 

Screened 

normal 

N=107 

Gender a 

Males 226 (58) 35(59) 17 (68) 83(79) 

Females 167 (43) 24 (41) 8 (32) 22 (21) 

Ethnic Group b 

South Asian 302 (77) 43 (73) 18 (72) 73 (70) 

White/other 91(23) 16 (27) 7 (28) 32 (31) 

Age (y) ` 56.9 (9.4) 56.3 (9.2) 51.1 (9.5) 52.2 (9.8) 

Duration of 

Diabetes (y) d 18.4 (5.0-63.0) n/a n/a n/a 

a- x2 = 16.887,3df, P=0.001 

b- x2 = 2.646,3df, P=0.450. One Chinese patient is included in the White/Other group 

c- analysis of variance (ANOVA), F=8.971, P<0.001 

d- mean (range) 
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Table 2: 2 Outcome Events by Group -N (%) 

Known T2DM 

N=393 

Screened 

T2DM 

N=59 

Screened IGT 

N=25 

Screened normal 

N=107 

All-cause 

mortality 

69 (18) 9 (15) 1(4) 8 (7.5) 

Acute MI 29 (7) 2 (3) 1 (4) 1 (1) 

CABG 18 (5) 2 (3) 1 (4) 3 (2.8) 

Amputation 3 (0.7) 0 0 0 

Renal Failure 30 (8) 3 (5) 0 1 (1) 
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Table 2: 3 Outcome Analyses for All Cause Mortality and Myocardial Infarction 

Known 

T2DM 

Screened 

T2DM 

Screened 

IGT 

Screened 

normal 

P value 

Death 

OR (95% CI) 2.6 (1.2-5.6) 2.2 (0.8-6.0) 0.5 (0.1-4.2) 1 0.03 

Adjusted OR 1.8 (0.8-4.0) 1.7 (0.6-4.9) 0.7 (0.1-5.8) 1 NS 

(95% CI) 

MI 

OR(95% CI) 8.3 (1.1-61.6) 3.6 (0.3-41.1) 4.3 (0.3- 1 NS 

71.8) 

Adjusted OR 8.9 (1.2-66.9) 3.8 (0.3-43.5) 4.7 (0.7- 1 NS 

(95% CI) 77.9) 

Adjusted for age, gender and ethnicity 
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2: 6 Discussion 

There are very few longitudinal studies reporting outcomes in people with screen-detected 

T2DM (68,69,75-78). In contrast to some of these studies, the results of this observational 

study do not show significantly improved outcomes in the ten-year period following a 

screening programme for T2DM. Although small, this study indicates that there is 

increased all-cause mortality in subjects diagnosed with T2DM through screening 

compared to those who were screened normal. However, this was not statistically 

significant when adjusted for age, sex and ethnicity. 

Outcomes for all measured macrovascular and microvascular outcomes were higher in the 

known T2DM group. They were not statistically significant which may be a result of the 

relatively small numbers of observed outcomes. During the decade following screening, 

there were relatively few outcomes across all groups. This could be partly attributed to 

small numbers in this study but may also reflect changing diabetes management practice in 

the UK for all complications. 

The American Diabetes Association and other national and international organisations 

have promoted guidelines for screening of T2DM based on the high prevalence of both 

detected and undetected T2DM (84). However, no national screening programme has been 

recommended and uncertainties remain as to value and cost-effectiveness of such 

programmes (79). Screening those with established risk factors would be more justified 

than universal screening, especially in populations with a high prevalence of undiagnosed 

T2DM and CVD. 
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To date, no outcome data are available from RCT to confirm the impact of detecting 

T2DM early in the disease process and the subsequent effects on subjects. A number of 

RCT in the UK and elsewhere are currently being conducted and will eventually clarify the 

issue. However, early detection would allow management leading to an improvement in 

cardiovascular complications as seen for example in the Malmo Study (85). Early 

interventions to target cardiovascular risk factors are likely to provide greatest benefit. 

Various biases that may affect estimates of outcomes in long-term follow-up of screening 

study participants have already been discussed in the introduction to this section. Lead- 

time bias means that screened subjects are detected earlier in the disease process and are 

therefore likely to have better outcomes. Subjects within screen-defined groups may have 

differing levels of disease severity, which could affect outcomes years after screening 

(length-time bias). Selection bias occurs when subjects volunteering for screening may be 

more health-conscious or alternatively may present from high-risk groups. Adequately 

interpreting and explaining observed data in the presence of these biases is difficult and 

potentially unsatisfactory. In the original study, initial uptake of screening was low 

especially in SA. In contrast, WE were more likely to participate in the screening 

programme. Greater uptake in a predominantly WE population was observed in another 

screening study performed in East Anglia (70). 

In the current study, compared with the screened normal but glycosuric group, those with 

screen detected T2DM had elevated risk of mortality and combined MI or CABG. In 

neither case were these excesses statistically significant. However, the number of events 

and differences observed were small. It is likely that the study had insufficient power to 

detect any real difference which might exist. In addition, testing for post-prandial 

glycosuria does not allow identification of subjects with IGT or IFG which are associated 
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with increased cardiovascular risk. More cases of pre-diabetes and diabetes would have 

been detected using 2001 WHO diagnostic criteria. There were non-significant differences 

on comparing the screen detected and known T2DM groups for mortality and combined 

MI and CABG. These differences were smaller than anticipated from the power 

calculations and again the study may have been too small to detect any real differences. 

The numbers actually screened ten years ago limited study size, and therefore simply 

increasing the sample studied on the basis of few observed events was not possible. This is 

an important consideration in observational screening follow-up studies. 

As well as larger differences, more total events were anticipated in the groups studied and 

the limited number of adverse outcomes is probably reassuring and possibly reflects 

generally improved management of T2DM with fewer complications than in previous 

cohorts. Given the accumulating evidence over the past 10 years, improved and intensified 

care for patients with T2DM might be expected to benefit those detected through screening 

or clinical diagnosis (15). 

This observational study does not clearly demonstrate significant differences in outcome 

between known and screened T2DM and IGT patients a decade after screening. However, 

there were relatively few outcome events during this period and it would be useful to 

determine outcomes 15 to 20 years following diagnosis. Larger RCT are needed to 

determine the impact of screening on outcomes. The results from this study could be 

useful in informing the power calculations for these RCT, ensuring that a sufficient number 

of outcomes are obtained. The Screening Those At Risk (STAR) study, described in 

Chapter 3, was developed from the original Leicester study. 
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Above all, management of T2DM and cardiovascular risk in the post-screening period 

needs to be carefully analysed, as this is likely to have a major impact on outcomes in the 

long-term. 
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2: 7 Conclusion 

The results of this small observational study do not show significantly improved outcomes 

in the ten-year period following a screening programme for T2DM. These findings reflect 

some of the other studies which did not show increased outcomes in people with screen- 

detected diabetes. Larger RCT with analysis of post-screening interventions are required 

to determine the long-term impact of diabetes screening programmes. The all-cause and 

cardiovascular mortality rates from this study may be useful in informing the power 

calculations for these larger trials and should be considered at the time of study design. 
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CHAPTER THREE 

PHENOTYPE OF SUBJECTS WITH 

SCREEN-DETECTED DIABETES 

Body Fat Composition 
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3: 1 Introduction 

It has already been discussed in the preceding chapters that subjects diagnosed with T2DM 

are at high risk of developing macrovascular and microvascular complications. Even if 

they have PDM, their risk of developing CVD remains higher than the general population 

(86,87). Obesity predisposes to both T2DM and PDM. Quantity and location of adipose 

tissue are important in determining risk. Adipose tissue is not an inert storage depot for 

triglycerides as previously thought but a highly metabolic organ producing several 

different substances with varying effects on glucose and lipid metabolism (88). Most of 

these substances increase insulin resistance and lipid abnormalities but a notable exception 

is adiponectin which is linked to insulin sensitivity (89). 

When obesity, glucose and lipid abnormalities and high blood pressure co-exist, a 

diagnosis of metabolic syndrome is made. The "common soil" hypothesis suggests that 

underpinning all these metabolic derangements is an antecedent period of chronic but mild 

inflammation (8). Normally the acute phase response to tissue injury is beneficial and 

protective but when this is augmented, it may be the mechanism leading to T2DM and its 

complications. 

It could be postulated that subjects in the pre-clinical stages of T2DM have a distinct 

phenotype, both morphological and biochemical, which is different to those with normal 

glucose tolerance. Identification of this "at risk" phenotype would be useful for the 

purposes of population-based screening and appropriate subsequent interventions. 

However even small increases in glucose concentration are a potentially modifiable CVD 

risk factor (90). 
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In this chapter, the current knowledge regarding obesity and cardiovascular risk is 

reviewed, before a number of techniques are described for quantifying the amount and 

distribution of adipose tissue. In the following chapter, Chapter 4, biochemical differences 

are determined by comparing adipose tissue products and inflammatory marker 

concentrations between WE and SA subjects with worsening glucose tolerance. 

Body Mass Index and Body Composition 

The World Health Organisation (WHO) has classified overweight and obesity according to 

BMI as a risk marker for T2DM and CVD. In 1993, an expert committee proposed BMI 

cut-off points of 25.0-29.9 kg/m2 for overweight grade 1,30.0-39.9 kg/m2 for grade 2, and 

>_40.0 kg/m2 for grade 3 (91). In 1997, this classification was amended to recognise an 

additional subdivision of 35.0-39.9 kg/m2 (92). 

There is increasing concern that conventional use of BMI fails to acknowledge varying 

levels of body fat percentage (BF%), especially in at risk populations (93). In the SA 

population it has been recommended that more definitive measurements such as skinfold 

thickness or BIA are used to measure BF% rather than BMI to avoid risk underestimation 

(93). T2DM incidence and prevalence vary greatly among ethnic groups despite similar 

BMI, such as Japanese and Taiwanese Americans compared with European populations 

(94). The problem with using BMI as a measure of adiposity is that it also includes fat-free 

mass and is related to body build, with Asians tending to be more slender and potentially 

less muscular. 

The continued debate surrounding application of BMI cut-off points regardless of ethnic 

population led to a recent WHO expert consultation (95), which concluded that Asian 
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people were at high risk of T2DM and CVD at BMI levels substantially lower than the 

traditional cut-off of 25 kg/m2 for overweight. However, there was little evidence to 

indicate an advisable cut-off in this population for overweight or obesity. Potential public 

health action points were identified along a BMI continuum of 23.0,27.5,32.5 and 37.5kg/ 

m2. Importantly, the consultation recognised the importance of using WC as a key 

measurement for determining cardiovascular and metabolic syndrome risk. Finally, it was 

recommended that meaningful body composition studies using valid methodology should 

be undertaken to address this important issue. 

Body Fat Composition 

Total quantity of adipose tissue is not as good a predictor of CVD and T2DM as the 

amount of fat stored in the abdomen, so-called central or visceral adipose tissue (94,96-99). 

Visceral adipose tissue is twice as common in men than in pre-menopausal women but is 

more detrimental in the latter (97,99-102). Relative CVD risk is increased eight-fold in 

women with the highest WC or WHR compared with only two-fold in men. This indicates 

that increased visceral adiposity lessens the relative cardioprotection of the pre-menopausal 

state. 

In both men and women with IGT, a high level of visceral adipose tissue is associated with 

abnormal lipid profiles which may partly explain their increased cardiovascular risk 

(103,104). In elderly men and women, excess visceral adiposity is associated with 

increased risk of developing T2DM (105). Specifically, a visceral adipose tissue level of >_ 

106 cm2 , estimated using CT scanning, is associated with elevated risk of coronary heart 

disease, that is, with low HDL cholesterol concentrations, hypertriglyceridaemia, high 
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LDL/HDL cholesterol ratio, impaired glucose tolerance, and hyperinsulinaernia in women 

(106). In comparison, leg fat accumulation was protective in the Hoorn study against 

disturbed glucose metabolism, especially in women (107). 

In a comparison of healthy European American and Asian American subjects, the latter 

group had higher visceral adipose tissue in women but not in men despite adjusting for age 

and total body fat, with differences more pronounced after the age of 30 years (108). 

Importantly however, some individuals who are clinically obese may still be 

"metabolically healthy" and this is associated with relatively little visceral fat deposition 

(109) 

Assessment of Body Fat Composition 

More precise measurements of body fat composition would help to elucidate those who are 

at greater risk. Body fat composition can be measured using either criterion methods or 

prediction methods and these are further subdivided into direct and indirect estimates. 

Physical properties such as chemical or anatomical components are measured by criterion 

methods. Examples are direct measurement such as total body water using the deuterium 

dilution space, or indirect measurements of other components of body composition, for 

example, BF% from total body water (110). 

There are a number of available criterion methods, such as underwater weighing or 

hydrodensitometry (which is considered the "gold standard" and based on Archimedes' 
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principle), potassium 40 counting, total body water from tritium or deuterium dilution, and 

in-vivo neutron activation. These methods are associated with random technical errors and 

non-random and/or systematic errors due to individual deviations from the assumed normal 

range related to factors such as age, gender and ethnicity (110) 
. 

Prediction methods are less specific and utilise measurements derived from body 

circumferences, skinfold thicknesses, or BIA. Equations used to determine BF% are 

obtained from values calibrated against criterion methods (110). 

Simple anthropometry, that is, measurement of height, weight, waist/hip circumferences 

and skinfold thicknesses, and BIA are commonly used prediction methods. Errors in 

measurement can occur due to technical difficulties and there are also errors as a 

consequence of the limitations of the criterion method used for calibration. Equations are 

available for predicting fat-free mass (FFM) and total BF% but they have mostly not been 

cross-validated to determine accuracy especially when applied to other populations. Early 

studies suggested that BIA and skinfold thickness measurements were not comparable 

especially at either extreme of body fat (111). Skinfold measurement tended to 

overestimate fat mass in lean subjects and underestimate in obesity when compared with 

BIA (110). 

Reference methods such as in-vivo neutron activation analysis, computed tomography 

(CT) and magnetic resonance imaging (MRI) involve the use of cumbersome, expensive 

equipment and specialised personnel. CT involves large amounts of ionizing radiation 

(110). These factors limit their widespread application for measuring body composition. 
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Dual-energy x-ray absorptiometry (DEXA) is a relatively new criterion method for body 

composition measurement and was originally used to measure bone density. Regional and 

whole-body estimates of fat, lean mass, and bone mass are obtained using DEXA at 

reasonable cost although trained personnel and expensive scanning equipment are required. 

Radiation risk is much lower than with CT scanning. However, it needs to be properly 

validated before widespread use as it can be affected by depth and tissue thickness and 

variations in tissue hydration (112,113). 

Accuracy of Measurements 

When measuring body composition, values are converted into amounts of bone, muscle 

and fat. There is some concern as to the validity of the assumptions underpinning 

estimates of body composition. The simple two-compartment model or Siri's equation is 

used most commonly (114) and divides the body into fat and FFM on the basis of body 

density from underwater weighing. This equation is derived from the assumption that fat 

and FFM densities are 0.9g/ml and 1.1 g/ml respectively (115). Depending on relative 

proportions of its components, mainly water, protein, and osseous and non-osseous mineral 

and the age and race of the individual, the density of FFM can vary greatly (116). Small 

variations from assumed densities can translate into proportionately greater errors in BF%. 

When compared with a four-compartment model, DEXA tended to underestimate BF% in 

leaner individuals (117). 

A four-compartment model improves estimations of body fat composition. Whereas in a 

two-compartment model, there are FFM and fat divisions only, in the four-compartment 

model, FFM is further subdivided into water, bone mineral, and protein. Non-osseous 

mineral and carbohydrates are considered within the protein compartment, as it is a 

relatively small fraction of FFM at around 1.5% in young adults. 
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Water is the largest fraction of FFM and is estimated at 73% in young adults. Some 

studies suggest that this figure is slightly higher in women and with increased adiposity 

(118-120). The overall density of FFM will increase with water content, but decreased by 

greater bone mineral content. The fraction of protein, non-osseous mineral and 

carbohydrate is assumed to be relatively constant but this may be misleading due to ethnic 

and gender differences. 

The equation for the four-compartment model is: - 

I /D = F/df + TBW/dw + B/db +C 

where 1/D is the sum of the volumes (fractions of weight/density) for fat (F), total body 

water (TBW), total bone mineral (B) and protein plus small amounts of non-osseous 

mineral and glycogen (C). 

The majority of body composition studies have been performed on Caucasians and much 

of the information regarding validity methods and assumptions are only available on this 

group. Before the widespread application of the four-compartment model, the amount of 

difference in the densities of the body compartments among gender and ethnic groups 

needs to be established. Otherwise, significant errors of unknown magnitude could result. 
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3: 2 Key Research Questions 

1. Are there characteristic phenotypic features for body fat distribution and 

anthropometric measurements that predict disease in patients screened for T2DM 

and PDM? 

2. Are these phenotypic features different in White Europeans compared with South 

Asians? 

3. Which simple method of measuring body composition is the most accurate? 
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3: 3 Subjects and Methods 

Subjects who had undergone T2DM screening as part of the STAR (12) and ADDITION 

(13) programmes were randomly selected by the author for measurement of weight, height, 

WC, WHR, skinfold thicknesses and BIA. Written consent was obtained from all subjects 

as per the Helsinki Declaration and the local ethics committee approved the study. 

These population-based programmes were conducted in surgeries, hospital sites and a 

mobile screening unit in Leicestershire, UK, between 2001 and 2004 (12,13). Male and 

female WE aged 40-75 years and male and female SA aged 25-75 years were invited to 

undergo OGTT with a 75g glucose load to determine glucose tolerance status. A diagnosis 

of PDM or T2DM was made using 1999 WHO criteria (121). Measurements were 

undertaken prospectively while patients were screened and also in a designated diabetes 

clinic for those diagnosed with T2DM through screening. 

Weight was measured to the nearest 0.1 kg using standard weighing scales. Height was 

measured to the nearest 0.5cm using a stadiometer. WC was measured to the nearest 

0.1cm using a non-stretching measuring tape over the tops of the iliac crests and hip 

circumference over the greatest protrusion of the gluteal muscles. 

Skinfold measurements 

Using the left side of the body in all subjects, skinfold measurements were performed over 

the biceps, triceps, subscapular and upper suprailiac regions using a non-stretching tape 

measure and Harpenden skinfold callipers (CMS Instruments, London, UK). All 

measurements were obtained by a single fully trained investigator (the author) to minimise 

intra-operator error and conducted according to standard operating procedures. 

Measurements were recorded to 0.1 mm accuracy. Three readings were taken from each 
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site and the mean value calculated. BF% obtained by this method was derived using the 

Durnin and Womersley and Siri equations as below (114,122). 

Calculations 

1. total skinfolds = average triceps skinfold + average biceps skinfold + average 

subscapular skinfold + average upper suprailiac skinfold . 

2. density =c- [m x log total skinfolds] 

where c and m are found according to the subject's age from the table below. 

Age 16-19 20-29 30-39 40-49 50+ 

C 1.1549 1.1599 1.1423 1.1333 1.1339 

M 0.0678 0.0717 0.0632 0.0612 0.0645 

3. BF% = 
[(4.95/density) 

- 4.5]x 100 (Siri's equation) 

Bioelectrical Impedance Analysis 

For this measurement, subjects were asked to fast overnight. However, those undertaking 

OGTT consumed 394m1 of Lucozade prior to this part of the study. Following skinfold 

thickness measurement, subjects removed all metal objects from their person and lay 

supine on a couch for up to five minutes. Electrodes were applied over the right 

metacarpophalangeal joints, wrist, tarsophalangeal joints and ankle after wiping with 

alcohol to remove surface grease. Bioelectrical impedance was measured using the 

68 



Quadscan 4000 device (Bodystat, Isle of Man, UK). The data were initially stored in the 

device before being downloaded onto a computer database. The author carried out all the 

measurements and collected and analysed the data. 

Dual Energy X-Ray Photoabsorptiometry 

Subjects diagnosed with T2DM through STAR and ADDITION were invited to undergo 

DEXA scanning to determine body composition. Scanning was conducted by fully trained 

nursing staff and took place in the Menopause Unit, Leicester Royal Infirmary, using a 

Lunar Prodigy scanner (GE, Madison, WI, USA). The actual scan lasted ten minutes 

during which subjects were asked to lie very still on the table within anatomically defined 

regions. The scan was subsequently analysed using Encore software. Following the scan, 

subjects were sent a copy of the results with advice on healthy lifestyle management. 

3: 4 Statistical Analyses 

A previous study showed up to 1% difference in BF% with up to 3% difference in standard 

deviation among Chinese, Malay and Indian subjects in Singapore (123). 

In the study described in this chapter, using power calculations, it was estimated that to 

detect a difference in mean BF% of 1% and standard deviation of 3% with a power of 80% 

at type 1 error of 0.05, each of the two ethnic groups would need to consist of at least 75 

patients. 

All measurements are given as mean ± standard deviation (SD) or mean± standard error of 

mean (SEM) unless otherwise stated. Significance was taken as p<0.05. Student's T test, 

Pearson's correlations, ANOVA and multiple linear regression were used to determine 
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differences between measurements for WE and SA. Bland and Altman plots were used to 

assess degree of agreement between measurement techniques. Receiver operator 

characteristic (ROC) curves were used to compare sensitivity and specificity rates for 

different cut-off values for skinfold thicknesses and BIA in WE and SA. The statistical 

package used for all calculations was SPSS version 14 (SPSS, Chicago, IL, USA). 
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3: 5 Results 

Baseline characteristics of subjects assessed for body fat composition are given in Tables 

3: 1 and 3: 2. In total, 120 (59.7%) WE and 81 (38.5%) SA subjects across the glucose 

spectrum underwent measurement of skinfold thickness and BIA. Male subjects made up 

46% of the cohort. 

Anthropometry, skinfold thicknesses and BIA were used to measure body fat composition 

in 120 WE (mean age 59.7 ± 10.9y, mean BMI 29.1±5.8kg/m2, mean waist WC 96.3 ± 

12.6 cm) and 81 SA (mean age 49.9 ± 12.0y, mean BMI 26.3 ± 4.5 kg/m2, mean WC 88.9 

± 13.8 cm) who had undergone OGTT screening. A further 39 subjects (20 WE, 19 SA) 

diagnosed with T2DM through screening agreed to attend for DEXA scanning. 

It is important to note that subjects with normal glucose tolerance still had at least one 

cardiovascular risk factor and were not therefore strictly "normal. " 

There was a significant difference in age of approximately ten years between WE and SA 

(p<0.001) (Table 3: 1). This was to be expected as SA were screened from the age of 25 

years to reflect their increased risk at an earlier age compared with WE who were screened 

from the age of 40 years. 

Mean BMI increased with worsening glucose tolerance. In women but not in men, BMI 

differed significantly between ethnic groups with higher BMI observed in WE women. 

This was probably because of the wide standard deviation seen with BMI in normal 

glucose tolerant males. In PDM and T2DM, mean BMI in WE was much higher than SA 

despite similar BF% (Table 3: 1). 
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WC was higher in WE but tended to increase with abnormal glucose tolerance in both 

ethnic groups (p=0.01). Interestingly, WC was lower in both WE and SA females with 

T2DM. This may be attributable to weight loss associated with unrecognised osmotic 

symptoms of T2DM. 

Mean BF% by skinfold thickness did not differ significantly between WE and SA males 

(p=0.08). However, in females there was a significant difference in skinfold thickness 

across the glucose spectrum (p=0.001). 

In males, mean BF% was much higher in WE than SA in the control group using both 

skinfold thicknesses (35% vs 31%) and BIA (27.3% vs 23.0%). However, differences in 

BF% were much less in the pre-diabetic and diabetic groups (<2%). In females, mean 

BF% varied by less than 2% for all three methods and glucose tolerance groups. 

Multiple linear regression showed that ethnicity and BMI but not age predicted the amount 

of total body and abdominal fat percentage using DEXA scanning (Tables 3.3-4). 

Only in WE males did BMI correlate significantly with WC, WHR and BF% using both 

skinfolds and BIA (p<0.05). In SA males, BMI strongly correlated with skinfold and BIA 

but not with WC and WHR (Table 3: 9). The same pattern was seen with WE females. In 

SA females, BMI significantly correlated with WC but not WHR (Table 3: 10). 

In subjects with T2DM diagnosed through screening, BF% was greater with DEXA in both 

WE and SA females. In WE and SA males, skinfold thickness measurements gave higher 

BF% readings (Figure 3: 1). 
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Figures 3: 2 and 3: 3 show Bland and Altman plots of differences between methods of 

estimating BF %. 95% limits of agreement were -9.79% to 11.33% between DEXA and 

skinfold thickness, and -6.53% to 11.99% between DEXA and BIA. 

There was a significant difference in body fat as measured by skinfold thicknesses between 

WE and SA males with normal glucose tolerance (35.0% vs 31.0%, p=0.03). WC differed 

between WE and SA females with screen-detected diabetes (95.7cm vs 85.4cm, p=0.026). 

Summary of Findings 

The main findings from this part of the study were 

9 BMI, WC and BF% (measured by both skinfold thickness and BIA) all tended to 

increase with worsening glucose tolerance in both WE and SA 

BMI correlated significantly with BF% as measured by BIA and skinfold thickness 

in both male and female WE and SA 

" WC only correlated with BMI in WE males and SA females 

9 In the diabetic sub-population who underwent DEXA, ethnicity and BMI were 

significant factors in predicting total and abdominal BF%. BF% was 

approximately 10% higher than normal in these subjects. In females, BF% was 

higher with DEXA and in males it was higher with BIA. However numbers in this 

part of the study were very small. 
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9 The 90% limits of agreement between DEXA and skinfold thickness were -7.9% to 

9.5%, and between DEXA and BIA were -4.9% to 10.3%, indicating that up to 

10% differences in BF% are likely to occur using these methods. 
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Table 3: 2 Baseline Characteristics of Diabetic Study Population 

undergoing DEXA Scanning 

Type 2 Diabetes 
White European South Asian P Value 

Males 

N 10 8 

Age* (y) 70.1 (4.0) 55.2 (11.6) 0.007 

BMI* (kg/m2) 27.6 (4.3) 26.3 (3.3) 0.51 

Total body fat§ (%) 32.1 (1.3) 33.7 (2.1) 0.54 

Total body fat§ (kg) 26.1 (2.3) 23.7 (2.5) 0.48 

Leg fat§ (kg) 7.4 (0.6) 6.4 (0.8) 0.33 

Trunk fat§ (kg) 18.6 (4.1) 14.5 (1.4) 0.35 

Ratio of trunk to total 71% 61% 

body fat 

Females 

N 10 11 

Age* (y) 66.8 (8.1) 55.0 (11.6) 0.01 

BMI*(kg/m2) 27.9 (3.8) 26.9 (6.3) 0.66 

Total body NO (%) 41.9 (1.7) 44.2 (1.8) 0.35 

Total body fat§ (kg) 28.7 (2.5) 27.3 (3.1) 0.72 

Leg fat§ (kg) 9.0 (1.1) 8.9 (1.0) 0.96 

Trunk fat§ (Kg) 15.6 (1.1) 14.9 (1.8) 0.74 

Ratio of trunk to total 54% 55% 

body fat 

*mean (SD), 9 mean (SEM) 

Significance assessed using independent samples T test 
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Table 3: 3 Multiple Linear Regression of Total Body Fat Percentage using 
DEXA Scanning 

Variable Coefficient 

Estimate 

95% Confidence Interval P value 

Race * 5.69 0.45 to 10.92 0.034 

Age (y) 0.12 -0.12 to 0.37 0.308 

BMI (kg/m, 1.02 0.55 to 1.49 <0.001 

(Constant) 0.30 -23.62 to 24.23 0.980 

* SA relative to WE 

Table 3: 4 Multiple Linear Regression of Abdominal Fat Percentage using 
DEXA Scanning 

Variable Coefficient 

Estimate 

95% Confidence Interval P value 

Race * 6.95 2.53 to 11.36 0.003 

Age (y) 0.13 -. 072 to 0.34 0.196 

BMI (kg/m2) 0.97 0.58 to 1.37 <0.001 

(Constant) 3.50 -16.69 to 23.68 0.727 

* SA relative to WE 
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Table 3: 5 Correlation between Measurement Methods for Body Fat 
Composition in Male Subjects Screened for Diabetes 

Correlation 
Coefficients BMI 

waist- 
hip 

ratio 
waist 

circumference 
body fat % 
(skinfolds) 

body fat 
% (BIA) 

BMI (kg/m) 1 0.30(*) 0.38(**) 0.72(**) 0.80(**) White 
European waist-hip 
Males ratio 0.30(*) 1 0.17 0.15 0.37(**) 
N=55 

waist 
circumference 0.38(**) 0.17 1 0.60(**) 0.48(**) (cm) 

body fat % 
(skinfolds) 0.72(**) 0.15 0.60(**) 1 0.69(**) 

body fat % 
(BIA) 0.80(**) 0.37(**) 0.48(**) 0.69(**) 1 

BMI (kg/M2) 1 0.15 0.78 0.64(**) 0.56(**) 
South 
Asian waist-hip 0.24 1 -0.14 0.19 0.38(*) Males ratio 
N=38 waist 

circumference 0.05 -0.14 1 0.22 -0.03 
(cm) 

body fat % 0.64(**) 0.19 0.22 1 0.52(**) 
(skinfolds) 

body fat % 0.56(**) 0.38(*) -0.03 0.52(**) 1 (BIA) 

* p<0.05 
** p<0.01 
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Table 3: 6 Correlation between Measurement Methods for Body Fat 
Composition in Female Subjects Screened for Diabetes 

Correlation 
Coefficients 

BMI 

waist- 
hip 

ratio 
waist 

circumference 
body fat % 
(skinfolds) 

body fat 
% 

(BIA) 

White BMI (kg/m) 1 -0.13 0.22 0.77(**) 0.85(**) European 
Females waist-hip ratio 

-0.13 1 -0 05 -0 001 -0 01 N=65 . . . 
waist 
circumference 0.22 -0.05 1 0.24 0 17 (cm) . 

body fat % 
(skinfolds) 0.77(**) -0.001 0.24 1 0.76(**) 

body fat % 
(BIA) 0.85(**) -0.01 0.17 0.76(**) 1 

South 
BMI (kg/m) 1 0.14 0.59(**) 0.62(**) 0.72(**) 

Asian waist-hip ratio 0.14 1 0.32(*) 0.28 0.24 Females 
N=43 waist 

circumference 0.59(**) 0.32(*) 1 0.35(*) 0.40(**) 

body fat % 
(skinfolds) 0.62(**) 0.28 0.35(*) 1 0.74(**) 

body fat % 
(BIA) 0.72(**) 0.24 0.40(**) 0.74(**) 1 

* p<0.05 
** p<0.01 
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Fig. 3: 3 Bland and 
race Altman plot of 
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3: 6 Discussion 

In this study, one of the main findings was that ethnicity and BMI significantly affected 

total and abdominal BF% but age was not a significant factor. Being SA and/or having 

greater BMI were predictors of increased BF%. 

DEXA scanning did not differentiate between visceral and subcutaneous adiposity and 

therefore the ratio of these two compartments cannot be reported. It is possible that WE 

have relatively more subcutaneous than visceral fat which would be more cardiovascularly 

protective. 

The evidence that simple bedside measurements can improve the ability to detect increased 

risk of CVD continues to accumulate. INTERHEART (124) and the IDEA study (125) 

which are global multiethnic studies have demonstrated the ability of WC and WHR to 

determine CVD risk irrespective of age and BMI. 

In INTERHEART, which looked at 27 000 individuals in 52 countries, WHR showed a 

more significant association with acute MI than BMI, especially at higher levels of 

adiposity. In IDEA, CVD risk changed from 21% to 40% when WC increased by 14cm in 

men and 14.9cm in women. 

WHR, WC and sagittal abdominal diameter are useful surrogate measurements for 

detection of visceral adiposity in both WE and SA populations and can be used with 

minimum effort in the clinical setting (46,124). Other more expensive and cumbersome 

methods such as CT or MRI scanning (often used in research) are therefore not necessary 

to determine adipose tissue distribution and cardiovascular risk. Other methods such as 
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DEXA are less expensive but are still relatively inconvenient for widespread measurement 

of body fat composition. DEXA underestimates BF% in lean subjects which is probably of 

less significance in a predominantly overweight population such as our cohort (117,126). 

Although DEXA does not appear to be affected by hydration status, its validity can be 

decreased by differences in age, body mass, BMI and gluteal girth (117). 

Skinfold thickness, BIA and DEXA have been compared in other populations, for example 

patients with chronic renal failure undergoing haemodialysis (127). Skinfolds were 

considered preferable to BIA in determining BF% as there was greater agreement with the 

gold standard of DEXA used in the study. This population had a much lower mean BMI 

than in the study described in this chapter (23.5kg/m2 vs 27.7 kg/m2). Skinfold 

measurements are easier to perform and therefore prone to less inter-observer errors in 

leaner subjects. Differences of up to 10% in BF% have previously been reported when 

using BIA (128) although in another study good reliability has been shown with impedance 

measurements (129). In healthy children, BF% derived from the DEXA method was 

significantly higher than with BIA or skinfolds (130). 

Another study of 100 subjects suggested that DEXA underestimates lean body mass and 

body fat compared with BIA but concluded that both methods were suitable for body 

composition studies (131). The differences were assumed to be related to different 

assumptions about the constants in equations used to calculate BF%. 

The Durnin and Wormersley equation was used in the study described here to assess BF% 

and this was also calculated by the BIA device used. It has been shown that this equation 

can predict BF% values approximately 10% above and below the subject's actual BF% 

(132). Often this equation underestimates BF% suggesting that, in our subjects, values 
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were likely to be higher than actually obtained. This has been borne out by other studies 

(93). Furthermore, in subjects with more than 30% BF, Brozek's rather than Sid's 

equation may be more reliable (133). 

The discrepancy between BMI and BF% has been well-documented in both native and 

migrant SA populations (93,123,134-137). In fact, obesity and BF% appear to be 

increased in other migrant populations as well, for example, white European migrants 

living in Sweden (138). This suggests that there may be some factors associated with 

migration that predispose to relatively greater adiposity compared with the native 

population. This is partly dependent on the environment to which the migrant is exposed, 

that is, whether it is obesity promoting. From this perspective, migrants to North America 

are more susceptible than those to Sweden although the comparative studies looked at 

Asian and WE populations respectively (139,140). BMI tends to increase with increasing 

length of stay in the country of migration (141). 

Further exploration is needed to determine how much lifestyle factors, including amount of 

exercise, smoking and alcohol consumption and high fat and carbohydrate diets, play a part 

in determining diabetes and cardiovascular risk. For example, smokers were reported to 

have greater WHR than non-smokers with comparable body weight (142). This is 

especially important as migrants differ in their degrees of assimilation with the native 

population's lifestyle. Socioeconomic factors may also be important as poorer social 

groups are associated with greater CVD and diabetes risk. The probable interaction with 

genetic susceptibility remains unclear. 

The case for reducing visceral adipose tissue continues to strengthen with several 

interventional studies. For example, substantial improvements in oral glucose tolerance, 
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fasting plasma glucose and insulin sensitivity have been seen with removal of small 

amounts of intra-abdominal adipose tissue (<1kg) (143). Conversely despite a reduction in 

WC of more than 12cm with liposuction of subcutaneous abdominal fat, no significant 

improvement in cardiovascular risk was achieved (144). 

As T2DM and CVD increase with rising obesity, the level of risk that is perceived in SA is 

clearly being underestimated. In the data reported here, BF% was very similar in WE and 

SA with PDM and T2DM despite much lower BMI and WC in the latter group. The need 

for different cut-offs is clear if risk is not to be under-estimated. 

85 



3: 7 Conclusion 

The well-documented variability in different methods for determining body fat 

composition was observed with the study described in this chapter. The difficulty of 

applying the same equation to different ethnic populations makes the results somewhat 

difficult to interpret. Nevertheless, it was found that regardless of method used, there was 

a clear increase in BF% with worsening glucose tolerance in both WE and SA and this was 

observed using simple measures such as WC as well as those requiring specialised 

equipment such as skinfold measurements and BIA. With DEXA in diabetic subjects, 

total and abdominal BF% was affected by differences in race and BMI. 

It can be concluded that continuing to use BMI as the sole obesity marker to measure CVD 

risk in different populations is inherently misleading. The adoption of simple measures 

such as WC and WHR and, if resources permit, methods such as BIA, skinfold thickness 

and DEXA to delineate actual BF%, need to be considered if risk stratification is to be 

more effective in different populations. The relatively small size of this study did not 

allow cut-offs to be determined which could be used to predict different levels of glucose 

tolerance. 

Further longitudinal and randomised controlled interventional studies of sufficient 

magnitude comparing WE with SA are required to determine prevalence of abdominal and 

visceral obesity and the effects of its reduction in at risk populations. 
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CHAPTER FOUR 

PHENOTYPE OF SUBJECTS WITH 

SCREEN-DETECTED DIABETES 

Circulating Risk Markers and their Association with Glucose Tolerance 
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4: 1 Introduction 

In the previous chapter, the morphological phenotype of screened subjects was discussed 

and examined. The relative adiposity of subjects screening positive for PDM or T2DM 

was identified. What are the risks of increased amounts of adipose tissue? One of the 

most exciting current areas of research is in exploring the cytokines produced by 

adipocytes and the interaction between organs such as adipose tissue, muscle and liver in a 

metabolic environment of chronic mild inflammation and dyslipidaemia (8). 

This chapter explores the biochemical phenotype of screened subjects by investigating and 

then discussing the difference in concentrations of circulating inflammatory risk markers 

across the glucose spectrum and in WE and SA populations screened for abnormal glucose 

tolerance. 

The role of inflammation as a preceding event in development of T2DM and CVD has 

been intensely debated over the last few years (8-11). The "common soil" hypothesis 

suggests that low levels of chronic inflammation are responsible for triggering the 

abnormal metabolic features associated with these conditions (145). Normally, the acute 

phase response to inflammation is entirely appropriate and conducive to long-term 

survival. However, chronic exposure to stressful stimuli such as ageing, increased fat and 

glucose intake, and a sedentary lifestyle transforms a protective mechanism into a harmful 

one that predisposes to increased morbidity and mortality (Fig. 4: 1) (11). 
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Figure 4: 1 The Role of Activated Innate Immunity as the Antecedent of Type 2 

Diabetes and Atherosclerosis (adapted from (8)) 
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Hyperglycaemia has been linked to inflammation by demonstration of simultaneous 

inflammation, endothelial dysfunction and insulin resistance at the pathophysiological 

level (146). Reducing hyperglycaemia alone did not decrease the number of 

cardiovascular events in several studies such as the large UKPDS (65) and the smaller 

Kumamoto study (147). It is possible that the link between CVD and diabetes is the 

inflammatory processes underlying both conditions (9) and that targeting pro-inflammatory 

cytokines would enable greater reductions in atherosclerosis related complications. 

A number of circulating biochemical substances have been identified which can provide a 

surrogate marker of cardiovascular risk in subjects with T2DM and PDM. These include 

C-reactive protein (CRP), interleukin-6 (IL-6), adipocytokines such as adiponectin, leptin, 

resistin and tumour necrosis factor a (TNFa), and apolipoproteins A-1 and B (apo A-1 and 

apo B). 

Pharmacological agents such as aspirin and HMG Co-A reductase inhibitors (statins) have 

been extensively studied to determine their effects on circulating risk markers. In a small 

study of nine subjects with T2DM treated with two weeks of high dose aspirin 

(approximately 7g/day) there was a 25% reduction in fasting plasma glucose, 15% 

reduction in CRP concentration, 50% reduction in triglycerides and 30% reduction in 

insulin clearance (148). The optimal dose of aspirin for reducing chronic low-grade 

inflammation and its association with atherosclerosis has yet to be determined and long- 

term intervention studies are needed to investigate this further (149). 

CRP concentrations are lowered by atorvastatin in patients with T2DM (150) and by 

pravastatin in those who have had a myocardial infarction (151). Pravastatin also appears 
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to reduce the risk of developing T2DM as shown in the West of Scotland Coronary 

Prevention Study (152) 
. 

It has been suggested that inflammation is not solely induced by chronic hyperglycaemia 

and that the inflammatory response may be reduced by improving glycaemic control (8). 

Thiazolidinediones or "glitazones" are PPAR-? agonists used in the treatment of T2DM 

and improve insulin sensitivity. Furthermore, they have beneficial but small effects on 

lipid profile and blood pressure. Troglitazone, now withdrawn from the global market, 

reduces reactive oxygen species generation and nuclear factor-xB binding activity by 50 in 

obese subjects (153). Rosiglitazone has been shown to reduce CRP concentrations (154). 

In the PRO-ACTIVE study, pioglitazone was used in patients with T2DM at high risk of 

macrovascular disease and there was a non-significant decrease in all events including 

mortality in the pioglitazone group after approximately three years of follow-up (155). It 

is possible that reducing chronic inflammation led to improvement in macrovascular 

outcomes in this study. Interestingly, TNF-a also down-regulates PPAR-y expression 

(156). Troglitazone and pioglitazone stop the progression of intima-media thickness in the 

carotid artery of diabetic subjects within three months of administration and the benefits 

appear to continue for at least six months (157,158). Adiponectin gene expression and 

circulating adiponectin levels are increased by thiazolidinediones in insulin-resistant obese 

human subjects (159). 

High Sensitivity GReactive Protein 

Normal individuals have low circulating CRP concentrations which are synthesised in the 

liver in response to inflammatory substances such as IL-6 released from macrophages and 

activated T cells (160,161). With acute inflammation, CRP concentrations are as high as 
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40-200 mg/L. However in healthy individuals the median concentration is 0.8-1.1 mgfL 

and assay-dependent. 

Traditional immunophelometric or immunoturbidimetric automated methods used in the 

clinical laboratory have a sensitivity of around 3-5 mg/L when detecting CRP. However, 

to assess CVD risk, the analytical method used to measure CRP must have greater 

sensitivity e. g. below 1 mg/L and therefore is termed `high sensitivity' CRP (hsCRP). 

Studies have shown that CRP is higher in diabetes than in the normal population (162-164) 

and in healthy subjects, CRP is predicted by BMI and 2-hour post-challenge glucose (165). 

CRP is a risk factor for the development of T2DM (166,167) and insulin resistance (168). 

In the West of Scotland Coronary Prevention Study, CRP>4.18mg/1 was associated with 

more than three-fold risk of developing T2DM at five years in middle-aged men (169). 

Elevated CRP is associated with increasing HbAlc levels (170). In 1018 North American 

patients with T2DM, it was found that, after controlling for age, ethnicity, sex, smoking, 

diabetes duration, insulin and BMI, HbAlc was significantly associated with increased 

likelihood of elevated CRP for HbA 1 c>9% by more than two-fold and for HbA 1 c> 11 % by 

more than four-fold. This study was limited by the self-reported nature of the data, 

including diabetes diagnosis, anti-inflammatory medication usage and smoking status. 

CRP selectively binds to low-density lipoprotein especially within atherosclerotic plaques, 

which results in complement activation and promotes inflammation, potentially 

contributing to atherosclerosis. It may also increase macrophage production of tissue 

factor, which initiates coagulation and is responsible for occlusive thrombotic events. 

Raised CRP levels have been linked to increased risk of thrombotic events including MI 

(171-173). 
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A large cohort study of 746 American men with T2DM aged 46-81 years were followed up 

for around five years and high CRP levels were associated with increased risk of 

cardiovascular events. This was independent of lifestyle risk factors, lipid profile and 

glycaemic control (174). HsCRP is useful in predicting development of future 

cardiovascular events in stable and unstable angina (175). 

CRP is markedly different according to ethnicity. In a Canadian study, asymptomatic SA 

had higher CRP levels than Chinese or European subjects despite adjustment for glucose 

metabolism, body weight or abdominal obesity (176). Combined increases in both 

visceral and total body adiposity appear to be more critically associated with a rise in CRP 

levels than increases in either parameter alone (177). CRP is higher in SA than WE in the 

UK (178). Another study showed median CRP levels were nearly double in SA compared 

with WE women (179). 

Adipocytokines 

Previously thought to be just an inert storage organ, adipose tissue is now established as a 

highly metabolic endocrine gland with adipocytes capable of producing a number of 

hormones such as TNFa, adiponectin, leptin and resistin (Fig. 4: 2) (88). Adipose tissue 

mass expands by an angiogenesis-dependent mechanism (180). These hormones have 

been linked to insulin resistance and metabolic syndrome. In this way, they can be 

surrogate markers of cardiovascular risk. 

Tumour Necrosis Factor a 

TNFa is a pro-inflammatory cytokine produced by neutrophils and macrophages, which is 

involved in mechanisms leading to development of atherosclerosis and CVD. It is also 
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secreted by adipose tissue and is elevated in obese subjects (181). Inflammatory cytokines 

such as TNFa are thought to impair insulin action by various mechanisms. They can 

attenuate insulin-induced suppression of hepatic glucose production, enhance hepatic 

production of triglycerides and free fatty acids and may also inhibit insulin-stimulated 

glucose uptake (182). Specifically, down-regulation of TNFa receptors appears to be 

associated with improvements in blood pressure and insulin resistance (183). 

TNFa also increases levels of IL-6, a major pro-inflammatory cytokine. Whereas TNFa 

concentrations have been reported as normal in PDM (184), other studies have shown 

elevated levels in T2DM (185-187). Dietary restriction and weight loss reduce TNFa 

(188). In post-MI patients, TNFa negatively correlated with HDL cholesterol (189). 

TNFa mRNA has been found within human atherosclerotic plaques (190,191). 

There are little data on the prevalence of TNFa in migrant SA. However, one study in 

India showed that TNFa concentration is elevated in urban compared with rural SA (192). 
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Fig. 4: 2 Proteins derived from Adipose Tissue (adapted from (193)) 

17(3HSD, 170-hydroxysteroid dehydrogenase; 113HSD 1,11 ß-hydroxysteroid 

dehydrogenase-1; LPL, lipoprotein lipase; CETP, cholesterol ester transfer protein; PAI-1, 

plasminogen activator-inhibitor-1; ACE, angiotensin-converting enzyme; ASP, acylation- 

stimulating protein; HGF, hepatic growth factor; MCP-1, monocyte chemoattractant 

protein-l; PGE2, prostaglandin E2; VEGF, vascular endothelial growth factor. 
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Adiponectin 

One of the most extensively researched adipocytokines, adiponectin is a hormone 

exclusively expressed and secreted by adipose tissue (89). Uniquely, it is a protective 

adipocytokine with low concentrations in obesity which increase after weight loss 

(194,195). Adiponectin is also low in association with insulin resistance, CVD and T2DM 

(196). In particular, adiponectin has anti-inflammatory and antiatherogenic properties 

(197) and suppresses TNFa secretion (198,199). Reduced inflammation with better 

glycaemic and lipid profiles is associated with increased adiponectin concentrations in 

male T2DM subjects (200). Reduced adiponectin was independently associated with 

increased risk of T2DM and metabolic syndrome in 372 elderly Korean subjects (201). 

Effects of lifestyle modification are uncertain. Adiponectin did not increase in young 

Finnish men in military service on a six month low-calorie diet (202). However, a low- 

energy Mediterranean style diet and increased physical activity in obese Italian women was 

associated with significantly increased adiponectin levels (203). 

Serum adiponectin exists in trimeric, hexameric and high-molecular-weight (HMW) forms 

(204) which exhibit different biological activities. Interestingly, only the HMW isoform is 

increased after weight loss in obese individuals (205) and after thiazolidinedione treatment 

(206). 

Future CVD risk in women was not predicted by adiponectin levels although they were 

associated with insulin resistance (207). In Indo-Asian subjects, HDL cholesterol is the 

best predictor of adiponectin levels and is lower than in BMI-matched Caucasians (208). 

Another sub-population with decreased adiponectin levels are women with previous 
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gestational diabetes (209). Of concern is that levels in this study were low regardless of 

BMI or insulin sensitivity. 

Leptin 

Leptin is a product of the ob gene (210) and is produced by differentiated adipocytes as 

well as skeletal muscle tissue, liver, placenta and stomach (211). Leptin levels increase 

with increasing body fat and are associated with insulin resistance and hypertension. It 

binds to hypothalamic receptors and increases satiety (212,213). Elevated leptin is a risk 

factor for development of T2DM (214). Its production is regulated by insulin, 

glucocorticoid, TNFcL, interleukin-1 and TGFß. Recombinant leptin is not beneficial in 

morbidly obese subjects. After weekly injections of long-acting pegylated human leptin 

for eight weeks, there was no change in metabolic or inflammatory status of 28 healthy 

males and females (215). 

Differences in leptin in migrant SA have been noted in studies in several countries. There 

were significantly higher leptin levels in UK SA with T2DM compared with those with 

normal glucose tolerance or IGT (216). Leptin levels are much higher in offspring aged 

18-30 years of SA immigrants living in North America compared with the native white 

population (217). 

Resistin 

The gene family of resistin and its tissue-specific distribution was first described in 2000 

(218) and it was thought to induce insulin resistance (219). It reduces the insulin- 

stimulated uptake of glucose by tissues, thus decreasing insulin sensitivity in obese mice 

(220). It has high expression in adipocytes. It has been suggested that resistin induces 

obesity and is related to insulin sensitivity but this role as yet remains unproven (221,222). 
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In 65 Chinese patients with hypertension, fasting resistin concentrations were significantly 

higher in those with T2DM compared with those with IGT or normal glucose tolerance 

(223). 

In 231 Japanese subjects with T2DM, adiponectin, leptin and resistin correlated with 

visceral and subcutaneous fat. A correlation was also demonstrated between 

adipocytokines and carotid intima-media thickness (224). In a cross-sectional study of 150 

SA in the UK with worsening glucose tolerance, resistin was inversely correlated with 

adiponectin (216). 

Apolipoproteins A-I and B 

Diabetes is commonly associated with deranged lipid profiles and this may contribute to 

the increased risk of CVD. The combined cholesterol in low density lipoprotein (LDL), 

intermediate density lipoprotein (IDL) and very low density lipoprotein (VLDL) sub- 

fractions appears to result in greater cardiovascular risk than LDL cholesterol alone. Total 

apolipoprotein B (apo B) levels are highly correlated with non-HDL cholesterol, as there is 

one apo B molecule per particle of LDL, IDL and VLDL (225). 

An increasing number of studies indicate that lipid sub-fractions such as non-HDL 

cholesterol and total apolipoproteins B and A-1 are stronger markers of cardiovascular risk 

than LDL cholesterol (226,227). 

A study in 313 Swedish men identified that the apoB / apoA-1 ratio was strongly 

associated with metabolic syndrome and change in carotid artery intima media thickness 

after three years (228). 
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Adiponectin is positively associated with HDL cholesterol and inversely associated with 

triglycerides and apoB100. As increasing levels of adiponectin improve insulin sensitivity, 

raised levels of apoB 100 may increase insulin resistance (229). 

In SA living in Canada, apoB/apoA-1 ratio was significantly associated with increased 

body fat as measured by WHR and BMI but interestingly not with actual BF% (230). 

Circulating Risk Markers in South Asian Population 

It has already been discussed that SA represent a particularly high risk population for 

development of T2DM and CVD. Table 4: 1 summarises the evidence to date showing 

associations between the above circulating risk markers and the SA population. 
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Table 4: 1 Key Associations of Risk Markers in South Asian Population in UK and 

Globally 

Risk Marker Association 

hsCRP Higher in SA than WE in UK (231) and Canada (232) 

Adiponectin Low in SA (233) 
Predicted by HDL chol (234) 

Leptin Higher in SA with T2DM in UK (216) 
Higher in offspring of SA immigrants in N. America 
(235) 

TNF alpha Higher in urban than rural SA in India (236) 

Resistin Inverse correlation with adiponectin in UK SA (216) 

Apo B/apo A-1 ratio Significantly associated with increased body fat in SA 
in Canada (230) 
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4: 2 Key Research Questions 

1. Are there characteristic circulating levels of conventional and non-conventional 

cardiovascular risk factors in patients screened for T2DM and PDM? 

2. Are these cardiovascular risk markers associated with disease in White Europeans 

and South Asians? 
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4: 3 Subjects and Methods 

At the time of screening in the STAR study, baseline demographic data were collected 

including age, sex, ethnicity, drug and smoking history, BMI and WHR. Plasma and 

serum samples were taken for fasting and 2 hour glucose, fasting insulin, HbAlc and renal 

function. Urine samples were obtained for estimation of urinary albumin excretion. 

Further serum samples were removed for storage in a -70° freezer for subsequent analysis 

of circulating inflammatory markers. The study was conducted in accordance with the 

Declaration of Helsinki and written informed consent was obtained from all subjects. The 

local ethics committee approved the study. 

T2DM was confirmed with two positive OGTT results using 1999 WHO criteria (121). 

PDM was diagnosed by a single OGTT result, and was monitored by annual re-screening. 

Biochemical Analyses 

From this cohort, serum samples from 85 WE (47 PDM and 38 T2DM) and 80 SA (49 

PDM, 31 T2DM) were randomly selected by the author. Plasma samples from age, sex 

and ethnicity- matched controls were also selected for analysis. All the biochemical 

analyses were performed by the author at the Unit for Diabetes and Metabolism at 

Wanvick Medical School. 

The serum samples were transferred in dry ice to the laboratory and 2m1 samples were 

aliquoted into five further 2O0µ1 tubes to minimise repeated defrosting cycles. HsCRP was 

analysed using standard ELISA techniques (Life Diagnostics® Inc., West Chester, PA, 
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USA). Intra-assay coefficient of variation was 2.3-7.5% and inter-assay coefficient of 

variation was <20%. 

All other circulating inflammatory markers, namely adiponectin, leptin, resistin, TNFa apo 

A-l, apo B and IL-6 were analysed using bioplex assay (Linco® Research, St. Charles, 

MO, USA). This relatively novel technique involves mixing serum molecules with 

antibody-coated microspheres, which are then read by a laser in the bioplex analyser. The 

technique allows several analytes to be measured simultaneously. Each sample was 

analysed in duplicate using standard techniques. For bioplex, intra-assay coefficient of 

variation was 1.4-7.9% and inter-assay coefficient of variation was <21%. 

4: 4 Statistical Analysis 

All values are given as mean ± standard deviation (SD) unless otherwise stated. Linear 

regression analyses (following logarithmic transformation as markers were not normally 

distribute) were used to determine differences in circulating risk markers between ethnic 

groups. Correlation coefficients are stated with 95% confidence intervals. Significance 

was assumed if p<0.05. All statistical analyses were carried out using SPSS statistical 

software version 14.0 (SPSS, Chicago, IL, USA). 
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4: 5 Results 

Samples from 118 WE (50% male) and 113 SA (48% male) were analysed. Baseline 

characteristics of the 231 subjects are summarised in Tables 4.2 and 4: 3. Age increased 

progressively with abnormal glucose tolerance and WE tended to be slightly older than SA. 

BMI and WHR increased with PDM and T2DM in both groups. Systolic and diastolic 

blood pressure, triglycerides, HbA 1c and fasting plasma glucose all increased with 

deterioration in glucose tolerance. Total cholesterol remained relatively stable and HDL 

cholesterol fell with PDM and T2DM. 

Mean concentrations of circulating risk markers according to ethnicity and glucose status 

are shown in Tables 4: 4 and 4: 5. Leptin, TNFa and hsCRP all increased in WE with 

worsening glucose tolerance, whereas IL-6 initially fell slightly with PDM. Adiponectin 

levels decreased in WE with PDM and T2DM. In SA, trends were less consistent. There 

was an increase in leptin and hsCRP, and a decrease in adiponectin with abnormal glucose 

tolerance. However, resistin increased markedly with PDM before falling again in those 

with T2DM. Conversely TNFa and IL-6 fell initially with PDM before rising again with 

T2DM. 

TNFa, adiponectin and resistin were significantly different between WE and SA males 

with normal glucose tolerance (p=0.04, p=0002 and p=0.04 respectively). In the diabetic 

state, hsCRP differed between WE and SA males (8.16 mg/l vs 4.44 mg/1, p=0.03). Leptin 

was significantly different between WE and SA controls (6.62 vs 18.12 ng/ml, p=0.02). 

Following adjustment for age, BMI, WHR, smoking, BP and lipid treatment and gender, 

predictors'of leptin concentration were age, BMI and gender in WE, but only gender in SA 
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(Table 4: 6). There were no significant predictors of adiponectin or resistin after 

adjustment for these variables (Tables 4: 7 and 4: 8). Age and current smoking were 

predictors of TNFa in SA (Table 4: 9). BMI predicted hsCRP in WE and SA (Table 4: 10). 

The change in circulating risk markers across the glucose spectrum is shown for both 

ethnic groups in Figures 4: 4 and 4.5. 
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Figure 4: 3 Concentrations of Resistin, Adiponectin and Leptin According to 
Glucose Tolerance and Ethnicity (mean ± 95 CI) 
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Figure 4: 4 Concentrations of hsCRP and TNFa According to Glucose Tolerance 

and Ethnicity (mean ± 95 CI) 
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4: 6 Discussion 

This study shows that there are differences in concentrations of circulating risk markers 

across the glucose spectrum between WE and SA living in the UK. However, after 

adjustment for variables such as age, BMI, WHR. gender, smoking and drug history, there 

were no differences with adiponectin and resistin. Leptin was predicted by age, gender and 

smoking in WE and only gender in SA. BMI predicted hsCRP in both groups and age and 

smoking predicted TNFa in SA. 

Mean adiponectin in this study was significantly lower in SA diabetic subjects compared 

with WE prior to adjustment, which might explain the increased risk of T2DM and CVD in 

this ethnic group. In other studies in patients with CVD and IFG, who have a high rate of 

conversion to T2DM, elevated adiponectin levels were associated with reduced risk of 

developing diabetes (237). 

In this study, mean adiponectin was consistently lower in SA compared with WE across 

the glucose tolerance spectrum. The mean adiponectin concentration in the SA controls 

with normal glucose tolerance was lower than that measured in healthy SA subjects living 

in the United States (32). However, the US subjects were younger (mean age 35 years) 

and they did not have cardiovascular risk factors such as diabetes, hypertension, coronary 

artery disease or hyperlipidaemia although BMI was similar compared with our study 

population. Lower levels of adiponectin are predictive of T2DM in SA. In SA living in 

India, adiponectin levels in normal, IGT and T2DM groups decreased progressively with 

worsening glucose tolerance. As in the study in this thesis, women had higher mean 

adiponectin values (238). The reason for this remains unclear. 
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Leptin is produced by adipose tissue and has a key role in food intake and energy 

metabolism. The concept of hyperleptinaemia leading to a state of leptin resistance in 

obese individuals with detrimental effects on cardiovascular function is now well- 

established (239). 

Leptin was markedly higher in our SA control subjects compared with WE. Leptin 

concentrations have been measured in urban middle class, urban slum and rural Indians 

(240). In our study, median leptin in the SA control group was higher than in all these 

social groups. However, median BMI was also higher in our study (24.0 vs 22.3 kg/m2). 

In this study, the significantly lower level of resistin in SA controls was an unexpected 

result. It might be assumed that resistin would be higher in SA as it has been suggested 

that this hormone induces insulin resistance. However, no correlation has been found 

between body weight, adiposity and insulin resistance, and resistin mRNA level (241,242). 

More recent work has also found that resistin, contrary to previous opinion, is not strongly 

associated with insulin resistance (243). 

These differences in adipocytokine profile between WE and SA may be of significance in 

targeting at risk individuals with specific agents. The observation that adiponectin is 

significantly lower in SA who have T2DM might suggest that they would benefit from 

thiazolidinedione therapy which specifically targets adiponectin mRNA expression. 

However, genetic variations in the adiponectin gene may possibly alter the response to 

thiazolidinediones, as has been shown with rosiglitazone (244). Glimepiride, a long-acting 

sulphonylurea, has also been shown to increase adiponectin concentrations in subjects with 

T2DM (245,246). Although not yet available, adiponectin analogues developed in the 

future could conceivably increase insulin sensitivity in hypoadiponectinaemic individuals. 
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Adiponectin concentration is reduced and inversely correlated with the degree of 

proteinuria in subjects with T2DM (247). As shown in our study with SA males, 

adiponectin was significantly lower in relatively healthy SA compared with WE in another 

study (248). Weight loss with sibutramine did not increase adiponectin levels in obese 

subjects with T2DM (249). Current cigarette smokers and a family history of hypertension 

are both associated with lower levels of adiponectin (250,251). The antihypertensive agent 

valsartan has been shown to increase adiponectin levels (252). Decreasing concentrations 

of adiponectin have been correlated with increased risk of cerebrovascular disease (253). 

The effects of leptin are somewhat harder to determine. Recombinant leptin therapy in 

obese individuals has not been shown to be associated with weight reduction (215) 

although leptin receptor deficiency is linked to morbid obesity states. 

The benefits of exercise training on adipocytokines has been shown by a study in fifty 

inactive men aged between 65 and 78 years with BMI 28.7-30.2 kg/m2 who underwent 

different intensities of exercise for six months and then detrained over six months (254). 

There was a significant decrease in leptin with all intensities of training but a significant 

increase in adiponectin only with high intensity training. Once detrained, changes only 

remained in the high intensity exercise group. 

Although no significant differences were detected in TNFa, IL-6 and hsCRP levels 

between the two ethnic groups (apart from TNFa in normal WE and SA men), all three 

circulating markers increased with worsening glucose tolerance. Other studies have shown 

that hsCRP is higher in T2DM compared with normal subjects. In this study, the normal 

subjects still had at least one cardiovascular risk factor. TNFa is markedly upregulated in 

obese states and promotes insulin resistance by interfering with insulin receptor signalling 
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(255). Thiazolidinediones prevent the inhibitory effect of TNFa on adiponectin expression 

in adipose tissue (256). It has been shown that TNFa concentration is elevated in urban 

compared with rural SA living in India (257). In this study, median concentrations of 

TNFa were 30.9,39.3 and 2.57 pg/ml respectively. Median TNFa in our control group 

was 6.77 pg/ml, which is much closer to the rural TNFa concentration. As with IL-6, the 

differences in TNFa between the Indian urban and rural populations and the Leicester 

population could be attributable to socioeconomic and environmental factors. 

A limitation of this study is that the size of the cohort may not be sufficiently large enough 

to detect the differences observed in previous analyses, for example as seen with hsCRP 

and IL-6 concentrations in different ethnic groups. Longitudinal studies are required to 

determine the change with time of these risk markers especially after lifestyle interventions 

of weight loss and exercise as well as introduction of therapies such as metformin or 

thiazolidinediones. 

Interestingly, in the Indian Diabetes Prevention Programme, there was no additional 

benefit in combining lifestyle modification with metformin (258). Both the individual 

interventions resulted in significant risk reduction in the progression of IGT to T2DM in 

native Indian middle-class men and women. In the USA, the Diabetes Prevention 

Programme also showed that lifestyle modification was effective in preventing T2DM in 

migrant SA although they represented a very small proportion (4.4%) of the total study 

population (259). 

As described earlier, a study in 120 Italian obese pre-menopausal women of the effect of a 

Mediterranean diet, weight loss of 10% or more, and increased physical activity over two 
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years demonstrated decreased CRP and IL-6 concentrations whereas adiponectin 

concentration increased when compared with placebo (260). 

Rimonabant, a selective cannabinoid-1 receptor blocker, has recently been shown in the 

RIO study to be effective in reducing weight and WC and may have beneficial effects on 

circulating risk markers (261). 

Notably, there have been few previous studies in a multiethnic population especially of SA 

who are at high risk of T2DM and CVD. The strengths of this study are that all subjects 

had OGTT confirming T2DM and PDM according to WHO criteria and all underwent the 

same measurement as this was a nested case control study. 

In summary, the main findings from this part of the study are as follows: - 

" Mean adiponectin is significantly lower in SA diabetic subjects compared with WE 

prior to adjustment for age, BMI, WHR, gender, smoking and drug history 

" Mean leptin is significantly higher in SA normal subjects compared with WE 

9 Leptin is predicted by age, gender and smoking in WE but only gender in SA 

9 Resistin was significantly lower in SA control subjects 

9 No significant differences were detected in IL-6 and hsCRP levels between WE and 

SA subjects 

" hsCRP was predicted by BMI in both WE and SA subjects 

" TNFa was significantly different between normal WE and SA men and is predicted 

by age and smoking in SA 
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4: 7 Conclusion 

In summary, this study found differences in adipocytokine profile in SA and WE, which 

are consistent with findings from other studies. These differences may have important 

implications in detecting undiagnosed T2DM and PDM. Following identification of these 

abnormal glucose tolerance states, lifestyle modifications such as increased activity and 

weight loss need to be instituted. Further work to elucidate exactly how early on these 

differences between ethnic groups develop and the impact of interventions is needed. 
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CHAPTER FIVE 

PHENOTYPE OF SCREENED SUBJECTS 

Circulating Risk Markers in Metabolic Syndrome 
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5.1 Introduction 

Since Reaven first described the condition in his Banting lecture in 1988, much interest 

and research has been focused on a constellation of cardiovascular risk factors variously 

termed metabolic syndrome, syndrome X or insulin resistance syndrome (262). This 

syndrome comprises of abnormal glucose tolerance, hypertension, hyperlipidaemia and 

obesity and is thought to confer increased risk for the development of CVD and T2DM. 

Metabolic syndrome has been defined by a number of expert committees, in particular the 

World Health Organisation (WHO) (121), the National Cholesterol Evalulation Program 

(NCEP) in North America (263) and more recently the International Diabetes Federation 

(IDF) (264). To avoid underestimating risk in certain ethnic groups, IDF has specifically 

recognised that different waist circumference cut-offs are required when diagnosing 

obesity in this syndrome. The criteria required to define metabolic syndrome by each of 

these definitions are shown in Table 5: 1. 

In 2005, the concept of the metabolic syndrome was keenly challenged by the major 

international diabetes organisations ADA and EASD on the basis that it is not precisely 

defined, the pathogenesis is uncertain and its value as a cardiovascular risk marker was 

questionable (265). Although other authorities resisted abandoning the definition 

altogether, the term cardiometabolic disease is now being used more frequently to describe 

the clustering of abnormalities that increase CVD and T2DM risk. The term was first 

coined by an exercise physiologist (266). 

In the same year, the American Heart Association issued a scientific statement in 

association with the National Heart, Lung and Blood Institute outlining the areas which 

needed further research in metabolic syndrome. Key areas that were identified were 
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abnormal body fat distribution, atherogenic dyslipidaemia, dysglycaemia, insulin 

resistance, vascular dysregulation, the proinflammatory and prothrombotic states, and 

hormonal factors such as the corticosteroid axis and polycystic ovary syndrome (40). 

In this chapter, the association of the circulating risk markers described in Chapter 4 with 

metabolic syndrome is considered. These fall under the heading of proinflammatory state 

(hsCRP, adipocytokines including adiponectin) and atherogenic dyslipidaemia (apo A-1 

and B). 
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Table 5: 1 Major Definitions for Diagnosis of Metabolic Syndrome 

Criteria WHO (modified) NCEP (ATPIII) IDF (268) 
(121) (267) 

Insulin resistance Presence 

IFG (mmol/1) >6.1 >_6.1 >_5.6 or previously 
diagnosed T2DM 

IGT (mmol/1) >7.8 

WHR (waist: hip Males >0.9 
ratio) Females > 0.85 

Waist circumference Males >102 Males >94 
(cm) Females > 88 Females > 80 

BMI (kg/m) >30 

Blood pressure >_ 140/90 >_ 130/85 130/85 
(mmHg) 

Triglycerides >_ 1.7 1.7 1.7 
(mmol/1) 

HDL cholesterol Males < 0.9 Males <1.04 Males <_ 0.9 
(mmol/1) Females < 1.0 Females <1.29 Females < 1.1 

Number of IR or IFG or IGT >_ 3 of the Central obesity 
components for plus >_ 2 other components above (waist 
diagnosis components: central circumference) plus 

obesity (using WHR. two other 
and/or BMI), TBP, components. Waist 
dyslipidaemia (TTG circumference 
and/or J, HDL defined for different 
cholesterol) ethnic groups. 

WHO World Health Organisation 

NCEP ATPIII National Cholesterol Evaluation Program Adult Treatment Panel III 

IDF International Diabetes Federation 
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5: 2 Key Research Questions 

1. What is the prevalence of metabolic syndrome using WHO, NCEP and IDF criteria in 

White Europeans and South Asians screened for T2DM and PDM? 

2. What is the association between metabolic syndrome and circulating risk markers in 

these screened subjects overall and by ethnicity? 
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5: 3 Subjects and Methods 

The subjects and methods for this part of the study are as described in Chapter 4. 

5: 4 Results 

Using WHO, NCEP and IDF criteria respectively, prevalence of metabolic syndrome in WE 

(N=118, mean age 59.5y, mean BMI 27.8 kg/m2), was 58%, 38% and 57%, whereas in SA, 

(N=113, mean age 52.7y, mean BMI 26.8 kg/m2), it was 44% (p=0.03), 31% (NS) and 54% 

(NS) respectively (Fig 5: 1). Prevalence of metabolic syndrome varied according to the 

definition used but was more prevalent in WE, and was only significantly different in the two 

populations using the WHO definition. 

Tables 5: 2-5: 4 show baseline characteristics of subjects with and without metabolic syndrome 

using each of the three definitions. Subjects with metabolic syndrome were slightly older and, 

in keeping with the definition, had greater BMI, WHR and WC. BMI in metabolic syndrome 

was lower in SA than WE despite similar mean values in the non-metabolic syndrome state. 

Pearson correlations between circulating risk markers and presence of metabolic syndrome are 

shown in Table 5: 5. Using IDF criteria, the only one to take into account ethnic cut-offs, there 

was a negative correlation between adiponectin concentration and presence of metabolic 

syndrome in WE (r=-0.29, p=0.01). In addition, there was a positive correlation between 

leptin concentration and metabolic syndrome in WE (r=0.30, p=0.009). In SA, there was only 

a significant positive correlation between resistin and metabolic syndrome (r=0.31, p=0.02). 
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There was a negative correlation with Apo A-1 in WE with metabolic syndrome (r=-0.31, 

p=0.02) and a positive correlation with Apo B in SA with metabolic syndrome (1=0.33, 

p=0.02). Correlations of metabolic syndrome using NCEP and WHO criteria are also shown 

in Table 5: 5. 

Table 5: 6 shows differences between ethnic groups with and without metabolic syndrome 

(using any one of the three definitions) for each marker. There was a significant difference in 

mean adiponectin (p=0.021), leptin (p=0.01), resistin (p<0.001) and apoA-1 (p=0.04) 

concentrations between SA and WE without metabolic syndrome. However, only adiponectin 

was significantly different between SA and WE with metabolic syndrome (p=0.03). 

ROC analysis showed that only leptin was highly associated with prevalent metabolic 

syndrome (area under curve 0.80,95% Cl 0.67 to 0.94, p=0.001). 
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Table 5: 5 Correlations of Markers with Different Definitions for Metabolic Sy ndrome 
Marker Correlation Pv alne 

Coefficient 
IDF criteria 
Europeans Adiponectin -0.29 0.01 

Leptin 0.30 0.009 
Resistin -0.06 0.65 
TNFa 0.19 0.08 
HsCRP 0.04 0.71 
Apo A-1 -0.31 0.02 
Apo B -0.27 0.10 
Insulin 0.53 <0.001 

Asians Adiponectin -0.05 0.72 
Leptin 0.18 0.12 
Resistin 0.31 0.02 
TNFa 0.10 0.40 
HsCRP 0.16 0.12 
Apo A-1 -0.04 0.77 
Apo B 0.33 0.02 
Insulin 0.32 0.009 

NCEP criteria 
Europeans Adiponectin -0.36 0.001 

Leptin 0.33 0.004 
Resistin 0.07 0.61 
TNFa 0.23 0.035 
HsCRP 0.07 0.54 
Apo A-1 -0.25 0.07 
Apo B -0.23 0.15 
Insulin 0.60 <0.001 

Asians Adiponectin -0.12 0.34 
Leptin 0.08 0.51 
Resistin 0.19 0.14 
TNF-a -0.09 0.46 
HsCRP 0.13 0.22 
Apo A-1 -0.06 0.64 
Apo B 0.39 0.006 
Insulin 0.33 0.007 

WHO criteria 
Europeans Adiponectin -0.17 0.16 

Leptin 0.35 0.002 
Resistin 0.12 0.36 
TNFa 0.14 0.20 
HsCRP 0.18 0.08 
Apo A-I -0.29 0.04 
Apo B -0.14 0.40 
Insulin 0.50 <0.001 

Asians Adiponectin -0.08 0.61 
Leptin 0.09 0.47 
Resistin 0.15 0.26 
TNFa 0.08 0.49 
HsCRP 0.004 0.97 
Apo A-1 0.12 0.34 
Apo B 0.27 0.07 
Insulin 0.32 0.008 
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Figure 5: 1 Prevalence of Metabolic Syndrome according to Definition in White European and 
South Asian Subjects 
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Table 5: 6 Differences in Risk Markers between SA and WE with and without 
Metabolic Syndrome 

Metabolic 
Syndrome 

Risk Marker 
Concentration 

Mean difference in 
concentrations 

(WE - SA) 

95% Confidence 
Interval P value 

No 
Adiponectin (mcg/ml) 10.26 2.40 to 18.11 0.01 

Leptin (ng/ml) -19.87 -35.07 to -4.66 0.01 

Resistin (pg/ml) 8.88 4.94 to 12.81 <0.001 

TNFalpha (pg/ml) -1.35 -3.01 to 0.30 0.11 

HsCRP (mg/ml) 1.67 -1.62 to 4.97 0.31 

Apo A-1 (mcg/ml) 612.93 34.56 to 1191.30 0.04 

Apo B (mcg/ml) 37.03 -2.42 to 76.48 0.06 

Yes 
Adiponectin (mcg/ml) 6.58 0.65 to 12.50 0.03 

Leptin (ng/ml) 7.61 -14.99 to 30.21 0.51 

Resistin (pg/ml) 1.40 -6.61 to 9.40 0.73 

TNFalpha (pg/ml) 0.05 -1.70tol. 80 0.98 

IIsCRP (mg/ml) 0.13 -2.54 to 2.80 0.92 

Apo A-I (mcg/ml) 
-270.42 -809.42 to 268.60 0.32 

Apo B (mcg/ml) -28.50 -59.62 to 2.63 0.07 
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5: 5 Discussion 

No previous studies have examined the association of these circulating risk markers in 

subjects screened for T2DM and PDM and compared WE with SA. This study was 

population-based and representative of the general population. However, it was cross- 

sectional which limits the implications of the results. 

The prevalence of metabolic syndrome in our study varied between 30-60% with the lowest 

rate obtained using the NCEP criteria. Underestimation of metabolic syndrome using NCEP 

has been recognized previously in Asian populations and modified Asian criteria are 

recommended (269). Our prevalence rate in UK SA was virtually identical to urban Indians 

using NCEP criteria (270). The IDF criteria showed greatest similarity in prevalence of 

metabolic syndrome between the two ethnic groups. 

This study shows that adipocytokine and lipid sub-fraction concentrations are significantly 

associated with metabolic syndrome in both WE and SA. In line with other studies, 

adiponectin concentrations were found to be lower with metabolic syndrome (47,271,272). 

However, one study suggests that the high molecular weight isoform of adiponectin is more 

predictive of metabolic syndrome than total plasma adiponectin concentrations (273). 

Leptin, resistin and TNFa concentrations all increased in the presence of metabolic syndrome. 

The link between resistin and metabolic syndrome remains controversial. The finding in this 

study that resistin is associated with development of metabolic syndrome is in contrast to 
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another study in North American subjects (274). Resistin was also not associated with insulin 

sensitivity but weakly associated with body fat. However, the Study of Inherited Risk of 

Coronary Atherosclerosis found slightly higher resistin concentrations with metabolic 

syndrome (275). 

Furthermore, adiponectin and resistin are lower in SA compared with WE whereas leptin and 

TNF a are higher. Apo A-1, the "good" sub-fraction of the lipid profile falls significantly in 

WE subjects with metabolic syndrome whereas apo B, the "bad" sub-fraction tends to increase 

in SA subjects. 

. 
Unlike other studies (276), no difference was found in inflammatory markers such as hsCRP 

but this may have been because of the much smaller cohort, reducing the power required to 

detect significant differences. 

The importance of detecting at risk individuals cannot be underestimated. Mass population 

screening requires simple bedside tools of assessing risk. WC measurement as a surrogate 

marker of increased cardiovascular risk may be recommended as an effective and simple 

screening tool (277). 

Identification of metabolic syndrome enables primary and secondary intervention strategies to 

be implemented with the aim of reducing CVD risk and T2DM, as recommended by IDF 

(278). Primary intervention includes encouraging increased physical activity, reduced calorie 

intake and improved dietary composition in order to achieve weight loss. Even small degrees 

of weight loss have prevented progression to T2DM in obese subjects with IGT in Finnish 

(279,280) and American prevention studies (281). In the Diabetes Prevention Program, there 
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was already a high baseline prevalence rate of 53% for metabolic syndrome (282). At three 

years, fewer participants developed metabolic syndrome with metformin therapy compared 

with placebo (55% vs 61%). With intensive lifestyle modification, the prevalence rate of 

metabolic syndrome at three years actually decreased from 51% to 43%. 

A study of increased physical activity in adolescents showed improved insulin sensitivity and 

reduction in systemic low grade inflammation but adiponectin, leptin and TNF-a were not 

shown to contribute substantially to these benefits (283). The study was conducted in France 

with no further details of ethnicity. 

Secondary prevention strategies need to be incorporated when primary strategies are 

insufficient and include adding pharmacological agents in order to combat the metabolic 

derangements. Insulin resistance and hyperglycaemia in PDM is improved with metformin 

(284), thiazolidinediones (285), acarbose (286) and orlistat (287). Metformin improved 

cardiovascular outcomes in UKPDS and pioglitazone non-significantly improved 

cardiovascular outcomes in the PRO-ACTIVE study (288). Hypertension needs to be treated 

but no particular agent has been recommended above another. ACE inhibitors and angiotensin 

receptor blockers reduce development of T2DM (289,290). Dyslipidaemia needs to be 

targeted with HMG-CoA reductase inhibitors ("statins") or fibrates, primary aims of therapy 

being to reduce LDL cholesterol, triglyceride and apo B levels and raise HDL and apo A-I 

levels. Statin therapy is confirmed to be beneficial by numerous clinical studies such as HPS, 

4S and CARE (291-293). The Veterans Affairs High-Density Lipoprotein Intervention Trial 

(VA-HIT) showed significant cardiovascular benefit with the fibrate gemfibrozil (294). 

T2DM patients on fenofibrate for 5 years had significant reductions in total CVD events, 

particularly nonfatal MI and coronary revascularization. However, the primary endpoint of 
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major coronary events was not significantly reduced by fenofibrate compared with placebo 

(295). 

138 



5: 6 Conclusion 

It can be concluded that changes in adipocytokines and lipid sub-fractions are significantly 

associated with metabolic syndrome and may have a potential role in screening for this 

condition. Long-term intervention studies in subjects with and without metabolic syndrome 

will reveal whether improvements in adipocytokines and lipid abnormalities improve 

cardiovascular outcomes. 
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CHAPTER SIX 

NEW AND EMERGING THERAPIES 

IN TYPE I AND TYPE 2 DIABETES MELLITUS 
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6: 1 Glargine in T1DM 

Since its discovery by Banting and Best in 1922, insulin therapy in diabetes has advanced 

considerably both in terms of action profile and delivery. Early modifications of insulin 

structure produced several classes of insulins with varying pharmacokinetics but did not 

sufficiently mimic physiological insulin release. 

Genetic engineering led to the development of novel long and short-acting insulin 

analogues, the so-called "designer insulins", in the 1990s, paving the way for more 

physiological insulin therapy, with improvements in hypoglycaemia and patient 

satisfaction. 

Insulin glargine (Lantus®, Sanofi-Aventis) was first launched in Germany in 2000 

followed shortly by availability in the rest of Western Europe and the United States. 

Glargine is a basal or long-acting insulin analogue which has been genetically modified 

resulting in an approximately 24-hour, relatively peak-free profile with little variability in 

subcutaneous absorption. It is usually administered as part of a basal bolus regimen in 

combination with meal-time soluble insulin or rapid-acting insulin analogues. 

Insulin glargine is produced by genetic modification using a non-pathogenic laboratory 

strain of Escherichia coli as the production organism. Glargine differs from human insulin 

at position A21 where the amino acid asparagine is replaced by glycine, and at the C- 

terminus of the B chain due to the addition of two arginine molecules. The chemical 

structure is 21A-GlyBa-3OBb-L-Arg-human insulin, the molecular weight is 6063 Da and 

the empirical formula C267H404N72078S6. 
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Genetic modifications to human insulin allow glargine to have low aqueous solubility at 

neutral pH by shifting the isoelectric point. It is therefore completely soluble in the 

injection solution which has a pH of 4. On injection into subcutaneous tissue, the acidic 

solution is neutralised forming microprecipitates of glargine which are slowly released as 

the hexameric structure breaks down into monomers. The addition of zinc delays 

absorption further. This leads to the relatively peak-free 24-hour profile of glargine, 

enabling it to be subcutaneously administered as a once-daily basal insulin usually in the 

abdomen or thigh. 

The clear solution is usually administered as a single dose at bedtime but may be injected 

at other times of the day. As the diluent of insulin glargine has a low pH, it should not be 

mixed with other insulins. 

In T1DM, median onset of action of glargine (defined as time to 50% decrease in insulin 

infusion rate) was 1.11 h compared with 0.71 h with NPH insulin (p<0.08) (16). 30 

minutes of exercise did not increase absorption rate of insulin glargine when injected 

subcutaneously in patients with T1DM (296). 

Peak plasma concentration four hours after administration of insulin glargine (0.15 U/kg 

with zinc 80 mg/L) is 5.75 U/L and the time to disappearance of 25% dose from the 

injection site is 11 h (297). Interindividual variability is lower with glargine than with 

NPH or Ultralente (298). However, there is lower within-subject variability with insulin 

detemir compared with glargine or NPH in T1DM (299). 

A number of RCT have compared insulin glargine with NPH in T1DM as part of a basal 

bolus regimen (297,300-302). Two studies were of only four weeks' duration (300,301) 
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and regular soluble insulin was used as the prandial insulin. Three studies (297,301,302) 

did not find statistically significant differences in HbAlc between glargine and NPH at the 

end of the study. In these studies, mean change in HbAlc was -0.06% to -0.4% with 

glargine and - 0.03% to 0.4% with NPH. In the fourth study (300), conducted in 333 

T1DM subjects, there was a significant HbAlc reduction with glargine compared with 

NPH (-0.14%, p=0.0037). 

In a trial of 121 patients with T1DM, subjects were randomised to 12 months' treatment 

with either four times daily NPH or once daily glargine along with lispro at mealtimes. At 

study end, subjects in the glargine arm had lower HbAlc and improved responses to 

hypoglycaemia compared with NPH (7.1% vs 6.7%, p<0.05) (303). 

A 32 week randomised cross-over study of 28 adolescents (mean age 14.8 years) receiving 

basal bolus therapy of either glargine and lispro or NPH and soluble insulin showed no 

significant difference in HbAlc levels (8.7% vs 9.1%, p=0.13) (304). 

A retrospective study of 196 subjects comparing those on basal bolus therapy with glargine 

or NPH and found that there was no change in HbAlc after 13 months (305). However, 

severe hypoglycaemic events were significantly lower with glargine (0.5 vs 1.2, p=0.04). 

The efficacy of four times daily NPH has been compared with once daily glargine in a 

basal bolus regimen in 51 patients in a3 month randomised study (306). The simpler 

glargine regimen was associated with a greater HbAlc decrease and hypoglycaemia 

frequency. More steady plasma insulin concentrations at night and before meals were seen 

with glargine than with NPH (p<0.05). 
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Although the data regarding improved HbAlc levels are somewhat equivocal, significant 

differences in fasting plasma glucose (FPG) or fasting blood glucose (FBG) levels have 

been observed with glargine in most studies (see Table 6: 1). In a 4-week study of 256 

patients, adjusted mean FPG levels were reduced by 2.2mmol/l (p=0.0001) (297). 

However, a significant difference in reduction in FPG was only observed when glargine 

was compared with twice-daily NPH rather than once daily NPH. A clinically meaningful 

FPG effect was seen as early as week 1. 

Most studies did not show significant differences in insulin dose between glargine and 

NPH at study end (297,302,303,306,307). Two studies (297,300) where NPH had been 

used once daily, showed that subjects taking glargine once daily had an increase in mean 

dosage of insulin at study end of 2 and 1.8 U/day respectively compared with baseline. In 

the NPH arm of two studies (297,301) there was an increased dose of insulin at study end 

compared with baseline of 1.8 U and an unspecified amount respectively, although one 

study showed a decrease in NPH of 0.5 U/day at study end (300). When the pre-trial 

regimen was NPH twice daily, insulin glargine decreased by between 4 and 7 U/day 

compared with baseline (297,300,301). 
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The gold standard of insulin therapy is continuous subcutaneous insulin infusion (CSII) as it 

provides physiological insulin replacement. Studies have shown that CSII results in 

equivalent or better glycaemic control than multiple daily injection (MDI) therapy (308-311). 

However, the benefits of CSII have to be counterbalanced with problems such as increased 

cost, need for a high level of professional support and the risks of pump failure. 

A randomised multicentre cross-over study of 100 patients of 10 weeks' duration compared 

CSII using aspart and MDI consisting of bedtime glargine and mealtime aspart (311). All 

patients underwent 1-week run-in with CSII using aspart initially. As study duration was 

short, fructosamine was used to assess efficacy and was significantly lower with CSII than 

with MDI using glargine (p=0.0001). Glucose exposure was also lower with CSII as 

measured by area under the curve. The number of hypoglycaemic events was similar with 

both regimens. 

Hypoglycaemia is the commonest side-effect seen with insulin therapy. Several studies have 

demonstrated that the use of insulin glargine in T1DM is associated with less nocturnal 

hypoglycaemia compared with NPH insulin (300,302). 

In a study of 534 patients with TIDM, the incidence of diurnal and nocturnal hypoglycaemia, 

as defined by a blood glucose of <2mmol/l, was significantly lower in those treated with 

glargine compared with those on NPH insulin (302). In this study, there was no improvement 

in severe hypoglycaemia with insulin glargine. A four-week randomised multicentre study in 

333 patients showed less nocturnal hypoglycaemia with glargine compared with NPH (36% vs 

55%, p=0.0037) but overall frequency of hypoglycaemia did not differ between treatment 

groups and was only significant compared with NPH once daily, not twice daily (300). 
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Another longer study (16 weeks) did not show any differences in hypoglycaemia, including 

nocturnal hypoglycaemia, between NPH and glargine (301) . 

Nocturnal hypoglycaemia occurs more frequently if glargine is injected at dinner (71.9%) or 

bedtime (77.5%) compared with breakfast (59.5%) (p=0.005) (312). 

One study showed that plasma adrenaline and symptom responses improved with glargine 

more than NPH and this may account for the observed differences in hypoglycaemia rate 

(303) 

Effect on body weight has varied with studies and some trials did not report their results. A 

sixteen week study of glargine or NPH in a basal bolus regimen showed that weight gain was 

0.12 kg with glargine and 0.54 kg with NPH (301). Another 30 week study showed that 

glargine resulted in 1.97 kg weight gain compared with 2.34 kg with NPH (307). Other 

studies have shown no significant differences in weight gain between glargine and NPH at 

study end (297,303). 

Glargine has been associated with more injection site pain than NPH (297,300,301). 

However, these episodes were mild and transient in nature and did not usually result in 

discontinuation of glargine. No significant changes in antibody titres for insulin or E. coli have 

been observed. 
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Summary of Effects of Glargine in T1DM 

" Insulin glargine results in at least equivalent glycaemic control as measured by HbAlc 

when compared with NPH insulin in a basal bolus regimen 

" FPG and FBG tend to be lower with glargine treatment 

" Insulin glargine is superior to once daily NPH in reducing nocturnal hypoglycaemia 

but not when compared with twice daily NPH 

a There is less weight gain and greater patient satisfaction with glargine compared with 

NPH 

" Glargine in combination with prandial soluble insulin or analogues such as lispro are 

effective in improving glycaemic control in a basal bolus regimen 

" few studies have investigated efficacy of glargine with prandial aspart - hence the 

rationale for the Glargine and Aspart study (GLASS) described in Chapter 7 
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6: 2 Meglitinides in T2DM 

UKPDS clearly demonstrated that improved glycaemic control reduces microvascular 

complications (313). It also showed that metformin and sulphonylurea therapy does not delay 

the natural history and progression of T2DM (314). 50% of patients required combination 

therapy three years into the study and after 9 years this number rose to 75%. In addition, 

HbAlc increased with time even in the intensively treated group with median HbAlc values 

of 6.6%, 7.5% and 8.1% over successive 5-year periods of follow-up. Compared with the 

conventionally treated group, there was significant weight gain and increased risk of 

hypoglycaemia in the intensively treated group. 

The need for new durable oral hypoglycaemic agents with the potential to change the natural 

history of T2DM is clear from the UKPDS findings. Two rapid-acting insulin secretagogues, 

repaglinide and nateglinide (also known as prandial glucose regulators) are available on the 

UK market. As a consequence of their shorter duration of action and glucose-dependent 

insulin secretion, they more closely reflect physiological insulin secretion than sulphonylureas. 

This mechanism of action means that they are more effective at controlling glucose excursions 

after meals (post-prandial hyperglycaemia) leading to the term "prandial glucose regulator". 

Repaglinide, which is structurally related to the non-sulphonylurea moiety of glibenclamide, is 

licensed for use as monotherapy in T2DM, and at present nateglinide, a novel amino acid 

derivative, is licensed to be given in combination with metformin. 
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This chapter will begin by exploring the current evidence supporting the issue of postprandial 

hyperglycaemia (PPH) and its clinical implications. Repaglinide and nateglinide will each be 

discussed in detail including their pharmacological activity, pharmacokinetic profile, 

therapeutic dosage, efficacy and use in specific patient groups and in combination with other 

therapy. The safety profile of each drug will also be discussed. Finally there will be a 

summary describing where the prandial glucose regulators fit into the overall management of 

T2DM. 

Pat/iophysiology of T2DM 

In T2DM, the relentless deterioration in glycaemic control with time is associated with 

progressive failure of 0 cells whereas insulin resistance remains relatively unchanged (315). 

This deterioration appears to be independent of BMI and whether or not metformin or 

sulphonylureas are used. Extrapolation of data from UKPDS would indicate that ß cell 

dysfunction probably begins around 12 years prior to clinical diagnosis of T2DM (Fig. 6: 1). 

Fig. 6: 1 (DG=diagnosis) 
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Insulin secretion is divided into two phases. There is a rapid early phase response that peaks 

at 2-4 min after an acute secretagogue challenge and is over after about 10 min. A second late 

phase response occurs which usually lasts around 2-3 hours. The importance of the early 

phase response is related to its association with normal glucose tolerance and it has also been 

shown to prime tissues sensitive to insulin. In particular hepatic glucose production is reduced 

(316). 

This important early-phase insulin secretion is already lost in patients with IGT (317) and also 

in ethnic populations such as Pima Indians who are noted for their severe insulin resistance. 

Loss of early-phase insulin response is a reliable indicator of subsequent progression to T2DM 

(318). It results in suppressed hepatic glucose output, postchallenge hyperglycaemia and late 

hyperinsulinaemia (319). The most obvious manifestation of loss of early-phase insulin 

secretion is elevated blood glucose after meals or PPH. 

The prandial glucose regulators, repaglinide and nateglinide, are insulin secretagogues whose 

mechanism of action is to stimulate early-phase insulin secretion in the post-prandial situation. 

Their rapid onset and short duration of action make them ideal for premeal administration and 

patients have cited the ability to miss or skip meals as a therapeutic advantage. 

Potential Significance of Postprandial Hyperglycaemia (PPH) and Cardiovascular 

Outcomes 

T2DM is characterized by both fasting and post-prandial hyperglycaemia. Traditionally, more 

emphasis has been placed on the importance of fasting plasma glucose levels and patients are 
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often instructed to self-monitor before meals. The contribution of PPH to HbAlc has been 

recognised (320). Recent evidence suggest that post-prandial glucose levels correlate better 

with HbAlc and that treatment targeting post-prandial as well as fasting glucose tends to more 

effective in improving glycaemic control (321,322). 

Little data exist directly linking PPH in T2DM and cardiovascular outcomes. The Diabetes 

Intervention Study showed that post-meal but not fasting glucose is associated with adverse 

macrovascular outcomes (323). A number of epidemiological studies largely in subjects 

without diabetes have suggested a link between post-challenge or post-prandial glucose and 

cardiovascular outcomes and they are summarized in table 6: 1. 

151 



Table 6: 1. Association between Post-prandial Glucose Values and the Risk of 
Cardiovascular Heart Disease across the Spectrum of Glucose Tolerance 

Study Characteristics Cardiovascular Outcomes 

Honolulu Heart Program 6005 men CHD incidence and 
(324) 45-70 years mortality increase stepwise 

12 year follow-up with increasing 1-hour post- 

challenge glucose 

DECODE Study Group (325) 18408 men CHD mortality is more 

7316 women related to 2 hour post meal 

13 European centres glucose than fasting plasma 
28 year follow-up glucose 

Whitehall, Paris Prospective 17285 men Men in upper 2.5% of 2hour 

and Helsinki Policeman 44-55 years post-meal glucose 

Studies (72) 20 year follow-up distribution had 

significantly higher CHD 

mortality 

Hoorn Study (326) 2363 subjects High plasma glucose levels 

50-75 years especially 2 hour post load 

8 years follow-up glucose concentrations and 

to a lesser extent HbA 1c 

values indicate a risk of 
CHD mortality 
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Post Prandial Hyperglycaemia in Clinical Practice 

The only data to show that post-prandial monitoring improves outcomes is from a randomised 

study in women with gestational diabetes (327). The two glucose monitoring protocols used 

were pre-prandial monitoring before meals and at bedtime, or post-prandial glucose before 

breakfast and 1 hour after each meal and treated to target levels. In the group assigned to 

target post-prandial glucose, there was a significant improvement in fetal outcomes and a 5- 

fold reduction in HbA 1 c. 

The ADA has produced a consensus statement recognizing the importance of PPH. This 

stresses the need for further intervention and outcome studies. 

A number of theoretical disadvantages of PPH have been postulated. These include 

production of increased free radicals with subsequent oxidative stress (328), and endothelial 

dysfunction and damage (329). Any drugs which lower PPH have the potential to lessen these 

detrimental effects on cardiovascular outcomes, although outcome data to support this 

hypothesis are still awaited. It is in this area of diabetes management that repaglinide and 

nateglinide may assume an important role since their mechanism of action is linked to 

reduction in PPH. 

Compared with glyburide, treatment with repaglinide in 175 drug-naive men and women over 

twelve months was associated with increased regression of carotid intima media thickness, as 
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well as greater reductions in CRP and IL-6 levels (330). These findings were attributed to 

reduced PPH. 

Acarbose, an a glucosidase inhibitor, whose main mechanism of action is lowering PPH, 

reduced progression to T2DM and improved cardiovascular outcomes in the STOP-NIDDM 

trial (331). 

Repaglinide 

Indication 

This prandial glucose regulator, the first of its class to be launched in the UK, has been 

available since 1998. It is indicated for treatment of T2DM either as monotherapy or in 

combination with metformin when metformin alone is inadequate. It is licensed for use in 

mild-to-moderate renal impairment and is recommended for patients between 18-75 years. 

Pharmacology 

Repaglinide is chemically related to the non-sulphonylurea moiety of glibenclamide although 

it is structurally distinct, being derived from a carbamoylmethyl benzoic acid. The mode of 

action of repaglinide in initiating insulin secretion is by closure of the K+ATP channel of the 

sulphonylurea receptor on the beta cell. Unlike sulphonylureas, repaglinide has no direct 

biosynthetic activity and is not taken up internally by the pancreatic islet cells (332). 

Repaglinide has a very short half-life resulting in peak insulin concentrations at 1-2 h after a 

meal. After 4h repaglinide is no longer detectable in the circulation and additionally plasma 

insulin resumes fasting levels by 6h (333,334). A direct benefit of this fast onset and short 

duration of action is that the risk of hypoglycaemia is significantly reduced, in contrast to 

more conventional sulphonylureas like glibenclamide (335). 
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Pharmacokinetics 

Repaglinide undergoes hepatic metabolism into inactive substances by the CYP3A4 isoform 

of the P450 cytochrome enzyme which are then excreted via bile. Renal excretion occurs for 

only 6% of metabolites and this enables it to be used in patients with mild to moderate renal 

impairment (336,337). 

Recommended Doses 

The initial recommended dose for repaglinide is 500mcg to be taken within 15 to 30 minutes 

of a main meal. A higher dose of 1 mg may be used if the patient was previously on another 

oral hypoglycaemic agent. The dose of repaglinide should be adjusted at intervals of 1-2 

weeks according to response. The maximum single dose is 4mg and the total daily dose is 

16mg. 

Efficacy of Repaglinide 

A number of clinical trials have demonstrated the efficacy of repaglinide as monotherapy and 

also in combination with metformin or a thiazolidinedione. 

In a placebo-controlled cross-over design study of 10 patients with T2DM, participants were 

treated with repaglinide 3-9mg daily. There was a non-significant decline in HbAlc and an 

increase in area under the curve insulin during the first-phase insulin secretion test. This 

indicates that repaglinide augments first-phase insulin secretion (338). 
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A study of 320 subjects showed that compared with the sulphonylurea glibenclamide over 12 

months, repaglinide showed no significant difference in terms of efficacy and safety when 

used in a fixed-dose regimen (339). 

In an open randomized group comparison study of 12 weeks' duration, 44 patients with T2DM 

received either repaglinide or glibenclamide twice daily. Repaglinide significantly lowered 

post-prandial glucose whereas glibenclamide had a greater effect on fasting blood glucose 

(340). 

A randomized study consisting of three arms looked at the use of metformin in combination 

with repaglinide in 83 subjects with T2DM. The patients were randomized to metformin 

alone, metformin and repaglinide, or repaglinide alone. There was a significant reduction in 

HbAlc of 1.4% associated with a fall in fasting plasma glucose of 2.2mmol/l. In the 

combination group, patients gained a mean 3kg in weight. Combination therapy with 

repaglinide and metformin was more effective at improving glycaemic control than 

monotherapy with either agent. Repaglinide monotherapy was as effective as metformin 

monotherapy (341). 

A larger study in the real life setting has established the practical advantages of administering 

repaglinide as a flexibly dosed drug in more than 5000 patients with T2DM. Repaglinide was 

used either as monotherapy or in combination with metformin, the patient having been 

switched from a sulphonylurea. The results showed a significant reduction in HbAlc of 

around 1%, a significant fall in both fasting and post-prandial glucose levels and a fall in body 

weight of approximately 1.2kg. There was also improvement in quality of life. A particular 

advantage cited by patients was the ability to either postpone or even skip a meal (335). 
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An area of potential use of repaglinide is in combination with insulin. There is evidence to 

show the benefits of combining insulin with metformin in T2DM (342). In contrast the use of 

sulphonylureas with insulin although potentially advantageous as shown by a large meta- 

analysis (343), is associated with an increased risk of hypoglycaemia. 

A more recent study has indicated that metformin alone is superior to repaglinide alone when 

combined with bedtime NPH insulin and was associated with less weight gain. The 

improvement in HbAlc with metformin and the deterioration with repaglinide were 

statistically non-significant (344). 

The obvious combination is to use both repaglinide and metformin with bedtime insulin. A 

study which compared twice-daily insulin and metformin to bedtime isophane insulin, 

metformin and premeal repaglinide, showed that in the repaglinide group the HbAlc reduction 

was clinically significant with the actual dose of insulin lower than with the twice daily insulin 

and metformin group (345). 

Side-Effects 

The following side-effects have been reported with repaglinide: - hypoglycaemia, rash, 

flushing, constipation, diarrhoea, flatulence, nausea, vomiting, micturition frequency, and 

fatigue (346). Two large 1-year studies have shown that repaglinide has an adverse event 

profile similar to that of glibenclamide. Hypoglycaemia was the most frequently reported 

adverse event in both studies (339,347). 
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Contra-indications 

Repaglinide should not be given in ketoacidosis, severe hepatic impairment, during pregnancy 

and lactation. Careful titration is recommended in mild to moderate renal impairment. 

Long Term Safety 

Long-term clinical trials have shown that the incidence of serious adverse events with 

repaglinide is low (10%) and similar to the average incidence reported with sulphonylureas 

(11.6%). Use of repaglinide was associated with less than 1% of serious adverse events (348). 

Plasma half-life of repaglinide is extended in severe renal impairment (tt12 increased from 1.5 

to 3.6 hours) (336). It is not contraindicated in mild to moderate renal impairment. 

Repaglinide is currently contraindicated in severe liver impairment since this results in 

significantly higher and more prolonged serum drug concentrations (349). 

Nateglinide 

Indication 

This agent is currently licensed for use in combination with metformin when metformin alone 

is inadequate. It is not licensed for patients less than 18 years of age. 

Pharmacology 

Nateglinide has no sulphonylurea moiety and is a novel amino acid derived from D- 

phenylalanine. 

Nateglinide appears to work in a different way to repaglinide and glibenclamide, as shown in 

various in vitro experiments using isolated rat islets. Early phase insulin secretion is restored 
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by the fast association/dissociation kinetics of nateglinide at the level of the 0 cell. Inhibition 

of the K+ATP channel occurs much faster with nateglinide compared with repaglinide but more 

slowly than with glibenclamide. Insulin levels return to baseline 2h after administration 

which is about three-fold faster than with repaglinide (350). 

Clinical studies have confirmed the very rapid onset of action and minimal insulin exposure 

that has been seen with nateglinide in the experimental setting. Nateglinide may produce 

enhancement of islet glucose sensitivity (350). By this mechanism, nateglinide may 

potentially produce less hypoglycaemia than is seen with other agents. 

One small study of 15 non-diabetic subjects showed that although postprandial insulin 

secretion rate increased three-fold with nateglinide compared to placebo, by 2h insulin 

concentration was similar in both placebo and treated groups (351). A randomized study of 

289 patients with T2DM showed that nateglinide is effective in minimizing post-prandial 

hypoglycaemia while stimulating ß cell insulin secretion (352). Patients received 120mg of 

nateglinide three times daily for 12 weeks with consequent lowering of the mean fasting 

plasma glucose by 1.4mmol/L. There were no reports of hypoglycaemia associated with the 

use of nateglinide. 

Pharmacokinetics 

Nateglinide is also metabolized by the liver although 10% undergoes renal excretion. 

CYP2C9 and CYP3A4 isoenzymes of cytochrome P450 are believed to be involved in hepatic 

metabolism (353,354). 
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Recommended Doses 

The initial dose of nateglinide is 60mg three times daily taken within 30min of a main meal. 

The dose should subsequently be adjusted according to response to a maximum of 180mg 

three times daily. 

Efficacy 

Several studies have shown the efficacy of nateglinide either alone or in combination with 

other oral hypoglycaemic agents such as metformin or troglitazone (now withdrawn). 

In a large randomised study 701 patients with T2DM were assigned to one of four different 

groups namely placebo, nateglinide monotherapy, metformin monotherapy, nateglinide and 

metformin combination (355). After 24 weeks of double-blind therapy, combination therapy 

proved to be the most effective in lowering both HbA 1c and fasting plasma glucose by 1.9% 

and 2.4mmol/l respectively. Nateglinide alone reduced HbAlc by 0.9% and fasting plasma 

glucose by 0.7mmol/L whereas metformin reduced HbAlc by 1.2% and fasting plasma 

glucose by 1.2%. Nateglinide decreased mealtime glucose excursions after a liquid meal 

challenge (adjusted area under the curve [AUC]0_13Omin 2. Immol/h/1) and an even greater effect 

was observed with combination therapy ([AUC]0.130m; n -2.5mmol/h/1). Metformin mainly 

affected FPG. 

Another study evaluated 467 metformin-treated T2DM patients (356). In this multicentre 

double-blind parallel group trial, there was a significant reduction in HbAlc in the metformin 

and nateglinide group compared with metformin and placebo. In the nateglinide 60mg-plus- 

metformin group HbAlc fell by 0.36% and in the nateglinide 120mg-plus-metformin group by 

0.51% at end-point. There was no increased rate of hypoglycaemia in the treatment group, 
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and a mean weight gain of 0.9kg which although statistically significant, was lower than that 

observed with sulphonylureas (357) and repaglinide (341). 

Safety 

Unwanted effects 

None of the combination trials have found additional adverse events compared with 

monotherapy regimens. 

Nateglinide was well tolerated in a randomized double-blind placebo controlled multicentre 

study of 289 patients with T2DM mellitus who received either nateglinide 30mg daily, 60mg 

daily, 120mg daily or 180mg daily or placebo before three main meals for 12 weeks (352). 

Only five patients in the pooled nateglinide group discontinued the study due to adverse events 

compared with two patients in the placebo group. Although the incidence of adverse events 

was higher in the pooled nateglinide group, most were mild symptoms suggestive of 

hypoglycaemia such as increased sweating, tremor, dizziness, increased appetite and asthenia. 

The main causes for these symptoms were strenuous exercise or a missed or delayed meal. 

There were no haematological or biochemical differences between the two groups and no 

relevant electrocardiographic differences. Changes in body weight ranged from 0.38 to 0.72 

kg in the nateglinide 120mg group. 

Other reported side-effects are hypersensitivity reactions, increased liver enzymes, 

gastrointestinal side-effects, headache and respiratory infections. These have been reported 

with similar incidence to placebo. 
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Precautions 

At present nateglinide is not used in monotherapy. In the presence of fever, trauma, infection 

or surgery resulting in loss of glycaemic control, nateglinide therapy may need to be 

substituted by insulin therapy. Extra caution is needed in patients with liver impairment 

although studies have shown that adjustment of nateglinide dosage is not required in patients 

with mild to moderate cirrhosis (358). 

Contraindications 

Nateglinide is contra-indicated if there is hypersensitivity to any of its components, in patients 

with T1DM, during pregnancy and lactation, and in severe hepatic impairment. 

Drug Interactions 

The following drugs may interact with nateglinide: -ACE inhibitors, diuretics, corticosteroids, 

P2 agonists, cytochrome P450 inhibitors. Concomitant beta-blockers may mask symptoms of 

hypoglycaemia. 

Specific Patient Groups 

By virtue of their rapid onset and short duration of action, repaglinide and nateglinide may be 

particularly suited to specific groups of patients. For those whose mealtimes may be erratic, 

such as shift workers, the ability to skip a meal due to the flexible dosage of these agents is 

particularly useful. Another potential area for the use of prandial glucose regulators is during 

religious events such as Ramadan when participants fast throughout daylight hours. Patients 

at risk of hypoglycaemia and its consequences such as the elderly may also benefit from first 
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line therapy with these agents. However repaglinide is not licensed for use in patients above 

the age of 75 years. 

T2DM represents a significant burden on the usage and cost of prescription drugs based on 

data derived from the Department of Audit and Research at Tayside (DARTS) (359). 

Although difficult to determine directly, part of the increased cost may be attributed to 

variable compliance with drug therapy (360). The ability to dose flexibly with prandial 

glucose regulators may help improve compliance with drug therapy, although thrice daily 

dosing is prohibitive for some patients. 

The recent National Institute for Health and Clinical Excellence (NICE) guidelines have 

recommended an algorithm for the management of blood glucose in adults with T2DM. 

Although generic sulphonylureas remain first line therapy, insulin secretagogues such as 

repaglinide and nateglinide may be prescribed in patients who have a BMI below 25kg/r2. 

They may also have a role in attaining tight glucose control in patients with non-routine daily 

patterns. 

Summary 

UKPDS showed that use of traditional oral hypoglycaemic agents such as metformin and 

sulphonylureas does not change the natural history of T2DM. Suiphonylureas in particular are 

associated with weight gain and increased risk of hypoglycaemia. 

163 



The new rapid acting insulin secretagogues, repaglinide and nateglinide appear to be a useful 

addition to treatment of patients with T2DM. Repaglinide is least as effective as 

sulphonylureas in lowering HbAlc and in its safety profile when used in a fixed dose regimen. 

When used in a flexible dose regimen, it decreases HbAlc and results in less weight gain. 

Nateglinide in combination with metformin appears to be safe, effective and well-tolerated. 

The increasing link between post-prandial glucose levels and increased cardiovascular risk 

suggests that this is a specific area of diabetes control that may need to be targeted. Currently 

there are no outcome studies with either of these drugs. An ongoing study in impaired glucose 

tolerance and nateglinide will shed light on whether lowering PPH will result in improved 

cardiovascular outcomes. At present, they may be useful as second line agents in combination 

with metformin in the treatment of T2DM, especially in those who require flexible dosing. 
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CHAPTER SEVEN 

GLARGINE VS NPH INSULIN: EFFICACY IN COMPARISON 

WITH INSULIN ASPART IN A BASAL BOLUS REGIMEN IN TYPE 1 

DIABETES 

THE GLARGINE AND ASPART STUDY (GLASS) 
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7: 1 Introduction 

As discussed in Chapter 6, DCCT showed conclusively that intensified insulin therapy 

results in improved glycaemic control, leading to reduction in incidence and delaying 

progression of existing microvascular and macrovascular complications in T1DM 

(14,361,362). Intensified insulin therapy can be achieved with basal insulin in 

combination with short-acting insulins. Insulin analogues with more physiological 

profiles such as the basal analogue glargine and the short-acting analogue aspart allow 

intensified insulin therapy without the problems of nocturnal hypoglycaemia and morning 

fasting hyperglycaemia encountered with unmodified insulins. 

Several studies have shown that insulin glargine reduces HbAlc, FPG and nocturnal 

hypoglycaemia rate (297,300,302-304,306,312,363). Insulin glargine also results in 

improved treatment satisfaction scores and psychological wellbeing compared with NPH 

insulin (364). 

Reduced insulin dose, less severe hypoglycaemia and insignificant weight change have 

been observed when switching from NPH to glargine (305,365). There is greater efficacy 

of insulin glargine and Lispro compared with NPH and lispro in multiple daily injection 

regimens (303,363). 

Insulin glargine has been studied in combination with other short-acting insulins, but not 

with insulin aspart. Insulin aspart has already been extensively studied in combination 

with NPH insulin in type 1 diabetes and represents a significant portion of the rapid-acting 

analogue market currently prescribed in the United Kingdom. There are little data on the 

efficacy of combining insulin glargine and aspart in a basal bolus regimen and this was 
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therefore the rationale for the Glargine and Aspart study (GLASS), which was conducted 

in a single centre in the UK. 
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7: 2 Key Research Questions 

1. How effective is insulin glargine compared with NPH insulin when combined with 

aspart in a basal bolus regimen? 

2. What is the effect of insulin glargine on weight gain, hypoglycaemia and patient 

satisfaction compared with NPH insulin? 
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7: 3 Patients and Methods 

Design 

The Glargine and Aspart study (GLASS) was a 36-week, open-label, single-centre cross- 

over study comparing insulin glargine (Lantus®, Aventis Pharma, Frankfurt, Germany) as a 

once-daily basal insulin with NPH insulin (Insulatard®, Novo Nordisk, Crawley, West 

Sussex, UK) as a twice-daily basal insulin, in combination with the rapid-acting analogue 

insulin aspart (Novorapid°, Novo Nordisk) in a basal bolus regimen in T1DM. The trial 

was conducted in accordance with the Declaration of Helsinki and was approved by the 

local ethics committee. Written informed consent was obtained from all subjects. 

Recruitment took place between January 2002 and January 2004. 

Subjects with T1DM on either twice daily or multiple dose insulin injections were 

recruited from a single specialist outpatient clinic. The inclusion criteria were: - aged 

between 18 and 75 years, TIDM on insulin for at least six months, BMI less than 45, 

baseline HbAlc 6-11%, and ability and willingness to perform self-blood glucose 

monitoring. 

Subjects completed a four-week run-in period during which they received thrice-daily pre- 

prandial insulin aspart and twice-daily NPH. Subsequently, they were allocated to receive 

insulin aspart in combination with either once-daily insulin glargine or twice-daily NPH. 

Allocation was based on opening consecutively numbered sealed envelopes in which the 

name of the basal insulin had previously been randomly inserted. 
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Subjects were instructed to administer glargine once daily at bedtime and NPH 

approximately 30 minutes before breakfast and their evening meal. Aspart was injected 

immediately before meals. The Optipen® Pro 1 injection device (Aventis) was used to 

administer insulin glargine and the Novoperi 3 (Novo Nordisk) was used to administer 

insulin aspart and NPH. 

Insulin glargine or NPH was continued for 16 weeks before crossing over to the other basal 

insulin. The number of units of insulin equal to that administered at the end of the first 

treatment period was prescribed, unless previous home glucose monitoring suggested a 

dosage modification. 

On switching from glargine to NPH, the current basal dose of insulin was increased by 

20% to compensate for switching from a once daily basal regimen to a twice-daily basal 

regimen. Conversely, when switching from NPH to glargine, the basal dose of insulin was 

reduced by 20%. 

Visits took place at screening (visit 1), two weeks after screening (visit 2), baseline (visit 

3) and then every eight weeks until the end of the study (visits 5-7) (Fig 7: 1). 

Subjects self-monitored blood glucose levels daily at home using the Precision® QID 

monitor (Medisense, Abingdon and Witney, Oxfordshire, UK). Insulin dosage was 

adjusted according to a local algorithm with targets of 4-6.7 mmol/l before meals, 4-8 

mmol/l at bedtime and <8 mmol/l two hours after main meals. Telephone contact was 

made twice weekly to advise on changes in insulin dosage. 
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At visit 1, subjects were provided with dietetic input based on conventional advice for 

insulin analogues. They were supplied with a diary and blood-glucose meter and auxiliary 

supplies sufficient for the period between visit 1 and visit 3 and instructed in self- 

monitoring blood glucose throughout the trial to enable continuous dose adjustment. It 

was recommended that blood glucose should be measured prior to injecting and 120 min 

after the start of a meal. 

Participants were advised about symptoms of hypoglycaemia and instructed to record the 

following information in a diary: - date, time of episode, time of last injection prior to 

episode, time of last meal prior to episode, type of insulin, blood glucose value at the time 

of episode, whether or not there were symptoms, and whether or not glucagon or 

intravenous glucose was required. Hypoglycaemia was categorised as symptoms only, 

documented or confirmed, severe and nocturnal (occurring between 2400 and 0800 h). 

Severe hypoglycaemia was defined as a hypoglycaemic episode requiring third-party 

assistance and/or intravenous glucose or intramuscular glucagon. Documented or 

confirmed hypoglycaemia was defined as a capillary glucose measurement of less than 2.8 

mmol/L. 

Blood samples for HbAlc, FPG and lipids were taken at visit 1 (screening), and at visits 3, 

4,5,6 and 7. Weight was also recorded at these visits. 

Subjects wore a continuous glucose monitoring system (CGMS) (MiniMed MMT-7102; 

Medtronic, Northridge, Ca) for up to 72 h at start of treatment (visit 3), at cross-over (visit 

5) and at the end of the trial (visit 7). The monitor sampled the signals every 10 seconds 
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and then stored a mean value every 5 minutes. Data were downloaded to a computer via a 

communication device. 

Patients were asked to complete the Diabetes Treatment Satisfaction Questionnaire 

(DTSQ) and Audit of Diabetes-Dependent Quality of Life questionnaire (ADDQoL) at 

visits 1,3,5 and 7 (366,367) (see Appendix). 

The author was involved in actively recruiting subjects, conducting study visits, advising 

with regard to dose titration and adverse reactions, developing and maintaining the 

database, and analysing and reporting the data. 

7: 4 Statistical Analysis 

The primary endpoint was HbAlc. 59 subjects were needed to achieve 80% power for a 

maximal difference of 0.5% in HbAlc between means with a common standard deviation 

of 1.35 at a significance level (a) of 5%. The data on HbAlc were analysed using mixed 

models analysis of variance with the subject effect as random. Terms within the model 

included sequence, period and treatment. Secondary endpoints were frequency of reported 

severe hypoglycaemic episodes and overall frequency of both severe and non-severe 

hypoglycaemic events during the last 12 weeks of each treatment period. Other secondary 

endpoints were FPG, weight, fasting lipids and questionnaire-based patient satisfaction. 

Safety endpoints were adverse event recording and vital signs namely pulse and blood 

pressure. 

The data on the total number of hypoglycaemic episodes (severe and non-severe) were 

analysed using generalised linear models fitting a Poisson distribution. 
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Data from the DTSQ and ADDQoL questionnaires were analysed using standardised 

criteria. Data are stated as mean and mean difference ± SE (95% CI) unless otherwise 

indicated. 
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7: 5 Results 

Characteristics of Study Population at Screening 

A total of 60 subjects with T1DM were recruited to this single centre study of which 58 

were White European and 2 were South Asian. Baseline characteristics are shown in Table 

7: 1. During run-in, all subjects were treated with standardised therapy consisting of twice 

daily NPH (human or porcine) and thrice daily pre-prandial insulin aspart. Most patients 

were on a basal bolus regimen with human insulins prior to run-in (Table 7: 2). Three 

subjects withdrew before randomisation, with one experiencing an adverse reaction to 

insulin aspart. 

Following randomisation, 25 received glargine and 33 received NPH first. One subject, 

who was randomised to NPH first, withdrew after three weeks and was therefore not 

included in the analysis. Three subjects, who all received glargine first, failed to complete 

both periods of the study. One subject from each group violated the protocol and was not 

included in the per protocol population. 

Glycaemic Control 

HbAlc 

At the beginning of the first period, mean HbAlc was 8.51% for subjects randomised 

initially to NPH, and 8.57% for those randomised to glargine. 

At the end of the study, mean HbAlc was lower with glargine and aspart compared with 

NPH and aspart (8.07 vs. 8.26%, -0.19 ± 0.09 (-0.36 to 0.01), p=0.04). At the end of the 

first period, HbA 1c was 7.89% on glargine and 8.36% on NPH (-0.68 vs - 0.15; glargine 

vs NPH). After the second period, subjects who switched from glargine to NPH 
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experienced an increase in HbAlc of 0.16%, whereas subjects who switched to glargine 

from NPH experienced a reduction in HbAlc of 0.1%. Figure 7: 2 illustrates the change in 

HbA 1c throughout the study. 

Fasting Plasma Glucose (FPG) 

At the end of the study, mean FPG was 3 mmol/L lower with glargine and aspart compared 

with NPH and aspart (8.42 vs. 11.42mmol/L, -3.00 (-4.80 to -1.20), p<0.01). At the end of 

the first period, FPG was 9.06mmol/L with glargine and 10.68 mmol/L with NPH. 

Following the second period, FPG was 7.78 mmolL with glargine and 12.17 mmolL with 

NPH. 

Hypoglycaemia Rate 

The mean incidence of both severe and non-severe hypoglycaemia was similar with 

glargine compared with NPH (80.7 vs 77.2%, 1.21 (0.56 to 2.64), p=0.63). The odds 

ratio for the incidence of hypoglycaemia on glargine compared to NPH was 1.2 (95% Cl 

0.55 to 2.59). Only one subject on glargine and one on NPH experienced a severe 

hypoglycaemic episode. Five subjects did not report hypoglycaemia on either treatment. 

Five subjects experienced hypoglycaemia on glargine but not on NPH insulin, whereas 

four had hypoglycaemia on NPH insulin but not on glargine. 

In the first period, subjects randomised to glargine reported 170 episodes of 

hypoglycaemia of which 18 (10.6%) were symptomatic only, 152 (90.5%) were confirmed 

or documented by capillary glucose measurement, and 10 (0.06%) were nocturnal. 

Subjects randomised to NPH reported 167 episodes of hypoglycaemia of which 38 (22.8%) 

were symptomatic only, 129 (77.2%) were confirmed, and 15 (0.09%) were nocturnal. 
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There were no episodes of severe hypoglycaemia during the first period with either basal 

insulin. 

In the second period, after crossing over to the other basal insulin, subjects on glargine 

reported 164 hypoglycaemic episodes of which 31 (18.9%) were symptomatic only, 133 

(81.1%) were confirmed, 1 (0.006%) was severe and 11 (0.07%) were nocturnal. Those on 

NPH insulin in the second period reported 175 episodes of hypoglycaemia of which 26 

(14.9%) were symptomatic only, 149 (85.1%) were confirmed, 1 (0.006%) was severe and 

12 (0.07%) were nocturnal. 

No significant difference in hypoglycaemia frequency was detected in the first or second 

periods between NPH and glargine (p>0.05 for all categories of hypoglycaemia). 

Continuous Glucose Monitoring System (CGMS) 

Only 27 patients had complete data for all three visits. In the majority of patients, "flat 

lines" appeared on the traces indicating failure of blood glucose measurement. From these 

limited data, no statistical differences were found between the two basal insulins for 

overall hypoglycaemia, nocturnal hypoglycaemia or glucose excursions after meals. 

Insulin Doses 

Basal dose 

The mean basal insulin dose for all subjects after four weeks' run-in was 38.4 (20.6) IU. In 

those subjects who were initially randomised to glargine, the basal insulin dose was 33.9 

(21.0) IU at the end of the first period. Following crossover to NPH, the basal dose was 

39.4 (19.4) IU at the end of the second period. For those subjects randomised to NPH first, 
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basal insulin dose was 40.9 (18.6) IU at the end of the first period and 39.7 (29.1) IU at the 

end of the second period. 

Prandial dose 

Mean prandial dose was 31.4 (20.5) IU after four weeks' run-in. In those randomised first 

to glargine, the prandial dose was 36.1 (19.0) IU at the end of the first period, and 35.1 

(14.7) IU at the end of the second period. For those randomised to NPH first, prandial 

dose was 30.6 (15.6) IU at the end of the first period, and 32.6 (21.8) IU at the end of the 

second period. 

There was no difference between the two basal insulins with either mean basal or prandial 

dose (p=0.21 and p=0.46 respectively) using analysis of variation (ANOVA). However, 

there were some outlying values and using non-parametric analyses there was a significant 

difference between glargine and NPH (p=0.0002) for basal dose but not prandial dose 

(p=0.44). 

Other Secondary Endpoints 

There was no significant difference between glargine and NPH for change in weight (Table 

7: 2). At the end of treatment, mean weight with glargine was 81.68kg and with NPH 

insulin 81.92kg (mean difference -0.24,95% Cl -0.87 to 0.39, p=0.45). Similarly, no 

differences were detected between the two basal insulins for total cholesterol or triglyeride 

levels after 16 weeks' treatment (Table 7: 2). 
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Patient Satisfaction 

DTSQ 

A statistically significant difference between treatments (p=0.001) was only observed on 

analysis of DTSQ for the second period. Overall, satisfaction was greater with glargine by 

a mean of 4 points on the change scale compared with NPH. There was no difference 

between glargine and NPH in the perception of hyperglycaemia (p=0.34) or 

hypoglycaemia (p=0.76). Regardless of the insulin received first, subjects experienced 

more hypoglycaemia in the first period after run-in. 

ADDQoL 

There was no difference in overall quality of life and overall impact of diabetes on quality 

of life using ADDQoL. The profiles of the responses to the individual items were very 

similar for both insulins, with a slight divergence only noted on the item describing 

freedom of what to drink. No difference was detected in the average weighted impact 

score between the insulins (p=0.8). 
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7: 6 Discussion 

This study shows that treatment with insulin glargine resulted in a small but significant 

improvement in HbAlc and FPG compared with NPH in a basal bolus regimen in T1DM 

without a significant increase in hypoglycaemia rate or weight gain and associated with 

greater patient satisfaction. 

In this study, HbAlc differed overall by 0.19% between the basal insulins, with notably 

greater reductions in the first treatment period in favour of insulin glargine (-0.68 vs - 

0.15; glargine vs NPH) and a deterioration in control at cross-over to NPH (-0.1 vs + 0.16; 

glargine vs NPH) . Although a large reduction in HbAlc was not achieved, this was a 

single centre study and therefore these subjects were a more representative sample of a 

T1DM population. Other studies have found a similar reduction in HbAlc of around 0.16- 

0.5% (297,300,302-306,312,363,365). A recent systematic review concluded that the 

majority of studies reporting on the use of glargine have been statistically underpowered or 

inconsistently analysed (368). However the results from suitably analysed and powered 

studies indicate that treatment with glargine results in statistically significant reductions in 

FPG at endpoint compared with both baseline and NPH, although this is not always 

associated with significant improvements in HbAlc. 

One large study of 534 patients with well-controlled T1DM demonstrated that HbAlc 

levels decreased by 0.16% with glargine and 0.21% with NPH. However, in this study, 

lower FPG levels and fewer episodes of hypoglycaemia were recorded with glargine 

compared with once or twice daily NPH (302). 

Compared with the gold standard therapy of continuous subcutaneous insulin infusion 

(CSII), 'glargine is either similar or less effective at reducing HbAlc (369-371), regardless 
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of whether lispro or aspart is used as the insulin infusion. In addition, a lower daily dose of 

insulin produced a greater effect with CSII. It was suggested that the effectiveness of 

glargine could be improved by a further 0.1% if the percentage of basal insulin was kept 

between 40-60%. Smaller but longer-term studies have shown that glargine and CSII have 

equivalent effects on HbAlc, FPG, triglycerides, and severe hypoglycaemia (369). 

Another small study compared night-time blood glucose control between glargine and CSII 

and found that subjects on glargine spent significantly more time outside target sensor 

glucose ranges (371). The current NICE guidance is that patients with T1DM should be 

managed with glargine in a basal bolus regimen before being referred for CSII therapy 

(372). 

The flatter profile and longer duration of glargine is likely to lead to less glucose 

excursions during the twenty-four period. Notably, there was a significant difference in 

FPG between basal insulins in this study, which may reflect the more physiological 

pharmacokinetics of insulin glargine. However, the marked difference in FPG may be 

attributed to the different timings of the evening basal insulin, that is, NPH was injected 

before the evening meal whereas glargine was administered at bedtime. 

In GLASS, a difference in hypoglycaemia was not detected although this has been 

reported in previous studies (302,365). Severe hypoglycaemia was reduced with glargine 

compared with NPH in intensively treated adults with T1DM although there was no 

difference in HbAlc (365). However in GLASS, improved glycaemic control was 

achieved on glargine without increasing hypoglycaemia. Furthermore, comparison of dose 

titration and final basal doses suggests that the glargine dose could have been more 

optimally titrated, especially as HbAlc at the end of the study was higher than the 

currently recommended target of 6.5-7% despite the use of a treat-to-target regimen. The 
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fact that this was an open-label study may also have affected optimal titration. However, 

as glargine is a clear insulin and NPH is cloudy, blinding would have been difficult to 

achieve. 

A study of 121 subjects with T1DM found that the responses of plasma adrenaline, cortisol 

and growth hormone improved more with glargine than with NPH, indicating that counter- 

regulatory hormone responses to hypoglycaemia were more favourable with glargine 

(303). This was associated with improved glycaemic thresholds and magnitudes. CGMS 

has been shown to be reliable and reproducible in the assessment of hypoglycaemia in type 

1 diabetes in some studies (373) but one study showed that spurious results for nocturnal 

hypoglycaemia could be obtained (374). However, in this study, CGMS was successfully 

obtained in less than 50% of subjects. The limited data caused difficulties with statistical 

analysis and were not useful in assessing frequency of hypoglycaemia. 

Weight gain is often associated with insulin therapy. In GLASS, there was less than 1 kg 

increase in weight with both basal insulins. It has been shown elsewhere that weight gain 

occurs more with NPH than with glargine (305). Weight gain was significantly greater 

when glargine was administered as a split daily dose (365). 

Subjects achieved greater treatment satisfaction on glargine compared with NPH when 

assessed using validated questionnaires. The ability to inject at different times of the day 

with significantly increasing glycaemic control might be expected to improve satisfaction 

further. 

The increasing use of structured education programmes in T1DM such as Dose Adjustment 

for Normal Eating (DAFNE) programme has the potential to lead to better glycaemic 
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outcomes using glargine as the basal insulin. Up to 1% reduction in HbAlc without 

increased hypoglycaemia or weight gain was seen in a DAFNE randomised controlled trial 

in the UK (375). However this was prior to the wide availability of glargine as a basal 

insulin and the insulin regimens used in this study were not detailed. 

Insulin aspart in combination with glargine is used extensively at present in the UK. The 

other commonly prescribed short-acting insulin analogue lispro has been well documented 

to improve glycaemic control in combination with glargine when compared with NPH 

(303,304,363,365). GLASS is the first study to compare the short-acting insulin analogue 

aspart in combination with either glargine or NPH. 
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7: 6 Conclusion 

The results of the Glargine and Aspart study (GLASS) suggest that the combination of 

once daily insulin glargine with aspart in a basal bolus regimen is an effective form of 

insulin therapy in T1DM. 
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Figure 7: 1 Schematic Diagram of Study Design for GLASS 
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Table 7: 1 Baseline Characteristics of GLASS Population 

Variable Mean ± SD or n (%) 

N 60 

Sex (M: F) 35: 25 

Mean age (years) 42.9 (12.5) 

Duration of diabetes (years) 18.2 (11.8) 

Weight (kg) 81.0 (14.0) 

BMI (kg/m2) 27 (4.2) 

Haemoglobin Alc (%) 8.53 (1.15) 

Fasting Plasma Glucose (mmol/1) 11.5 (5.4) 

Total Cholesterol (mmol/1) 4.7 (0.8) 

Triglycerides (mmol/1) 1.0 (0.6) 

Systolic BP (mmHg) 139 (16) 

Diastolic BP (mmHg) 83 (9) 

Insulin dose (IU/kg) 0.86 (0.29) 

Insulin therapy prior to study 

Basal bolus regimen 40 (66.7) 

Twice daily regimen 17 (28.3) 

Other 2 (3.0) 

Human 43 (71.7) 

Porcine or human/porcine mixture 15 (25) 

Bovine 2(3.0) 
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Table 7: 2 Summary of Treatment Differences in GLASS 

Difference 

(glargine- 

Variable glargine NPH NPH) 95% CI p-value 

HbAIc (%) 8.07 8.26 -0.19 (-0.36 to -0.01) 0.04 

Fasting plasma 8.42 11.42 -3.00 (-4.80 to -1.20) <0.01 

glucose 

(mmol/L) 

Incidence of 80.7% 77.2% 1.21 * (0.56 to 2.64)* 0.63 

hypos (%) 

Weight 81.68 81.92 -0.24 (-0.87 to 0.39) 0.45 

(kg) 

Cholesterol 4.74 4.84 -0.10 (-0.25 to 0.05) 0.18 

(mmol/L) 

Triglyceride 0.82 0.80 1.02* (0.93 to 1.12)* 0.63 

(mmol/L) 

(Geometric 

means) 

*Ratio 
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CHAPTER EIGHT 

EARLY THERAPEUTIC INTERVENTIONS TO IMPROVE 

GLYCAEMIC CONTROL IN TYPE 2 DIABETES - 
THE PIOGLITAZONE IN COMBINATION WITH NATEGLINIDE IN 

CARE OF TYPE 2 DIABETES (PICNIC) STUDY 
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8: 1 Introduction 

Once the diagnosis of T2DM is made, whether through screening or following clinical 

presentation, the goal of management is to obtain optimal glycaemic control rapidly and to 

modify other cardiovascular risk factors such as hypertension, hyperlipidaemia and 

smoking. With the target for glycaemic control decreasing steadily over the last few years, 

and the increasing choice of oral therapies, it is essential to determine the best combination 

of agents that will reduce blood glucose effectively and safely soon after diagnosis. 

T2DM is a progressive disease and UKPDS showed that inevitably combination therapy 

was required with time (2). Treatment with conventional agents, including insulin, 

sulphonylureas and metformin, did not appear to change the natural progression of the 

disease process, a combination of progressive 0 cell function and insulin resistance. 

Since the 1950s, the mainstays of oral hypoglycaemic therapy have been the 

sulphonylureas and metformin. However, sulphonylureas such as gliclazide are associated 

with increased risk of hypoglycaemia and weight gain, whereas metformin causes gastro- 

intestinal side effects in a significant proportion of patients and is contra-indicated in those 

with moderate renal impairment. In the UK, metformin and gliclazide remain the most 

commonly prescribed agents for the treatment of T2DM as monotherapy or in 

combination, but newer oral agents have now arrived on the scene. 

Thiazolidinediones such as pioglitazone and rosiglitazone target insulin resistance whereas 

0 cell dysfunction is reduced by the meglitinides namely repaglinide and nateglinide. Both 

these types of agents are potential candidates for early combination therapy. 
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8: 2 Key Research Questions 

1. How effective are dual oral combination therapies in early T2DM? 

2. Which is the best oral hypoglycaemic combination in treatment of early T2DM? 
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8: 3 Patients and Methods 

The aim of this study was to determine the effectiveness of combination therapy early in 

the disease process for T2DM using one of the following four groups of drugs: - 

pioglitazone and nateglinide, gliclazide and metformin, metformin and nateglinide, and 

metformin and pioglitazone. 

The primary outcome was change in HbAlc at 6 months. Secondary outcome measures 

were quality of life, change in weight, episodes of reported hypoglycaemia, FPG and 2 

hour post-prandial glucose recordings from home blood glucose monitoring. Ethical 

approval from the local ethics committee was obtained for this study and it was conducted 

in accordance with the Declaration of Helsinki. Inclusion criteria were as follows: - 

" Patients with T2DM 

" Aged between 30-80 years 

9 HbAlc 
_ 

6.5%51O% 

" BMI < 45kg/m2 

" Patient on diet only or monotherapy with either a sulphonylurea up to 50% of maximum 

dose or metformin up to 1.7g per day. 

Exclusion criteria were as follows: - 

o Creatinine >150 µmol/L 

9 Abnormal liver function tests 

9 Known or suspected allergy to trial product or related products 

" Pregnancy, breast-feeding, intention of becoming pregnant or judged not to be using 

adequate contraceptive measures. (Adequate contraceptive measures are an intrauterine 

device, oral contraceptives and barrier methods). 
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"A history of drug abuse or alcohol dependence within the last 5 years. 

" Severe, uncontrolled hypertension (sitting systolic blood pressure >_ 180 mmHg and/or 

diastolic blood pressure >_ 110 mmHg). 

" Mental incapacity, unwillingness or language barriers precluding adequate 

understanding or co-operation. 

" Any disease or condition that might interfere with the trial. 

Sample Selection 

Patients were selected through attendance at secondary care diabetes clinics and direct 

referrals from primary care practices. In primary care, general practitioners and practice 

nurses searched computer databases and compiled a list of suitable patients who were then 

sent letters of invitation and information leaflets in the post. Once patients consented to 

participate, they were randomised to treatment groups using random number envelopes. A 

2: 2: 1: 1 randomisation approach was used. Block randomisation was used to ensure 

adequate numbers of patients in the two main arms of the study, namely 

metformin/gliclazide and pioglitazone/nateglinide. 

Data Collection 

The study visit schedule is shown in Table 8: 1. 
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Table 8: 1 PICNIC Study Visit Schedule 

Visit 1 Visit 2 Visit 3 Visit 4 

Month 0 0.5 3 6 

Consent X 

Past Med Hx X 

Demographics X 

HbAlc x X X 

Weight x X X 

Height x X X 

BMI X X X 

Questionnaires x X X 

Fasting Lipids/Glucose x X X 

7 point profile x X 

Titration of Medication X 

Recording of Hypos x X X 

Dispense Medication X 

Adverse Events x X X X 
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7 Point Profile and Home Blood Glucose Monitoring 

Patients were asked to check a7 point profile for 2 consecutive days prior to Visits 3 and 

4. This involved home capillary glucose monitoring before and after each main meal and 

before bed. 

At Visit 1, all subjects were supplied with the same blood-glucose meter and were 

instructed in its use, which included regular calibration in accordance with the 

manufacturer's instructions. Written instructions were also provided. The subjects were 

instructed in home blood glucose monitoring throughout the trial to enable continuous dose 

adjustment. It was recommended that patients should test their blood at least once at 

different times of the day. Values were recorded in the patients' study diary. Patients 

were also asked to record any episodes of hypoglycaemia in the diary. 

Subjects were informed of the targets for glycaemic control as below: - 

" 4-7 mmol/1 before meals 

" 5-8 mmol/1 at bedtime 

" <8 mmolll two hours after main meals. 

Dose Titration 

At Visit 2, patients were assessed with regard to up-titration of drug dosage. Titration 

occurred in everyone unless they reported significant hypoglycaemia and/or troublesome 

side-effects from therapy. Following titration, subjects continued on these doses for the 

duration of the study. The doses used were as follows: - metformin 500mg thrice daily and 

gliclazide 80mg twice daily; pioglitazone 30mg once daily and nateglinide 120mg thrice 

daily; metformin 500mg thrice daily and nateglinide 120mg thrice daily; and metformin 
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500mg thrice daily and pioglitazone 30mg once daily. If subjects were new to metformin, 

the dose was titrated slowly over 2-3 weeks to minimise gastro-intestinal side-effects. 

Patient Satisfaction Questionnaires 

Patients were asked to complete quality of life questionnaires at Visits 1,3 and 4 using 

Audit of Diabetes-Dependent Quality of Life (ADDQoL). At these visits, treatment 

satisfaction was assessed using the Diabetes Treatment Satisfaction Questionnaire (status. 

and change versions - DTSQs and DTSQc) (see Appendix). 

The author was responsible for actively recruiting subjects to the study, conducting study 

visits, advising with regard to titration and adverse events, as well as developing and 

maintaining the database and analysing the data. 

Ethical Issues 

Local Research Ethics committee approval and University Hospitals of Leicester NHS 

Trust Trust Approval was sought for the study before it commenced. This ensured that all 

ethical and indemnity issues were dealt with. 

Patients were given a patient information sheet (see Appendix) to read before they 

registered their interest in taking part in the study. This was either by post or by hand 

depending on the method of referral. They were asked to return the interest slip from the 

introduction letter accompanying the information sheet to register their interest. This 

allowed adequate time for the patient to consider participation. At the first appointment 
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patients were asked to sign a consent form to take part in the study and this was sought by 

the study physician. 

Data were collected on an Access database. This database was protected with a minimum 

number of users to deal with patient confidentiality issues. All hospital notes and study 

records were kept in a locked filing cabinet. 

8: 4 Statistical Analysis 

Data were analysed with parametric and non parametric tests where appropriate using 

SPSS version 11 (SPSS, Chicago, IL, USA). The distribution of the primary variable, 

HbAlc, was examined. As these values were not normally distributed, all values were 

logarithmically transformed before analysing the ratios of group geometric means. 

Secondary variables were FPG and rates of hypoglycaemia. The main groups under 

consideration were pioglitazone/nateglinide and gliclazide/metformin. Unpaired T tests 

were used to compare changes from baseline (Visit 1). Variant T test rather than standard 

T test output was used for reporting analysis. The main comparison of interest was 

between the primary groups, that is, pioglitazone/nateglinide and gliclazide/metformin. 

Results are presented as the treatment effect with 95% Cl and p value, and were interpreted 

with respect to the minimum difference of clinical interest from sample size calculation. 

An intention-to-treat analysis was used. Hypoglycaemia data were analysed as any 

episodes occurring between 0 to 2 weeks (Visit 2), 2 weeks to 3 months (Visit 3), and 3 

months to 6 months (Visit 4). For patient satisfaction, paired T test and one-way ANOVA 

were used to determine differences. 
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8: 5 Results 

In total, 100 patients were enrolled in the study. One patient dropped out prior to 

randomisation as they did not wish to take the recommended medication doses. The 

baseline (Visit 1) characteristics of the study population are shown in Table 8: 1.99 male 

and female subjects were randomised to six months' treatment with one of four drug 

combinations, namely, pioglitazone/nateglinide (n=36), metformin/gliclazide (n=33), 

metformin/pioglitazone (n=15) and metformin/nateglinide (n=15). The difference in 

numbers was attributable to the 2: 2: 1: 1 randomisation protocol. At baseline, mean (SD) 

age was 57.1 (10.4) y, duration of diabetes 47.2 (68.8) months, males 72.7%, 58% white 

Europeans, BMI 29.7 (5.4) kg/m2, baseline HbAIc 7.8 (1.3) %, and FPG 8.4 (2.5) mmol/l. 

13 subjects failed to complete the study. 1 subject withdrew prior to randomisation, 4 

subjects stopped due to side-effects, 1 subject withdrew as he was a bus-driver and was 

afraid of hypoglycaemia, 2 subjects were protocol violators, 4 subjects failed screening, 

and 1 subject withdrew due to depression. At Visit 2, when response to medication was 

assessed, titration did not occur in 16 (16%) subjects due to hypoglycaemia, 

gastrointestinal side-effects or both. 

Primary outcome - HbAlc 

After six months, HbAlc was significantly reduced with all four combinations (p<0.001) 

(Table 8: 3 and Fig 8: 1). There was a significant difference in HbAlc between 

metformin/gliclazide and pioglitazone/nateglinide only at three months (6.41% vs 7.12%, 

p=0.018). At six months, HbAlc was similar in both groups (6.57% vs 6.58%, NS). 

HbAlc was also significantly different between metformin/gliclazide and 

metformin/nateglinide at 3 months (6.41% vs 6.91%, p=0.023) but not at six months 
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(6.57% vs 6.47%, NS). There were no significant differences between any of the groups 

for change in HbAlc between Visit 1 and Visits 3 or 6. 

Secondary outcomes 

Mean FPG was reduced significantly with all four combination groups (p<0.05) with the 

greatest reduction seen with metformin/pioglitazone (2.78 mmol/1). There was significant 

weight gain from baseline to study end in the pioglitazone/nateglinide group (83.3kg vs 

84kg, mean difference 1.67kg, p=0.02), and significant weight gain between baseline and 

visit 3 with gliclazide/metformin (82.2kg vs 85.9kg, mean difference 1.64kg, p<0.001) 

(Table 8: 4). At six months there was a significant difference between 

metformin/gliclazide and pioglitazone/nateglinide in creatinine (80.4 vs 110.7umol/1, 

p=0.005) and alanine transaminase (ALT) (33.8 vs 23.7 IU/1, p=0.02). 

Hypoglycaemia 

Hypoglycaemic episodes were recorded at Visits 2,3 and 4 (Table 8: 5). At Visit 2,2 

subjects from each group reported minor hypoglycaemic episodes but only one in each 

group documented the plasma glucose value. As numbers were small, only 

metformin/gliclazide and pioglitazone/nateglinide groups were compared and there were 

no significant differences in frequency of hypoglycaemia. No episodes of severe 

hypoglycaemia were documented. 

Patient Satisfaction 

Table 8: 6 shows the change in patient satisfaction using DTSQs at Visit 1 and DTSQc at 

Visits 3 and 4. In all four groups there was a reduction in satisfaction after six months of 

therapy. However this was non-significant. There was a significant difference in mean 

scores between Visit 1 and Visit 3 for the combinations pioglitazone/nateglinide and 
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metformin/nateglinide. There were no significant differences between the groups for 

DTSQ score during any of the visits. 

The results of the ADDQoL questionnaire survey are summarised in Table 8: 7. Using this 

questionnaire the maximum negative impact of diabetes is -9 and the maximum positive 

impact is +9. No significant difference was detected between the groups during any of the 

visits. However there was a significant difference between visit 1 and visit 4 for the 

gliclazide/metformin combination with an increase in the negative impact of diabetes 

(p=0.026,95% CI 0.12 to 1.76). 
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Table 8: 2 Baseline Characteristics of PICNIC Study Population (N=99) 

N Mean Ran e SD 
Gender 

Male 72 
Female 27 

Ethnicity 

White European 58 
South Asian 37 
Other 4 
Smoker 

Never 45 
Current 15 
Previous 37 

Drug combination following 
randomisation 

gliclazide/metformin 
33 

pioglitazone/nateglinide 
36 

metformin/nateglinide 
15 

metformin/pioglitazone 
15 

Age (yr) 99 57.9 30.3 to 79.2 10.4 
Height (m) 99 1.69 1.53 to 1.85 0.08 
Weight (kg) 99 84.63 52.25 to 145.20 17.99 
BMI (kg/m2) 99 29.7 21.5 to 48.0 5.4 
Duration of diabetes (mth) 99 47.2 1.0 to 350.0 68.8 

Systolic BP (mmHg) 99 137 96 to 199 19 

Diastolic BP (mmHg) 99 81 56 to 100 9 
Resting pulse (bpm) 99 71 40 to 108 12 
HbAlc (%) 98 7.80 5.9 to 13.4 1.30 

Fasting Plasma Glucose (mmol/1) 97 8.40 4.7 to 17.4 2.54 
Total cholesterol (mmol/1) 99 4.87 2.5 to 7.7 1.04 

LDL cholesterol (mmol/1) 83 2.97 1.0 to 5.8 0.87 

HDL cholesterol (mmol/1) 99 1.2 0.6 to 9.0 0.9 
Triglycerides (mmol/1) 98 1.83 0.5 to 12.6 1.45 

Crcatinine (umol/I) 99 88 47 to 126 16.0 
Urea (mmol/1) 99 6 3 to 64 6.2 
Alanine Transaminase (mmol/l) 

99 35 4 to 191 25.0 
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Table 8: 3 Change in HbAlc after Six Months' Treatment with each Dual Combination of 
Oral Hypoglycaemic Agents 

Mean 95% P value 
HbAlc Confidence 

Drug Combination (%) Interval 

gliclazide/metformin Visit 1 7.49 7.18 to 7.81 
Visit 3 a, b 6.41 6.12 to 6.70 <0.001 
Visit 4 6.57 6.21 to 6.93 <0.001 

pioglitazone/nateglinide Visit 1 8.05 7.48 to 8.62 
Visit 3a 7.12 6.60 to 7.64 <0.001 
Visit 4 6.58 6.25 to 6.91 <0.001 

metformin/nateglinide Visit 1 8.07 7.36 to 8.77 
Visit 3b 6.91 6.57 to 7.24 <0.001 
Visit 4 6.95 6.54 to 7.36 <0.001 

metformin/pioglitazone Visit 1 7.61 7.01 to 8.23 
Visit 3 6.61 6.08 to 7.14 <0.001 
Visit 4 6.47 6.13 to 6.81 <0.001 

a significant difference between combinations in HbAlc at 3 months (6.41% vs 7.12%, p=0.018) b significant difference between combinations in HbAIc at 3 months (6.41% vs 6.91%, p=0.023) 
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Figure 8: 1 Change in HbAlc According to Drug Combination over Study Period 
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Table 8: 6 Patient Satisfaction using DTSQ 

Drug Combination Mean DTSQs 

score 

(Visit 1) 

Mean difference 

in DTSQc score 

(Visit 3- Visit 1) 

Mean difference 

in DTSQc score 

(Visit 4- Visit 1) 

Metformin/Gliclazide 14.5 -2.5 -2.1 

Pioglitazone/Nateglinide a 14.7 -4.43 -1.9 

Metformin/Nateglinide 15.2 -3.6 -1.2 

Metformin/Pioglitazone 14.1 -2.0 -0.9 

a difference between visit 1 and 3 scores (p=0.011,95% Cl -0.91 to 6.25) 

b difference between visit 1 and 3 scores (p=0.049,95% Cl -0.023 to 7.18) 
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Table 8: 7 Patient Satisfaction using ADDQoL 

Drug Combination Mean 

ADDQoL 

score 

(visit 1) 

Mean 

ADDQoL 

score 

(visit 3) 

Mean 

ADDQoL 

score 

(visit 4) 

Metformin/Gliclazide a 2.05 1.25 1.47 

Pioglitazone/Nateglinide 2.01 1.89 1.69 

Metformin/Nateglinide 1.83 2.31 1.88 

Metformin/Pioglitazone 1.86 2.28 2.75 

a significant difference in mean score between visit I and visit 4 (p=0.026,95% Cl 0.12 to 1.76) 
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Seven Point Glucose Profile 

Seven point glucose profiles were carried out over a 48 hour period within a week of visits 

3 (Fig. 8: 2) and 4 (Fig. 8: 3). At visit 3, the metformin/gliclazide group tended to have lower 

capillary glucose levels than the other groups. However, there were no significant 

differences in mean capillary blood glucose between groups at any point in the day. 

Side-Effects 

Overall, patients complained of few side-effects. The main side-effects reported were 

minor hypoglycaemia and gastrointestinal symptoms such as nausea, vomiting and 

diarrhoea. 
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8: 6 Discussion 

This study shows that six months' treatment with four different dual oral hypoglycaemic 

agents achieves significant improvements in glycaemic control as assessed by HbAlc and 

FPG. No difference was detected between the combination of traditional agents metformin 

and gliclazide with newer combinations such as nateglinide and pioglitazone, metformin 

and pioglitazone or metformin and nateglinide. A significant difference between 

treatments was seen at three months with a lower HbAlc with gliclazide/metformin than 

with the other combinations. These findings are similar to another recently published 

study where no differences were seen between nateglinide/metformin and 

gliclazide/metformin combinations although both resulted in significant improvements in 

HbAlc (376). However, the combination of nateglinide and metformin was associated 

with better post-prandial glucose control. 

Although this was a small pilot study looking at treatment over a short period of time, it is 

clear that intensive treatment with dual agents can be effective in achieving good 

glycaemic control with relatively few adverse events and no significant differences in 

patient satisfaction or weight gain at study end. 

The choice of agent does not appear to be important in attaining good control and as 

gliclazide and metformin have been used for many years, they are known to be agents with 

a good long-term safety profile and low cost. However as UKPDS demonstrated, patients 

with T2DM inevitably required insulin therapy after a few years' treatment with these 

agents, and only metformin was associated with improved cardiovascular outcomes. 

The advent of the newer agents pioglitazone and nateglinide has been associated with 

much interest and promise. However, initial major clinical trials have not provided much 
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evidence to warrant their widespread use. For example, in the PRO-ACTIVE study, there 

was a suggestion that there was a reduction in macrovascular endpoints in patients treated 

with pioglitazone but the primary outcome was not statistically significant (155). 

NICE guidelines for the management of T2DM using oral therapy recommends using 

metformin as the first line agent in all patients followed by the addition of a sulphonylurea 

(377). If either metformin or a sulphonylurea is contraindicated or not tolerated, a 

thiazolidinedione may be added instead as a second-line agent. Although NICE has made 

no specific recommendations for meglitinides, they may be useful in selected cases, such 

as shift-workers or those with erratic lifestyles and meal-times. 

Simple algorithms for intiating and titrating oral medication in T2DM are useful in 

ensuring optimal glycaemic control as early as possible in the natural history of the 

disease. The place of newer agents compared with metformin and sulphonylureas remains 

uncertain. 
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8: 7 Conclusion 

Significant improvements in glycaemic control over six months in early T2DM can be 

achieved regardless of oral combination used. Further studies are needed to determine the 

long-term impact of newer agents such as nateglinide and pioglitazone in reducing 

macrovascular and microvascular complications and delaying the need for insulin therapy. 
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CHAPTER NINE 

DISCUSSION AND ISSUES FOR FUTURE RESEARCH 
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9: 1 Introduction 

The preceding chapters have discussed the implications of screening for T2DM and PDM, 

the morphological and biochemical phenotype of the screened subject in WE and SA 

ethnic groups, and finally the early therapies that are available for the treatment of T1DM 

and T2DM. 

This chapter discusses the importance of these findings and how they can be used to 

improve patient care and well-being as well as areas for future research. 
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Areas for Further Research 

Long Term Outcomes of Screening 

As the incidence of T2DM continues to rise inexorably and patients succumb to 

complications at the time of diagnosis, it is imperative to diagnose and manage the 

condition as early as possible. However, the long-term implications of screening for 

diabetes remain unknown and until the results of major international randomised controlled 

trials such as ADDITION are presented, the implementation of widespread screening is 

controversial. Certainly most small studies, including the one described in this thesis, have 

failed to show convincingly that there is major benefit in terms of outcomes to subjects 

undergoing diabetes screening. 

This may simply be a reflection of the small numbers of subjects in these studies as well as 

insufficient length of follow-up. However these studies give an indication of the sample 

size needed to detect significant differences in larger studies and the importance of 

appropriate follow-up. The impact of appropriate interventions not only for glucose 

control but also other major cardiovascular risk factors such as hypertension and 

hyperlipidaemia need to be assessed in screened subjects. High risk ethnic groups such as 

SA need to be targeted early and their response to intervention determined. 

It is just as important to detect patients with PDM in view of their high cardiovascular risk 

and this subgroup may particularly benefit from early and aggressive intervention, thus 

preventing or delaying development of T2DM. More evidence is accumulating which 

confirms the need to identify and manage these patients in the primary care setting without 

simply waiting for them to develop T2DM before interventions are put in place. Lifestyle 

modifications such as weight management, increased activity, healthy diet and stopping 
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smoking need to be implemented as soon as the diagnosis of PDM is made on screening 

for T2DM. 

This begs the question as to how early to perform screening. Rather than concentrating on 

individual risk, the risk of the whole family needs to be taken into account, especially in 

ethnic minority groups. Local and national projects to raise awareness of T2DM and who 

is at risk are essential to stem the tide of new cases. 

The possible fetal origins of cardiovascular and metabolic disease cannot be ignored and 

maternal and fetal health remains a priority in preventing or delaying the onset of new 

cases. 

As can be seen therefore, screening for T2DM is just part of the spectrum of initiatives 

required to combat this modem-day epidemic. Without the input of the individual, the 

health profession, families and government, the future looks bleak indeed. 

Summary of Conclusions and Further Research 

" Small screening studies do not show improved long-term outcomes 

9 Early intensive lifestyle interventions need to be in place to prevent/delay 

development of new cases of T2DM 

" At risk groups need to be targeted during screening 

" Large multiethnic randomised controlled trials are needed to determine benefits of 

screening and long-term outcomes - several are currently underway 
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Morphological Phenotype of the Screened Subject 

The limitations of BMI as an effective tool for screening for obesity-related diabetes and 

cardiovascular risk are becoming more clearly established. 

The difficulties of accurately measuring body composition in human subjects make it 

necessary to find a surrogate method which can approximate the more detailed information 

obtained by gold standard techniques. If large populations are to be assessed quickly and 

effectively for obesity, a technique needs to be available that fulfils these criteria. In the 

study described in this thesis, skinfold thickness measurement by callipers, BIA and 

DEXA were used to determine BF%. These were then compared with BMI, WC and 

WHR. 

Just as it is incorrect to assume that the Asian population is homogeneous, clear differences 

in BF% have also been found between European and North American Caucasian 

populations for a given BMI (378). Using prediction formulae derived from one 

population should therefore be interpreted with caution in another ethnic group. 

Further advancement in software programs, for example Hippo FatTM which quantifies 

adipose. tissue areas using MRI without user inputs, could enable quicker more accurate 

determination of visceral adiposity (379). 

Summary of Conclusions and Further Research 

" Visceral adiposity is a key risk factor for CVD 

" BMI will not fully determine risk especially in high risk populations such as South 

Asians 
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" Simple measures such as waist circumference are needed to determine risk in 

population screening 

" South Asians are considerably more at risk compared with Europeans matched for 

age and sex 

" Longitudinal and interventional studies are needed to determine prevalence of 

visceral adiposity and the effect of interventions on cardiovascular and diabetes risk 
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Biochemical Phenotype of the Screened Subject 

Pre-Diabetes and Type 2 Diabetes 

Adverse adipocytokine profiles are increasingly being reported in high risk groups but the 

important question is whether interventions can make a difference to these markers of 

cardiovascular risk. There is evidence that even modest weight loss as demonstrated by a 

reduction in WC achieved using oral weight-loss therapy (orlistat or sibutramine) results in 

an increase in adiponectin concentration, and a reduction in leptin, resistin and CRP (380). 

Weight loss and dietary restriction reduce CRP (188) as does physical exercise (381). 

Other studies have suggested that it is more important to target visceral adipose tissue by 

omentectomy (143) rather than subcutaneous fat by liposuction (144) if meaningful 

differences in metabolic abnormalities are to be achieved. 

In UKPDS, metformin, in comparison with sulphonylureas or insulin, was the only agent 

to improve cardiovascular outcomes (382). Metformin reduces CRP levels in T2DM and 

in polycystic ovary syndrome (383,384). Insulin is also anti-inflammatory but its effects 

may be lost in chronic hyperinsulinaemia. In a study comparing insulin with 

sulphonylurea treatment, CRP concentrations only fell with insulin (385). 

There are suggestions that ACE inhibitors and angiotensin receptor blockers have an anti- 

inflammatory action which may explain why some studies have shown reduced incidence 

of T2DM associated with the use of ramipril (289) and losartan (290). Similarly ß- 

blockers reduce reactive oxygen species formation (386) and are associated with fewer 

cardiovascular events (387). 
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Summary of Conclusions and Further Research 

" Earlier changes in cardiovascular risk markers are seen with South Asians 

compared with White Europeans 

" Adiponectin is significantly lower in SA controls compared with WE controls 

" Leptin is significantly higher in SA controls compared with WE controls 

Longitudinal and interventional studies are needed to determine concentrations of 

risk markers and the effect of interventions on subsequent cardiovascular and 

diabetes risk 
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Metabolic Syndrome 

Although now a controversial definition, metabolic syndrome and its components are 

associated with increased CVD risk. Prevalence varies markedly according to definition 

used and population surveyed. As described in this thesis, there appear to be clear 

differences in circulating risk markers such as adiponectin and leptin that may be useful in 

screening for metabolic syndrome and devising appropriate management strategies. For 

example, in the Diabetes Prevention Programme, lifestyle modification succeeded in 

reducing the incidence of metabolic syndrome by 41% whereas metformin therapy reduced 

it by 17% (282). 

Summary of Conclusions and Further Research 

" Increasing prevalence of metabolic syndrome as predictor of CVD risk 

" Differences in adipocytokines such as adiponectin and leptin in those with and 

without metabolic syndrome 

" Lifestyle modification can reduce incidence of metabolic syndrome 

". Further work needed to identify impact of interventions on different ethnic groups 

with metabolic syndrome 

221 



Early Therapies for Improving Glycaemic Control 

Glargine 

Basal bolus regimens using insulin analogues are now well-established for treatment of 

T1DM and have proven effective with associated reduction in hypoglycaemia and 

increased patient satisfaction. The Glargine and Aspart Study (GLASS) showed that a 

small but significant improvement in HbAlc is achieved with glargine combined with 

aspart when compared with NPH insulin. 

Summary of Conclusions and Further Research 

" Glargine is effective in a basal bolus regimen with aspart in T1DM 

a Further long-term multi-centre randomised controlled trials needed to determine 

continued efficacy and impact on hypoglycaemia, weight gain and patient 

satisfaction 

" Head-to-head studies with other basal insulin such as detemir 
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Meglitinides 

The meglitinides repaglinide and nateglinide are newly available prandial glucose 

regulators which target post-prandial hyperglycaemia. In the PICNIC study, nateglinide 

was combined with either metformin or pioglitazone to determine efficacy in T2DM over 

six months compared with other more traditional combinations such as gliclazide and 

metformin. The study showed that all four combinations were equally effective at 

lowering HbAlc significantly over this period without significant differences in weight 

gain, hypoglycaemia or patient satisfaction. No differences were detected between the 

groups although as expected combinations with pioglitazone took at least six months to 

achieve better control. Cost implications must be considered before recommending a 

combination of pioglitazone/nateglinide before gliclazide/metformin. 

Summary of Conclusions and Further Research 

" The PICNIC study shows improvement in early T2DM regardless of oral agents 

used in dual therapy 

" Dual oral combination therapy is therefore feasible, well-tolerated and effective in 

early T2DM 

" Further long-term RCT needed to determine efficacy of dual combinations in 

T2DM 

0 Cost-effectiveness analysis required 
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FINAL CONCLUSION 

CVD is the greatest cause of morbidity and mortality in patients with T2DM. The risk is 

associated with increased visceral adiposity, deranged metabolic parameters and polygenic 

factors. Improving not only the glycaemic control but also the chronic inflammation 

associated with T2DM with a complement of lifestyle modifications and therapeutic agents 

is likely to reduce progression to CVD. Future research needs to focus on improving these 

abnormalities in at risk populations. Prospective longitudinal multiethnic interventional 

studies are needed to determine the impact of these measures. 
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Abstract 

The aim of the study was to compare the efficacy of insulin glargine and aspart with NPH insulin and aspart in a basal bolus 
regimen in type 1 diabetes. 

In this 36-week randomised open-label two-period cross-over trial, subjects received 16 weeks' treatment with either once-daily 
insulin glargine or twice-daily NPH insulin after 4-week run-in. Primary outcome was HbAlc and secondary outcomes were fasting 
plasma glucose (FPG), weight change, incidence of hypoglycaemia, effect on lipid profile and patient satisfaction. 

Sixty patients with type 1 diabetes were recruited (33 male, mean age 42.7 years, mean HbAlc 8.53%) with 53 completing the 
study. At completion, HbAlc was lower with glargine and aspart than with NPH and aspart (8.07% versus 8.26%, difference -0.19 
[95% CI 0.37-0.01]%, p=0.04). FPG was significantly different between glargine and NPH (p = 0.002), with mean FPG on 
glargine 3 mmol/L lower than on NPH at the end of the study. There were no differences in hypoglycaemia rate (p = 0.63), weight 
(p = 0.45) or lipid profile (p = 0.18). Patient satisfaction was greater with glargine (DTSQ, p=0.001). Three patients discontinued 
as they wished to remain on glargine. 

We suggest that glargine combined with aspart is an effective basal bolus regimen in type I diabetes. 
© 2006 Published by Elsevier Ireland Ltd. 

Keywords: Insulin glargine; Insulin aspart; Type 1 diabetes; HbA1c; Insulin analogues 

1. Introduction 

The Diabetes Control and Complications Trial 
(DCCT) showed conclusively that intensified insulin 
therapy results in improved glycaemic control, leading 
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cester Royal Infirmary, Infirmary Close, Leicester LEI 5WN, UK. 
Tel.: +44 116 204 7819; fax: +44 116 204 7819. 
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to a reduction in incidence and delaying progression of 
existing microvascular and macrovascular complica- 
tions in type I diabetes [ 1-3]. Intensified insulin therapy 
can be achieved with basal insulin in combination with 
short-acting insulins. Insulin analogues with more 
physiological profiles such as the basal analogue 
glargine and the short-acting analogue aspart allow 
intensified insulin therapy without the problems of 
nocturnal hypoglycaemia and morning fasting hyper- 
glycaemia encountered with unmodified insulins. 

0168-8227/S - see front matter Q 2006 Published by Elsevier Ireland Ltd. 
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Insulin glargine has been modified using recombi- 
nant DNA technology by substituting a glycine residue 
for the 21 amino acid residue on the A chain of human 
insulin. This has produced a basal insulin which can be 

given once-daily and has a flat diurnal profile with 
minimal absorption variability [4]. 

Several studies have shown that insulin glargine 
reduces glycosylated haemoglobin (HbAlc), fasting 

plasma glucose (FPG) and nocturnal hypoglycaemia 

rate [5-13]. Insulin glargine also results in improved 
treatment satisfaction scores and psychological well- 
being compared with NPH insulin [14]. 

Reduced insulin dose, less severe hypoglycaemia 
and insignificant weight change have been observed 
when switching from NPH to glargine [15,16]. There is 

greater efficacy of insulin glargine and Lispro compared 
with NPH and lispro in multiple daily injection 

regimens [10,13]. 
Insulin glargine has been studied in combination 

with other short-acting insulins, but not with insulin 

aspart. Insulin aspart has already been extensively 
studied in combination with NPH insulin in type 1 
diabetes and represents a significant portion of the 
rapid-acting analogue market currently prescribed in 
the United Kingdom. There are little data on the efficacy 
of combining insulin glargine and aspart in a basal bolus 

regimen and this was therefore the rationale for this 
study, which was conducted in a single centre in the UK. 

2. Materials and methods 

2.1. Design 

GLASS (glargine and aspart Study) is a 36-week, open- 
label, single-centre cross-over study comparing insulin glar- 
gine (Lantus®, Aventis Pharma, Frankfurt, Germany) as a 
once-daily basal insulin with NPH insulin (Insulatard9, Novo 
Nordisk, Crawley, West Sussex, UK) as a twice-daily basal 
insulin, in combination with the rapid-acting analogue insulin 

aspart (Novorapid), Novo Nordisk) in a basal bolus regimen 
in type 1 diabetes. The trial was conducted in accordance with 
the Declaration of Helsinki and was approved by the local 

ethics committee. Written informed consent was obtained 
from all subjects. Recruitment took place between January 
2002 and January 2004. 

Subjects with type 1 diabetes on either twice-daily or 
multiple dose insulin injections were recruited from a single 
specialist outpatient clinic. The inclusion criteria were: age 
between 18 and 75 years, type I diabetes on insulin for at least 
6 months, body mass index less than 45, baseline HbAlc 6- 
11%, and ability and willingness to perform self-blood glu- 
cose monitoring. 

Subjects completed a 4-week run-in period during which 
they received thrice-daily pre-prandial insulin aspart and 

twice-daily NPH. Subsequently, they were allocated to receive 
insulin aspart in combination with either once-daily insulin 

glargine or twice-daily NPH. Allocation was based on opening 
consecutively numbered sealed envelopes in which the name 
of the basal insulin had previously been randomly inserted. 

Subjects were instructed to administerglargine once-daily at 
bedtime and NPH approximately 30 min before breakfast and 
their evening meal. Aspart was injected immediately before 
meals. The Optipen® Pro 1 injection device (Aventis) was used 
to administer insulin glargine and the Novopen`8 3 (Novo 
Nordisk) was used to administer insulin aspart and NPH. 

Insulin glargine or NPH was continued for 16 weeks before 

crossing over to the other basal insulin. The number of units of 
insulin equal to that administered at the end of the first 
treatment period was prescribed, unless previous home glu- 
cose monitoring suggested a dosage modification. 

On switching from glargine to NPH, the current basal dose 
of insulin was increased by 20% to compensate for switching 
from a once-daily basal regimen to a twice-daily basal regi- 
men. Conversely, when switching from NPH to glargine, the 
basal dose of insulin was reduced by 20%. 

Visits took place at screening (visit 1), 2 weeks after 
screening (visit 2), baseline (visit 3) and then every 8 weeks 
until the end of the study (visits 5-7) (Fig. 1). 

Subjects self-monitored blood glucose levels daily at home 

using the Precision® QID monitor (Medisense, Cambridge, 
UK). Insulin dosage was adjusted according to a local algo- 
rithm with targets of 4-6.7 mmol/L before meals, 4-8 mmol/L 
at bedtime and <8 mmol/L 2h after main meals. Telephone 
contact was made twice weekly to advise on changes in insulin 
dosage. 

At visit 1, subjects were provided with dietetic input based 

on conventional advice for insulin analogues. They were 
supplied with a diary and blood glucose meter and auxiliary 
supplies sufficient for the period from visit I to visit 3 and 
instructed in self-monitoring blood glucose throughout the 
trial to enable continuous dose adjustment. It was recom- 
mended that blood glucose should be measured prior to 
injecting and 120 min after the start of a meal. 

The subject was advised about symptoms of hypoglycae- 

mia and instructed to record the following information in a 
diary: date, time of episode, time of last injection prior to 
episode, time of last meal prior to episode, type of insulin, 
blood glucose value at the time of episode, whether or not 
there were symptoms, and whether or not glucagon or intra- 

venous glucose was required. Hypoglycaemia was categorised 
as symptoms only, documented or confirmed, severe and 
nocturnal (occurring between 24: 00 and 08: 00 h). Severe 
hypoglycaemia was defined as a hypoglycaemic episode 
requiring third-party assistance and/or intravenous glucose 
or intramuscular glucagon. Documented or confirmed hypo- 
glycaemia was defined as a capillary glucose measurement of 
less than 2.8 mmollL. 

Blood samples for HbAlc, FPG and lipids were taken at 
visit 1(screening), and at visits 3-7. Weight was also recorded 
at these visits. 
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Fig. 1. Schematic diagram of study design. 

Subjects wore a continuous glucose monitoring system 
(CGMS) (MiniMed MMT 7102; Medtronic, Northridge, CA) 
for up to 72 h at start of treatment (visit 3), at cross-over (visit 
5) and at the end of the trial (visit 7). The monitor sampled the 
signals every 10 s and then stored a mean value every 5 min. 
Data were downloaded to a computer via a communication 
device. 

Patients were asked to complete the Diabetes Treatment 
Satisfaction Questionnaire (DTSQ) and Audit of Diabetes- 
Dependent Quality of Life questionnaire (ADDQoL) at visits 
1,3,5 and 7 [17,18]. 

2.2. Statistical analysis 

The primary endpoint was HbAlc. Fifty-nine subjects 
were needed to achieve 80% power for a maximal difference 

of 0.5% in HbAlc between means with a common standard 
deviation of 1.35 at a significance level (a) of 5%. The data on 
HbAlc were analysed using mixed models analysis of var- 
iance with the subject effect as random. Terms within the 
model included sequence, period and treatment. Secondary 

endpoints were frequency of reported severe hypoglycaemic 

episodes and overall frequency of both severe and non-severe 
hypoglycaemic events during the last 12 weeks of each 
treatment period. Other secondary endpoints were FPG, 

weight, fasting lipids and questionnaire-based patient satis- 
faction. Safety endpoints were adverse event recording and 
vital signs namely pulse and blood pressure. 

The data on the total number of hypoglycaemic episodes 
(severe and non-severe) were analysed using generalised 
linear models fitting a Poisson distribution. 

Data from the DTSQ and ADDQoL questionnaires were 
analysed using standardised criteria [17,18]. 

Data are stated as mean and mean difference ± S. E. (95% 
Cl) unless otherwise indicated. 

3. Results 

3.1. Characteristics of study population at 
screening 

A total of 60 subjects with type 1 diabetes were 
recruited to this single centre study of which 58 were 
White European and 2 were South Asian. Baseline 
characteristics are shown in Table 1. During run-in, all 
subjects were treated with standardised therapy con- 
sisting of twice-daily NPH (human or porcine) and 
thrice-daily pre-prandial insulin aspart. Most patients 
were on a basal bolus regimen with human insulins prior 
to run-in (Table 2). Three subjects withdrew before 

randomisation, with one experiencing an adverse 
reaction to insulin aspart. 

Following randomisation, 25 received glargine and 
33 received NPH first. One subject, who was 
randomised to NPH first, withdrew after 3 weeks and 
was therefore not included in the analysis. Three 
subjects, who all received glargine first, failed to 
complete both periods of the study. One subject from 
each group violated the protocol and was not included 
in the per protocol population. 
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Table I 
Baseline characteristics of study population 

n 60 
Sex (M: F) 35: 25 
Mean age (years) 42.9 (12.5) 
Duration of diabetes (years) 18.2 (11.8) 
Weight (kg) 81.0 (14.0) 
BMI (kglm2) 27 (4.2) 
Haemoglobin Alc (%) 8.53 (1.15) 
Fasting plasma glucose (mmol/L) 11.5 (5.4) 
Total cholesterol (mmoUL) 4.7 (0.8) 
Triglycerides (mmol/L) 1.0 (0.6) 
Systolic BP (mmHg) 139 (16) 
Diastolic BP (mmHg) 83 (9) 
Insulin dose (IU/kg) 0.86 (0.29) 

Insulin therapy prior to study 
Basal bolus regimen 40 (66.7) 
Twice-daily regimen 17 (28.3) 
Other 2 (3.0) 
Human 43 (71.7) 
Porcine or human/porcine mixture 15 (25) 
Bovine 2 (3.0) 

Mean ± S. D. or n (%). 

3.2. Glycaemic control 

3.2.1. HbAlc 
At the beginning of the first period, mean HbAlc was 

8.51% for subjects randomised initially to NPH, and 
8.57% for those randomised to glargine. 

At the end of the study, mean HbAlc was lower 

with glargine and aspart compared with NPH and 
aspart (8.07% versus 8.26%, -0.19 ± 0.09 (-0.36 to 
0.01), p=0.04). At the end of the first period, HbAlc 
was 7.89% on glargine and 8.36% on NPH 
(-0.68 versus -0.15; glargine versus NPH). After 
the second period, subjects switched from glargine to 
NPH experienced an increase in HbAlc of 0.16%, 
whereas subjects switched to glargine from 
NPH experienced a reduction in HbAlc of 0.1%. 
Fig. 2 illustrates the change in HbAlc throughout the 
study. 

Table 2 
Summary of treatment differences 

3.2.2. Fasting plasma glucose (FPG) 
At the end of the study, mean FPG was 3 mmol/L 

lower with glargine and aspart compared with NPH and 
aspart (8.42 mmol/L versus 11.42 mmol/L, -3.00 
(-4.80 to -1.20), p<0.01). At the end of the first 

period, FPG was 9.06 mmolIL with glargine and 
10.68 mmol/L with NPH. Following the second period, 
FPG was 7.78 mmolfL with glargine and 12.17 mmol/L 
with NPH. 

3.3. Hypoglycaemia rate 

The mean incidence of both severe and non-severe 
hypoglycaemia was similar with glargine compared 
with NPH (80.7% versus 77.2%, 1.21 (0.56-2.64), 

p=0.63). The odds ratio for the incidence of 
hypoglycaemia on glargine compared to NPH was 
1.2 (95% Cl 0.55-2.59). Only one subject on glargine 
and one on NPH experienced a severe hypoglycaemic 

episode. Five subjects did not report hypoglycaemia on 
either treatment. Five subjects experienced hypogly- 

caemia on glargine but not on NPH insulin, whereas 
four had hypoglycaemia on NPH insulin but not on 
glargine. 

In the first period, subjects randomised to glargine 
reported 170 episodes of hypoglycaemia of which 18 
(10.6%) were symptomatic only, 152 (90.5%) were 
confirmed or documented by capillary glucose mea- 
surement, and 10 (0.06%) were nocturnal. Subjects 
randomised to NPH reported 167 episodes of hypogly- 

caemia of which 38 (22.8%) were symptomatic only, 
129 (77.2%) were confirmed, and 15 (0.09%) were 
nocturnal. There were no episodes of severe hypogly- 

caemia during the first period with either basal insulin. 
In the second period, after crossing over to the other 

basal insulin, subjects on glargine reported 164 
hypoglycaemic episodes of which 31 (18.9%) were 
symptomatic only, 133 (81.1%) were confirmed, 1 
(0.006%) was severe and 11 (0.07%) were nocturnal. 
Those on NPH insulin in the second period reported 175 

episodes of hypoglycaemia of which 26 (14.9%) were 

Variable Glargine NPH Difference (glargine-NPH) 95% confidence interval p-Value 

HbAlc (%) 8.07 8.26 -0.19 -0.36 to -0.01 0.04 
Fasting glucose (mmol/L) 8.42 11.42 -3.00 -4.80 to -1.20 <0.01 
Incidence of hypos (%) 80.7% 77.2% 1.21' 0.56 to 2.64' 0.63 
Weight (kg) 81.68 81.92 -0.24 -0.87 to 0.39 0.45 

Cholesterol (mmol/L) 4.74 4.84 -0.10 -0.25 to 0.05 0.18 
Triglyceride (mmol/L) (geometric means) 0.82 0.80 1.02' 0.93 to 1.12' 0.63 

Ratio. 
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Fig. 2. Change in HbAlc during study. 

symptomatic only, 149 (85.1%) were confirmed, 1 
(0.006%) was severe and 12 (0.07%) were nocturnal. 

No significant difference in hypoglycaemia fre- 
quency was detected in the first or second periods 
between NPH and glargine (p > 0.05 for all categories 
of hypoglycaemia). 

3.4. Continuous glucose monitoring system 
(CGMS) 

Only 27 patients had complete data for all three 
visits. From these limited data, no statistical differences 
were found between the two basal insulins for overall 
hypoglycaemia, nocturnal hypoglycaemia or glucose 
excursions after meals. 

3.5. Insulin doses 

3.5.1. Basal dose 
The mean basal insulin dose for all subjects after 4 

weeks' run-in was 38.4 (20.6) IU. In those subjects who 
were initially randomised to glargine, the basal insulin 
dose was 33.9 (21.0) IU at the end of the first period. 
Following cross-over to NPH, the basal dose was 39.4 
(19.4) IU at the end of the second period. For those 
subjects randomised to NPH first, basal insulin dose was 
40.9 (18.6) IU at the end of the first period and 39.7 
(29.1) IU at the end of the second period. 

3.5.2. Prandial dose 
Mean prandial dose was 31.4 (20.5) IU after 4 

weeks' run-in. In those randomised first to glargine, the 
prandial dose was 36.1 (19.0) IU at the end of the first 
period, and 35.1 (14.7) IU at the end of the second 

period. For those randomised to NPH first, prandial dose 
was 30.6 (15.6) IU at the end of the first period, and 32.6 
(21.8) IU at the end of the second period. 

There was no difference between the two basal 
insulins with either mean basal or prandial dose 
(p = 0.21 and p=0.46, respectively) using analysis 
of variation (ANOVA). However, there were some 
outlying values and using non-parametric analyses there 
was a significant difference between glargine and NPH 
(p = 0.0002) for basal dose but not prandial dose 
(p = 0.44). 

3.6. Other secondary endpoints 

There was no significant difference between glargine 
and NPH for change in weight (Table 2). At the end of 
treatment, mean weight with glargine was 81.68 kg and 
with NPH insulin 81.92 kg (mean difference -0.24, 
95% CI -0.87 to 0.39, p=0.45). Similarly, no 
differences were detected between the two basal 
insulins for total cholesterol or triglyceride levels after 
16 weeks' treatment (Table 2). 

3.7. Patient satisfaction 

Thirty-five subjects (19 receiving glargine and 16 
receiving NPH first) completed ADDQoL and DTSQ 
questionnaires at visits 1,3,5 and 7. The first 23 
subjects received invalid questionnaires and were not 
included in the analysis. Item 2 relating to friends and 
social life was inadvertently omitted from all the 
ADDQoL questionnaires and therefore not completed 
by the subjects. 

Please cite this article in press as: S. Chatterjee et al., Glargine versus NPH insulin: Efficacy in comparison with insulin aspart in 
a basal bolus regimen in type I diabetes-The glargine and aspart study (GLASS), Diab. Res. Clin. Pract. (2006), 
doi: 10.101 6/j. diabres. 2006.11.002 



+ Modeb . DIAB3757; NoofPages 8 

S. Chatterjee et al. /Diabetes Research and Clinical Practice xxx (2006) xxx xxx 

3.7.1. DTSQ 
A statistically significant difference between treat- 

ments (p=0.001) was only observed on analysis of 
DTSQ for the second period. Overall, satisfaction was 
greater with glargine by a mean of 4 points on the 
change scale compared with NPH. There was no 
difference between glargine and NPH in the perception 
of hyperglycaemia (p = 0.34) or hypoglycaemia 
(p = 0.76). Regardless of the insulin received first, 
subjects experienced more hypoglycaemia in the first 
period after run-in. 

3.7.2. ADDQoL 
There was no difference in overall quality of life and 

overall impact of diabetes on quality of life using 
ADDQoL. The profiles of the responses to the 
individual items were very similar for both insulins, 
with a slight divergence only noted on the item 
describing freedom of what to drink. No difference was 
detected in the average weighted impact score between 
the insulins (p = 0.8). 

4. Discussion 

This study shows that treatment with insulin glargine 
resulted in a small but significant improvement in 
HbAle and FPG compared with NPH in a basal bolus 
regimen in type 1 diabetes without a significant increase 
in hypoglycaemia rate or weight gain and associated 
with greater patient satisfaction. 

In our study, HbAlc differed overall by 0.19% 
between the basal insulins, with notably greater 
reductions in the first treatment period in favour of 
insulin glargine (-0.68 versus -0.15; glargine versus 
NPH) and a deterioration in control at cross-over to 
NPH (-0.1 versus +0.16; glargine versus NPH). 
Although we did not achieve a large reduction in 
HbAlc, this was a single centre study and therefore 
these subjects were a more representative sample of our 
type I diabetes population. Other studies have found a 
similar reduction in HbAlc of around 0.16-0.5% [5- 
16]. A recent systematic review concluded that the 
majority of studies reporting on the use of glargine have 
been statistically underpowered or inconsistently 
analysed [19]. However the results from suitably 
analysed and powered studies indicate that treatment 
with glargine results in statistically significant reduc- 
tions in FPG at endpoint compared to both baseline and 
NPH, although this is not always associated with 
significant improvements in HbAlc. 

One large study of 534 patients with well-controlled 
type 1 diabetes demonstrated that HbAlc levels 

decreased by 0.16% with glargine and 0,21% with 
NPH. However, in this study, lower FPG levels 
and fewer episodes of hypoglycaemia were recorded 
with glargine compared with once- or twice-daily NPH 
[7]. 

Compared with the gold standard therapy of 
continuous subcutaneous insulin infusion (CSII), 
glargine has been shown to be either similar or less 
effective at reducing HbAlc [20-22], regardless of 
whether lispro or aspart is used as the insulin infusion. 
In addition, a lower daily dose of insulin produced a 
greater effect with CSII. It was suggested that the 
effectiveness of glargine could be improved by a further 
0.1% if the percentage of basal insulin was kept 
between 40 and 60%. Smaller but longer-term studies 
have shown that glargine and CSII have equivalent 
effects on HbAlc, FPG, triglycerides, and severe 
hypoglycaemia [20]. Another small study compared 
night-time blood glucose control between glargine and 
CSII and found that subjects on glargine spent 
significantly more time outside target sensor glucose 
ranges [22]. The current NICE guidance is that patients 
with type I diabetes should be managed with glargine in 
a basal bolus regimen before being referred for CSH 
therapy [23]. 

The flatter profile and longer duration of glargine is 
likely to lead to less glucose excursions during the 24 
period. Notably, there was a significant difference in 
FPG between basal insulins in this study, which may 
reflect the more physiological pharmacokinetics of 
insulin glargine. However, the marked difference in 
FPG may be attributed to the different timings of the 
evening basal insulin, that is, NPH was injected before 
the evening meal whereas glargine was administered at 

. 
bedtime. 

We did not find a difference in hypoglycaemia 

although this has been reported in previous studies 
[8,16]. Severe hypoglycaemia was reduced with 
glargine compared to NPH in intensively treated adults 
with type 1 diabetes although there was no difference in 
HbA Ic[ 16]. However in our study, improved glycaemic 
control was achieved on glargine without increasing 
hypoglycaemia. Furthermore comparison of dose 
titration and final basal doses suggests that the glargine 
dose could have been more optimally titrated, especially 
as HbAlc at the end of the study was higher than the 
currently recommended target of 6.5-7% despite the 
use of a treat-to-target regimen. The fact that this was an 
open-label study may also have affected optimal 
titration. However, as glargine is a clear insulin and 
NPH is cloudy, blinding would have been difficult to 
achieve. 
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A study of 121 subjects with type I diabetes found that 
the responses of plasma adrenaline, cortisol and growth 
hormone improved more with glargine than NPH, 
indicating that counter-regulatory hormone response to 
hypoglycaemia were more favourable with glargine [ 10]. 
This was associated with improved glycaemic thresholds 
and magnitudes. CGMS has been shown to be reliable 
and reproducible in the assessment of hypoglycaemia in 
type 1 diabetes in some studies [24] but one study showed 
that spurious results for nocturnal hypoglycaemia could 
be obtained [25]. However, in our study, CGMS was 
successfully obtained in less than 50% of subjects. The 
limited data caused difficulties with statistical analysis 
and were not useful in assessing frequency of hypogly- 

caemia. 
Weight gain is often associated with insulin therapy. In 

this study, there was less than I kg increase in weight with 
both basal insulins. It has been shown elsewhere that 
weight gain occurs more with NPH than with glargine 
[ 15]. Weight gain was significantly greater when glargine 
was administered as a split daily dose [16]. 

Subjects achieved greater treatment satisfaction on 
glargine compared with NPH when assessed using 
validated questionnaires. The ability to inject at 
different times of the day with significantly increasing 
glycaemic control might be expected to improve 
satisfaction further. 

The increasing use of structured education pro- 
grammes in type 1 diabetes such as DAFNE has the 
potential to lead to better glycaemic outcomes using 
glargine as the basal insulin. Up to 1% reduction in 
HbAlc without increased hypoglycaemia or weight 
gain was seen in a DAFNE randomised controlled trial 
in the UK [26]. However this was prior to glargine being 
widely available as a basal insulin and in fact the insulin 

regimens used in this study were not detailed. 
This is the first study to compare the short-acting 

insulin analogue aspart with the basal insulins glargine 
and NPH. Insulin aspart in combination with glargine is 

used extensively at present in the UK. The other 
commonly prescribed short-acting insulin analogue 
lispro has been well documented to improve glycaemic 
control in combination with glargine when compared 
with NPH [ 10,12,13,16]. 

We would suggest that the combination of once-daily 
insulin glargine with aspart in a basal bolus regimen is 

an effective form of insulin therapy in type I diabetes. 
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1. Background 

The increasing prevalence of diabetes in most populations, especially Type 2 diabe- 
tes, has had a major impact on healthcare systems worldwide [I]. Factors such as 
obesity, sedentary lifestyle, ageing population, improved medical care and decreasing 
mortality rates all contribute to this prevalence. In 2005, it was estimated that there 
were 2,103,000 patients with both Types of diabetes in the UK [2]. Overall, 9% of 
the NHS budget is currently spent on treating diabetes and its complications [2,31. 

The Diabetes Control and Complications Trial (DCCT) [4,51 and UK Diabetes 
Study (UKPDS) (6,71 indicated that in Type 1 and Type 2 diabetes, respectively, 

" intensive glucose control delayed or prevented the development of complications. 

nforma However, intensive glucose control, as defined by maintaining glycosylated haemo- 

healthcare globin (HbAI) < 7%, can be difficult to achieve. In the UK, the National Diabetes 
Audit predicted that only 56% of patients achieved HbAJC of < 7.5% and 23% 
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acheived that of < 6.5% [81. The attainment of adequate, yet 
safe, glycacmic control is likely to be further complicated by 

recent recommendations for HbAic targets < 6.5% [91. 
Prior to biosynthetically produced human insulin, which 

has been available since the 1980s, insulin therapy was derived 
by purification and extraction from porcine and bovine 

sources. There are currently several different regimens and 
formulations of insulin available. Insulin may be given as a 
twice-daily premixed formulation, for example Human Mix- 

tard® 30/70, in which short- and intermediate-acting insulin 

are combined. This formulation has advantages of simplicity 
and convenience but does not closely mimic physiological 
insulin profiles. Endogcnous insulin secretion is better 

approximated by administering short-acting insulin such as 
soluble insulin or rapid-acting insulin analogues such as insu- 
lin lispro or insulin aspart at mealtimes, usually three-times 
daily, combined with intermediate- or long-acting insulin 

once or twice daily; this is referred to as a basal-bolus regi- 
men. Alternatively, insulin may be provided by continuous 
subcutaneous infusion (CSII) using soluble insulin or 
rapid-acting insulin analogues, the so-called `insulin pump'. 
More recently, inhaled insulin has become available commer- 
cially in the UK. 

The original long-acting insulins, such as ultralente, and 
intermediate-acting insulins, such as NPH, were characterised 
by variable subcutaneous absorption, delayed onset of action 
and profiles characterised by a peak followed by diminution 

of action; these exposed patients to increased risk of hypogly- 

caemia, particularly nocturnal, and periods of relative hyperg- 
lycaemia [to]. The search for a more physiological long-acting 
basal insulin led to the development of insulin glargine 
(glargine) with its near 24-h duration, reduced intersubject 

variability and no pronounced peak. Glargine, was the first 
basal insulin analogue to enter clinical practice. 

2. Overview of the market 

The estimated worldwide prevalence of diabetes is 194 mil- 
lion and this is expected to increase to 333 million by 2025 
[n). Over 80% of patients have Type 2 diabetes with a signifi- 
cant proportion remaining undiagnosed. Developing coun- 
tries, in particular, have a rising incidence of Type 2 diabetes 

as a consequence of lifestyle factors. 
Type 1 diabetes is a metabolic disorder resulting from abso- 

lute insulin deficiency secondary to autoimmune pancreatic 
ß-cell destruction. Although the peak incidence occurs 
between the ages of 10 and 14 years, it can occur at any age 
[12]. The incidence and prevalence of Type 1 diabetes in chil- 
dren < 14 years of age varies globally with a very high inci- 
dence (>_ 20/100,000 per year) in the UK, Finland, Sweden, 
Canada and New Zealand and a much lower incidence 
(< 1/100,000 per year) in China and South America (13). A 
diagnosis of Type 1 diabetes necessitates immediate insulin 

therapy, which is usually given as a twice-daily premixed for- 

mulation or as a basal-bolus regimen. The administration of 

basal insulin maintains normoglycaemia in between meals and 
prevents lipolysis leading to ketoacidosis. Intensification of 
glycaemic control requires appropriate titration of insulin 
doses and is associated with increased hypoglycaemia. 

The pathophysiology of Type 2 diabetes consists of relative 
insulin deficiency combined with insulin resistance, which 
increases with obesity. Lifestyle modification and oral glu- 
cose-lowering drugs are the initial management tools in Type 
2 diabetes; deterioration of glycaemic control despite maximal 
oral therapy is followed by initiation of insulin. However, 
hypoglycaemia, weight gain, suboptimal dose initiation and 
titration are all harriers to the initiation of insulin therapy in 
Type 2 diabetes. In contrast to Type I diabetes, the insulin 

resistance associated with Type 2 diabetes requires the admin- 
istration of higher insulin doses to achieve optimal glycaemic 
control. Some patients are treated with a single basal insulin 
dose in addition to maximal oral therapy to limit weight gain 
and the need for multiple injections. 

Two new glucose-lowering therapies have recently been 
launched on the market. The first is another genetically mod- 
ified basal insulin known as insulin detemir (detemir). The 
prolonged duration of action of insulin detemir is due to 
increased self-association and albumin binding resulting from 

acylation of the amino acid B29 with a 14C fatty acid [14]. 
Studies have shown that insulin detemir may have less 
intrasubject variability compared with glargine and NPH 
[15-17]. However, it should be noted that detemir has been 

administered twice daily in many of the clinical trials [15-201. 
Exenatide is a glucagon-like peptide-I (GLP-1) analogue 

for use in Type 2 diabetes in addition to oral glucose-lowering 
drugs and can be prescribed prior to commencing insulin 

therapy. A head-to-head study with glargine suggests that 
exenatide is as effective as insulin in improving glycaemic con- 
trol, but is associated with weight loss rather than weight gain; 
however, its use is associated with increased gastrointestinal 
side effects and dropout [211. 

3. Introduction to the insulin analogue 

Glargine was first launched in Germany in 2000, followed 

shortly by availability in the UK and US. Glargine is a basal 
(long-acting) insulin analogue that has been genetically modi- 
fied to produce a near 24-h, relatively flat profile in most peo- 
ple, with little variability in subcutaneous absorption [22.231. It 

may be administered as part of a basal-bolus regimen in com- 
bination with soluble insulin or rapid-acting insulin analogues 
and is also suitable for use in combination with oral glu- 
cose-lowering drugs in Type 2 diabetes. The clear solution is 
injected once daily, usually in the evening, but may be 
injected before breakfast or the evening meal. Glargine should 
not be mixed with other insulins, as there is a risk of precipita- 
tion. Glargine is available in vials for use with syringes and in 
3-ml cartridges to be used with the Autopen 240 (Owen 
Mumford) or Optipen Pro® (Sanofi-Aventis) pens or the dis- 

posable insulin injection pen, OptiSet® (Sanofi-Aventis). The 

Expert Opin. Pharmacother. (2006) 7(10) 



Chatterjee, Tringham & Davies 

Medicines and Healthcare Regulatory Agency (MHRA) 
issued an alert in January 2005 regarding the Optipen Pro-1® 
(Sanofi-Aventis), as there were concerns about the dosage but- 

ton failing to engage at the end of an injection, increasing the 
risk of insulin overdosage. However, this was a technical prob- 
lem that was rare in practice. 

4. Chemistry 

Glargine is produced by genetic modification using a nonpath- 
ogenic laboratory strain of Escherichin coli as the production 
organism. Glargine differs from human insulin at position A2 1, 

where the amino acid asparaginc is replaced by glycinc, and at 
the C-terminus of the B chain due to the addition of two 
arginine molecules. The chemical structure is 
21^-GlyBa-308b-L-Arg-human insulin, the molecular weight is 
6063 Da and the empirical formula C267H404N72073S6. The 

amino acid sequence of the compound is shown in Figure 1. 

s. Pharmacodynamics and pharmacokinetics 

Genetic modifications to human insulin allow glargine to have 
low aqueous solubility at neutral pH by shifting the isoelectric 

point. Therefore, it is completely soluble in the injection solu- 
tion, which has a pH of 4. Following injection into subcutane- 
ous tissue, the acidic solution is neutralised, and as the 
hexameric structure breaks down into monomers, microprecip- 
itates of glargine are formed and slowly released. The addition 
of zinc delays absorption further. This leads to the relatively 
peak-free 24-h profile of glargine, enabling its once-daily subcu- 
taneous administration, usually in the abdomen or thighs. 

A significantly lower area under the glucose infusion rate 
curve (AUC) has been demonstrated with glargine com- 
pared with NPH in the 4h following administration (1.02 

versus 1.48 g/kg, p<0.01), although over 30 h, AUC values 
were similar [24]. 

Glargine is similar to regular human insulin in its binding 

to and activation of human insulin receptors in rat fibroblasts 

(251. In in vitro studies, glargine activates IGF-1 receptor sig- 
nalling to the same extent as native insulin, although it binds 

with a slightly higher affinity [26]. Tumourigenesis of rat mam- 
mary gland was not observed after 12 months of treatment 
with 40 IU/kg/day of glargine [27]. 

Human clinical studies have shown that intravenous 

glargine and human insulin lower glucose concentrations to 
a similar degree. The onset of action of subcutaneous 
glargine was slower than NPH human insulin and ultralente 
in euglycaemic clamp studies (1.5 ± 0.3 h versus 0.8 ± 0.2 h 

versus 1±0.2 h, respectively, p<0.05) (22]. The duration of 
action was longer with glargine and ultralente (22 ±4h and 
20 ±6 h) compared with NPH insulin (14 ±3 h). Glargine 

also demonstrated a flat concentration/action profile, similar 
to that obtained with CSII, as shown in Figure 2 [27]. Interin- 
dividual variability was lower with glargine than with NPH 

or ultralente [22,23,28]. 

In summary, the structural modifications in glargine have 

resulted in a basal insulin with a nearly 24-h profile with no 
pronounced peak and little absorption or interindividual vari- 
ability when compared with other long-acting insulins, such 
as human NPH or ultralente. 

6. Efficacy and safety of insulin glargine in 
Type 1 diabetes 

6.1 Insulin glargine versus neutral protamine 
Hagedorn insulin in a basal-bolus regimen 
A basal-bolus regimen usually consists of at least four injec- 

tions daily. The basal component may be given as once- or 
twice-daily NPH, glargine or detemir, with short-acting solu- 
ble or analogue insulin administered before the three main 
meals of the day. The aim of such a regimen is to mimic some 
aspects of the normal endogenous pattern of insulin secretion. 

A number of randomised controlled trials (RCTs) pub- 
lished in peer-reviewed journals have compared glargine with 
NPH in Type 1 diabetes as part of a basal-bolus regimen 
[29-37]. The main outcomes of these studies are shown in 
Table 1. Two studies were only 4 weeks in duration and used 
regular soluble insulin as the prandial insulin [29,301. Three of 
these studies did not demonstrate statistically significant dif- 
ferences in HbA, 

C 
between glargine and NPH at the end of 

the study [29,31,32). In these studies, mean change in HbAlc 

was -0.16 to 0.4% with glargine and -0.21 to 0.4% with 
NPH. In another study conducted in 333 patients with Type 
1 diabetes, there was a significant HbAIC reduction with 
glargine (-0.14%) compared with NPH (p = 0.030) (30). 

In a trial of 121 patients with Type 1 diabetes, subjects 
were randomised to 12 months of treatment with either 
four-times daily NPH or once-daily glargine along with lispro 

at mealtimes. At the end of the study, subjects in the glargine 
arm had lower HbA, (7.1 versus 6.7%, p<0.05) compared 
with NPH [341. 

A randomised, crossover (16 weeks per treatment arm) 
study of 28 adolescents (mean age 14.8 years) with Type 1 
diabetes receiving basal-bolus therapy with either glargine 
and insulin lispro or NPH and soluble human insulin showed 
no significant difference in HbAIC levels (8.7 versus 9.1%, p= 
0.13) between the two treatment groups [351. 

The efficacy of four-times daily NPH has been compared 
with once-daily glargine in a basal-bolus regimen in 51 

patients with Type I diabetes in a 3-month randomised study 
[331. The simpler glarginc regimen was associated with a 
greater decrease in HbA,, and a lower frequency of hypogly- 

caemia compared with NPH (p < 0.05 for both). However, 

the HbA, assay was not aligned to the Diabetes Control and 
Complications Trial at the time and was therefore difficult to 
compare with other studies. Plasma insulin concentrations 
were more stable with glargine than with NPH at night and 
before meals (p < 0.05). 

A nonrandomised, retrospective study of 196 subjects com- 
pared those on basal-bolus therapy with glargine or NPH and 
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Figure 1. The amino acid sequence of insulin glargine. 
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Figure 2. Pharmacodynamics of insulin glargine compared with NPH, ultralente and CSII. n= 20 Type 1 diabetic patients. Mean 
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Reproduced with permission from LEPORE M. PAMPANELLI S, FANELLI C et aL: Pharmacokinetics and pharmacodynamics of subcutaneous injection of long-acting 
human insulin analog glargine, NPH insulin and Ultralente human insulin and continuous subcutaneous infusion of insulin lispro. Diabetes (2000) 49: 2142-2148. 
CSII: Continuous subcutaneous insulin; NPH: Neutral protamine Hagedorn. 

found that there was no change in HbA, after - 13 months 
of therapy [38). However, severe hypoglycaemic events were 
significantly lower with glargine versus NPH (0.5 versus 1.2 
episodes/patient-year; p=0.04). 

The timing of the glargine dose is recommended before 
bedtime, usually - 22.00 h, by the manufacturers. It has 
been shown to be safe and effective when given before 

breakfast, dinner or at bedtime [39]. However, the injection 
can be given at lunch or dinner to avoid hyperglycaemia in 
the early part of the night (4o). If necessary, the dose can be 
split into twice-daily injections. A nonrandomised, pro- 
spective clinical study showed that splitting the dose was 
necessary in 25% of 82 Type I diabetic subjects to achieve 
adequate control [41]. 
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Table 1. Randomised controlled trials of insulin glargine in the treatment of Type 1 diabetes. 

Study Design HbAj, Blood glucose Hypoglycaemia Other comments 
Rosenstock et aL, 
2000 [291 

Pieber eta!., 2000 
1301 

Raskin et al., 2000 
1311 

Ratner et al., 2000 
[321 

Rossetti et aL, 2003 
1331 

Porcellati et al., 2004 
[341 

4-week RCT; 
n= 256; glargine 
[30] or [80] once 
daily vs NPH once or 
twice daily in 
basal-bolus regimen; 
soluble insulin at 
mealtimes 

4-week RCT; 
n= 333; glargine 
[30] or [80] once 
daily vs NPH once or 
twice daily; soluble 
insulin at mealtimes 
16-week RCT; 
n= 619; 
glargine once daily 
vs NPH twice daily in 
basal-bolus regimen; 
lispro at mealtimes 

28-week RCT; 
n= 534; bedtime 
glargine once daily 
or NPH once or twice 
daily with mealtime 
soluble insulin; 
target FPG 
4.4 - 6.7 mmoW 

12-week RCT; 
n=51; NPHfour 
times daily vs 
once-daily evening 
glargine vs 
once-daily bedtime 
glargine; lispro at 
mealtimes 

52-week RCT; 
n= 121; glargine 
once daily vs NPH 
four times daily; 
lispro at mealtimes 

No significant 
difference at study 
end between 
glargine or NPH 
(-0.4% for all) 

Mean HbA, C lower 
with glargine 
(-0.14%, p=0.030) 
at study end 

No significant 
difference in HbA, C 

No significant 
difference in HbA, C 

No change in HbA, 
C 

with NPH insulin; 
decrease in HbA, 

C 
with dinnertime and 
bedtime glargine at 
study end (p < 0.04 
vs NPH) 

Mean HbA, C 
lower 

with glargine vs NPH 
(6.7 vs 7.1 
p<0.05) 

Mean FBG lower 
with glargine vs 
twice-daily NPH, but 
not once daily 
(-1.5 vs -1.8 vs 
-0.3 mmoVl, glargine 
[30] vs glargine [80] 
vs NPH, respectively) 

Mean change in FPG 
from baseline was 
lower with glargine 
(-1.88 mmom; 
p=0.0005) 

Greater decease in 
mean FBG with 
glargine vs NPH 
insulin at study end 
(-2.33 vs 
-0.69 mmol/l, 
p=0.0001) 
Greater decrease in 
median FPG with 
glargine vs NPH 
insulin at study end 
(-1.67 vs 
-0.33 mmobl, 
p=0.0145) 

Mean daily BG lower 
with dinnertime and 
bedtime glargine vs 
NPH insulin (7.5 and 
7.4 vs 8.3 mmol/l, 
p<0.05) 

More hypoglycaemia 
with glargine [30] 
and [80) vs NPH 
(97.6 and 100% vs 
93.2%, respectively, 
p=0.03) 

Nocturnal 
hypoglycaemia 
frequency lower with 
glargine (36 vs 55% 
p=0.0037), but only 
with NPH once daily 
No differences in 
symptomatic 
hypoglycaemia, 
including nocturnal, 
observed 

Less nocturnal 
hypoglycaemia with 
glargine (18.2 vs 
27.1%, p=0.0116); 
all symptomatic 
(p < 0.05) and severe 
(p = 0.0117) 
hypoglycaemia also 
lower with glargine 
Less nocturnal 
hypoglycaemia with 
glargine (1.7 vs 
2.0 vs 3.6 
episodes/patient- 
month, p<0.05); no 
difference between 
dinnertime and 
bedtime glargine 

Mean daily BG lower Less nocturnal 
with glargine vs NPH hypoglycaemia with 
(7.6 vs 8.1 mmoVl) glargine vs NPH 

(1.2 vs 3.2 
episodes/patient- 
month, p<0.05) 

Median basal insulin 
dose of glargine 
similar to NPH 
once-daily prestudy 
regimen, but 6-7U 
lower than 
twice-daily NPH 
prestudy regimen; 
no clinically 
meaningful change 
in weight 

Short study duration 

Less weight gain 
with glargine 
(0.12 vs 0.54 kg, 
p=0.034); 
injection-site pain 
more with glargine 
(6.1 vs 0.3%) 

Total glargine dose 
unchanged over 
study period, 
whereas insulin 
doses in NPH 
regimen increased 
slightly 

No difference in 
insulin dose at study 
end between 
glargine or NPH 

No difference in total 
insulin dose at study 
end (0.67 vs 0.63 
U/kg/day); no 
differences in body 
weight change at 
study end 

BG: Blood glucose; CSII: Continuous subcutaneous insulin infusion; FBG: Fasting blood glucose; FPG: fasting plasma glucose; Hb: Haemoglobin; NPH: Neutral 
protamine Hagedorn; NS: Not significant; RCT: Randomised controlled trial; SMBG: Self-monitoring of blood glucose. 
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Table 1. Randomised controlled trials of insulin glargine in the treatment of Type 1 diabetes. 

Study Design HbA, Blood glucose Hypoglycaemia Other comments 

Home et al., 2005 28-week RCT, No significant Similar reduction in No differences in Basal insulin change 
(361 n= 585; bedtime difference in HbA, C FBG unless more hypoglycaemia with glargine 

glargine or bedtime decrease between than once-daily basal -1.0 lU/day at study 
or twice-daily NPH; glargine and NPH insulin injection prior end (no change with 
soluble human insulin to study (glargine vs NPH); change in 
insulin at mealtimes NPH, -1.38 vs weight not 

-0.72 mmol/1, documented 
respectively, 
p<0.01) 

Fulcher et al., 2005 30-week RCT; Mean HbA, C 
lower Mean FBG at end Less moderate Mean bolus dose 

[371 n= 125; bedtime with glargine vs NPH point lower with (p = 0.04) or severe was similar in the 
glargine or NPH; (8.3 vs 9.1 %); glargine (7.9 vs (p = 0.02) nocturnal glargine vs NPH 
lispro at mealtimes treatment benefit of 9.0 mmoVl) hypoglycaemia with groups (35.1 vs 

glargine 0.53%, glargine 34.1 JU/day); no 
p<0.01 significant difference 

in weight change 
(+1.97 vs +2.34 kg, 
p<0.05) 

Hirsch et aL, 2005 5-week crossover Mean fructosamine No difference Similar incidence in Slightly lower insulin 
(45) RCT; n= 100; lower with CSII between mean daily minor dose with CSII (NS); 

bedtime glargine + (difference: -11.8 8-point SMBG hypoglycemia short study duration 
mealtime aspart vs pmolll, p=0.0001) profiles 'between treatments; 
CSII with aspart HbA, 

C similar at however, fewer 
study end nocturnal minor 

hypoglycaemia with 
CSII (110 vs 155 
episodes, p=0.002) 
and fewer daytime 
minor 
hypoglycaemia with 
glargine (232 vs 333 
episodes; p<0.001) 

BG: Blood glucose; CSII: Continuous subcutaneous insulin infusion; FBG: Fasting blood glucose; FPG: fasting plasma glucose; Hb: Haemoglobin; NPH: Neutral 

prolamine Hagedorn; NS: Not significant; RCT: Randomised controlled trial; SMBG: Self-monitoring of blood glucose. 

6.1.1 Fasting plasma glucose and fasting blood glucose 
Although the data regarding improved HbA, 

C 
levels are some- 

what equivocal, significant differences in fasting plasma glucose 
(FPG) or fasting blood glucose (FBG) levels have been observed 
with glargine in most studies (see Table 1) [29,31-331. For exam- 
ple, in a 4-week study of 256 patients, glarginc demonstrated 

greater efficacy versus NPH in lowering FPG (adjusted mean 
FPG of 9.2 versus 11.3 mmol/l; difference: -2.2 mmol/l; p= 
0.0001). This clinically meaningful effect on FPG was observed 
as early as week 1 [29]. The FPG levels of patients in the NPH 

group only improved if they were using a once-daily regimen. 
Two other studies demonstrated greater decreases in FPG with 
glargine when compared with NPH 131,32]. 

6.1.2 Insulin dose 
Most studies did not show significant differences in insulin 
dose between glargine and NPH at the end of the study 
129,32-34,371. 

One study demonstrated that in patients previously treated 
with once-daily NPH, mean glargine dose increased at study 

end by 2 U/day, whereas NPH decreased by 0.5 U/day 
(glargine versus NPH, p<0.005) [301. A similar increase in 
dose was seen in a second study, in which doses of glargine 
and NPH both increased by 1.8 U/day for patients previously 
treated with once-daily NPH, but the changes were nonsignif- 
icant [311. In comparison, a third study described decreased 
doses of glargine, but increased doses of NPH [291. However, 
in this study, the actual values were not given. 

These changes in insulin dose are of relatively little clinical 
significance and inevitably a consequence of insulin use. 

In patients previously treated with twice-daily NPH, more 
substantial decreases (between 4 and 7 U/day) in glargine 
dose were observed compared with increased doses of NPH 
(between 0.7 and 1.0 U/day) [3o. s'i. 

6.1.3 Patient satisfaction 
In a randomised, controlled European study of 517 patients 
with Type 1 diabetes, assessment using the Diabetes Treat- 

ment Satisfaction Questionnaire (DTSQ) and the Well-Being 
Questionnaire (W-BQ) showed that glargine was associated 
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with significantly improved treatment satisfaction and general 
well-being when compared with NPH [42J. There was also a 
lower perceived frequency of hypoglycaemia with glargine 
although there was no difference in psychological well-being. 

thresholds and maximal responses of plasma adrenaline and 
symptom responses improved with glargine more than NPH 

and this may account for the observed differences in hypogly- 

caemia rate [34]. 

6.2 Insulin glargine versus continuous subcutaneous 
insulin infusion 
The gold standard of insulin therapy is CSII because it pro- 
vides physiological insulin replacement. Studies have shown 
that CSII results in equivalent or better glycaemic control 
than multiple daily injection (MDI) therapy with either 
glargine or other long-acting insulins [43-46). Several of these 
studies were conducted prior to the availability of glargine 
[43-451. However, the benefits of CSII have to be counterbal- 
anced with problems such as cost, need for a high level of pro- 
fessional support and pump failure. 

A randomised, multi-centre, crossover study of 100 

patients, 10 weeks in duration compared CSII using aspart 
with MDI consisting of bedtime glargine and mealtime aspart 
(46). All patients underwent a 1-week run-in period with CSII 

using aspart initially. As the study duration was short, frucros- 

amine was used to assess efficacy; this was significantly lower 

with CSII than with MDI using glargine (p = 0.0001). Glu- 

cose exposure was also lower with CSII, as measured by AUC. 
Overall, the number of daily minor hypoglycaemic episodes 
was similar with both regimens, although nocturnal minor 
hypoglycaemia (110 versus 155 episodes, p=0.002) and day- 

time minor hypoglycaemia episodes with glargine (232 versus 
333 episodes; p<0.001) were less frequent than with CSII. 

6.3 Safety 
6.3.1 Hypoglycaemia 
Hypoglycaemia is the most common side effect associated 
with insulin therapy. Several studies have demonstrated that 
the use of glarginc in Type 1 diabetes is associated with a 
reduction in nocturnal hypoglycaemia compared with NPH 

[30,32]. 
In a study of 534 patients with Type 1 diabetes, the per- 

centage of patients reporting at least one episode of sympto- 
matic, nocturnal or severe hypoglycaemia, confirmed by a 
blood glucose level of <2 mmol/l, was significantly lower in 

those treated with glargine compared with those on NPH [32]. 
A 4-week, randomised, multi-centre study in 333 patients 
showed that although the overall frequency of hypoglycaemia 

was similar between glargine and NPH-treated patients, fewer 

nocturnal hypoglycaemic episodes occurred with glargine ver- 
sus NPH (36 versus 55%, p=0.0037). However, this effect 
on nocturnal hypoglycaemia was only significant versus once 
daily, and not twice daily, NPH [30]. 

Another longer study (16 weeks) did not show any differ- 

ences in hypoglycaemia, including nocturnal hypoglycaemia, 
between NPH and glargine [3i]. Nocturnal hypoglycaemia 

was shown to occur more frequently if glargine was injected at 
dinner or bedtime compared with breakfast (71.9,77.5 and 
59.5%, respectively, p=0.005) (39]. One study showed that 

6.3.2 Weight change 
Effect on body weight has varied with studies and some trials 
did not report their results. A 16-week study of glargine or 
NPH in a basal-bolus regimen showed that weight gain was 
0.12 kg with glargine and 0.54 kg with NPH (p = 0.034) 1311; 
likewise, a 30-week study showed that glargine resulted in 
weight gain of 1.97 kg compared with 2.34 kg with NPH (p < 
0.05) 137]. Other studies have shown no significant differences 
in weight gain between glargine and NPH at the end of the 
study (29,34.38]. These changes in weight are probably of little 

clinical significance. ' 

6.3.3 Injection-site pain 
Glargine has been associated with more injection-site pain 
than NPH 131.321. However, these episodes were mild and 
transient in nature and did not usually result in the discontin- 

uation of glargine. 

6.3.4 Antibody titres 
No significant changes in antibody titres for insulin or E. coli 
have been observed [29-31]. 

6.4 Summary of effects of insulin glargine in Type 1 
diabetes 

" Glargine results in at least equivalent glycaemic control, as 
measured by HbA, 

C, when compared with NPH in a 
basal-bolus regimen 

" FPG and FBG tend to be lower with glargine treatment 
" Glargine is superior to once-daily NPH in reducing noctur- 

nal hypoglycaemia, but not when compared with 
nice-daily NPH 

" There is less weight gain and greater patient satisfaction 
with glargine compared with NPH 

7. Efficacy and safety in Type 2 diabetes 

Although the initial management of Type 2 diabetes is con- 
centrated around lifestyle management and oral glucose-low- 
ering drugs, insulin therapy is indicated with progressive 
deterioration in a-cell function. There is accumulating evi- 
dence that insulin should be commenced earlier in Type 2 
diabetes to achieve tighter glycaemic control [471, as risk of 
complications are reduced by 37% with every 1% fall in 
HbA, 

C [6]. This places an increasing burden on healthcare sys- 
tems and professionals, which is coupled with the enormous 
rise in the number of worldwide cases. Previously, Type 2 
patients on insulin have remained on suboptimal doses and 
have been insufficiently titrated to achieve treatment targets 
p]. Glycaemic goals (HbA,, 5 6.5%) were not achieved by 
two thirds of European patients with Type 2 diabetes [48]. 
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With limited evidence in the literature, there is no consen- 
sus as to the optimal insulin therapy for patients with Type 2 
diabetes. Current options include premixed insulins, 
basal-bolus regimens, NPH or long-acting analogues admin- 
istered once or twice daily and a combination of basal insulin 
with oral glucose-lowering agents. 

7.1 Basal insulin and oral glucose-lowering drugs 
In theory, basal insulin supplementation, for example with 
glargine, insulin detemir or NPH, offers the advantage of a 
simple once or, twice-daily injection regimen, which is easier 
to add to current oral glucose-lowering drugs. 

The low injection and monitoring frequency may increase 

patient compliance and acceptance. In addition, constant sup- 
plementation may allow overnight 0-cell rest with recovery of 
prandial secretory capacity. 

The disadvantages of basal insulin supplementation are that 
it does not address the key secretory defect (loss of first-phase 
insulin secretion) observed in Type 2 diabetes, and provides 
inadequate cover of postprandial glucose excursions. As titra- 
tion is often against FPG, this removes the focus from post- 
prandial control. However, as glycaemic control deteriorates, 
FPG is of greater consequence than postprandial glucose [491. 
Finally, questions arise as to the sustainability of this regimen 
and subsequent options for therapy. 

Table 2 illustrates the various trials conducted to compare 
glargine as a basal insulin versus NPH in Type 2 diabetes. 

In the Treat-to-Target trial, 756 subjects with Type 2 diabe- 

tes and inadequate control (HbA,, > 7.5%) on one or two 
oral agents were randomised either to continue these agents or 
to commence once-daily bedtime glargine or NPH [50]. 
Although at study end point, HbA, 

< was similar (6.96 versus 
6.97%, glargine versus NPH) and in both groups -- 60% of 
subjects reached HbAI< < 7%, in the glargine arm this was 
achieved without documented nocturnal hypoglycaemia in 
25% more patients. 

In the LANMET (LANTUS® plus metformin) study [511, 
110 insulin-naive patients with Type 2 diabetes with HbA, > 
8% on oral agents were randomised to receive 36 weeks of 
treatment with bedtime glargine with metformin or bedtime 
NPH with metformin. Patients self-adjusted their insulin, 

aiming for FPG levels of 4.0 - 5.5 mmol/l in both groups. At 

study end, there was no significant difference between the 
groups for HbAIC (7.14 versus 7.16%, glargine versus NPH) 

or insulin doses, but there was a significant reduction in 

symptomatic hypoglycaemia in the first 12 weeks with 
glargine and FPG values were lower. 

In another randomised study, 426 patients with poor gly- 
caemic control on oral glucose-lowering agents were allocated 
to 12 months treatment with either bedtime glargine or bed- 

time NPH with continued oral glucose-lowering drugs [52]. At 

study end, mean HbAIC was 7.5% with glargine and 7.6% 

with NPH and there was a significant improvement with both 
basal insulins. In addition, there was an improvement in post- 

dinner glucose concentrations with glargine compared with 
NPH (9.9 ± 0.2 versus 10.7 ± 0.3 mmol/1; p<0.02). 

In a further multinational, open-label, randomised study, 
624 patients with Type 2 diabetes who were poorly controlled 
on oral glucose-lowering agents were commenced on morning 
or bedtime glargine plus morning glimepiride (531. No differ- 

ences were observed in nocturnal hypoglycaemia rate, regard- 
less of time of glargine administration with -1.7% HbAIC 

reduction in the morning versus -1.6% with bedtime glargine. 
Several studies have shown that targets of HbAI< < 7% and 

FPG < 5.5 mmol/l can be achieved in more patients when 
structured titration algorithms are applied [50.51,541. 

A retrospective analysis of 46 patients over 30 months with 
suboptimal glycaemic control showed a significant decrease in 
HbA, 

C with glargine added to oral agents (-0.96%, p<0.001) 
compared with prandial insulin and oral agents [551. The study 
was conducted with close clinical supervision and education 
support. 

7.2 Insulin glargine versus premixed insulins 
A premixed formulation that consists of both basal and pran- 
dial insulin, addresses some of the key secretory defects in 
Type 2 diabetes while providing 24-h supplementation and a 
simple. convenient injection schedule. Conversely, premixed 
regimens. are relatively inflexible with their limited pran- 
dial: bolus ratios and the lack of individualisation. They can be 
difficult to intensify, as hypoglycaemia and weight gain occur. 
The theoretical advantages may only be observed with ana- 
logue-based formulations. Patients may also be unaware and 
unappreciative of the basal and prandial concept. 

Therefore, the dilemma in choosing between basal and 
premixed regimens is based on the following considerations: 
the role of oral glucose-lowering agents; conventional versus 
analogue Insulins; side effects of hypoglycaemia and weight 
gain; titration schedules; and, finally, the protocol for intensi- 
fying therapy. Studies comparing premixed insulins with 
glargine as a basal insulin are shown in Table 3. 

A 24-week study randomised 371 insulin-naive patients 
with poor glycaemic control to receive either once-daily 
morning glargine plus glimepiride and metformin, or 
premixed insulin (30% regular, 70% NPH) twice daily with- 
out oral glucose-lowering agents [561. This study found that 
glargine plus oral glucose-lowering agents achieved a greater 
reduction in mean HbA, 

C 
(-1.64 versus -1.31%, p=0.0003) 

and more patients reached target HbA, 
< 

<_ 7.0% without con- 
firmed nocturnal hypoglycaemia compared with premixed 
insulin (45.5 versus 28.6%, p=0.00 13). A greater decrease in 
FBG was also seen in the glargine arm. However, it should be 

noted that, in this study, oral glucose-lowering drugs were dis- 

continued on starting premixed insulin and a conventional 
rather than rapid-acting insulin analogue was used. 

A 28-week study of 233 insulin-naive subjects compared a 
twice-daily premixed insulin regimen containing the 
rapid-acting analogue aspart (BlAsp 70/30) with bedtime 

glargine [57]. In contrast to the previous study, metformin 
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Table 2. Randomised controlled trials of glargine versus NPH in combination with oral agents in Type 2 diabetes. 

Study Design HbA, C Plasma glucose Hypoglycaemia Other comments 

Riddle et at., 2003 
(501 

Yki-Jarvinen et A, 
2006 [511 

Yki-Jarvinen et A, 
2000(521 

Massi Benedetti 
et aL, 2003 [62] 

Fritsche et at, 2003 
[631 

24-week RCT; 
n= 7560; prestudy 
oral agents plus 
bedtime glargine or 
NPH once daily using 
algorithm with 
target FPG 

_< 5.5 mmoVl 
36-week RCT" 
n= 110; previously 
on oral 
glucose-lowering 
drugs; randomised 
to metformin and 
once-daily bedtime 
glargine or once- or 
twice-daily bedtime 
NPH 

52-week RCT; 
n= 426; once-daily 
glargine or NPH 
added to prestudy 
OHA; target FBG 
6.7 mmol/I 
52-week RCT; 
n= 570; once daily 
glargine or NPH 
added to prestudy 
OHA 

24-week RCT 
n= 695; randomised 
to morning or 
bedtime glargine, or 
bedtime NPH plus 
glimepiride; target 
FBG < 5.56 mmol/l 

Mean end study 
HbA,, similar 
(6.96 vs 6.97%, 
glargine vs NPH, 
respectively) 

Mean end study 
HbA, c similar 
(7.14 vs 7.16%, 
glargine vs NPH, 
respectively, 
p>0.05); no 
difference in those 
reaching target 
HbA, <<7% 

Mean end study 
HbA,, similar 
(7.75 vs 7.60%, 
glargine vs NPH, 
respectively) in those 
reaching target FBG 

Decrease in HbA, 
similar for glargine 
and NPH (-0.46% vs 
-0.38%; p=0.415) 

Mean HbA, C improved most with 
morning glargine 
(-1.24%) vs bedtime 
glargine (-0.96%) 
and NPH (-0.84%) 

Mean end study 
FPG similar (6.5 vs 
6.7 mmot'l, glargine 
vs NPH, respectively) 

Similar 
improvements in FPG 
between the groups; 
pre-dinner glucose 
levels higher with 
NPH (10.1 vs 
8.6 mmol/l, 
p=0.002) 

Lower postdinner 
glucose (9.9 vs 
10.7 mmoVl, 
p<0.02) 

FBG improved 
similarly in all three 
groups at end point 
(7.0,6.8 and 
6.9 mmoUl, morning 
glargine, bedtime 
glargine and NPH, 
respectively) 

Less nocturnal 
hypoglycaemia when 
HbA,, 5 7% attained 
with glargine (33.2 
vs 26.7%, p<0.05) 

Less symptomatic 
hypoglycaemia with 
glargine in first 
12 weeks (4.1 vs 9.0 
episodes/patient- 
yea, p<0.05) 

Less nocturnal 
hypoglycaemia with 
glargine (9.9 vs 
24.0%, p<0.001) 

Mean insulin dose 
higher with glargine 
(47.2 IU vs 41.8 IU; 
p<0.005) at study 
end; similar weight 
gain over study 
period (3.0 vs 2.8 kg, 
glargine vs NPH) 

Insulin doses similar 
(68 vs 70 IU/day, 
glargine vs NPH) 

Similar mean insulin 
dose (23 vs 21 U/day, 
glargine vs NPH); 
similar weight gain 
(2.57 vs 2.34 kg, 
glargine vs NPH) 

Less nocturnal 
hypoglycaemia with 
glargine (12 vs 24%, 
p=0.002) 

Less nocturnal 
hypoglycaemia with 
morning and 
bedtime glargine 
compared with NPH 
(17,23 and 38%, 
respectively, 
p<0.001) 

Insulin doses 
increased over study 
period; mean end 
point insulin dose 
40 IU (morning 
glargine), 39 IU 
(bedtime glargine), 
37 IU (bedtime NPH) 

FPG: Fasting plasma glucose, Hb: Haemoglobin; NPH: neutral protamine Hagedorn; NS not significant; OHA: Oral glucose-lowering drugs; RCT: Randomised controlled 
trial. 

and/or pioglitazone was continued in both arms, although 
insulin secretagogues were discontinued. At study end, mean 
HbA1c was lower in the twice-daily premixed insulin group, 
although there was no difference in FPG. However, less minor 
hypoglycaemia, lower mean insulin dosage and less weight 
gain were observed with glargine at the end of the study. 

The importance of effective treatment algorithms is 
increasingly recognised. Few studies have evaluated the role of 
titration algorithms in optimising glycaemic control. A recent 
study of two different glargine treatment algorithms being 

used in the ATLANTUS trial (A Trial Comparing LAN- 
TUS® + Metformin versus NPH) demonstrated that a simple 
subject-administered titration algorithm was more effective at 
improving glycaemic control than physician-managed titra- 
tion (Table 4) [581. They were based on the two successful, but 

different algorithms, which had been used in the Treat-to-Tar- 
get Trial [5o) and the Yki-Jarvinen trial [52). 

7.3 Insulin glargine as a basal-bolus regimen in Type 
2 diabetes 
Table 5 shows the two studies comparing glargine and NPH as 
part of a basal-bolus regimen [57.601. No differences were 
noted in HbA, 

C or FBG, but there was less hypoglycaemia 

with glargine. 

7.4 Continuous subcutaneous insulin compared with 
insulin glargine in Type 2 diabetes 
A study of 107 subjects ? 60 years of age showed that in Type 
2 diabetes, comparable glycaemic control with good safety 
and patient satisfaction was achieved with both CSII and 
basal-bolus therapy using glargine as the basal insulin (61). 
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Table 3. Randomised controlled trials of glargine versus premixed insulin in Type 2 diabetes. 

Study Design HbA, C Plasma glucose Hypoglycaemia Other comments 

Janka et aL, 2005 
[561 

Raskin et at., 2005 
[591 

Mean insulin dose -- 
50% less with 
glargine + OHA 
(64.5 vs 28.2 IU); 
similar weight gain 
with glargine + OHA 
and premixed insulin 
(1.4 vs 2.1 kg, NS) 

Lower mean insulin 
dose with glargine 
(51.3 vs 78.5 
units/day); mean 
body weight 
increased in both 
glargine vs BlAsp 
groups (3.5 vs 
5.4 kg; p<0.01) 

BlAsp: Blood aspartame; FPG: Fasting plasma glucose; NPH: Neutral protamine Hagedorn; NS: Not significant; OHA: Oral glucose-lowering drugs; RCT: Randomised 

controlled trial. 

Table 4. Comparison of two different algorithms for titration of insulin glargine on glycaemic control. 

Increase in daily basal insulin glargine dose (IU) 

Mean FBG (previous Algorithm 1; n= 2493; physician-led insulin Algorithm 2; n= 2468; patients' self-adjusted 
3 consecutive days) dose titration; insulin doses adjusted on a insulin dose; insulin dosage self-adjusted 

weekly basis during practice visits or through every 3 days; dose adjustments reviewed at 
telephone contact clinical visits or over the telephone 

>_ 5.5 and < 6.7 mmoV1 
6.7 and < 7.8 mmoVI 

? 7.8 and < 10 mmoM 

0-2 (at the discretion of the investigator) 0-2 (at the discretion of the investigator) 

22 

2: 10 mmoVl 6-8 

Information from the ATLANTUS study [581. 
Target FBG 5 5.5 mmoL1. 
FBG: Fasting blood glucose. 

After 12 months, HbAjc was 6.6% with CSII and 6.4% with 
basal-bolus therapy. Severe hypoglycaemia rates were low 

with both regimens and there was no difference in weight 
gain. However, in practice, CSII is infrequently used in the 
management of most patients with Type 2 diabetes. 

7.5 Insulin dose 
In one study in which insulin-naive patients were enrolled, 
average doses of insulin at study end were 23 U/day for those 
on glargine and 21 U/day on NPH [521. In another study, 
slightly more insulin was used by both glargine and NPH at 
study end by patients previously treated with once-daily NPH 

[58]. In the same study, patients who had been on more than 
once-daily basal insulin pretrial used less insulin with glargine 
(reduced by - 4.4 U/day compared with the baseline dose), 

whereas in patients on NPH, the insulin dose was similar at 

24-week RCT; 
n= 371; previously 
insulin naive; 
randomised to 
once-daily morning 
glargine plus OHA or 
premixed 30% 
regular/70% NPH 
insulin twice daily 

28-week RCT; 
n= 233; previously 
insulin naive; 
randomised to BlAsp 
70/30 twice daily or 
bedtime glargine; 
continued on 
metformin and/or 
pioglitazone 

Mean HbA, C decrease greater 
with glargine + OHA 
(-1.64 vs -1.31 %, 
p=0.0003) 

Mean HbAIC lower in 
BlAsp 70/30 vs 
glargine (6.91 vs 
7.41%, p<0.01) 

FBG decrease greater Fewer confirmed 
with glargine + OHA hypoglycaemic 
(adjusted mean episodes with 
difference: glargine + OHA 

-0.9 mmoVl, (mean 4.07 vs 
p<0.0001) 9.87/patient-year, 

p<0.0001) 

No difference in FPG Less minor 
at end of study hypoglycaemia with 

glargine (0.7 vs 
3.4 episodes/patient- 
year, p<0.05) 

study end compared with baseline. In the Treat-to-Target trial 
[501, mean daily dosages at end point were 47.2 IU for glargine 
and 41.8 IU for NPH (p < 0.005). In the LANMET study, 
mean insulin doses were 68 t5 and 70 ±6 IU/day (0.69 ± 
0.05 and 0.66 t 0.04 IU kg/day, nonsignificant, glargine ver- 
sus NPH) [511. 

7.6 Safety 
7.6.1 Hypoglycaemia 
Despite the necessity for a 'treat-to-target' strategy, one of the 
greatest barriers to intensification of insulin replacement in 
Type 2 diabetes has been the fear of increased hypoglycaemia. 
The use of intermediate-acting evening or bedtime NPH as 
basal supplementation is associated with nocturnal hypogly- 

caemia on account of plasma insulin peaks, which are then 
followed by high fasting glucose levels. The advent of basal 
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Table 5. Randomised controlled trials of glargine as part of basal-bolus therapy in Type 2 diabetes. 

Study Design HbA, C Plasma glucose Hypoglycaemia Other comments 

Rosenstock et al., 28-week RCT; Similar Similar Less nocturnal Median total daily 
2001 [571 n= 518; previously improvements in improvements in hypoglycaemia with insulin dose same 

on NPH ± prandial HbA, C 
for glargine FBG between the glargine (26.5 vs with glargine and 

insulin; randomised (-0.41 %) and NPH groups; 29.6% on 35.5%, p=0.014) NPH (0.75 IU/kg) 
to once-daily (-0.59%) glargine and 27.1 % Less weight gain 
glargine or once- or on NPH achieved with glargine (0.4 vs 
twice-daily NPH and FBG < 6.7 mmoVI by 1.4 kg, p=0.0007) 
prandial insulin study end 

Fonseca et al., 2004 28-week RCT, Similar reductions in Similar reductions in Less overall Similar basal doses at 
[601 n= 100; bedtime HbA, C at study end FBG at study end confirmed study end for 

glargine or NPH with glargine and with glargine and hypoglycaemia with glargine vs NPH 
regular insulin NPH (-0.41 vs NPH (-22.0 mg/dl for glargine vs NPH (36.4 IU vs 30.2 IU) 
preprandial -0.46%) both) (17.3 vs 31.3%, 

p<0.005) 
FBG: Fasting blood glucose; FPG: Fasting plasma glucose; Hb: Haemoglobin; NPH neutral protamine Hagedorn; RCT: Randomised controlled trial. 

insulins, such as glargine, theoretically should reduce the risk 
of daytime and, especially, nocturnal hypoglycaemia. 

The Treat-to-Target Trial [501 assessed the ability of glargine 
to improve glycaemic control in patients with Type 2 diabetes 

who were failing on oral glucose-lowering agents. In this 
24-week trial, 756 patients were randomised to receive glargine 
or NPH in addition to pre-existing oral agents. The study 
involved systematically titrating bedtime insulin to a target 
FPG <_ 5.5 mmol/I (100 mg/dl); most patients (- 60%) 

achieved an HbAIC level 
_< 

7% in both groups. However, almost 
25% more patients in the glargine group achieved this level of 
control without experiencing an episode of nocturnal hypogly- 

caemia. This ability to improve the likelihood of reaching gly- 
caemic targets without increasing the risk of hypoglycaemia was 
also demonstrated in a 1-year trial of similar design [521. In a 
comparison of glargine plus oral agents and a premixed 30% 

regular/70% NPH formulation alone, patients in the glargine 
arm had fewer confirmed episodes of hypoglycaemia (mean 
4.07 versus 9.87/patient-year, p<0.0001) [561. 

Several other individual trials have consistently demon- 

strated a reduction in overall and/or nocturnal hypoglycaemia 

with glargine [50,51,52,61,62,631. 
A recent meta-analysis comparing glargine with human 

NPH in Type 2 diabetes found a reduced risk of hypoglycae- 

mia with glargine [57]. With the exception of one study 
52 weeks in duration, the other studies were between 24 and 
28 weeks. The advantage of this meta-analysis was that > 
2000 subjects with Type 2 diabetes were in the pooled cohort. 
A target HbA, 

C of <_ 7.0% was achieved in an equivalent pro- 
portion of patients on glargine or NPH (30.8 versus 32.1%). 
However, a significant reduction of hypoglycaemia risk was 
associated with glargine when compared with NPH. In partic- 
ular, the risk of moderate and severe nocturnal hypoglycaemia 

were reduced by 46% (p = 0.04) and 59% (p = 0.02), respec- 
tively, with glargine. The reduction in nocturnal hypoglycae- 

mia seen with glargine is most likely due to its smooth 
time-action profile. 

7.6.2 Weight Change 
Weight gain was similar when bedtime glargine or NPH were 
added to oral agents (52] and averaged 2.57 ± 0.23 kg in the 
glargine group and 2.34 ± 0.23 kg in the NPH group. In the 
Treat-to-Target trial, a similar level of weight gain was 
observed (3.0 versus 2.8 kg, glargine versus NPH) [501. In 

another study, mean weight gain was 1.4 ± 3.4 kg when 
glargine was added to oral medication and 2.1 ± 4.2 kg with 
premixed twice-daily insulin (p = 0.09) [56]. When subjects 
were randomised to prandial regular insulin along with once 
daily glargine or once- or twice-daily NPH, less weight gain 
was seen with glargine (0.4 versus 1.4 kg, p=0.0007) [57]. 

7.6.3 Antibody titres 
Insulin antibodies were less prevalent with glargine than 
NPH [521. 

7.7 Summary of benefits in Type 2 diabetes 

" Glargine results in better glycaemic control without noc- 
turnal hypoglycemia when compared with conventional 
insulins such as NPH 

" Glargine can result in lower FPG and FBG levels 
" Hypoglycaemia, especially nocturnal, is seen less frequently 

with glargine than with conventional insulin 
" Patient satisfaction is greater with glargine than with NPH 

" Targets of HbAI< < 7% and FPG < 5.5 mmol/1 can be 

achieved in more patients when structured titration algo- 
rithms are applied 

" Weight gain is equivalent or less compared with NPH 
" The insulin injection can be given either in the morning or 

evening 

8. Treatment satisfaction 

Diabetes affects a patient's quality of life and well-being, with 
the greatest negative impact occurring in the freedom to eat as 
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desired [651. Validated questionnaires in both Types of diabetes 
have shown that glarginc is associated with greater patient sat- 
isfaction compared with NPH [42,661. The DTSQ and W-BQ 

was used in 517 patients from 10 European countries with 
Type 1 diabetes who were randomised to either bedtime 

glargine or once- or more than once-daily NPH along with 
regular human insulin before meals [421. The questionnaires 
were completed four times during the course of the study. At 

all time points, including end point, treatment satisfaction 
improved with glargine and deteriorated slightly with NPH. 
In particular, perceived frequency of hyperglycaemia and 
hypoglycaemia were better with glargine insulin. However, 

there were no differences in psychological well-being between 

glargine and NPH, with mean scores improving in both. 

9. Special populations 

9.1 Pregnant women 
At present, glargine, similar to other insulins, is not licensed 
for use in pregnancy. Animal studies have shown that there 
does not seem to be any harm to the fetus from administra- 
tion of glargine in pregnancy 1671. There have been several case 
reports in the literature of glargine being given safely to preg- 
nant women in the first trimester, although in some cases it 

was subsequently discontinued and replaced by NPH [68-70). 

9.2 Children 
The use of glargine is licensed in children 6 years of age and 
older. In a 16-week, randomised, crossover study, 28 adoles- 
cents received either bedtime glargine plus lispro preprandi- 
ally or bedtime NPH plus regular human insulin 
preprandially [351. The combination of glargine and lispro was 
associated with lower fasting blood glucose levels compared 
with the NPH regimen. Nocturnal hypoglycaemia was found 
to be 43% lower with glargine and lispro compared with 
NPH and regular insulin. No significant differences in HbA, 

C 
were found at the end of the study. A prospective study in 80 
children and adolescents aged 2- 19 years showed an 
improvement in HbA,,, FBG and severe hypoglycaemia after 
6 months' treatment with. glargine [711. Other prospective 
non-randomised studies have found that 6 months of glargine 
therapy resulted in less severe hypoglycaemia in children > 
6 years of age compared with NPH [721. 

9.3 Elderly/renal and hepatic impairment 
The use of glargine in these populations has not been associ- 
ated with problems, but must be monitored carefully because, 
as with any insulin regimen, they can be sensitive to relatively 
low doses of insulin and are at greater risk of hypoglycaemia. 

9.4 Diabetic retinopathy 
Early concerns regarding the mitogenic potential of glargine 
(through its increased affinity for IGF-1 receptor) and 
increased risk of retinopathy remain unconfirmed. Only one 
study has shown significant deterioration in vision as a conse- 

quence of glargine use and the current consensus is that 
glargine does not cause ocular adverse effects [731. 

10. Cost implications 

A systematic review of glargine has compared the cost utility of 
glargine with NPH [741. Using an amended School of Health 
and Related Research (ScHARR) model, this estimated that the 
base-case cost per quality-adjusted life year (QALY) was 
UK£3496 - 4978 in Type 1 diabetes and £32,508 - 43,411 in 
Type 2 diabetes. The cost per QALY ratio was dependent on 
the method of administration; that is, insulin pen, vial or car- 
tridge. The review concluded that, based on these figures, 
glargine ranged from cost-effective to non-cost-effective, but 
that cost-effectiveness was highly dependent on amount of util- 
ity associated with reducing the fear of hypoglycaemia in both 
Types of diabetes. The long-term cost implications based on 
reduction of microvascular and macrovascular complications 
remains to be evaluated. 

11. Expert opinion 

The advent of glargine as a long-acting insulin with no pro- 
nounced peak and a 24-h time-action profile, which can pro- 
vide a basal supply of insulin in both Type 1 and Type 2 
diabetes, has been greeted enthusiastically. It provides at least 

equivalent glycaemic control when compared with NPH and 
premixed formulations, as well as in comparison with CSII in 

a basal-bolus combination. In addition, it seems to be associ- 
ated with lower FPG and FBG levels, as well as significantly 
lower rates of nocturnal hypoglycaemia. Balanced against 
these advantages are the increased costs of glargine as part of a 
basal-bolus regimen, the inability to mix it with other insu- 
lins and increased injection-site pain. It is licenced for use as a 
once-daily insulin at bedtime. For convenience, and some- 
times greater efficacy, this dose can be given before breakfast 

or the evening meal or even split into a twice-daily dose. The 

ability to vary the timing of the single dose may be particu- 
larly useful in young people. 

There is clear evidence that in a basal-bolus regimen, 
glargine provides a more physiological supply of basal insulin, 
but improvements in glycaemic control are associated with 
increased expense. Glargine is - 60% more expensive than con- 
ventional insulins such as NPH. However, the reduction in 
hypoglycaemia, especially nocturnal, provides the opportunity 
to citrate to optimal doses, thereby increasing the potential for 
further glycaemic improvement. Glargine is a useful addition to 
the current therapeutic armamenrarium for diabetes. 
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Management of alcoholic hepatitis 

YNateglinide and Yrepaglinide for type 2 diabetes? 
BNF 6.1.2.3 

VNateglinide(Starlix-Novartis) and Vrepaglinide(NovoNorm- Novo Nordisk) are two of anew class of orally 
active antidiabetic drugs, the meglitinides. They have a rapid-onset and short-lasting stimulating effect on 
insulin secretion. Both are licensed for combination therapy with metformin in patients with type 2 diabetes 
mellitus who are inadequately controlled by maximally tolerated doses of metformin alone. In addition, 
repaglinide is licensed for use as monotherapy in patients with type 2 diabetes whose hyperglycaemia can no 
longer be controlled satisfactorily by diet, weight reduction and exercise. Here we discuss whether repaglinide 
and nateglinide offer worthwhile advantages in the management of patients with type 2 diabetes. 

Background 
Key features in the pathogenesis of type 2 diabetes in- 

clude insulin resistance and beta cell dysfunction (such 

that insulin secretion is compromised). Antidiabetic drugs 
that reduce insulin resistance include metformin and the 
thiazolidinediones, Vrosiglitazone and Vpioglitazone. 
Like the sulphonylureas, nateglinide and repaglinide 
stimulate insulin secretion, and work by closing ATP- 
dependent potassium channels in the beta cell membrane. 
However, they have a more rapid onset, and shorter du- 

ration, of action than do the sulphonylureas. 

In type 2 diabetes, elevated serum concentrations of both 
fasting and post-prandial glucose correlate with adverse car- 
diovascular outcomes. ' In theory, therefore, treatment that 
affects post-prandial as well as fasting glucose concentra- 
tions could improve overall glycaemic control' and might 
reduce cardiovascular risk. Early promotional material for 

nateglinide implied that it could reduce such risk and mor- 
tality through its specific ability3"' to lower post-prandial glu- 
cose concentrations. However, the drug company withdrew 
the advertising when it was revealed that there were no data 

to support this claim. 5 

Nateglinide 
Nateglinide (pronounced na-te-gli-nide) Is a novel amino 
acid derived from D-phenylalanine. Oral bioavailability 
is around 70%, and plasma concentrations generally peak 
in under 1 hour. 6 Following an oral dose of nateglinide, 
the insulinotropic response to a meal occurs within the 
first 15 minutes, and insulin concentrations return to 
baseline by around 2 hourThe elimination half-life of 
nateglinide is around 1.5 hours, with the drug exten- 
sively metabolised by the liver. ' Most (83%) of the drug 

and its metabolites are excreted in urine. ' The two main 
metabolites are 5-6 times and 3 times less potent than 
nateglinide, respectively. 6 

Dosage 
The company recommends a starting dose of 60mg 
nateglinide three times daily, taken up to 30 minutes be- 
fore meals. The dose should subsequently be adjusted 
according to response (e. g. assessed by periodic meas- 
urement of serum concentration of glycosylated haemo- 
globin; HbAI), with the maximum dose being 180mg 
three times daily. If a meal is to be missed, the dose should 
be omitted. 

B 
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Clinical efficacy 
In a 24-week double-blind randomised controlled trial, 
701 patients with type 2 diabetes for at least 3 months 
(HbAic concentrations of 6.8-11%) were assigned to one 
of four treatments: placebo; nateglinide monotherapy 
(120mg three times daily before meals); metformin 
monotherapy (500mg three times daily at the start of 
meals); or nateglinide plus metformin (same regimens as 
with the monotherapies). T By 24 weeks, both HbAtc (the 

primary outcome measure) and fasting plasma glucose con- 
centrations had increased from baseline with placebo but 
had decreased with all active treatments, and particularly 
with the combination (by -1.4% and -2.4mmol/L vs. 
-0.5% and -0.7mmol/L with nateglinide, and -0.8% and 
-1.6mmol/L with metformin). The decrease was greater 
with metformin alone than with nateglinide alone (0.3% 
difference in the HbA1cconcentrations; p<0.01). 

Another 24-week double-blind randomised controlled trial 
evaluated the effect of adding either nateglinide (60mg or 
120mg three times daily) or placebo to metformin (1g twice 
daily) in 467 patients with type 2 diabetes (HbAI, concen- 
trations of 6.8-11%) stabilised on 1.5g or more of metformin 
daily for at least 4 weeks. ' There was a greater reduction 
from baseline in HbA,, concentration (the primary outcome 
measure) in the metformin plus nateglinide groups (-0.51% 

and -0.82% with 60mg and 120mg nateglinide, respectively 
vs. -0.08% with metformin plus placebo). Patients in the 
nateglinide plus metformin-treated group were more likely 
to develop symptomatic hypoglycaemia than were patients 
on placebo plus metformin (3.1% vs. 0.7%). Also, there was 
a significant mean weight gain of 0.9kg with the higher 
dose of nateglinide plus metformin compared with 
metformin alone. 

We know of no published studies comparing nateglinide 
plus metformin with a sulphonylurea plus metformin. 

Unwanted effects and precautions 
In a double-blind randomised controlled trial involving 
289 patients with type 2 diabetes given nateglinide 30mg, 
60mg, 120mg or 180mg three times daily or matched 
placebo, more patients in the pooled nateglinide group 
experienced unwanted effects (about 49% vs. 35% with 
placebo) and these mainly reflected the symptoms of 
hypoglycaemia, such as sweating, tremor, dizziness and 
weakness. ' Rare unwanted effects with nateglinide have 
included hypersensitivity reactions such as rash, itching 
and urticaria, and mild, transient elevations in liver en- 
zymes that have rarely led to discontinuation of therapy. 6 

As with other insulin secretagogues, nateglinide will tem- 
porarily need to be replaced with insulin therapy if gly- 
caemic control is lost because of fever, trauma, infection 
or surgery. The company recommends that nateglinide 
be "used with caution" in patients with "moderate he- 

patic impairment" and avoided in those with "severe he- 

patic Impairment". ' The drug is contraindicated during 

pregnancy and breast-feeding. It is not licensed for pa- 
tients under 18 years of age. In-vitro data suggest the 
drug is predominantly metabolised by CYP2C9, but in- 
vivo studies have not shown clinically significant 

interactions between nateglinide and drugs metabolised 
by CYP2C9 or CYP3A4.6 

Repaglinide 
Repaglinide (pronounced re-pa-gli-nide) is a derivative 

of carbamoylmethyl benzoic acid. Oral bloavailability of 
repaglinide Is around 63% and plasma concentrations 
peak within 1 hour of administration. ' Following an oral 
dose of repaglinide, the insulinotropic response to a meal 
occurs within 30 minutes, and insulin concentrations re- 
turn to fasting levels within 4-6 hours. 9 The drug's elimi- 
nation half-life is around 1 hour. ' Repaglinide is mainly 
metabolised in the liver, with its metabolites excreted 
primarily in bile. ' Less than 8% of the administered dose 
is excreted in urine, primarily as metabolites .9 

Dosage 

The company recommends a starting dose of 500Ng 

repaglinide to be taken no more than 30 minutes before a 
main meal. A dose of 1mg may be needed in patients who 
were previously on another oral antidiabetic agent. The dose 

of repaglinide should be adjusted at intervals of 1-2 weeks 
according to response (e. g. assessed by self-monitoring of 
blood and/or urinary glucose). The recommended maxi- 
mum single dose is 4mg, and the total daily dose 16mg. If a 
meal is to be missed, the dose should be omitted. Clinical 

trials suggest that patients can vary their meal (and dosing) 
times from the conventional three times a day to two or 
four times a day without loss of glycaemic control. '°" 

Clinical efficacy 
A 4-month double-blind randomised controlled trial com- 
pared repaglinide alone (500pg three times daily, increased 

stepwise to 1mg, 2mg and 4mg), metformin alone (pre- 

study dose of 1-3g daily) and repaglinide plus metformin 
(dosage as with the monotherapies) in 83 patients with 
type 2 diabetes who had been on metformin alone for 

more than 6 months without achieving adequate control. " 
In the combined-therapy group, HbAlcconcentration fell 
from baseline by 1.4% (p=0.0016) and fasting plasma glu- 
cose by 2.2mmol/L (p=0.0003). No significant changes 
were seen in HbAIC or fasting plasma glucose concentra- 
tions in patients switched to rep glinide or in those re- 
maining on metformin alone. Patients taking repaglinide 
alone or the combined regimen gained weight (2.4kg and 
3kg, respectively; p<0.05), while weight remained stable 
in patients taking metformin alone. 

A 1-year double-blind randomised controlled trial involv- 
ing 424 patients with type 2 diabetes compared repaglinide 
(1.5mg, 3mg, 6mg or 12mg daily in three divided doses) 

with glibenclamide (1.75mg, 3.5mg or 7mg before break- 
fast, or 7mg before breakfast plus 3.5mg before dinner). " 
There were no significant differences between the two drugs 
in terms of efficacy (primary outcome measures were changes 
in HbAIC and fasting plasma glucose concentrations) or fre- 
quency of unwanted effects, including hypoglycaemia. 

Another 1-year double-blind randomised controlled trial, 
involving 576 patients with type 2 diabetes for at least 
6 months who had been treated with dietary measures, 
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exercise or oral antidiabetic drugs, compared repaglinide 
(starting dose 500Ng three times daily before meals, ad- 
justed as necessary to 1mg, 2mg or 4mg doses) with 
glibenclamide (2.5mg daily before breakfast, increased 

as necessary to 5mg, 10mg or 15mg). 14 Changes from 
baseline in HbAIC and fasting plasma glucose concen- 
trations were similar with the two drugs, as were insulin 
and lipid profiles, changes in body weight, incidence of 
hypoglycaemia and overall safety. 

A 1-year double-blind randomised controlled trial com- 
pared repaglinide (500pg, 1mg, 2mg or 4mg with meals) 
with that of glipizide (5mg, 7.5mg, 10mg or 15mg daily) In 
256 patients with type 2 diabetes who had been treated 
with diet or oral antidiabetic drugs. 15 At 1 year, HbAIC con- 
centrations In the repaglinide group had not changed from 
baseline, while there had been a gradual increase in HbA, 

C 
concentrations in the glipizide group (0.78%; p<0.05). Fast- 
ing blood glucose concentrations increased by 0.5mmol/L 

with repaglinide and by 1.3mmol/L with glipizide (p<0.05) 

over the study period. The number of patients experiencing 
minor hypoglycaemia was similar with both drugs. No pa- 
tient experienced a major hypoglycaemic event. 

Unwanted effects and precautions 
Unwanted effects with repaglinide are rare (less than 1 in 
1,000 patients) and include hypoglycaemia, abdominal pain, 
constipation, diarrhoea, nausea, vomiting, visual distur- 
bances, hypersensitivity reactions such as itching and rashes, 
and mild, transient elevations in liver enzymes that have 

rarely led to discontinuation of therapy. ' In 1-year follow- 

up studies, the unwanted-effects profile of repaglinide was 
similar to that of glibenclamide, with hypoglycaemia being 
the most frequently reported problem. 13.14 

As with other insulin secretagogues, repaglinide will tem- 
porarily need to be replaced with insulin therapy if gly- 
caemic control is lost because of fever, trauma, Infection 

or surgery. Repaglinide is contraindicated in patients with 
"severe hepatic function disorders", in children under 12 

years old, and during pregnancy and breast-feeding. ' The 

company does not recommend using repaglinide in pa- 
tients younger than 18 years or older than 75 years. 

[M=meta-analysis; R=randomised controlled trial] 
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Repaglinide undergoes hepatic metabolism into inactive 
substances by CYP2C8 and CYP3A4, 's and so should be 

used with caution when co-administered with inducers or 
inhibitors of these enzymes. When repaglinide and 
gemfibrozil are taken concomitantly, the blood glucose- 
lowering effect of repaglinide may be markedly enhanced 
and prolonged. 16 The company has received five sponta- 
neous reports of serious hypoglycaemic episodes in pa- 
tients taking repaglinide plus gemfibrozil and recommends 
that this combination is not used. 

Approximate drug costs* for 1 year's treatment 

Drug Daily dose Cost 
Ynateglinide 180-540mg £257-£293 
Vrepaglinide 1.5-16mg £147-£397 
glibenclamide 5-15mg £16-£48 
gliclazide 40-320mg £17-£135 
metformin 1-3g £20-£60 
tolbutamide 500mg-2g £14-£51 

* Based on information in Drug Tari(fand Chemist& Druggist 

Conclusion 
TNateglInide and Vrepaglinide are orally active, fast-act- 
ing insulin secretagogues, with a similar mode of action to 
sulphonylureas. Repaglinide is no more effective than 
metformin or glibenclamide in terms of lowering serum 
HbAIC concentrations, and is more expensive. Also, data 

are needed on whether, like metformin and glibenclamide, 
repaglinide has preventative effects on the complications 
of diabetes. The drug may have a limited place In patients 
with irregular meal times where glycaemic control has 

proved difficult with conventional therapy. Nateglinide is 

only licensed for use in combination with metformin, a 
combination that needs to be compared with metformin 
plus a sulphonylurea in randomised controlled trials be- 
fore its use can be recommended. 

Both repaglinide and nateglinide appear to lower post- 
prandial glucose concenaations, but whether this effect 
is clinically beneficial in terms of cardiovascular outcomes 
is not known. 
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General Background 

Type 2 diabetes mellitus (T2DM) is one of the common- 
est chronic diseases in the world and the number of new 
cases continues to rise inexorably. It is estimated that the 
worldwide prevalence of all types of diabetes will rise 
from 100 million in 1994 to 220 million in 2010 [1]. The 

majority of cases will be of T2DM, especially in develop- 
ing countries. Adolescents and even children are becom- 
ing more susceptible to this chronic condition, which is 

related to lifestyle factors such as obesity and reduced ac- 
tivity levels. In the United States, there has been a fivefold 
increase in the number of new patients with T2DM and 
approximately $100 billion of health care costs are cur- 
rently spent annually on diabetes management [2]. The 
bulk of this cost is related to hospitalization and manage- 
ment of complications such as cardiovascular disease and 
nephropathy. There is a significant increase in mortality 
in patients with T2DM, particularly from cardiovascular 
causes. The need for agents that will provide effective con- 
trol of glucose metabolism and lessen the development of 
macrovascular and microvascular complications is there- 
fore a high priority. 

Type 2 Diabetes and GIvicemic Control 

The United Kingdom Prospective Diabetes Study 
(UKPDS), a landmark study and the largest of its kind 
to date, looked at more than 5000 patients with T2DM 

who were followed for up to 20 years [3]. The aim of this 
study was to clarify whether more intensive management 
of glycemic control in T2DM lessened microvascular and 
macrovascular complications. In addition, various modes 
of therapy namely sulfonylureas, metformin, insulin, and 

latterly acarbose were also compared. This study clearly 
demonstrated that improved glycemic control resulted in 
fewer complications. For example a 0.9% reduction in 

glycosylated haemoglobin (HbA,, ) resulted in the bene- 
fits shown in Table 1. 

However, despite showing initial improvement in 
HbAi,; with intensive treatment, glycemic control dete- 

riorated progressively with time (Figure 1). 
The key metabolic defects characterizing T2DM are ß- 

cell dysfunction and insulin resistance. ß-Cell dysfunction 
is progressive and leads to a rise in HbA1,, necessitat- 
ing management with higher doses and combinations of 
oral hypoglycemic agents (OHAs) and insulin. UKPDS 

showed that 3 years into the study about 50% of patients 
required combination therapy, and by 9 years this figure 

rose to 75%. The need for agents capable of sustaining 
improved glycemic control and maintaining or improv- 
ing ß-cell function has become clear from the findings of 
UKPDS. 

Current Therapies 

Since the 1950s, the biguanides and sulfonylureas have 
formed the mainstay of treatment of T2DM. Metformin, 
the only biguanide in routine clinical practice, targets in- 

sulin resistance probably by suppressing hepatic glucose 
output and possibly by reducing peripheral glucose uptake 
and utilization. It may have other mechanisms of actions 
that are not completely understood. UKPDS showed that 
metformin was effective in lowering HbA,,, and in par- 
ticular was the only agent to confer cardiovascular bene- 
fits. However, like sulfonylureas and insulin, metformin 
did not maintain good glycemic control. Metformin is 
also associated with significant gastrointestinal side ef- 
fects (resulting in around 10% of patients being unable to 

International Textbook of Diabetes bfellitus, Third Edition. Edited by R. A. DeFronzo, E. Ferrannini, H. Keen, and P. Zimmet. 
© 2004 John Wiley & Sons, Ltd. ISBN: 0-47148655-8. 
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Fahle 1 Effect of 1% reduction in HbA1, on complications 
of type 2 diabetes' 

An intensive vs. conventional glucose control policy, which 
achieved a median HbA1, of 7.0% vs 7.9% (tE = 0.9%) 
over 10 years, reduced risk by: 
12% Any diabetes-related endpoint p=0.029 
16% Myocardial infarction p=0.52 
25% Microvascular disease p=0.0099 
21% Retinopathy at 12 years p=0.015 
33% Albuminuria at 12 years p=0.000054 
' From reference 3. 

tolerate therapy), however it may only rarely cause lactic 

acidosis. 
The sulfonylureas such as gliclazide and glibenclamide 

(glyburide) are insulin secretagogues that bind to the sul- 
fonylurea receptor of the pancreatic ß-cell, promoting clo- 
sure of ATP-dependent potassium channels. They are ef- 
fective at improving glycemic control but are associated 
with weight gain and increased risk of hypoglycemia. 
The incidence of severe episodes of hypoglycemia with 
sulfonylurea therapy is approximately 0.2/1000 patient- 
years. About 20-25% of patients with T2DM are initially 

unresponsive to the sulfonylureas, and secondary failure 

of these agents occurs in 5-10% of individuals on an an- 
nual basis. 

a-Glucosidase inhibitors such as acarbose are used ei- 
ther as monotherapy or in combination with metformin 
and sulfonylureas to reduce carbohydrate absorption from 
the small intestine. UKPDS showed that acarbose was less 

efficacious in lowering MAI. compared to other agents. 
The study to prevent non-insulin-dependent diabetes mel- 
litus (STOP-NIDDM) trial showed that acarbose can delay 

progression to T2DM in impaired glucose tolerance (IGT) 
by 32% [4]. Although acarbose is not associated with any 
serious adverse effects, unfortunately many subjects have 
to discontinue the drug because of unpleasant gastroin- 
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testinal side effects. In the STOP-NIDDM trial, 31% of 
subjects had to discontinue the drug because of its side 
effects. 

A summary of the characteristics of these oral hypo- 
glycemic agents is given in Table 2. 

New "Therapeutic Options 

Thiazolidinediones 

More recent oral hypoglycemic agents include the thiazo- 
lidinediones or peroxisome proliferator-activated recep- 
tor y(PPAR-y) agonists, which enhance the effects of en- 
dogenous insulin on target organs, mainly skeletal muscle, 
liver, and adipose tissue. The first of these to be launched 

was troglitazone but had to be withdrawn because of hep- 

atotoxicity. Rosiglitazone and pioglitazone are currently 
available and appear to have no such effects on the liver. 
They target insulin resistance, which is a major compo- 
nent of the metabolic syndrome. They potentially have 

other benefits Ireduce cardiovascular risk) and these areas 
continue to be explored (see under Thiazolidinediones). 

Meglitinides 

A new class of drugs known as the meglitinides have re- 
cently been launched on the international market. These 

agents have been developed to improve early-phase insulin 

secretion, which is one of the earliest pathophysiologi- 
cal manifestations of T2DM. They are derived from the 
meglitinide portion of sulfonylureas. Currently available 
drugs of this group are repaglinide and nateglinide. An- 

other meglitinide known as mitiglinide is still in clinical 
trials. Repaglinide is derived from the non-sulfonylurea 
moiety of glibenclamide whereas nateglinide is derived 
from an amino acid. The meglitinides are rapid-acting in- 

sulin secretagogues (also known as prandial glucose reg- 
ulators) that have a fast onset and short duration of action 
resulting in more physiological secretion of insulin from 
the ß-cell. The mechanism of action of the meglitinides 
is glucose-dependent and this has important implications 
for lessening the risk of hypoglycemia. 

This chapter will begin by discussing the pathophysi- 
ology of T2DM and the importance of postprandial hy- 

perglycemia (PPH). The mechanism of action and phar- 
macokinetics of repaglinide and nateglinide will then be 
described, followed by a review of their clinical use both 

as monotherapy and in combination with other agents. 

P. AIIIONIVSIOLOGVV 0 ri'2])\t 
General Iniroductiun 

T2DM is a complex heterogeneous condition charac- 
terized by abnormalities of both insulin action (resis- 
tance) and secretion. The relative contribution of these 

Figure t Progressive decline in glycemic control regardless of 
treatment intensity (from reference 3) 
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'Lihle 2 Characteristics of current oral hypoglycemic agents 

Sulfonylureas Biguanides a-glucosidase inhibitors 

Fasting plasma glucose J, 3-4 mmolJl . 3-4 mmol/l l 1-1.7 mmolll 
HbA1, 1-2% 1-2% $0.2-1.0% 
Triglycerides - (J. ) - 
LDL cholesterol - (l) - 
HDL cholesterol - (T) - 
Body weight (T) - - 
Plasma insulin (T) (. 1) - 
Side effects Hypoglycemia Gastrointestinal Lactic acidosis Gastrointestinal 

abnormalities may vary between populations, as exempli- 
fied by the Pima Indians of Arizona and Pacific Islanders 

of Nauru who are severely insulin resistant, compared to 

other populations such as White Caucasians. A number of 
factors appear to predispose to insulin resistance. A ge- 
netic contribution is likely although as yet specific genes 
remain unidentified. Obesity and insulin resistance are sig- 
nificantly related and central adiposity is of particular im- 

portance. A low-calorie, low-fat diet enhances insulin sen- 
sitivity possibly by promoting weight loss. Exercise has 

also been shown to increase insulin sensitivity. 

13-Cell Dysfunction 

The importance of ß-cell dysfunction is increasingly rec- 
ognized although earlier work has concentrated mainly on 
insulin resistance as the primary abnormality in T2DM. It 
is not clear which pathological condition develops first. It 
has been suggested that insulin resistance leads to relative 
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insulin deficiency, whereas ß-cell exhaustion means that 
insufficient insulin is produced to overcome the degree of 
insulin resistance. The combination of insulin resistance 
and insufficient insulin secretion lowers glucose uptake 
in insulin-sensitive tissues and reduces the suppression of 
hepatic glucose output. 

The normal secretion of insulin is divided into two 
phases. Following an acute secretagogue challenge, there 
is an initial early-phase insulin response that peaks at 
3-5 min and is complete by 10 min. This is followed 
by a late-phase insulin response that typically lasts for 
2-3 h with a slow sustained rise in circulating insulin lev- 

els (Figure 2). 
This dual-phase insulin response ensures normal glu- 

cose tolerance and primes tissues, especially the liver, to 
glucose levels. Early-phase insulin secretion also leads to 
a reduction in hepatic glucose output. Reduced suppres- 
sion of hepatic glucose output exaggerates postchallenge 
hyperglycemia, promoting late hyperinsulinemia. 

Figure 2 Physiological secretion of insulin. (Reproduced by permission of Elsevier) 
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Insulin secretion in the basal fasting state is pulsatile, 
occurring every 10-14 min with a slower superimposed 
cycle of secretion every 105-120 min. Biological activity 
is greater when insulin is secreted in a pulsatile fashion 
as opposed to continuous infusion. One of the earliest 
changes in the pathogenesis of T2DM is loss of the normal 
oscillatory pattern of insulin secretion. 

Early-Phase Insulin Secrclion 

Loss or reduction of early-phase insulin secretion occurs 
early in subjects with T2DM and even in those with IGT 
(Figure 3). 

Reduced early-phase insulin secretion has been discov- 
ered to be the most reliable predictor of subsequent devel- 
opment of T2DM even in the Pima Indians (Figure 4). 

Insulin secretion is controlled by the membrane poten- 
tial of the ß-cell. This is dependent on the activity of ATP- 

sensitive K+(KATP) channels in the plasma membrane. 
When there is an increase in the cytoplasmic ATP/ADP ra- 
tio, membrane depolarization occurs with opening of the 
voltage-gated Cat}channels, and the cytoplasmic Ca2+ 

rises. This leads to stimulation of Cat+-dependent ex- 
ocytosis of the insulin-containing granules. These KAB 

channels are the site of action for both sulfonylureas and 
meglitinides. 

Deterioration of' t3-Cell Function 

UKPDS identified that ß-cell function worsened from ap- 
proximately 53% at diagnosis of diabetes to around 28% 
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after 6 years of follow-up. Deterioration in blood glu- 
cose control was correlated with increasing loss of ß-cell 
function. Extrapolation of these data suggests that p-cell 
dysfunction may have commenced about 12 years before 
T2DM was clinically diagnosed (Figure 5a). 

In the past it has been suggested that sulfonylureas 
might increase ß-cell demise. UKPDS showed that the 
rate of loss of p-cell function was similar regardless of 
body mass index or the type of therapy used to improve 
glycemic control (Figure 5b). 

However, the sulfonylureas undergo prolonged binding 
with the ß-cell receptor, leading to hyperinsulinemia and 
the potential for subsequent ß-cell failure. 

Significance of Postprandial Its pcr; lýccrni: r 

In today's westernized societies, little time while awake 
is spent in the fasting state. Patients with established 
T2DM have fasting and postprandial hyperglycemia both 
of which increase HbA1c levels. At the present time, 
HbAic is considered the gold standard for monitoring 
and assessing long-term glycemic control. Some stud- 
ies have shown that postprandial plasma glucose is 
a better predictor of glycemic control than is fasting 
plasma glucose. In one study, 66 patients with T2DM 
were asked to provide a glycemic profile consisting 
of plasma glucose measurements at prebreakfast, pre- 
lunch, postlunch (2h), and extended postlunch (4h) in- 
tervals between 8 a. m. and 5 p. m. [8]. Sixty-six per- 
cent of these patients were on combination therapy with 

Figure 3 Loss of early-phase insulin secretion early in disease process (reproduced with permission from reference 5) 
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Figure 4 Natural history of type 2 diabetes in Pima Indians (NGT = normal glucose tolerance) (reproduced with permission from 
reference 6) 

sulfonylureas and metformin. None were on insulin ther- 
apy. The results showed that extended postlunch plasma 
glucose was lower than prebreakfast plasma glucose in 
patients demonstrating good glycemic control (HbAiý 
<7.0%). In addition, postlunch and extended postlunch 
plasma glucose demonstrated better sensitivity, speci- 
ficity, and positive predictive value in predicting poor 
glycemic control than did prebreakfast or prelunch plasma 
glucose. 

The extent of PPH was identified by a study in 218 pa- 
tients with T2DM, aged between 40 and 74 years, and who 
were not on insulin [9]. This data was obtained from the 
Third National Health and Nutrition Examination Survey 
(NHANES III) conducted between 1988 and 1994 in the 
United States. In this cross-sectional analysis, PPH was 
determined by 2-h plasma glucose of > 11 mmol/l after an 
oral glucose challenge. In patients on sulfonylurea therapy 
with HbAiý >7%, PPH was present in 99% of cases. Even 
in those with HbA1< <7%, PPH occurred in 39%. In the 
subgroup of patients taking sulfonylureas and with HbA,. 
<7%, PPH was prevalent in 63%. 

Association of' Postprandial tlspcrgl. Nccmia to 
Adverse Outcomcs 

In recent years, the American Diabetes Association (ADA) 
has moved away from the use of a postchallenge glucose 
or oral glucose tolerance test in favor of the exclusive use 
of fasting glucose in diagnosing diabetes. This has raised 
some concern with respect to the importance of postchal- 

lenge or postprandial hyperglycemia and its relationship 
to both diagnosis of T2DM and cardiovascular outcomes 
across the spectrum of glucose intolerance. 

In the Diabetes Epidemiology: Collaborative Analysis 
of Diagnostic Criteria in Europe (DECODE) the relation- 
ship between fasting and postchallenge glucose to mor- 
tality and morbidity was analyzed in more than 25 000 
subjects [9]. This large study identified that postchallenge 
glucose was more sensitive than fasting glucose at pre- 
dicting risk of all-cause mortality. 

Several other large epidemiological studies have pro- 
vided data suggesting a link between postchallenge hy- 
perglycemia and adverse cardiovascular outcomes that are 
consistent with the findings of DECODE (Table 3). 

Potential ! 'athological Associations with 
Postprandial IIypcrglycemia 

In theory, there are a number of reasons for the associa- 
tion of adverse cardiovascular outcomes with PPH. PPH 
is linked to several deleterious pathological effects. PPH 
is associated with the production of increased free radi- 
cals with subsequent oxidative stress [15]. Other effects 
include increased insulin resistance and glucose auto- 
oxidation with decreased early-phase insulin secretion. In 

addition, there is increased blood coagulation and high 
density lipoprotein-cholesterol (HDL-C) catabolism. Free 
fatty acids and triglyceride-rich lipoproproteins and low 
density lipoprotein (LDL) removal are reduced. Effects on 
the arterial wall include decreased fibrinolysis, disturbed 
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(a) 

(b) 

Figure S (a) Extrapolation of the time of deterioration of ß-cell dysfunction (DG = diagnosis) (reproduced with permission from 
reference 6). (b) Progressive loss of ß-cell function with different agents (from reference 7) 

endothelial function with reduction in nitric oxide release, 
and reduced plaque stability (Figure 6). 

The importance of circulating inflammatory markers 
such as cytokines and their role in the pathogenesis of vas- 
cular disease in T2DM is gradually emerging. A prospec- 
tive study has found that the risk of development of T2DM 
in apparently healthy middle-aged women correlated with 
two circulating markers of systemic inflammation, namely 
C-reactive protein and the cytokine interleukin 6 (IL-6) 
[16]. Tumour necrosis factor a (TNF-a) has also been 
linked with the insulin resistance syndrome and clinically 
overt T2DM. Another recently published study has shown 
that subjects with IGT had higher fasting plasma IL-6 and 
TNF-a levels than did control subjects. Interleukin-18 (IL- 
18), which has been implicated in plaque destabilization, 

was also measured and its levels rose along with IL-6 

and TNF-a in the control subjects but not in the subjects 

with IGT. Cytokine levels were affected more by oscil- 
latory than continuous hyperglycemia, which correlates 
with postprandial glucose excursions. The different pat- 
tern of cytokine secretion with PPH may be of clinical 
relevance, since vascular risk increases with increased cy- 
tokine circulation, such as IL-6 and TNF-a [17]. 

Despite the wealth of epidemiological studies to date, 

none have investigated the direct relationship of PPH to 
cardiovascular outcomes. As a result, the link between 
PPH and adverse cardiovascular events remains an inter- 

esting hypothesis. 

Postprandial Monitoring in Clinical Practice: Is it 
Justified? 

Only one study to date has shown that monitoring and 
targeting postprandial blood glucose levels improves 
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Fahle 3 Association between postprandial glucose values and the risk of cardiovascular heart disease (CHD) across the spectrum of 
glucose tolerance 

Study Characteristics Cardiovascular outcomes 
DECODE Study Group [10] 18 408 men All-cause mortality is more related to 2-h postmeal glucose than fasting 

7316 women plasma glucose 
13 European centers 
28-year follow-up 

Whitehall, Paris Prospective, 17 285 men Men in upper 2.5% of 2-h postmeal glucose distribution had 
and Helsinki Policeman 44-55 years significantly higher CHD mortality 
Studies [11] 20-year follow-up 

Hoom Study [12] 2363 subjects High plasma glucose levels especially 2-h postload glucose concentrations 
50-75 years and to a lesser extent HbAI, values indicate a risk of CHD mortality 
8-year follow-up 

Diabetes Intervention Study [13] 1139 subjects with 1-h postbreakfast blood glucose but not fasting blood glucose was 
type 2 diabetes associated with higher rates of myocardial infarction and death 

30-55 years 
11-year follow-up 

Honolulu Heart Program [14] 6005 men CHD incidence and mortality increase stepwise with increasing 1-h 
45-70 years postchallenge glucose 
12-year follow-up 

outcomes. In a randomized study of 66 women with 
gestational diabetes, two glucose monitoring protocols 
were used to achieve glycemic control. In one group, the 
women were asked to perform preprandial monitoring be- 
fore meals and at bedtime. The other group was assigned 
to capillary blood glucose monitoring before breakfast 
(fasting) and 1h after each meal. This study showed that 
in the postprandial monitoring group, the mean change 
in HbAtc was greater and there was less macrosomia. 
Also in this group, rate of neonatal hypoglycemia was 
reduced and infants were less often delivered by cae- 
sarean section due to cephalopelvic disproportion. There 

was also a fivefold reduction in HbAjc (3% vs. 0.6%) 
[18]. 

The ADA has published a consensus statement with re- 
gard to which individuals should monitor postprandial glu- 
cose levels [191. The recommendation includes all women 
with gestational diabetes. In addition, postprandial glu- 
cose monitoring should be carried out by patients who 

" achieve preprandial targets but whose HbAic remains 
suboptimal 

" are on treatments that specifically target PPH 
" experience PPH. 

Figin-e 6 Pathological associations with postprandial hyperglycemia. (Reproduced by permission of the American Diabetes 
Association) 
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Table 4 Predominant targets of currently available 
hypoglycemic therapies 

Target fasting plasma 
glucose 

Target postprandial 
hyperglycemia 

Sulfonylureas Acarbose 
Metformin Meglitinides 
Isophane and insulin Short-acting insulin 

glargine analogues 
Thiazolidinediones 

Current drug therapies in the management of T2DM 
can be divided into those that predominantly target fasting 
plasma glucose or PPH (Table 4). 

Mc, litinidc-Bu is Aspects 

Chemical Structure of the Meglitinides 

More than 20 years ago, the insulinotropic and antidia- 
betic properties of the non-sulfonylurea moiety of gliben- 
clamide were identified. This chemical structure was sub- 
sequently referred to as meglitinide. 

Repaglinide is an acylaminobenzoic acid derived from 
the non-sulfonylurea moiety of glibenclamide. It has a 
molecular formula of C27H36N204 and a molecular mass 
of 452.6 Da. Nateglinide is distinct from the sulfonylureas 
and is chemically derived from an amino acid. It consists of 
an acylamino moiety and D-phenylalanine. The structures 
of these compounds are shown in Figure 7. 

Mechanism of Action of Repaglinide 

Repaglinide (Novonorm, Prandin, Novo Nordisk) was 
the first meglitinide to be commercially available. It was 
launched in 1998. 

; tilaiut, euu iir of I) ia/ etes: Diet. I 
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Repaglinide is structurally different from the sulfony- 
lurea group although it binds to a specific site of the sul- 
fonylurea receptor on the pancreatic ß-cell. This site is 
distinct from the sulfonylurea binding site. Binding with 
this site closes the KÄ. , channel and this initiates insulin 
secretion (Figure 8). 

It has been proposed that insulin-secreting cells have 
two or three distinct binding sites for glibenclamide and 
repaglinide with differing affinities for each drug [21]. It 
would appear that there are some common and some dis- 
tinct cellular mechanisms of action between repaglinide 
and glibenclamide. 

Repaglinide increases cytoplasmic Ca2+ concentra- 
tion in ß-TO insulinoma cells. Unlike glibenclamide, 
repaglinide does not enhance exocytosis in voltage- 
clamped ß-cells or stimulate insulin secretion from ß- 
TC3 insulinoma cells in the absence of glucose. Addition- 

ally, repaglinide has no direct biosynthetic activity and is 

not taken up by the ß-cell despite its lipophilic nature. 
Repaglinide is five times more potent at stimulating in- 

sulin secretion than is glibenclamide. Repaglinide does 

not stimulate insulin secretion in the complete absence of 
glucose and its action is usually confined to intermedi- 

ate concentrations of glucose. These characteristics may 
account for the reduced risk of hypoglycemia seen with 
repaglinide in contrast to the sulfonylureas. 

A recently published randomized controlled open-label 
study of 46 patients with T2DM evaluated the effect of 
repaglinide on insulin secretion and oxidative stress as 
measured by reduced serum antioxidants and superoxide 
dismutase [22]. This study showed that first-phase insulin 
secretion was significantly increased in the repaglinide 
group, which is already well-established. More interest- 
ingly, a significant increase in total serum antioxidant 

Figure 7 Chemical structures of the meglitinides 
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capacity (p < 0.05) and serum superoxide dismutase (p < 
0.0004) was discovered in the repaglinide group. 

The S-enantiomer of repaglinide is the pharmaco- 
logically active part of the racemic molecule. In the 
rat model, this enantiomer has more than 100 times 
greater hypoglycemic potency than the R-enantiomer. 
Clinically available repaglinide is about 98% pure for the 
S-enantiomer. 

Mechanism of Action of Nateglinide 

Nateglinide (StarlixT"l, Novartis) is derived from o- 
phenylalanine and has no sulfonylurea moiety. It is bio- 
chemically and pharmacologically distinct from other hy- 
poglycemic agents. Its mechanism of action is similar 
to that of repaglinide, involving inhibition of pancreatic 
ß-cell KATP-sensitive channels (Figure 8). Studies have 
shown that nateglinide has significantly faster associa- 
tion/dissociation kinetics in the pancreatic ß-cell, which 
results in a more rapid and transient increase in early-phase 
insulin secretion in normal healthy volunteers compared 
to that with [23] repaglinide (Figure 9). 

Kinetic information from experiments on rat pancreatic 
cells has shown that time to 50% maximal inhibition was 
4.1 min for nateglinide and 12 min for repaglinide. Time to 
50% relief of inhibition was 35 min for nateglinide com- 
pared to 175 min for repaglinide. Overall insulin exposure 
is much less with nateglinide, and plasma insulin concen- 
trations return to baseline 2h after oral administration of 
the drug. 
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Isolated rat islet experiments have shown that there is 
16-fold enhancement of nateglinide-induced inhibition of 
KÄ. t. t, current when the glucose concentration is raised 
from 3 to 16 mmol11. Repaglinide potency is increased 
fourfold whereas glibenclamide potency is reduced under 
the same conditions. These observations may explain the 
low incidence of mild and severe hypoglycemia reported 
in clinical trials with nateglinide. 

Phannacokinetics of the Meglitinides 

Pharmacokinetics of Repaglinide Repaglinide is 

rapidly absorbed after oral administration and appears in 
the bloodstream within 15 min. Maximum plasma levels 
(Cmax) are reached within 30-60 min of oral administra- 
tion of a2 mg tablet of repaglinide. This occurs in healthy 

volunteers and in those with T2DM. Notably repaglin- 
ide does not accumulate with repeated dosing and has a 
rapid elimination half-life of approximately 1 h. These fac- 
tors potentially lessen the risk of hypoglycemia. Cmý., and 
area under the curve (AUC) increase in a dose-dependent 

manner in healthy subjects and in those with T2DM. The 
absolute bioavailability of a2 mg tablet of repaglinide is 
62.5%, which is slightly affected by meal composition. In 
particular, a high fat meal decreases AUC and C,,, ax from 
fasting levels by 20 and 12.4% respectively. Repaglin- 
ide is highly bound to plasma proteins in the circulation 
[251. 

AUC and Cm�, are greater in elderly patients with 
T2DM. Mean half-life is slightly longer but elimination is 

Fi- gure 8 Mechanism of action of meglitinides at level of pancreatic ß-cell (from reference 20) 
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Figure 9 Comparison of repaglinide and nateglinide with placebo on early-phase insulin secretion (reproduced with permission from 
reference 24) 

still rapid in elderly patients. Repaglinide is well-tolerated 
in the elderly, and dosage adjustment in this group is not 
necessary. 

Approximately 98% of repaglinide is metabolized after 
oral administration with the remaining 2% excreted un- 
changed. Repaglinide undergoes hepatic metabolism by 
the CYP3A4 isoform of the P450 cytochrome enzyme and 
is mainly excreted via bile. AUC and Cma,, of repaglinide 
are increased in patients with moderate or severe hepatic 
impairment. In these patients half-life of the drug is pro- 
longed compared to that in healthy volunteers (14.7 vs. 
0.6-0.7 h). 

Only 6% is excreted by the kidneys, and repaglinide is 
thus licensed for use in mild to moderate renal dysfunc- 
tion. In severe renal impairment the plasma half-life of 
repaglinide is increased from 1.5 to 3.6 h and it is there- 
fore not recommended in this situation. 

Theoretically any compound inhibiting or inducing 
CYP3A4 isoenzyme might affect the metabolism of 
repaglinide. Ketoconazole and erythromycin both inhibit 
CYP3A4 but do not appear to cause clinically relevant 
changes in repaglinide plasma concentration. 

Rifampicin, carbamazepine, and barbiturates induce 
CYP3A4 and may increase the metabolism of repaglinide. 
Higher doses of repaglinide would therefore be needed to 
maintain adequate plasma concentrations and an effective 
hypoglycemic effect. 

PharmacokincticsofNateglinidc Nateglinidehas75%o 
systemic bioavailability and is mostly unaffected by first- 

pass hepatic metabolism. Only 10% is metabolized and 
excreted by the kidneys. Nateglinide and its metabolites 
are rapidly eliminated with a half-life of 1.5 h. Ninety-nine 
percent of nateglinide is bound to plasma proteins. 

The CYP2C9 and CYP3A4 isoenzymes are thought to 
be involved in hepatic breakdown of nateglinide. No in- 
teractions between nateglinide and warfarin, diclofenac, 
or digoxin have been reported. A study of the phar- 
macokinetic profile and bioavailability of nateglinide in 
subjects with biopsy-proven hepatic cirrhosis compared 
to healthy individuals showed no statistically signifi- 
cant or clinically relevant differences between the two 
groups. Thus, nateglinide may be used without dose 
adjustment in patients with mild to moderate hepatic 
cirrhosis. 

A recent open-label, two-center, controlled study of 
40 subjects investigated the pharmacokinetics and safety 
of nateglinide in renal disease [26]. Patients with impaired 
renal function and those with renal failure on hemodial- 
ysis were compared with age-, sex-, height-, and weight- 
matched healthy controls. Plasma nateglinide concentra- 
tions increased rapidly in all subjects and there was no 
statistically significant difference in Cm3z or AUC be- 
tween the groups. Nateglinide was eliminated rapidly in all 
groups (11/2 = 1.9-2.8 h) with no correlation between the 
level of renal function and systemic exposure. The extent 
of renal excretion of nateglinide was low in healthy sub- 
jects (1110) and diabetic patients with renal impairment 
(3%). These data suggest that use of nateglinide may be 
safe in patients with impaired renal function. 
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Clinical Use of' Rcpaglinidc 

Repaglinide is licensed as monotherapy in the treatment 
of T2DM and may be prescribed in combination with met- 
formin when metformin alone is inadequate. It may also 
be used in combination with the thiazolidinediones. It is 
licensed for use between 18 and 75 years. 

Repaglinide is usually given 15-30 min before meals 
up to three times daily at a starting dose of 500 µg. An 
initial dose of 1 mg can be used if the patient was previ- 
ously on another oral hypoglycemic agent. The maximal 
single dose is 4 mg with a total daily dose of 16 mg. It 
is recommended that dose adjustments be made at inter- 
vals of 1-2 weeks according to response. In comparison 
to sulfonylureas, repaglinide is more expensive. 

Repaglinide as Monotherapy 

Studies have shown that repaglinide is effective at lower- 
ing HbA1c when used as monotherapy in comparison with 
placebo-controlled trials (Table 5). 

A multicenter, double-blind, randomized, placebo- 
controlled, parallel group study of 408 patients with 
T2DM assessed the safety and efficacy of repaglinide 
when used in a flexible mealtime dosing regimen [261. 
Patients who were considered poorly controlled by diet 

were randomly assigned to receive either repaglinide 
0.5 mg at mealtimes or placebo. The prandial dose of 
repaglinide was doubled to 1 mg after 4 weeks if fasting 
plasma glucose exceeded 7.8 mmol/l. This trial showed a 
reduction in HbAt, of 1.14% from baseline (p < 0.001) 

and fasting plasma glucose of 1.8 mmol/1(p <0.001). Nine 
patients (four on repaglinide and five on placebo) were 
withdrawn from the trial because of a deterioration of >1% % 
in HbA,,,. No significant increase in body weight occurred. 
Hypoglycemia was the most frequent adverse event but did 

not appear related to meal pattern. Minor hypoglycemia 
occurred in 18% with 0.5 mg/meal of repaglinide and 11 % 
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with 1 mg/meal compared to placebo (3%). One percent 
reported a total of four major hypoglycemic events but 
none required hospitalization or intravenous glucose or 
glucagon. 

Repaglinide in "Head-to-Head" Studies with 
Sulfonylureas 

The efficacy and safety of repaglinide compared to glip- 
izide was investigated in 256 patients with T2DM in a 
double-blind, multicenter, parallel-group trial (Table 6) 
[29]. Patients were randomized to receive either repaglin- 
ide 1-4 mg at mealtimes up to three times daily or glipizide 
5-15 mg daily and were followed up for 12 months. HbA1ý 
fell by 1.5% in the repaglinide group and 0.3% in the glip- 
izide group (p < 0.05 between groups) in those patients 
who were oral hyperglycemic agent (OHA)-naive. HbA1c 
increased by 0.5% in the repaglinide group and 0.9% in 
the glipizide group in patients who were previously treated 
with OHAs (p < 0.05). Fasting blood glucose decreased 

with repaglinide but increased with glipizide. There were 
no major hypoglycemic episodes in either group. Minor 
hypoglycemia was equivalent in both groups (15% with 
repaglinide, 19% with glipizide). 

Repaglinide in Combination with Metformin 

The combination of metformin with repaglinide has been 
shown to be more effective than is repaglinide or met- 
formin monotherapy. In a randomized study of 83 patients 
(Table 7) with T2DM, the combination group showed a 
significant reduction in HbA1, of 1.4% and a fall in fasting 
plasma glucose of 2.2 mmol/l [31]. The mean weight gain 
in this group was 3 kg. 

A much larger uncontrolled prospective study of 5985 
patients with T2DM demonstrated the practical advan- 
tages of being able to dose flexibly with repaglinide in 
the, everyday clinical setting [32]. The use of repaglin- 
ide as a prandial glucose regulator to be taken at the same 
time as a main meal was explored. The major subgroups in 

Table 5 Studies of repaglinide as monotherapy 
Study Intervention Outcomes Adverse effects 
Moses et al. [27] Repaglinide 0.5-1 mg HbAt, . 1.14% (p < 0.001) Hypoglycemia 

Double-blind, or placebo, preprandially FPG J. 1.8 mmol/1(p < 0.001) Repaglinide 17% 
randomized, for 16 weeks Placebo 3% 
placebo-controlled; Weight 
408 T2DM No significant difference (p=0.49) 

between groups 
Van Gaal et al. [28] Repaglinide 0.5-4 mg bd; HbA1c j 2.3% (p = 0.018) Hypoglycemia 

Double-blind, randomized, follow-up 10 weeks FPG 13.9 mmolp Repaglinide'15 patients 
placebo-controlled, PBG J. 6.2 mmol/1(p < 0.001) Placebo 20 patients (NS) 
parallel group; 25 T2DM Weight 
sulfonylurea-naive Repaglinide f 2.1 kg (p < 0.01) 

Placebo 10.8 kg (NS) 
Note: T2DMi = type 2 diabetes mellitus; FPG = fasting plasma glucose; P3G = plasma blood glucose; NS = non significant. 
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Table 6 Summary of trials of repaglinide versus sulfonylureas 

Study Intervention Outcomes Adverse effects 
Madsbad et al. [29] Repaglinide 1-4 mg, HbA1, Hypoglycemia 

Double-blind, premeals or glipizide Repaglinide (mean baseline HbA1,7.3%) No major events 
randomized, 5-15 mg, daily; Therapy-naive . 1.5% Minor hypoglycemia 
parallel-group, follow-up for 1 year Previous therapy t 0.5% Repaglinide 15% 
multicentre; Glipizide (mean baseline HbA1,7.2%) Glipizide 19% 
256 T2DM Therapy-naive 10.3% Weight 

Previous therapy t 0.9% Repaglinide j 0.7 kg 
FPG Glipizide 10.9 kg (NS) 

Repaglinide j 2.4 mmol/1 
Glipizide t 1.0 mmol/l 

p<0.05 for all groups 
Marbury et al. [30] Repaglinide 0.5-4 mg HbA1, Hypoglycemia 

Double-blind, three times, preprandially Repaglinide Repaglinide 15% 
randomized, or Glyburide 2.5-15 mg, Therapy-naive 11.3% Glyburide 19% 
parallel-group, daily; follow-up Previous therapy f 0.3% (p < 0.05) Weight 
multicentre; for l year Glyburide Repaglinide 10.22 kg 
576 T2DM Therapy-naive 4.1.1% Glyburide t 0.05 kg (NS) 

Previous therapy t 0.3% (p < 0.05) 

this study were 2091 therapy-naive patients, 2180 patients 
who had switched to repaglinide from another oral hypo- 
glycemic agent, usually a sulfonylurea, and 1530 combi- 
nation therapy (with metformin) patients. Overall mean 
HbAI, decreased from 8.6 to 7.4% with reduction in fast- 
ing blood glucose from 10.2 to 7.4 mmol/1. Preprandial 
and 2-h postprandial blood glucose concentrations were 
also reduced. Body weight decreased slightly by 1.2 kg. 
Only 49 episodes of hypoglycemia were reported, the ma- 
jority of which were mild, and in general, adverse drug 
reactions were rare. Psychosocial benefits were also iden- 
tified and 80% of patients indicated a sense of relief at 
being able to miss meals. The need to take snacks for fear 
of hypoglycemia was also reduced. 

Repaglinide in Combination with Insulin 

The addition of repaglinide to insulin therapy has been in- 
vestigated. Repaglinide in combination with bedtime NPH 
insulin was associated with lowering of HbAic to 1.68% 
over a 14-week period [33]. A statistically nonsignificant 
deterioration in HbAtc was observed in a study comparing 
insulin combination with either metformin, or repaglin- 
ide. However, the additive effect of bedtime isophane in- 
sulin, metformin, and premeal repaglinide has been shown 
to significantly reduce HbA1, and also lower the actual 
dose of subcutaneous insulin required, compared with 
the combination of twice daily insulin and metformin 
[34]. 

Fable 7 Repaglinide in combination with metformin 

Study Intervention Outcomes Adverse effects Comments 

Moses et al. [31] Metformin alone HbA1ý ,[1.4% Hypoglycemia 
Multicentre, (1-3 g/d) or (p = 0.0016) Metformin 0% patients 
double-blind, repaglinide alone FPG [ 2.2 mmol/1 Repaglinide 10.7% patients 
randomized; (0.5-4 mg thrice daily) (p = 0.0003) Combination 33.3% patients 
83 T2DM or metformin and No significant difference Weight gain 

repaglinide for 3 months in HbA1, or FPG in Repaglinide 2.4 ± 0.5 kg 
either monotherapy Combination 3.0 ± 0.5 kg 
group Diarrhoea 

Headache 

Landgraf et al. [32] Prandial flexible dosing Mean HbAi, 1 1.2% Hypoglycemia Fewer snacks on 
Uncontrolled with repaglinide (p = 0.0001) 38 mild repaglinide 
prospective, 5985 0.5-2 mg/meal, Mean Mean FPG . 2.8 mmol/l 11 severe Patients able to 
T2DM; 2091 therapy follow-up 46 days (p = 0.000 1) Weight miss meals 
naive, 2180 other Mean 2-h PG J. 3.7 mmol/1 1,1.2 ± 2.7 kg 
OHA--* repaglinide, (p=0.0001) 
1530 combination 
with metformin 
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Repaglinide in Combination with Other Agents 

The combination of repaglinide with troglitazone (now 

withdrawn following hepatotoxicity) was investigated 
in 256 patients with T2DM inadequately controlled by 

monotherapy. In this multicenter open-label clinical trial, 
there was a fall of 1.7% in HbA1c in the combination 
group. Repaglinide was also shown to be more effec- 
tive as monotherapy compared to troglitazone (-0.8% 

vs. -0.4%, p<0.05). It will be interesting to exam- 
ine the results of current trials comparing and combin- 
ing the use of repaglinide with either pioglitazone or 
rosiglitazone. 

Clinical Use of Nateglinide 

In the United Kingdom and Europe, nateglinide may be 
used in combination with metformin when metformin 
alone is inadequate. It is not licensed for use in the 
pediatric age group (below 18 years). It is more expensive 
than other oral hypoglycemic agents such as the sulfony- 
lureas. 

Several studies have reported the efficacy of nateglinide 
either as monotherapy or in combination with other oral 
hypoglycemic agents such as metformin or troglitazone. 
A number of trials have compared nateglinide with other 
sulfonylureas and there are some early reports comparing 
it with repaglinide. 

The starting dose of nateglinide is usually 60 mg three 
times daily taken within 30 min of a main meal. The dose 
should subsequently be adjusted according to response, 
with a maximal dose of 180 mg three times daily. 

Nateglinide as Monotherapy 

As has been reported with other insulin secretagogues, 
nateglinide has a glucose-dependent action. A study in 
24 patients with T2DM observed significantly greater in- 

sulin secretion when nateglinide was taken with a meal 
compared to when it was taken while fasting. 

In a randomized, double-blind, placebo-controlled, 
multicenter study consisting of 289 patients with T2DM, 

patients were randomized to receive either nateglinide at 
doses of 30,60,120, or 180 mg, or placebo, before three 
main meals for 12 weeks (Table 8) [35]. Baseline HbA1c 
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was 8.3-8.5% across all groups. This trial showed a mod- 
est although statistically significant reduction of 0.45- 
0.64% in HbA,,, at study endpoint with nateglinide at 
doses of 60 mg upwards compared with placebo. In the 
120-mg-nateglinide group only, the mean level of fast- 
ing plasma glucose was significantly reduced. Following 
a liquid meal challenge, the administration of nateglinide 
resulted in rapid onset of prandial insulin secretion with 
high insulin levels present 15 min postdose and maxi- 
mal plasma concentrations observed 30-60 min postdose. 
This demonstrates the rapid action and short duration of 
nateglinide therapy. Nateglinide was well-tolerated. Mild 
symptoms suggestive of hypoglycemia were reported in 
the pooled nateglinide group although most of these were 
not confirmed biochemically. 

Nateglinide in "Head-to-Head" Studies with 
Sulfonylureas 

Nateglinide reduces postmeal glucose excursions more ef- 
fectively than does glyburide (glibenclamide) as shown 
by a double-blind, placebo-controlled, parallel group 
study of 8 weeks' duration in 152 patients with T2DM 
(Table 9) [36]. Nateglinide 120 mg before meals was 
compared with glyburide 10 mg four times daily. It was 
shown that nateglinide primarily reduced mealtime glu- 
cose excursion (as measured by AUC) whereas gliben- 
clamide reduced fasting glucose levels. Nateglinide did 

not increase fasting insulin levels and increased only 
the early insulin response to a liquid meal. This repre- 
sents a more physiological release of insulin than that 
for glibenclamide. In patients with T2DM, nateglinide 
monotherapy for 12 weeks resulted in a dose-dependent 

reduction in HbAic and a very low risk of hypoglycemia 
(Figure 10). 

A recently published small, double-blind study com- 
pared the efficacy of acute premeal administration of 
glipizide with nateglinide in 20 patients with T2DM. 
Patients were randomly assigned to glipizide monother- 
apy, nateglinide monotherapy, a combination of glipizide 
and nateglinide, or placebo. This study demonstrated that 
there was equal efficacy in controlling postbreakfast hy- 

perglycemia with glipizide and nateglinide, in contrast 
to previous studies comparing these agents. It was sug- 
gested that this was due to administration of glipizide 

'Fahle 8 Nateglinide as monotherapy 

Study Intervention Outcomes Adverse effects 
Hanefeld et al. [35] Nateglinide (thrice daily), HbA1c Mild symptoms suggestive 

Randomized; double-blind, 30 mg (n = 51) or 60 mg 60 mg j 0.45% of hypoglycemia 
placebo-controlled, multicenter; (n = 63) or 120 mg 120 mg j 0.62% confirmed in 1.3% 
289 T2DM (n = 63) or 180 mg 180 mg j 0.64% (p < 0.05) Weight 

(n = 57) or placebo; FPG 120 mg r 0.72 kg 
12-week follow-up 120 mg 1.14 mmol/1 

(p < 0.01) 



846 Monai-cnu ,, i of Diabetes: Oita, G. verriie. acid Oru, 's 

table 9 Summary of studies of nateglinide versus sulfonylureas 

Study Intervention Outcomes Adverse effects 
Hollander et al. [36] Nateglinide 120 mg tds AUC Hypoglycemia 

Double-blind, or glyburide 5-10 mg Nateglinide t-4.94 mmol/h/1 Symptomatic 
randomized, qds or placebo; Glyburide 12.71 mmol/h/l Nateglinide 12 events 
placebo- follow-up 8 weeks (p < 0.05) Glyburide 53 events 
controlled, FPG Placebo 2 events 
multicentre; Nateglinide 11.0 mmol/h/l Confirmed 
152 T2DM Glyburide 12.9 mmol/h/1 Nateglinide 3 events 

(p < 0.001) Glyburide 14 events 
Placebo 1 event 

Carroll et al. [37] Nateglinide 120 mg, PPG excursion Hypoglycemia confirmed 
Double-blind, premeal or Glipizide 10 mg, Glipizide + nateglinide 4.1 mmol/1 Glipizide 3 events 
randomized, premeal or Nateglinide 120 mg + Nateglinide 4.2 mmol/l Nateglinide + glipizide 
placebo- Glipizide 10 mg, premeal or (p = 0.001) 3 events 
controlled; placebo; follow-up 4h Glipizide 4.3 mmol/l 
20 T2DM Placebo 6.1 mmol/1 

AUC 
Nateglinide + glipizide 5.6 mmol/h/1 
Nateglinide 9.7 mmol/h/l 
Glipizide 6.9 mmol/h/1 
Placebo 14 mmol/h/1 

30 min (rather than 10 min) before the meal. The com- 
bination of nateglinide and glipizide resulted in increased 

early insulin secretion compared with nateglinide alone 
but did not significantly change the postprandial glu- 
cose profile compared with monotherapy with either 
agent. 

Despite some data that suggest that there may be ben- 
efits, there are no large- or medium-term data of head-to- 

head studies between nateglinide and sulfonylureas look- 
ing at weight gain, hypoglycemia, or glycemic control. 

Nateglinide in Combination with Metformin 

The efficacy of nateglinide in combination with met- 
formin was demonstrated in a randomized double-blind 
study of 701 patients with T2DM (Table 10) [38]. 

Figure 10 Comparison of nateglinide with glibenclamide and placebo. (Reproduced by permission of the American Diabetes 
Association [35]) 
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T: ahlc 10 Nateglinide in combination with metformin 
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Intervention 
Horton et al. [38] Nateglinide 120 mg 

Randomized, tds or Metformin 
double-blind, 500 mg tds 
placebo- or Combination 
controlled; therapy or placebo 
701 T2DM 

Mane et at. [39] Nateglinide 60 mg tds 
Randomized, or nateglinide 120 mg 
double-blind, tds or placebo, Added 
placebo- to metformin 1g bd; 
controlled, 24-week follow-up 
parallel-group, 
multi-center; 
467 T2DM 
on metformin 

Outcomes 
HbA, ý Nateglinide 0.5% 

Metformin . 0.8% 
Placebo j 0.5% 
(p < 0.0001) 
Combination 1.4% (p < 0.01) 

FPG 
Nateglinide . 0.7 mmol/1 
Metformin 11.6 mmol/1 
Placebo t 0.4 mmol/l 
Combination 12.4 mmol/1 

AUC 
Nateglinide y 2.1 mmol/h/1 
Metformin . 1.1 mmol/h/1 
Combination 12.5 mmol/I /l 

HbA1, 
Nateglinide 60 mg + metformin 
4.0.36% (p=0.003) 
Nateglinide 120 mg + metformin 
1.0.59% (p <0.001) 

Adverse effects 
Hypoglycemia 

No severe episodes 
Confirmed episodes 

Nateglinide 3 patients 
Metformin I patients 
Combination 5 patients 

Comments 

Hypoglycemia Greater 
Metformin + placebo 3.9% reduction in 
Nateglinide 60 mg 8.4% HbAI, for 
Nateglinide 120 mg 15.6% combination with 

Weight both nateglinide 
Nateglinide 120 mg j- 0.9 kg doses if baseline 
(p < 0.001) HbA1, >9.5% 

Patients were assigned to four different groups, namely 
placebo, nateglinide monotherapy metformin monother- 
apy, or a combination of nateglinide and metformin. 
After 24 weeks of therapy, HbA,,, and fasting plasma 
glucose was lowered by 1.9% and 2.4 mmol/l respectively 
in the combination group, which showed the greatest ef- 
fect. This study also showed that nateglinide decreased 

mealtime glucose excursions aftera liquid meal challenge, 
whereas metformin mainly had an effect on fasting plasma 
glucose. 

In a multicenter, double-blind, parallel group trial, 467 
metformin-treated patients were randomized to treatment 
with 60 mg or 120 mg nateglinide or placebo before three 
meals [39]. This was in combination with 1g metformin 
twice daily for 24 weeks. The results showed a signifi- 
cant reduction in HbA1, with nateglinide at either dose 
(-0.36%, p=0.003; -0.59%, p<0.001, respectively) 
compared with metformin alone. Hypoglycemic symp- 
toms were more likely to occur if HbA1, was less than 
8% at baseline. Weight gain in the nateglinide 120 mg 
plus metformin group was 0.9 kg. There was no change 
in plasma lipids. 

Nateglinide in Combination with Other Agents 

A double-blind, randomized, multicenter study has com- 
pared the effects of monotherapy using nateglinide, the 
thiazolidinedione troglitazone, and the combination of 
these two agents on HbA1. in patients with T2DM in- 

adequately controlled by diet alone [40]. Monotherapy 
with nateglinide after 16 weeks resulted in 0.6% re- 
duction in HbAtc compared with 0.8% in the trogli- 
tazone monotherapy group. Combination therapy with 
nateglinide and troglitazone resulted in an even greater 
improvement of 1.7% in MAI, Longer follow-up studies 
investigating the combination of nateglinide with either 
pioglitazone or rosiglitazone are needed. 

Nateglinide and Impaired Glucose Tolerance 

The Pharmacokinetics of nateglinide make it an ideal 
agent to address the loss of early-phase insulin secretion 
seen in IGT. Studies are underway to explore the effect of 
nateglinide in IGT. 

A recently published multicenter, double-blind, ran- 
domized, parallel-group, fixed-dose study of 8 weeks' du- 
ration in 288 patients with IGT has assessed the effects of 
various doses of nateglinide and associated adverse events, 
including hypoglycemia. Patients received nateglinide 
(30,60, and 120 mg) or placebo before main meals, and 
response to standardized meal challenges was recorded. 
The study showed that nateglinide increased early insulin 
response to a meal and reduced prandial glucose excur- 
sions in a dose-dependent manner with no significant ef- 
fect on fasting plasma glucose or fasting insulin levels. 
Apart from hypoglycemia (28 cases in nateglinide group 
and I in placebo group), the overall incidence of adverse 
events was low. The study concluded that nateglinide was 
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safe and effective in reducing PPH in subjects with IGT 
and recommended that the lower doses (30 mg and 60 mg) 
would be suitable for investigation in longer term studies. 

A large, multicenter, randomized, double-blind, 

placebo-controlled trial known as NAVIGATOR is cur- 
rently in progress. This has set out to explore the efficacy 
of nateglinide in combination with valsartan on glycemic 
control and cardiovascular outcomes in individuals with 
IGT. This 7-year study of 10 000 subjects with IGT is the 
largest ever diabetes prevention study and should provide 
data about whether targeting PPH will improve cardio- 
vascular outcomes. By design, one third of patients re- 
cruited to the study have established cardiovascular dis- 

ease, which should provide sufficient power to look at 
cardiovascular outcomes. 

Safety of \teglitinidcs 

Trials have shown that the safety of meglitinides is com- 
parable with other oral hypoglycemic agents such as the 
sulfonylureas. Three large 1-year studies indicated that 
repaglinide has an adverse event profile similar to that 
of glibenclamide. The most common side effect is hy- 

poglycemia but this is usually mild. The incidence of 
serious hypoglycemia was 0.6% with repaglinide and 
1% with sulfonylureas. From pooled data from Phase 
III studies, the proportion of patients presenting with 
hypoglycemia was 16% for repaglinide, compared with 
20% for glibenclamide, 19% for glipizide, and 15% for 

gliclazide. 
In long-term clinical trials, incidence of serious adverse 

events was low with repaglinide (10%) and similar to the 
incidence reported with sulfonylureas (11.6%). 

Similarly for nateglinide, studies have shown that the 
commonest adverse event is symptoms suggestive of mild 
hypoglycemia. A study of 152 patients showed that symp- 
tomatic hypoglycemia occurred in 12 patients randomized 
to nateglinide and 53 patients on glyburide. Confirmed hy- 

poglycemia was documented in 3 patients on nateglinide 
and 14 patients on glyburide. Other studies suggest that 
the incidence of hypoglycemia is similar for both sulfony- 
lureas and nateglinide. 

Respiratory disorders are the next most frequently re- 
ported adverse events in long-term clinical trials, namely 
upper respiratory tract infection (10%), rhinitis (7%), and 
bronchitis (6%). However the incidence and severity of 
these events was similar in patients treated with sulfony- 
lureas and most were not drug related. 

Other reported side effects are hypersensitivity reac- 
tions, increased liver enzymes, gastrointestinal symptoms, 
and headache. These have been reported with similar inci- 
dence to placebo. Combination therapy does not appear to 

result in more adverse events compared to monotherapy. 
According to national drug formulary guidelines 

(British National Formulary), in the presence of fever, 
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trauma, infection, or surgery, the meglitinides should 
be substituted by insulin therapy. The risk of hypo- 
glycemia is increased in patients with adrenal or pitu- 
itary insufficiency, in malnourished individuals, and in the 
elderly. 
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The meglitinides offer an opportunity to target specifically 
the PPH that occurs commonly in patients with type 2 
diabetes [41,42]. Their rapid onset and short duration 

of action leads to more "physiological" release of insulin 

and partially restores the pattern of postprandial insulin 

secretion that is defective in type 2 diabetes mellitus. This 

potentially allows tighter glycemic control while reducing 
the risk of hypoglycemia. As prandial glucose regulators 
they allow flexible dosing such that a tablet need only be 
taken before a patient has a meal. Repaglinide in particu- 
lar has been shown to reduce HbAt, and is well-tolerated 
by patients both as monotherapy and in combination with 
other agents. It appears to have some advantages from 
head-to-head studies with sulfonylureas. Nateglinide ap- 
pears to produce a faster early-phase insulin response that 
gives it the potential to produce less hypoglycemia, but 

randomized controlled trials in comparison with sulfony- 
lureas are lacking. Both agents are more expensive than 
sulfonylureas. Formal data regarding cost-effectiveness 
are not currently available. However, their flexible admin- 
istration may be of benefit in certain subgroups such as 
shift-workers and those with flexible lifestyles. Efficacy 
in early diabetes and impaired glucose tolerance is cur- 
rently being investigated. The ability to flexibly dose with 
these agents makes them useful in patients with flexible 
lifestyles. Macrovascular and microvascular outcome data 
for the meglitinides are awaited. 
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21 had end-stage renal failure treated with CAPD. This is the largest study 
of young people with diabetes undertaken in New Zealand. The results 
confirm the difficulty of achieving good glycaemic control in children and 
young adults. Microvascular complications are common, particularly in 
those of long duration. 

(0.5-5.6). South Asians were younger across all groups and had fewer 
events. Odds ratios showed increased but non-significant outcomes with 
KOM. Lead and length time biases affect the findings of our study, which 
does not clearly show that screening leads to better outcomes in the first 
decade. 

A94 
A 10 year outcomes following screening for type 2 
diabetes and impaired glucose tolerance in White 
Europeans and South Asians in Leicestershire 
S CHATTERJEE', NT RAYMONDt, H BLACKLEDGE, K KHUNTI' and MJ DAVIES* 
'Diabetes Research Unit; Leicester Royal Infirmary, University Hospitals 
of Leicester NHS Trust, Leicester Ufr Wdrwick Medical School, 
University of Warwick Coventry, UK 'Department of Public Health, 
University Hospitals of Leicester NHS Trust Leices4er UK 'Department 

of General Practice, University of Leicester Medical School, Leicester, 
UK 

UKPDS confirmed that delayed diagnosis of T2DM results in development 
and progression of undetected complications. A national screening 
programme has not yet been recommended. In 1993-4,9896 subjects 
(63% South Asian) in Leicestershire were screened for diabetes and IGT 
using self-testing for post-prandial glycosuria and 75g OGT 

. 
Ten-year 

all-cause mortality and complications outcome data in those with known 
diabetes (KDM), screened diabetes (SDM), IGT or normal were analysed. 
All-cause mortality in the KOM group was 17.6°it vs 15.3% in SDM, 4% 
screened IGT and 7.6% screened normal- Acute MI occurred in 12% 
KDM, 3.3% SDM, 4% IGT and 7.6% normal; CABG in 12% KDM, 3.3% 
SDM, 4% 1GT and 1.9% normal; renal failure in 8.1% KOM. 4.9°1, SDM, Oslo 
IGT and 2.9% normal. Amputation only occurred with known diabetes 
(0.3%). Odds ratios (95% CI) in KDMISDM for all-cause mortality were 1.2 
(0.6-2.5). MI 2.7 (0.8-8.8), CABG 1.9 (0.4-8.1), and renal failure 1.7 

A95 
Maternal and ethnic differences in GDM pregnancies 
used to predictor future diabetes development 
MD OLDFIELD, P DONLEY, L WALWYN and R GREGORY 
Leicester Genera! Hospital, Leicester, UK 

Background: Gestational diabetes (GDM) identifies women at increased 

risk of future diabetes (DM). The influence of ethnicity was examined in 
the multiethnic Leicestershire population. 
Methods: 310 women with previous GDM (62% Indian. 38% Caucasian) 

who delivered at the Leicester General Hospital between 1980 and 2002 
were invited to attend for reassessment of their glucose tolerance. 
Results: Data was available for 40% of the cohort. After a follow-up of 
67 ± 52.3 months, 64 had developed diabetes (59 diagnosed prior to 
follow-up and 5 who attended screening); an overall prevalence of 20.6% 
(original cohort). DM was more frequent and occurred earlier in Indian 

women (47 vs 83 months, P< 0.01). In both groups increasing age, weight 
and measures of adverse pregnancy hyperglycaemia including the need for 
insulin treatment were associated with diabetes. Fasting glucose, HbA1c 
and insulin-treatment predicted diabetes development most strongly in 
Caucasian women (OR 6.9,14.1,23.4, P<0.01), whereas family history, 
HbA1c and insulin treatment were more predictive in women from the 
Indian subcontinent (OR 9.0,5.9,2.7, P<0.01). 
Conclusion: Previous GDM is a significant risk factor for future diabetes. 
In particular women of Indian origin requiring insulin during pregnancy 
appear to be at the greatest risk and should be screened yearly. 

Clinical care orals: Management of Type 2 
diabetes 
A96 
The effect of Atorvastatin therapy on C-reactive 
protein in patients with Type 2 Diabetes Mellitus and 
no prior history of cardiovascular disease, in the 
Collaborative Atorvastatin Diabetes Study (CARDS) 
SS SOEDAMAH-MUTHU*, HM COLHOUN*, D1 BETTERIDGE', PN DURRINGTON', 
GA HITMANS, HAW NEIN, Si LIVINGSTONE* and 1H FULLER* 

.; t Department of Epidemiology and Public-Health, University College 
London, London, UK ̀ University College London and Middlesex School of 
Medicine, London, Ur, 'University of Manchester, Department of 

; Medicine, Manchester Royal Infirmary, Manchester, UX Barts and the 
London Qrieen Mary's School of Medicine and Dentistry, University of 
London, London, UK 'University of Oxford, Oxford, UK 

Alm: To examine the effect of atorvastatin on CRP in type 2 diabetic 
patients with no history of cardiovascular disease. 
Methods: Baseline and two-year follow-up concentrations of CRP were 
measured in 650 patients with type 2 diabetes, randomized to placebo (n 

313) or atorvastatin 10 mg In = 337). These patients were a random sub- 
ample from the Collaborative AtoRvastatin Diabetes Study (CARDS). 

, Results: The two treatment groups were well balanced for age (61 years), 
lea, and cardiovascular risk factors. In both groups CRP rose during the 
follow-up as to be expected from the rise in BMI through time. In the 
DIlcebo group CRP rose during the follow-up by 0.63 mg/L (interquartile 

range (IQR): -0.02,2.40] for median within-person-change. In the ator- 
vastatin group this rise through time was significantly less (0.25, IQR: 

-0.56,1.18, median within-person-change. P<0.0001). The increase in CRP 

was reduced by 34% in the atorvastatin compared to placebo group 
(95%Cl: 19-46°/a), P<0.0001) and was independent of age, sex, centre, 
diabetes duration, current smoking, race, change in BMI, HbAlc, LDL- 

cholesterol, and concomitant medication. 
Conclusions: Atorvastatin slows down the increase in CRP in type 2 dia- 
betic patients compared to placebo, independently of the change in 
LDL-cholesterol, BMI, HbA1c and concomitant medication, indicating anti- 
inflammatory effects. On behalf of the CARDS investigators. 

A97 
Is intensive medical management in patients with type 
2 diabetes and nephropathy cost effective? 
N JOSS`, C BROWN`, C FERGUSON% K PATERSON', A WALKER' and 
M BOULTON-JONES* 
'Renal Unit, 'Diabetic Unit Glasgow Royal Infirmary, Glasgow, UK, 
'Department of5tatistics, Glasgow University, Glasgow, UK 

A 2-year randomised controlled study assessed the effect of intensive 
management on the rate of decline of renal function in patients with type 
2 diabetes. The intensive group (IG n= 47) had a mean of 19 clinic visits 
over 2 years, spent a total of 496 days in hospital and progressed at a rate 

0 2005 Diabetes UK, Diabetic Medicine, 22 (Suppl. 2), 10-28 
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complication of insulin treatment which counteracts some of its 
benefits. Our study shows that this problem is not abolished by 

metformin, and that more effective treatment strategies are badly 

needed. Risk stratification will allow these to be targeted more 
effectively. 

P92 
Insulatard vs. glargine: efficacy in combination with 
insulin aspart in Type 1 diabetes mellitus (GLASS study) 
S. Chatterjee, T. Rengarajan, M. O. Akinsola, I. G. Lawrence, 
P. G. McNally and M. J. Davies 
Diabetes Research Unit, Leicester Royal Infirmary, University 
Hospitals of Leicester NHS Trust; Leicester, UK 
Our aim was to compare efficacy of once-daily Glargine with twice- 
daily Insulatard, in combination with prandial insulin Aspart, on 
HbAIC, hypoglycaemia, lipids, weight, and patient satisfaction 
(DTSQ and ADDQoL). GLASS (GLargine and ASpart Study) is a 

single centre 36-week open-label, randomized crossover study. After 

4-weeks' run-in, patients were randomized to either basal insulin 
for 16 weeks before crossing over. Inclusion criteria were males or 
females with Type I diabetes for at least 1 year, age 18-75 years, 
and HbAIC 6-11%. 55 T1DM patients were recruited and 37 have 

completed the study. 31(84%) of those completing the study have 

stated a preference for continuing Glargine. 3 patients withdrew 
after the first arm of the study on Glargine as they did not want to 

switch back to Insulatard. Mean HbA1, decreased on Glargine from 

8.6% to 8.4% (P < 0.05). With Insulatard, mean HbAjC increased 
from 8.4% to 8.7% (P < 0.05). There was a 0.5% difference 

between insulin therapies (P < 0.05). There were no significant dif- 
ferences in change in mean weight, lipid profile or hypoglycaemia 

(mild, severe or nocturnal) between insulin therapies. Patient satis- 
faction was better with Glargine than with Insulatard. 

P93 
Age and HbAIC at initiation of insulin therapy in Type 2 
diabetes 
H. Whitty, M. McKay, A. McCallum, R. S. Gray and J. D. Walker 
Medical Unit. St John's Hospital, Livingston, UK 
Good glycaemic control in patients with Type 2 diabetes (T2) 

reduces the progression of microvascular complications and is of 

particular benefit to those patients anticipating prolonged duration 

of diabetes vis. the younger patients. We retrospectively surveyed 
our clinic to ascertain whether Primary Care Physicians (PCP) and 
Diabetes Clinic Doctors (DCD) referred younger patients with T2 
for insulin therapy at a lower HbAtc level compared with older 

patients. The last 200 consecutive patients with a prior diagnosis of 
T2 commenced on insulin in our unit were studied. Median (range) 

age was 60 (32-90) years; duration of diagnosed 1'2 8 (1-20) years 
and SS% were male. Median HbAIC prior to insulin therapy was 
10.0{7.7-14.7)%. We classified patients as being young (Y)(51(32- 

60) years, n =1(4) or older (0)(67(61-90) years, n= 96). HbAIC at 
initiation of insulin therapy was not different in the Y (10.0 (8.0- 

14.3)%) or 0 (10.0 (7.7-14.7)%) groups. The correlation between 

age and HbAIC at initiation of insulin was 0.08 (NS). There were no 
differences between patients referred by PCP (n = 87) or DCD 

(n = 113). Thus, age is not influencing the decisions of clinicians to 

commence insulin therapy in T2, which appears to be based on 
HbA1 alone. We conclude that younger patients are not being 

referred for insulin therapy at an earlier stage than older patients. 

__ _. ý ý: ºýi 1 
P94 
Experience with insulin glargine in routine diabetes 
practice 
C. Lunken, J. W. Stephens, D. Gable and S. J. Hurel 
Department of Diabetes & Endocrinology, UCL Hospitals, 
London, UK 
The long acting insulin analogue glargine (Lantus), provides a more 

predictable supply of basal insulin than NPH injected once/twice a 
day. Studies have shown efficacy in reducing nocturnal hypoglycae- 

mia and high fasting glucose. There have been six multicentre trials 
in the use of insulin glargine in Type 1 and five in Type 2 diabetes 

without documented improvement in HbAIC compared with NPH. 

We audited the use of glargine in our clinic. The indications for 

prescribing and efficacy both in terms of improvement of symptoms 

and glycaemic control were examined. Of a total of 70 patients, 37 

were initiated to improve control, 11 for nocturnal hypoglycaemia, 

7 for nocturnal hypoglycaemia and fasting hyperglycaemia, 6 for 

daytime hypoglycaemia, 4 for high fasting glucose. A further 2 were 
keen to start and 3 were changed from monotard/ultratard. Overall, 

HbAIC improved by 0.7%. There was a 1.0% reduction in those with 
fasting hyperglycaemia, 0.8 % in those commenced to improve con- 

trol, 0.3 % in those with nocturnal hypoglycaemia and 0.9 % in those 

with daytime hypoglycaemia. All patients switched to glargine 
because of nocturnal hypoglycaemia reported reduced symptoms. 
Overall 18 patients reported an improvement in wellbeing. In clinical 

practice glargine improves wellbeing, nocturnal hypos and also HbAtc. 

P95 
Earning pump therapy in Type I diabetes: not NICE 
J. Everett, E. Jenkins, D. A. Cavan and D. Kerr 
BDEC Royal Bournemouth Hospital, Bournemouth, UK 
The National Institute for Clinical Excellence (NICE) have sug- 

gested that insulin pump therapy should only be considered for 

patients unable to maintain an HBAIc of less than 7.5% without 
disabling hypoglycaemia. However, prior to NICE, 27 individuals 

with Type 1 diabetes (10 men, age 38. ± 13 years, duration of dia- 

betes 21 ± 16 years) started pump therapy for the following reasons: 
Presence of progressive microvascular complications (n = 6); Brittle 

diabetes (n = 4); Difficult to heal diabetic foot ulcers (n = 3). In this 

group HBACI fell from 9.8 to 8.0% (1.7(1.1-2.2)%, P <0.0001), 

mean (95%CI), associated with a reduction in total insulin dose 

(from 59 to 38 units, P=0.001) and no increase in weight. Before 

starting pump therapy 13 had hypoglycaemia unawareness all of 

whom had a return of warning symptoms by 3 months. The other 

patients did not suffer from recurrent severe hypoglycaemia but 

may have eschewed tight glycaemic control because of fear of 
hypoglycaemia. Therefore, NICE guidelines for initiating insulin 

pump therapy may be unduly restrictive. Furthermore we do not 
believe that patients with suboptimal glycaemic control need to 

`earn' the pump by suffering recurrent, severe hypoglycaemia. 

P96 
An achievable endpoint in insulin treatment reduction of 
hypoglycaemia 
Y. P. Samarasinghe, E. Barden, N. Munro, C. Mdntosh, K. Shotliff and 
M. D. Feher 
Beta Cell Diabetes Centre, Chelsea and Westminster Hospital, 
London, UK 
Aims Assessing hypoglycaemia frequency following glargine ther- 

apy initiation. 

0 2004 Diabetes UK. Diabetic Medicine, 21(suppl. 2), 36-108 
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Aim: To characterise adiponectin levels in prepubertal children and their 
relationship to BMI, adiposity and insulin resistance (HOMA-IR). 
Methods: Participants: healthy children (111 boys, 83 girls) from the 
Early Bird Study measured at 5.6,7.8 years. Measures: adiponectin, 
HOMA-IR. BMI, adiposity (sum of 5 skin folds). 
Results (1) Mean changes 5-8 years: BMI and % body fat rose (+ 5% 
and + 18%, both P<0.001); HOMA-IR fell -4Wb (P < 0.001); adipo- 
nectin fell (boys 13.8-12.9-12.7-12.6, ug/ml), -9.196, P<0.001; girls 
(13.7-12.6-13.1-12.5µg(ml), -8.7%, P-0.006. (2) Associations: Adi- 
ponectin levels correlated strongly year-on-year (r - 0.70-0.80, 
P<0.001). Adiponectin did not correlate with BMI or adiposity at 
5,6,7 or 8 

. 
years in boys, and only correlated with adiposity in girls at 

8 years (r - -0.23, P-0.04). Adiponectin correlated with HOMA-IR, 
independently of adiposity, in boys only at 5 years and 6 years 
(r - -0.19 and r- -0.20, both P-0.04). 
Conclusions: Adiponectin ranking was maintained with increasing age, 
and levels fell with rising adiposity, despite the falling HOMA-IR. 
Relationships of adiponectin with obesity, % body fat and HOMA-IR were 
weak and inconsistent We found little evidence that circulating 
adiponectin mediates obesity-related IR in young children. 

P88 
Relationships between resting energy expenditure, 
adiponectin and changes in the body composition of 
young children - The EarlyBird Diabetes study 
J Hosking, BS Metcalf, AN Jeffery, D Gardner, LD Voss and TJ Wilkin 
Department ofEndocrinology and Metabolism, Peninsula Medical School, 
Plymouth, UK 

Background: Adiponectin is inversely related to adiposity and resting 
energy expenditure(REE) in adults, and thought to protect against 
diabetes by reducing insulin resistance. It may also protect against 
weight gain. Little is known of these associations in children. 
Aim: To investigate the relationships between REF, adiponectin and 
weight gain in young children. 
Methods: Adiponectin by EUSA. REE by indirect calorimetry and fat-free 

mass (FFM)Ifat mass (FM) by DEXA measured in 156 children at age 
6.9 t 0.3years, and repeated one year later. 
Results: (1) REE of boys at 7 years was higher than that of girls 
independent of body composition (1134 kcal/day vs. 1096 kcal/day, 
P-0.04) (2) Adiponectin and FM were higher in girls than in boys 
(12.9 pg/ml vs. 11.6 pg/ml, P=0.02 and 5.2 kg vs. 3.8 kg, Pa0.003) at 
7 years. There were no correlations between adiponectin and REE 
independent of body composition (boys: r- -0.06, P-0.54. girls: 
r= -0.05. P=0.64). (3) There were no correlations between REE at 
7 years and subsequent FFM (boys: r= -0.10, P-0.39. girls: ra -0.01, 
P=0.92) or FM gain (boys: r-0.18, P-0.12. girls: r-0.02, P-0.85) 
independent of initial FFM, FM or adiponectin. 
Conclusion: Unlike in adults, REE and adiponectin were unrelated in 
7 year-old children, and neither was associated with subsequent weight 
gain. 
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Adipocytokines are associated with development of 
metabolic syndrome in subjects screened for Type 2 
diabetes 
S Chatterjee', K Khunti+, NF Da Silva+, S Kumar+, PG McTernan+, 
N Taub* and MJ Davies' 
'Diabetes Research Unit University Hospitals of Leicester Leicester, UK 
*Department of Health Sciences. University of Leicester, Leicester, UK 
tUnit for Diabetes and Metabolism, University of Warwick Medical 
School, Coventry, UK 

Adipose tissue secretes adiponectin, leptin, resistin and TNFa, which are 
associated with impaired glucose tolerance and Type 2 diabetes. 
Abnormal glucose tolerance is one of the criteria for metabolic syndrome 
(MS). We measured these adipocytokines in a cohort of 231 White 

Europeans (WE) and South Asians (SA) from a diabetes screening 
programme and determined their association with MS. Using WHO, NCEP 

and IDF criteria respectively, MS prevalence in WE (n - 118,32%Type 2 
diabetes. 39% IGT, mean age 59.5 years, mean BMI 27.8 kgfm2), was 
58%. 38% and 57%, whereas in 54, (n = 113,27% Type 2 diabetes, 43% 
IGT, mean age 52.7years, mean BMI 26.8 kglm2), it was 44% (P - 0.03), 
31% (NS) and 54% (NS) respectively. Leptin correlated with MS using all 
three definitions in WE females (r - 0.30-0.50, P<0.05) and in WE 

males using IDF criteria (r - 0.33, P-0.004). In WE males, using IDF and 
NCEP, adiponectin negatively correlated with MS (r - -0.44 and -0.35, 
P-0.03 and 0.002). In SA males, resistin correlated with MS using NCEP 
(r - 0.42, P-0.017). We conclude that adipocytokines are associated 
with Metabolic Syndrome and may be useful in screening for this 

condition in a multiethnic population. 

© 2006 Diabetes UK Diabetic Medicine, 23 (Suppl. 2), 31-138 
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P261 
Relationship of obesity to prevalence of the metabolic 
syndrome in a multi-ethnic population using NCEP-III 
and IDF definitions 
K Khunti", M Davies'. J Bowden'. J Tringhamt, J Jarvist. TC Skinner"' and 
AM Faroogi' 
'University of Leicester, Leicester, UK, 'University Hospitals of Leicester, 
leicesty, UK *University of Southampton, Southampton, UK 

Aim: To estimate the prevalence of the metabolic syndrome (MS) in 
south Asian (SA) and white European (WE) populations using NCEP-III 
and IDF criteria and the association of MS risk factors with obesity. 
Methods: We screened 3028 (28% SA) people aged 40-75 years using a 
75 g DGTf in a mixed ethnic population with one conventional risk factor 
for diabetes. 
Results: Prevalence of MS using NCEP and IDF definitions were 30.2% 
(28.7 in SA, 30.2% in WE). and 34.8% (33.8%. 34.4%) respectively. The 
mean number of risk factors increased with increasing waist circumfer- 
ence (WC) and BMI in both ethnic groups (P < 0.001 for lowest versus 
highest quintile of WC and BMI). For people with a WC of < 75 cm and 
> 120 cm (and BMI < 20 kg/m2 and > 35 kg/m2), WE females had the 
highest number of risk factors (0.79 and 1.9 for WC. 0.86 and 1.93 for 
BMI) and SA men had the lowest mean number of risk factors (0.3 and 
1.25 for WC and 0.24 and 1.02 for BMI). 
Conclusion: The prevalence of MS is high in both SA and WE 
populations. WC should be routinely measured in primary care and 
those with NO WC or BMI should be screened for MS. 

P262 
Bioimpedance, a simple and cheap measure of body fat 
composition, is a reliable measure for use in patients 
with diabetes in a multi-ethnic population 
S Chatterjee', MJ Davies', F AI-Aaawit, N Taub', JR Tringham', 
A Faroogis and K Khuntit 
'Viabetes Research Unit University Hospitals of Leicester, Leicester, UK 
tMenopouse Research Unit University Hospitals of Leicester, Leicester, 
UK 'Department of Health Sciences; University of Leicester, Uli sfast 
Leicester Medical Practice, Leicester, UK 

Obesity predisposes to Type 2 diabetes but BMI underestimates ethnic 
differences. Bioelectrical impedance analysis (BIA) and skinfold thickness 
are simple methods of measuring body fA We validated them against 
the gold standard of DEXA in White Europeans (WE) and South Asians 
(SA) with screen-detected T2DM. 20 WE (50% male, mean age. 

68.5 years, BMI 27.8 kg/m2) and 17 SA (41% male, mean age 55.9 years. 
BMI 26.6 kg/m2) with T2DM were recruited from a population-based 
screening programme. Using DEXA, BIA and skinfold thickness respect- 
ively, in WE, body fat composition was 37.0 # 1.596 (mean t SEM), 
34.9 ± 1.696, and 36.3 ± 1.0%; and in SA. 40.1 ± 2.04b, 34.0 ± 2.9%, 
and 37.4 ± 1.1%. Using Student's T test, there were no differences 
between ethnic groups for all three methods. In WE, both skinfolds and 
BIA correlated with DEXA (r a 0.71 and 0.84, P>0.001). In SA, only BIA 
correlated with DEXA (r= 0.71, P- 0.048). In both ethnic groups 909b 
limits of agreement between DIXA and skinfolds were -7.996 to 9.546, 
and for DEXA and BIA -4.996 to 10.39b. DEXA showed differences 
between lean abdominal mass in WE and SA males (25.6 kg vs. 20.4 kg, 
P-0.01) and females (20.1 kg vs. 16.5 kg, P-0.07). We conclude that 
BIA is more useful than skinfold thickness for body fat estimation in 
different ethnicities. 

P263 
Marked improvements in insulin resistance after modest 
weight loss following bariatric surgery in morbidly obese 
subjects 
RA Gandhi*, D Selvarajah 

.C 
Emery', R Ackroydt and S Tesfaye 

Diabetes Research Unit Royal Hollamshire Hospital, Sheffield, UK 
tOeportment of Surgery, Royal Hallornshire Hospital, Sheffield, UK 

Bariatric surgery is proven to result in sustained weight loss and is 
increasingly used in the management of morbid obesity. The exact 
mechanism by which it improves glucose metabolism and insulin 
resistance, however, remains controversial. 9 subjects (8 females) were 
reviewed before and 1-month after bariatric surgery. Insulin resistance 
was measured using the HOMA2 model and body fat was estimated by 
bioelectrical impedance. Total weight (mean ± SD) fell from 
128.3 ± 19 kg to 115.8 t 17.1 kg (P < 0.001) leading to an improve- 
ment in BMI from 46.5 t 6.5 to 42.0 ± 5.8 (P < 0.001). Total body fat 
fell from 69.4 t 14.7 kg to 56.9 ± 12.4 kg (P < 0.001). There was an 
improvement in the HOMA2 IR from 3.3 ± 0.9 to 2.0 ± 1.0 (P < 0.005) 
with the majority of this improvement due to a rise in HOMA2 %S from 
33 ± 12.5% to 68 ± 44.5%(P < 0.02). This study clearly shows a rapid 
and significant improvement in insulin resistance in subjects following 
relatively modest weight loss and in whom BMI remains significantly 
elevated, suggesting that simple calorie restriction and weight loss is not 
the full explanation. The role that surgery plays in complex changes 
within the entero-insular axis and the release of various adipocytokines 
and whether there are differences between different surgical procedures 
or subject groups is currently under investigation. 

Clinical care posters - Pregnancy 
P264 
Can CSII facilitate successful breastfeeding in women 
with Type 1 diabetes? 
J Abayomi', G Morrison+, T Purewalt, K Mcfadden' and L Wood' 
'Liverpool Women's Hospital, Liverpool, U!, *Royal Liverpool University 
Hospital, Liverpool, UK 

Introduction: Uptake of breastfeeding (BF) by Type 1 women is low 
despite health benefits for mother and child. Delays in milk production, 
'let-down' and hypoglycaemia make BF and glycaemic control difficult to 
manage. Continuous subcutaneous insulin infusion (CSII) improves 

glycaemic control and stability, and may facilitate successful BF. 
However, NICE recommends discontinuing CSII post-delivery. 
Method: Six women with Type 1 diabetes. 5 primigravidas, average age 
29.5 (range 26-32) years, diabetes duration 14.5 (7-26) years, CSII 
duration 12.6 (5-32) months, with a mean HbA1 c and BMI at booking of 
7.4%(6.9-8.0)9b and 25.3 (22.5-34.0) respectively, utilised CSII whilst BF. 
Strategies included, reducing the basal rate, testing blood and correcting 
low sugars pre-feed and introducing snacks with reduced insulin 
carbohydrate-ratio (1 unit: 20 g). 
Results: All women breast-fed, mean duration 17 (6-35) weeks. Mean 
HbA1c and BMI 3 months post delivery were 7.5 (6.9-8.0)96 and 26.2 

© 2006 Diabetes UK, Diabetic Medicine, 23 (Suppl. 2), 31-138 
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Age Adjusted Ethnic Differences in the Metabolic Syndrome and its Components 686 

N Waist 
Cir 

High 
TG 

Low 
HDL 

Diabetes Hyper- 
tension 

Metabolic 
Syn 

Men Turkey 228 61 37 42 9 31 30 
Sri Lanka 603 45 35 46 14 35 26 
Iran 358 50 28 38 4 25 22 
Pakistan 244 60 34 46 15 39 35 
Vietnam 244 14 32 18 8 24 10 

Women Turkey 196 58 24 44 10 19 22 
Sri Lanka 398 47 27 66 14 22 25 
Iran 238 29 20 41 3 14 11 
Pakistan 196 65 30 60 20 22 35 

Vietnam 291 5 16 34 5 17 6 

Cut offs >90 >2.7 <1.0 sellf >=135/ 
crMM mmolhi mmolM reported 85mmhg 
>85 >2.2 <13 &Glucose&medi- 
cmW mmo1W mmolW >7.8Sf cation 

>7.6W 

Support: Norwegian Research Council 

685 
Comparison of biological variation of insulin resistance markers 
B. I. Shand', P. A. Elder', R. S. Scott', J. A. Willis, J. G. Lewis2, 
C. M. Frampton'; 
'Lipid and Diabetes Research Group, Christchurch Hospital 2 Steroid 
and Immunobiology Laboratory, Christchurch Hospital, 'Department 
of Medicine, Christchurch Hospital, Christchurch, New Zealand. 

Background and Aims: Insulin resistance is a marker of incipient type 2 
diabetes and is used routinely to identify individuals who are at increased 
risk of developing this disorder. It is important that biochemical markers 
used in clinical practice are relatively stable, reproducible and easily meas- 
ured. We carried out a study to compare the biological variation of several 
established surrogate markers of insulin resistance in subjects with the 
metabolic syndrome and in healthy controls. 
Material and Methods: Fasting blood samples were collected at baseline 
and 10,20,30 days later from 10 subjects with the metabolic syndrome (5 
males, 5 females, mean age 39.3±11.6 yr) and 10 age- and sex-matched 
healthy controls (mean age 38.0 ± 11.0 yr). The samples were used to deter- 
mine plasma glucose, insulin, adiponectin and sex hormone binding globu- 
lin (SHBG) concentrations. The homeostasis assessment model [HOMA] % 
sensitivity index was then calculated using the HOMA/CIGMA computer 
model. A nested ANOVA was used to compare the data in the two groups 
and also to determine the percentage biological variation of all the indices 
over the 30 day study period. The results of these analyses are summarised 
below. 

Abnormalities of adiponectin and leptin in white European and South 
Asian subjects screened for impaired glucose tolerance and type 2 
diabetes 
S. Chatterjee', N. Fernandes Da Silva2, P. McTernan2, K. Khunti', S. Kumar2, 
M. J. Davies'; 
'Diabetes Research Unit, University Hospitals of Leicester, 2Unit for 
Diabetes and Metabolism, University of Warwick Medical School, 
'Division of General Practice, University of Leicester, United Kingdom. 

Background and Aims: Accumulating evidence suggests that inflammation 
is the link between obesity, type 2 diabetes and cardiovascular disease. 
Inflammatory markers that have been implicated are CRP, TNF e and IL-6. 
In addition, adipose tissue produces a number of adipocytokines such as 
adiponectin, leptin and resistin, which have been correlated with risk of 
developing abnormal glucose tolerance and cardiovascular disease. The 
South Asian (SA) population is known to have 2-4 fold increase in CVD 
compared with White Europeans (WE) although the exact mechanisms for 
this remain unclear. We studied the levels of these circulating risk markers 
in a cohort of WE and SA subjects diagnosed with IGT or T2DM through 
screening and compared them with age and sex matched controls. We 
sought to determine the level of risk as determined by concentration of 
these markers in each ethnic group across the glucose intolerance spec- 
trum. 
Materials and Methods: 217 subjects (110 WE, 107 SA) were recruited fol- 
lowing OGTT screening for diabetes in Leicestershire, UK, through the 
STAR study (LREC approved). 61 subjects had diabetes of which 34 were 
WE (53% male), age 62±10y (mean±SD), BMI 31.7±4.8 kg/m=, and 27 
were SA (52% male), age 53 ±l ly, BMI 29.2 ± 5.5 kg/m2.92 subjects had IGT 
with 46 WE (46% male), age 60 ± 10y, BMI 29.7± 5.8 kg/m=, and 46 SA (46% 
males), age 54 ± 10.6y, BMI 27.6 ± 4.3 kg/m=. 64 were age and sex matched 
controls with 30 WE (53%), age 57±Ily, BMI 22.7± 1.5 kg/m2, and 34 SA 
(47%), age 53 ±l ly, BMI 24.3 ± 2.9 kg/m=. The samples were analysed using 
ELISA hsCRP assay and bioplex assays for determining adiponectin, leptin, 
resistin and TNFot. 
Results: In both ethnic groups several inflammatory markers were altered 
in the IGT and diabetic states compared with controls. Leptin levels in both 
control groups were significantly different from each other (leptin: 
(Mean±SEM) WE: 4.01± 1.14 ng/mL vs SA: 28.41 t 7.99 ng/mL, p<0.001). 
Leptin was also observed to increase progressively with IGT and T2DM in 
both SA and WE (p>0.05 and p<0.05 respectively), with a similar pattern 
noted with TNFct. Adiponectin significantly decreased in both ethnic 
groups with IGT and T2DM (p<0.05 for both ethnic groups). There was no 
significant increase in resistin, hsCRP, and TNFa levels with glucose intol- 
erance in either ethnic group. 
Conclusion: Our study suggests that altered levels of adipocytokines are 
seen in SA prior to development of glucose intolerant states, whereas in 
WE, these markers change significantly only on developing IGT and T2DM. 
We hypothesise that adipocytokine levels such as leptin and adiponectin 
may represent important key metabolic markers to determine early patho- 
genic risk for T2DM related complications such as CVD in different ethnic 
groups. 

Results: 

Metabolic Syndrome 
Mean(SD) %Variation 

Controls 
Mean(SD) %Variation 

Glucose (mmolll) 5.4 (0.4) * 4.9% 5.1 (0.4) 4.3% 
Insulin (pmol/1) 145 (116)* 24.6% 35(18) 27.2% 
HOMA (%S) 46 (24)* 27.0% 174 (122) 44.7% 
Adiponectin (µglml) 3.7 (1.3)* 12.2% 6.3 (3.4) 18.8% 
SHBG (nmol/1) 27.2 (13.3)* 10.1% 50.9 (32.0) 18.1% 

*p <0.01 for difference between metabolic syndrome and control groups. 

Conclusion: The nested ANOVA showed there were significant differences 
in all the indices between the two groups. This analysis also demonstrated 
relatively large variations over time in plasma insulin, adiponectin and 
SHBG levels and HOMA % sensitivity index. The biological variation in 
these indices was lower in the metabolic syndrome group than in the con- 
trol group. In both groups, the percentage variation over time in plasma 
adiponectin and SHBG levels was considerably lower than that measured 
for insulin and HOMA (%S). These results demonstrate that plasma 
adiponectin and SHBG have less biological variation than other markers of 
insulin resistance and therefore may be more reliable for serial assessment 
of insulin function in normoglycaemic individuals. 
This study was funded by the 2005 NovoNordisk New Zealand Diabetes 
Research Scheme. 
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insulin (n=32). Patients were initially titrated to target fasting blood 
glucose (FBG) levels 24.5 mmol/L and : 57.2mmol/L (>_80mg/dL and 
: 5130 mg/dL) in the morning at 06: 00-07: 00 hours. Patients had no intake of 
any insulin or food between 22: 00 hours and 12: 00 hours the next day and 
blood glucose was determined at 01: 00,03: 00 and 05: 00 hours. If FBG levels 
were in the target range, blood glucose, non-esterified fatty acids (NEFA) 
and ß-hydroxybutyrate (ß-OHB) were determined hourly until 12: 00 
hours. 
Results: At baseline, mean age (42.6 years), mean duration of diabetes (14.7 
years), mean body mass index (25.6kg/m2) and mean levels of NEFA 
(0.5mM), [i-OHB (0.2mb1), HbA, (7.5%) and FBG (8. Ommol/L 
[144.1 mg/dL]) were similar between the two treatment groups. At 22: 00 
hours, blood glucose levels were higher with insulin glargine versus NPH 
insulin (8.8 vs 7.2mmol/L [158.2 vs 130.2mg/dL]); however, from 22: 00 to 
12: 00 hours the next day (the period of no insulin or food intake), blood 
glucose levels decreased with insulin glargine (-1.43 mmol/L [-25.8 mg/dL]) 
and increased with NPH insulin (+0.5 mmol/L [+9.1 mg/dL]; p=0.0284). At 
22: 00 hours, NEFA levels were similar in both treatment groups, but were 
significantly lower with insulin glargine than NPH insulin from 07: 00 to 
12: 00 hours. The ß-OHB levels were also similar at 22: 00 hours in both 
groups, but were significantly lower with insulin glargine versus NPH 
insulin from 07: 00 hours (0.19 vs 0.37mM) to 12: 00 hours (0.37 vs 
0.72 mbi); in addition, the ji-OHB levels with NPH insulin were above the 
normal range (0.03-0.30 mM). 
Conclusion: In summary, insulin glargine provides significantly better con- 
trol of blood glucose and lipometabolism compared with NPH insulin in 
patients with type 1 diabetes on intensified conventional insulin therapy 
who miss breakfast and their insulin injection in the morning. Insulin 
glargine may thus permit flexibility in the insulin regimen. 
This study was supported by sanofi-aventis. 

905 
Introduction of insulin glargine to basal-bolus therapy improves 
metabolic control in patients with type 1 diabetes in everyday clinical 
practice 
B. Donaubauer', K. Schneider', M. A. Schweitzer'; 
'Dr Donaubauer Practice, Oschatz, 2Aventis Pharma Deutschland GmbH - 
A company of sanofi-aventis group, Bad Soden, Germany, 

Background and Aims: This study examined the effect of insulin glargine 
in basal-bolus therapy in type 1 diabetes patients with inadequate meta- 
bolic control in everyday practice. 
Materials and Methods: In this 6-week, uncontrolled, observational study, 
1942 patients with type 1 diabetes poorly controlled on their previous 
basal-bolus therapy (basal: 95.5% NPH insulin; 4.3% lente; 0.2% other; 
bolus: 43.5% human insulin; 29.7% insulin lispro; 23.3% insulin aspart; 
3.5% other insulins) received insulin glargine (median time of application 
20: 00 hours) in combination with rapid-acting or regular human insulin. 
Dosing decisions were made at the physicians' discretion. The mean±stan- 
dard deviation (SD) target fasting blood glucose (FBG) and HbAjc levels set 
by the physicians were 6.3 ± 1.3 mmol/L and 6.6 ± 0.6%, respectively, after 6 
weeks' treatment. Data relating to changes in HbA,,, FBG, postprandial 
blood glucose (BG) and insulin dose are presented here. 
Results: At baseline, mean±SD age was 42.5± 14.8 years, the mean±SD 
duration of previous basal-bolus treatment was 2.5±3.4 years, mean±SD 
HbA, was 8.0±1.3%, mean±SD FBG was 9.1 ± 2.5 mmol/L and mean±SD 
body mass index was 25.1 ± 4.0 kg/m2. Patients achieved target FBG levels 6 
weeks after the change in basal insulin (Table). At baseline, the mean±SD 
bolus insulin dose was 32.6± 17.6 IU (5.9±4.4 IU/bread exchange unit); 
after 6 weeks, the mean±SD bolus insulin dose was 24.5 ± 14.6 IU (5.8 ± 4.1 
IU/bread exchange unit). A total of 40 adverse drug reactions were reported 
in 17 patients, 20 of which were hypoglycaemic events. 

FBG HbA, 2-hourpostprandial Insulinglargine 
(mmol/L) (%) BG (mmoIJL) dose (IU) 

906 
Glargine vs insulatard: efficacy in comparison with insulin aspart 
in a basal bolus regimen in type 1 diabetes - the Glargine and Aspart 
Study (GLASS) 
M. J. Davies, S. Chatterjee, T. Rengarajan, I. G. Lawrence, P. G. McNally; 
Diabetes Research Unit, University Hospitals of Leicester, United King- 
dom. 

Background and Aims: Recent trials show that the long-acting insulin ana- 
logue Glargine is as effective at improving glycaemic control as traditional 
basal insulins such as NPH, whilst resulting in less nocturnal hypogly- 
caemia. Previous studies used either regular soluble insulin or lispro as the 
meal-time insulin. We assessed the efficacy of insulin Glargine compared 
with NPH insulin when combined with the insulin analogue aspart in a 
36 week cross-over trial. 
Materials and Methods: GLASS is a randomised single centre open-label 
two-period crossover study comparing the effects on HbA, c of the basal 
insulins Glargine and Insulatard combined with pre-prandial insulin 
Aspart. Inclusion criteria were T1DM subjects aged 18-75y with baseline 
HbA, c 6-11% on insulin for at least 6 months. After four-week run-in, sub- 
jects were randomized to sixteen weeks' treatment with once-daily insulin 
Glargine or twice daily Insulatard, before crossing over to the other basal 
insulin for sixteen weeks. Insulin Aspart was continued as mealtime insulin 
for all patients throughout the study. Standardized local algorithm was 
used for both basal insulin groups and all underwent identical titration and 
visit schedules. The primary outcome measure was HbA1c and secondary 
endpoints were fasting plasma glucose, weight change, incidence of hypo- 
glycaemia and effects on lipid profile. 
Results: 60 almost all White European patients (33 male, mean age±SD 
42.7±12.5y, diabetes duration 17.9±12y) with T1DM were recruited. 53 
completed the study. Baseline HbA1c was 8.53%. After 16 weeks' treatment 
with Glargine HbA1c was 8.05% and with Insulatard was 8.26% (mean dif- 
ference 0.19%, 95% CI -0.36, -0.01). There was a significant difference 
between treatments (p=0.04). There was a highly significant difference 
between the insulins for change in fasting plasma glucose (p=0.002), with 
mean fasting glucose level 7.8 mmol/L after Glargine and 11.4 mmol/L after 
Insulatard. Mean (±SEM) basal insulin dose was 37 ±2 IU/day of Glargine 
and 40±3 IU/L/day of Insulatard (p=NS). After 16 weeks, Glargine dose 
was 41 ±4 IU/L and Insulatard dose 36.7 ±3 IU/L (p=0.1). There were no 
differences in minor hypoglycaemia (p=0.63), weight (p=0.45) or choles- 
terol (p=0.18) between groups. There was only one major hypoglycaemic 
event in each arm. Patient satisfaction was greater with Glargine and three 
patients dropped out of the study, as they did not wish to go back to Insu- 
latard. 

Variable Glargine Insulatard Difference 95% p-value 
(Glargine- Confidence 
Insulatard) Interval 

HbA, c (%) 8.07 8.26 -0.19 (-0.36, 0.04 
-0.01) 

Fastingglucose 8.42 11.42 -3.00 (-4.80, <. 01 
(mmol/L) -1.20) 

Incidence 80.7%l 77.2%2 1.21* (0.56, 0.63 
of hypos (%) 2.64)* 

Weight 81.68 81.92 -0.24 (-0.87, 0.45 
(kg) 0.39) 

Cholesterol 4.74 4.84 -0.10 (-0.25, 0.18 
(mmol/L) 0.05) 

Triglyceride 0.82 0.80 1.02* (0.93, 0.63 
(mmol/L) 1.12)* 
(Geometric 
means) 

*Ratio 
12 subjects with no data, percentage calculated using total in group (57) 
13 subjects with no data, percentage calculated using total in group (57) 

Baseline 9.1 ± 2.5 8.0 ± 1.3 9.4±2.6 20.9 ± 9.5' 
6 weeks 6.6 ± 1.6 7.2 ± 0.9 7.4 ± 1.6 23.4 ± 10.1 

*Mean starting dose of insulin glargine 

Conclusion: These results from everyday practice are consistent with data 
obtained in clinical trials and suggest that replacing the basal insulin in 
basal-bolus therapy with insulin glargine may contribute to achieving tar- 
get glycaemic control in patients with type 1 diabetes. 
This study was supported bysanofi-aventis. 

Conclusions: Our study shows a small but significant improvement in gly- 
caemic control with insulin Glargine without adverse effects on hypogly- 
caemia rate, weight, lipids or patient satisfaction. We would suggest that 
Glargine combined with insulin aspart is a satisfactory basal bolus regimen 
in subjects with type 1 diabetes. 



ADDQoL 

This questionnaire asks about your quality of life and the effects of your diabetes on your quality of 
life. Your quality of life is how good or bad you feel your life to be. 

Please shade the circle which best indicates your response on each scale. 

There are no right or wrong answers; we just want to know how you feel about your life now. 

I) In general, my present quality of life is: 

0000000 

excellent very good good neither bad very bad extremely 
good nor bad 

bad 

For the next statement please consider the effects of your diabetes, its management and any 
complications you may have. 

II) If I did not have diabetes, my quality of life would be: 

0000000 

very much much a little the same a little much very much 
better better better worse worse worse 

Please respond to the 18 more specific statements on the pages that follow. 

For each statement, please consider the effects of your diabetes, its management and any 
complications you may have on the aspect of life described by the statement. 

ý In each of the following boxes: 

a) shade a circle to show how diabetes affects this aspect of your life; 

I b) shade a circle to show how important this aspect of your life is to your quality of life. 

Some statements have a "not applicable" option. Please shade this "not applicable" circle if that 
aspect of life does not apply to you. 



Ia) If I did not have diabetes, my working life and work-related opportunities 
would be: 

0000000 
very much much a little the same a little much very much 0 

better better better worse worse worse 
not 

Ib) This aspect of my life is: applicable 
0000 

very important somewhat not at all 
important important important 

2a) If I did not have diabetes, my family life would be: 

0000000 

very much much a little the same a little much very much 0 
better better better worse worse worse 

not 
2b) This aspect of my life is: applicable 

0000 

very important somewhat not at all 
important important important 

2a) If I did not have diabetes, my family life would be: 

0000000 

very much much a little the same a little much very much 0 
better better better worse worse worse 

not 
2b) This aspect of my life is: applicable 

0000 
very important somewhat not at all 

important important important 

4a) If I did not have diabetes, my sex life would be: 

0000000 

very much much a little the same a little much very much 0 
better better better worse worse worse 

not 4b) This aspect of my life is: Y applicable 
0000 

very important somewhat not at all 
important important important 



5a) If I did not have diabetes, my physical appearance would be: 

0000000 

very much much a little the same a little much very much 
better better better worse worse worse 

5b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

6a) If I did not have diabetes, the things I could do physically would be: 

0000000 

very much much a little the same a little much very much 
increased increased increased decreased decreased decreased 

6b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

7a) If I did not have diabetes, my holidays or leisure activities would be: 

00 OOOOO 

very much much a little the same a little much very much 
better better better worse worse worse 

7b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

8a) If I did not have diabetes, ease of travelling (local or long distance) would be: 

00000 00 

very much much a little the same a little much very much 
better better better worse worse worse 

8b) This aspect of my life is: 

000 0 

very important somewhat not at all 
important important important 



ga) If I did not have diabetes, my confidence in my ability to do things would be: 

0000000 

very much much a little the same a little much very much 
increased increased increased decreased decreased decreased 

9b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

ý10a) If I did not have diabetes, my motivation to achieve things would be: 

000 
very much much a little 
increased increased increased 

10b) This aspect of my life is: 

0000 
the same a little much very much 

decreased decreased decreased 

000 
very important somewhat 

important important 

0 

not at all 
important 

I la) If I did not have diabetes, the way society at large reacts to me would be: 

0000000 
very much much a little the same a little much very much 

better better better worse worse worse 
l1 b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

12a) If I did not have diabetes, my worries about the future would be: 

0000000 
very much much a little the same a little much very much 
decreased decreased decreased increased increased increased 

12b) This aspect of my life is: 

0000 
very important somewhat not at all 

important important important 



13a) If I did not have diabetes, my finances would be: 

0000000 

very much much a little the same a little much very much 
better better better worse worse worse 

13b) This aspect of my life is: 

0O00 

very important somewhat not at all 
important important important 

14a) If I did not have diabetes, my need to depend on others for things I would like 
to do for myself would be: 

0000000 

very much much a little the same a little much very much 
decreased decreased decreased increased increased increased 

14b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

15a) If I did not have diabetes, my living conditions would be: 

0000000 

very much much a little the same a little much very much 
better better better worse worse worse 

15b) This aspect of my life is: 

0000 
very important somewhat not at all 

important important important 

16a) If I did not have diabetes, my freedom to eat as I wish would be: 

0000000 
very much much a little the same a little much very much 
increased increased increased decreased decreased decreased 

16b) This aspect of my life is: 

0000 
very important somewhat not at all 

important important important 



17a) If I did not have diabetes, my enjoyment of food would be: 

0000000 

very much much a little the same a little much very much 
increased increased increased decreased decreased decreased 

17b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

18a) If I did not have diabetes, my freedom to drink as I wish (e. g. sweetened hot 
and cold drinks, fruit juice, alcohol) would be: 

0000000 

very much much a little the same a little much very much 
increased increased increased decreased decreased decreased 

18b) This aspect of my life is: 

0000 

very important somewhat not at all 
important important important 

If there are any other ways in which diabetes, its management and any complications affect 
your quality of life, please say what they are below: 



The Diabetes Treatment Satisfaction Questionnaire: DTSQs 

The following questions are concerned with the treatment for your diabetes (including 
insulin, tablets and/or diet) and your experience over the past few weeks. Please answer 
each question by circling a number on each of the scales. 

1. How satisfied are you with your current treatment? 

very satisfied 6543210 very dissatisfied 

2. How often have you felt that your blood sugars have been unacceptably high recently? 

most of the time 6543210 none of the time 

3. How often have you felt that your blood sugars have been unacceptably low recently? 

most of the time 6543210 none of the time 

4. How convenient have you been finding your treatment to be recently? 

very convenient 6543210 very inconvenient 

5. How flexible have you been finding your treatment to be recently? 

very flexible 6543210 very inflexible 

6. How satisfied are you with your understanding of your diabetes? 

very satisfied 6543210 very dissatisfied 

7. Would you recommend this form of treatment to someone else with your kind of diabetes? 

Yes, I would 6543210 No, I would definitely 
definitely recommend not recommend 
the treatment the treatment 

8. How satisfied would you be to continue with your present form of treatment? 

very satisfied 6543210 very dissatisfied 

Please make sure that you have circled one number on each of the scales. 



The Diabetes Treatment Satisfaction Questionnaire (change): DTSQc 

For the 
past 

few weeks/months you have been taking part in a diabetes treatment study. At the start of 
the study you may have had a change of treatment. Today we would like to know how your experience 
of your current treatment (including medication and diet) has changed from your experience of treatment 
before the study began. Please answer each question by circling a number on each of the scales to 
indicate the extent to which you have experienced changes. If you have experienced no change, please 
circle '0'. 

1. How satisfied are you with your current treatment? 

much more 3210 -1 -2 -3 much less 
satisfied now satisfied now 

2. How often have you felt that your blood sugars have been unacceptably high recently? 

much more of 3210 -1 -2 -3 much less of the 
the time now time now 

3. How often have you felt that your blood sugars have been unacceptably low recently? 

much more of 3210 -1 -2 -3 much less of the 
the time now time now 

4. How convenient have you been finding your treatment to be recently? 

much more 3210 -1 -2 -3 much less 
convenient now convenient now 

5. How flexible have you been finding your treatment to be recently? 

much more 3210 -1 -2 -3 much less 
flexible now flexible now 

6. How satisfied are you with your understanding of your diabetes? 

much more 3210 -1 -2 -3 much less 
satisfied now satisfied now 

7. How likely would you be to recommend your present treatment to someone else with your kind of 
diabetes? 

much more likely 3210 -1 -2 -3 much less likely 
to recommend the to recommend the 
treatment now treatment now 

8. How satisfied would you be to continue with your present form of treatment? 

much more 3210 -1 -2 -3 much less 
satisfied now satisfied now 

Please make sure that you have circled one number on each of the scales. 



PATIENT INFORMATION SHEET 

Insulatard versus Glargine - Efficacy in combination with Insulin Aspart, in 
Type 1 Diabetes Mellitus 

GLASS - GLargine and ASpart Study 

We would like to invite you to help the department of diabetes with a research project 
regarding the use of some new types of insulin called Glargine and Insulin Aspart in 
the treatment of people with insulin dependent (Type 1) diabetes. 

What is the purpose of this study? 

Previous research studies have proved that by controlling diabetes, long term 
complications such as eye and kidney disease can be significantly reduced. This can 
be done through intensive treatment regimens. One type of intensified insulin therapy 
is the administration of short acting insulin before main meals and intermediate/long 
acting insulin once or twice daily to cover the background insulin requirements. Both 
of these insulin's are usually injected 30 minutes before a meal to give them a chance 
to work. We want to look at one of our current insulins and 2 new insulins in 
combination with each other to see what effect they have on long term blood sugar 
levels, hypoglycaemia (low blood sugar) and fasting blood levels. We also want to 
look at the effect on blood fats such as cholesterol. The insulins we will be looking at 
will be: 

" Insulin Aspart before each main meal plus Insulin Glargine before bedtime 

" Insulin Aspart before each main meal plus twice daily Insulatard 

What is Insulin Aspart? 

Insulin Aspart is a new rapid acting insulin that is taken to cover glucose levels after 
your main meals. Insulin Aspart can be taken before, during or straight after meals. 
Insulin Aspart is used in combination with long acting insulins 

What is Insulatard? 

Insulatard is a long acting insulin which provides a background level of insulin to 
regulate blood sugar levels throughout the day. The action of Insulatard does not last 
for 24 hours, therefore usually 2 injections of Insulatard are needed to give 24 hour 

cover of background insulin. 



What is Insulin Glargine? 

Insulin Glargine is a new long acting insulin that gives a slow release of background 
insulin over a 24 hour period. This means that only one injection of insulin is needed 

What will the study involve? 

The study will involve taking both combinations of insulin. For 4 weeks you will 
receive Insulin Aspart 3 times a day and Insulatard twice a day. After this 4 weeks 
you will either continue taking insulin Aspart and Insulatard for a further 16 weeks or 
change over to take Insulin Aspart 3 times a day and insulin Glargine at bedtime for a 
further 16 weeks. This will be randomly chosen for you (a bit like tossing a coin). 
After 16 weeks you will then swap over to having the other treatment for 16 weeks. 
This means that patients taking Insulin Aspart and Insulatard for the first 16 weeks 
will swap over to Insulin Aspart and Glargine for the next 16 weeks and vice versa. 
The total length of the study will be 36 weeks. 

If you decide to take part in the study we will ask you to come to the diabetes research 
clinic 7 times over the 36 week study period. The first visit will take approximately 
one hour with the following visits taking between half an hour to an hour. For most 
of these visits we will check your height, weight, blood pressure we will also take a 
small amount of blood (between one and one and a half teaspoons worth) for the 
following tests; long term blood glucose (HbAlc), fasting blood glucose and 
cholesterol. For these blood tests you will need to come to the clinic fasting. This 
means not having anything to eat or drink from midnight the night before your visit, 
although you may drink water if needed. We will also ask you to fill out a treatment 
satisfaction questionnaire. Before you come for 3 of the visits we will also take a 72 
hour continuous blood glucose profile. This involves wearing a monitor for 72 hours 
which has a small needle that is attached under the skin. You would have to attend 
the hospital to have this attached before your clinic visits, this is a very simple, 
painless procedure and each visit should take no longer than one hour. This gives us a 
continuous reading of your blood sugar levels throughout the day and night. 

What else will I have to do? 

During the study, a diabetes specialist research nurse will keep in contact with you to 
adjust your insulin dose with you and monitor your blood sugar results. This will be 
around twice a week or more frequently if needed. We will ask you to do blood sugar 
readings at home and we will provide you with a new meter to do this. We will ask 
you to write down these results in a book that we will provide. We will also ask you 
to record in this book if you have any episodes of hypoglycaemia (low blood sugar). 

Will there be any side effects? 

Due to taking insulin, possible side effects include hypoglycaemia. Symptoms of 
having a low blood sugar include lack of energy, confusion, pounding heart, sweating, 
vomiting and headache. Severe cases of low blood sugar may lead to 
unconsciousness and in extreme cases, death. Data from trials with Glargine and 
Aspart suggest that there is a lower rate of hypoglycaemia (low blood sugar) 
compared to conventional insulin. 



What if I am harmed by the study? 

Medical research is covered for mishaps in the same way as for patients undergoing 
treatment in the NHS i. e compensation is only available is negligence occurs. 

Will I benefit from taking part in the study? 

This study will give a chance to see if insulin Glargine is suitable for you in 
controlling your blood sugars. If at the end of the study you and your doctor decide 
insulin Glargine are the best treatment for you, it may be possible to continue taking 
Glargine on an individual basis, despite Glargine being unavailable in the UK at the 
moment. 

What happens if I do not wish to participate in this study or wish to withdraw 
from the study? 

If you do not wish to participate in this study or if you wish to withdraw from the 
study you may do so without justifying your decision and your future treatment will 
not be affected 

Who will see my medical records? 

Only your consultant and other members of the research team will need to have access 
to your medical notes. All information will remain completely confidential. The 
results of the study may be published in a professional journal, but you will not be 
identified by name. 

Will I receive payment for taking part in the study? 

Although there is no payment for taking part in the study, travelling expenses will be 
reimbursed. 

Thank you for taking the time to read this information sheet. If you require further 
information please do not hesitate to contact ........... or ............. on 0116 2587635. 



PATIENT INFORMATION SHEET 

A pilot study to look at the safety and efficacy of different combinations 
of nateglinide and pioglitazone early in patients with Type 2 diabetes 

Short Title: PICNIC for early Type 2 Diabetes 
(Pioglitazone In Combination with Nateglinide In Care for early Type 2 

Diabetes) 

We would like to invite you to participate in a research project using some 
new tablets for the treatment of people with type 2 diabetes. These tablets 
are called Pioglitazone and Nateglinide. This study is a randomized 
controlled trial. 

What is Type 2 Diabetes? 

Type 2 diabetes (also known as non-insulin dependent diabetes) is a disease 
where blood sugar levels (glucose) in the body become uncontrolled due to 
the pancreas not producing enough insulin and the body not responding to the 
insulin effectively. Patients who are diagnosed with type 2 diabetes are at risk 
of suffering with problems associated with the feet, eyes, heart, circulation 
and kidneys. 

What is the purpose of this study? 

Previous research studies have proved that by controlling diabetes, long term 
complications such as eye and kidney disease can be significantly reduced. 
This can be done through using different tablets in combination with each 
other. One of the treatment regimes that has been used for a long time in 
Leicester is the use of Gliclazide with Metformin. We want to look at the effect 
of 2 new types of tablets called Pioglitazone and Nateglinide to see what 
effect they have on long term sugar levels when compared with Gliclazide and 
Metformin. 

We will also look at the rate of hypoglycaemia (low blood sugar) and fasting 
blood sugar levels. We also want to look at the effect on blood fats such as 
cholesterol. 

What is Gliclazide and Metformin? 

Gliclazide is a tablet for diabetes that increases the amount of insulin 
produced by the pancreas. Metformin works by making the body cells more 
sensitive to insulin, not by stimulating the pancreas. This combination of 
tablets is used commonly for type 2 diabetes. 



What is Pioglitazone and Nateglinide? 

Pioglitazone is a new tablet for diabetes that helps with reducing insulin 
resistance. Insulin resistance is common in type 2 diabetes. In diabetes the 
body is unable to use glucose properly for energy. Nateglinide mimics the 
pancreas's response to a meal by stimulating insulin only at meal times. The 
tablet is taken with meals 

What will the study involve? 

The study will involve taking either: 
1. Metformin and Gliclazide 
2. Pioglitazone and Nateglinide or 
3. Nateglinide and Meftformin 
4. Metformin and Pioglitazone 

This study is a randomised controlled trial, This means that the medication 
assigned to you will be randomly chosen (a bit like tossing a coin). The total 
length of the study will be 6 months. 

If you decide to take part in the study we will ask you to come to the diabetes 
research clinic 4 times over the 6 month study period and we will also keep in 
touch with you by telephone. The first visit will take about one hour and the 
following visits between half an hour and one hour. 

For most of these visits we will check your height, weight, blood pressure and 
we will also need to take a small amount of blood (between one to one and a 
half teaspoons worth) for the following tests; long term blood sugar (HbAl c), 
fasting blood sugar, cholesterol, kidney and liver blood tests. 

For these blood tests you will need to come in fasting, this means that you 
should have nothing to eat or drink, although you can have water if needed, 
from midnight the night before your study visit. You will be given something to 
eat and drink as soon as the blood samples have been taken. 

We will also ask you to fill out a questionnaire. The questionnaire will take 
approximately 10 minutes to complete. To start taking some of the study 
medication it is necessary to have a recent blood result to show how well your 
liver and kidneys are working. In most patients we will have a recent blood 
result and you will be able to start taking your medication at the first visit. In 
some people we do not have this information and we will need to wait until the 
blood results from the first visit have come back from the laboratory. If these 
blood results come back within the study range a research nurse will ring you 
approximately 2 days after your first visit to tell you to start taking the tablets. 

Prior to visit 4 we would also like to randomly select (a bit like tossing a coin) 
5 patients from each group to participate in a 72 hour continuous blood 
glucose profile. This involves wearing a monitor for 72 hours which has a small 
needle that is attached under the skin. You would have to attend the hospital 



to have this attached before your clinic visit, this is a very simple, painless 
procedure and should take no longer than one hour. This gives us a 
continuous reading of your blood sugar levels throughout the day and night. 

What else will I have to do? 

We will ask you to do blood sugar readings at home and we will provide you 
with a new meter to do this. We will ask you to write down these results in a 
book that we will provide. We will also ask you to record in this book if you 
have any episodes of hypoglycaemia (low blood sugar). 

Will there be any side effects? 

Possible side effects include hypoglycaemia (low blood sugar). Symptoms of 
having a low blood sugar include lack of energy, confusion, pounding heart, 
sweating, vomiting and headache. Severe cases of low blood sugar may lead 
to unconsciousness and in extreme cases, death. Data from trials with all of 
the tablets being used in the study show low rates of hypoglycaemia (low 
blood sugar). At the start of the study you will be issued with contact 
telephone numbers to call for advise on hypoglycaemia. You will be asked to 
record any episodes of hypoglycaemia in your blood monitoring diary. 

What if I am pregnant or Breast Feeding? 

If you are pregnant or breast feeding you will not be able to take part in the 
trial. This is because the tablets being used in the trial are not licenced for 
use in pregnancy. If you become pregnant during the trial then you will be 
withdrawn from the study and your treatment willl be reviewed by a consultant 
from the diabetes speciality. If you are a woman of child bearing age you will 
be asked to provide urine for a pregnancy test to be performed before you 
start taking any tablets. To take part in the study you have to be using 
adequate contraception. 

What if I am harmed by the study? 

Medical research is covered for mishaps in the same way as for patients 
undergoing treatment in the NHS i. e compensation is only available if 
negligence occurs. 

What happens if I do not wish to participate in this study or wish to 
withdraw from the study? 

If you do not wish to participate in this study or if you wish to withdraw from 
the study you may do so without justifying your decision and your future 
treatment will not be affected 

Will information obtained in the study be confidential ? 

Only your consultant and other members of the research team will need to 
have access to your medical notes. All information will remain completely 



confidential. The results of the study may be published in a professional 
journal, but you will not be identified by name. Your GP will be informed of 
your participation in the trial, unless you state otherwise 

Will I receive payment for taking part in the study? 

Although there is no payment for taking part in the study, reasonable travelling 
expenses will be reimbursed. 

Thank you for taking the time to read this information sheet. If you require 
further information please do not hesitate to contact the Diabetes Research 
Team on 0116 2587635. 



PATIENT INFORMATION SHEET 

Measurement of body fat composition using DEXA scanning in 
subjects screened for diabetes 

You are being invited to take part in a research study. Before you 
decide it is important for you to understand why the research is being 
done and what it will involve. Please take time to read the following 
information carefully and discuss it with others if you wish. Ask us if 
there is anything that is not clear or if you would like more 
information. Take time to decide whether or not you wish to take 
part. 

What is the purpose of the study? 

We know that having higher percentages of body fat compared to 
muscle increases the risk of developing diabetes and heart disease. 

The purpose of this study is to measure body composition (the 
amount of fat, muscle and water in the body) in subjects who have 
been screened for diabetes. We will be using a method called dual- 
energy x-ray absorptiometry or DEXA scanning. 

You will already have had other body measurements such as waist to 
hip ratio, skinfold thickness and bioelectrical impedance. DEXA 
scanning is a further way of measuring body composition in subjects 
who have been screened for diabetes. The results of DEXA 
scanning will be compared with these other methods. We will also 
compare White European subjects with South Asian subjects as 
there may be a difference depending on your ethnic background. 

This study will be recruiting around 80 subjects over 6 months. Each 
subject will be invited to attend a single appointment at Leicester 
Royal Infirmary lasting about 1 hour during this six-month period. 

Why have I been chosen? 

You have been chosen for this study because you have participated 
in the STAR or ADDITION diabetes screening programmes during 
which you underwent various body measurements. These 
measurements will be compared with the DEXA scan result. 



Do I have to take part? 

lt is up to you to decide whether or not to take part. If you do decide 
to take part you will be given this information sheet to keep and be 
asked to sign a consent form. If you decide to take part you are still 
free to withdraw at any time and without giving a reason. A decision 
to withdraw at any time, or a decision not to take part, will not affect 
the standard of care you receive. 

What will happen to me if I take part? 

You will be invited to attend an appointment for DEXA scanning at 
Leicester Royal Infirmary. This appointment will last approximately 1 
hour. During this time, you will have an opportunity to discuss the 
procedure with the study investigators. We will obtain written 
consent from you. The scan, which is like an x-ray, will take about 10 
minutes to perform. 

Will I receive any payment for this study? 

You will not be paid for taking part in the study. 

However, we will pay for your travel expenses and parking. 

What is the procedure that is being tested? 

DEXA scanning is a commonly used x-ray procedure, which allows 
measurement of body fat, muscle and bone. 

What are the possible disadvantages and risks of taking part? 

The amount of x-ray radiation you will be exposed to is about one- 
fiftieth that of a standard chest x-ray. This radiation is not likely to 
harm you in any way. 

The annual risk of a fatal accident in the home is more than three 
times as big as the risk from the exposure to radiation in this study. 

What are the possible benefits of taking part? 

This study will add information about your body composition. This 
will be useful in advising you to make certain lifestyle changes, which 
may reduce the amount of body fat you have. Such lifestyle changes 
are weight reduction, eating a healthy diet, and taking more exercise. 



We will advise you of any required changes during and and/or after 
your visit. 

What if I am harmed by the study? 

Medical research is covered for mishaps in the same way as for 
patients undergoing treatment in the NHS i. e. compensation is only 
available if negligence occurs. 

Will my taking part in this study be kept confidential? 

All information that is collected about you during the course of the 
research will be kept strictly confidential. 

Information collected about you in this study will be stored in a 
computer database and protected by password. This information will 
be kept for up to five years before being destroyed. 

Any information about you which leaves the hospital will have your 
name and address removed so that you cannot be recognised from 
it. 

Your GP will be notified of your participation in this study. We will 
check that you are happy for your GP to be notified when you give us 
your written consent. 

What will happen to the results of the research study? 

The results may be published in a professional journal but you will 
not be identified by name. All information will be kept completely 
confidential. 

Who is organising and funding the research? 

The study is being organised by the Diabetes Research Unit at 
Leicester Royal Infirmary, University Hospitals of Leicester NHS 
Trust. This trust is also partially funding the research. 

Who has reviewed the study? 

All research that involves NHS patients or staff, information from 
NHS medical records or uses NHS premises or facilities must be 
approved by an NHS Research Ethics Committee before it goes 
ahead. Approval does not guarantee that you will not come to any 



harm if you take part. However, approval means that the committee 
is satisfied that your rights will be respected, that any risks have been 
reduced to a minimum and balanced against possible benefits and 
that you have been given sufficient information on which to make an 
informed decision. 

Contact for Further Information 

If you require any further information please do not hesitate to 
contact Dr S Chatterjee, Diabetes Research Registrar, in the 
Diabetes Research Unit, Tel No. (0116) 2047819. 

Thank you for reading this information sheet. 



University Hospitals of Leicester 
NHS Trust 

Centre Number: 
Study Number: Leicester Royal Infirmary 

Patient Identification Number for this trial: 

CONSENT FORM 

Title of Project: Measurement of body fat composition using 
DEXA scanning in subjects screened for diabetes 

Name of Researcher: Dr S Chatterjee 
Please initial box 

1. I confirm that I have read and understand the information 
sheet dated 1/12/04, version 2, for the above study and have 
had the opportunity to ask questions. 

2.1 understand that my participation is voluntary and that I am 
free to withdraw at any time, without giving any reason, 
without my medical care or legal rights being affected. 

3. I understand that sections of any of my medical notes may 
be looked at by responsible individuals from the Diabetes 
Research Unit, Leicester Royal Infirmary, where it is relevant 
to my taking part in research. I give permission for these 
individuals to have access to my records. 

4.1 agree to take part in the above study. 

Name of Patient Date 
Signature 

Name of Person taking consent Date 
Signature 

(if different from researcher) 

Researcher 
Signature 

Date 



Insulatard versus Glargine - Efficacy in combination with Insulin Aspart, in 
Type 1 Diabetes Mellitus 

GLASS - GLargine and ASpart Study 

CONSENT FORM 

This form should be read in conjunction with the patient information sheet 

I agree to take part in the above study as described in the patient information sheet. 

I understand that I may withdraw from the study at any time without justifying my 
decision and without affecting my normal care and medical management. 

I understand that members of the research team may wish to view relevant section of 
my medical records, but that all the information will be treated as confidential. 

I understand that medical research is covered for mishaps in the same way as for 
patients undergoing treatment in the NHS i. e. compensation is only available if 
negligence occurs. 

I have read the patient information leaflet and have had the opportunity to discuss the 
details with ......................... and ask any questions. The nature and purposes of 
the tests to be undertaken have been explained to me and I understand what will be 
required if I take part in the study. 

Signature of patient: Date: 

Name of Patient (Block Capitals) 

I confirm that I have explained the nature of the trial, as detailed in the Patient 
Information Sheet, in terms which in my judgement are suited to the understanding of 
the patient. 

Signature of Principle Investigator: Date: 

Name of Investigator (Block Capitals) 



University Hospitals of Leicester Uff 
NHS Trust 

Leicester Royal Infirmary 

A pilot study to look at the safety and efficacy of different combinations of 
nateglinide and pioglitazone early in patients with Type 2 diabetes 

Short Title: PICNIC for early Type 2 Diabetes 
(Pioglitazone In Combination with Nateglinide In Care for early Type 2 Diabetes) 

Lead Investigator: Dr M Davies, Consultant Diabetes and Endocrinology 
Co Investigators: Dr P McNally, Consultant Diabetes and Endocrinology 

Dr I Lawrence, Consultant Diabetes and Endocrinology 

CONSENT FORM 

This form should be read in conjunction with the patient information sheet, dated Version 
5,31st March 2004 

I agree to take part in the above study as described in the patient information sheet. 

I understand that I may withdraw from the study at any time without justifying my decision and 
without affecting my normal care and medical management. 

I understand that members of the research team may wish to view relevant section of my 
medical records, but that all the information will be treated as confidential. 

I understand that medical research is covered for mishaps in the same way as for patients 
undergoing treatment in the NHS i. e. compensation is only available if negligence occurs. 

I have read the patient information leaflet and have had the opportunity to discuss the details 
with and ask any questions. The nature and purposes of the tests 
to be undertaken have been explained to me and I understand what will be required if I take part 
in the study. 

Signature of patient: Date: 

Name of Patient (Block Capitals) 

confirm that I have explained the nature of the trial, as detailed in the Patient Information 
Sheet, in terms which in my judgement are suited to the understanding of the patient. 

Signature of Researcher taking consent: Date: 
Nance of Researcher taking consent (Block Capitals) 

PICNIC Consent 
1'ersioS, 31st' dfarch 2004 
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