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Abstract
Aims: To assess which established risk factors are related to coronary heart 

disease (CHD) in type 1 diabetes. To investigate the role of inflammatory and 

endothelial markers in the prediction of CHD and to examine whether lipoprotein 

subclasses as measured by nuclear magnetic resonance (NMR) spectroscopy are 

related to coronary heart disease.

Methods: Data from two large prospective clinic-based studies of type 1 diabetic 

patients were analysed: the EURODIAB Prospective Complications study 

(n=2329, 7 years) and the Epidemiology of Diabetes Complications Study 

(n=603, 9 years).

Results: Both studies showed that age, duration of diabetes, lipids (fasting TG, 

HDL-c or non-HDL-c), smoking and blood pressure were important risk factors 

for CHD with similar hazard ratios. Albuminuria and waist-hip ratio were 

independent risk factors in EURODIAB PCS, but not in the EDC study. 

Increased sialic acid, white blood cell count and decreased serum albumin were 

independently related to incident CHD. Adhesion molecules (sVCAM-1, 

sICAM-1, sE-selectin) and cytokines (TNF-a, (urinary) TGF-p 1/creatinine and 

IL-6) were positively associated with CHD in cross-sectional analyses, with a 

1.4-2 fold increased risk. NMR spectroscopy measured lipoprotein subclasses 

improved the prediction of CHD. In univariate analyses, mainly triglyceride 

related lipoprotein subclasses (expressed in particle numbers) were associated 

with CHD.

Conclusions: Risk factors, established in the general population (smoking,

blood pressure, lipids), play an important role in the prediction of CHD in type 1 

diabetes. Additional risk factors such as, duration of diabetes, albuminuria and 

WHR also seem to play an important role in the development of CHD in type 1 

diabetes. Several inflammatory and endothelial markers are associated with CHD 

beyond the effect of established risk factors, but further research is needed to 

explore these associations prospectively. Furthermore, NMR spectroscopy 

measured lipoprotein subclasses, with mainly triglyceride-related lipoprotein 

subclasses, improved the prediction of CHD further.
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Chapter 1: Introduction
The focus of this thesis is the epidemiology of type 1 diabetes (TID), coronary 

heart disease (CHD) and the role of risk factors in the prediction of CHD.

It is well-known that TID is associated with a fourfold (in men) to eightfold (in 

women) increased risk of cardiovascular morbidity and mortality compared to 

the general population’ It is still not clear what causes the increased 

cardiovascular risk in diabetic patients.

Risk factors (age, sex, duration of diabetes, smoking, raised blood pressure, 

dyslipidaemia, obesity, hyperinsulinaemia and hyperglycaemia) and risk markers 

such as albuminuria have been extensively studied as possible factors for the 

development of cardiovascular complications in the general population. These 

risk factors are also thought to be operating in diabetic patients.

In TID, there is a lack of prospective studies which have examined established 

risk factors with sufficient numbers of cardiovascular events. Most studies have 

found albuminuria to be an independent risk factor for cardiovascular 

complications, however not all type 1 diabetic patients have albuminuria, and 

this does not account for all the cardiovascular risk. We need a better 

understanding of the pathogenesis of CHD in type 1 diabetes. Risk factor 

prediction models, such as the Framingham risk scores, currently applied to Type 

1 diabetic patients, need to be improved with more precise estimates obtained 

from prospective studies. Furthermore, clinical management guidelines in Type 1 

diabetic patients need to be improved, using better data on Type 1 diabetic 

patients. Therefore, the association between established risk factors and 

subsequent coronary events will be analysed prospectively in the two largest 

cohorts of type 1 diabetic patients in Europe and in the United States.

However, the increased risk of CHD may not be fully accounted for by these 

established risk factors. Part of the variation in cardiovascular risk may be 

explained by other factors, such as lipoprotein subclass abnormalities and 

inflammatory or endothelial markers, which have been examined mainly in 

general population studies.

The relationship between lipoprotein subclasses (small, medium, large and total 

VLDL, LDL, HDL and IDE), as measured by the Nuclear Magnetic Resonance
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(NMR) spectroscopy technique and CHD will be examined for the first time in 

type 1 diabetic patients.

Inflammatory or endothelial markers, which have been shown to be 

independently related to cardiovascular disease in the general population and to 

be raised in diabetic patients compared to non-diabetic controls, are a potential 

new area of research. So far, these factors have not been studied in relation to 

CHD in type 1 diabetic patients. The following inflammatory and endothelial 

markers: C-reactive protein (CRP), Interleukin 6 (lL-6), soluble vascular cell 

adhesion molecule (sVCAM-1), soluble intercellular adhesion molecule 

(slCAM-1), soluble E-selectin, transforming growth factor-pi (TGF-pi), tumour 

necrosis factor-a (TNF-a), homocysteine, sialic acid, white blood cell count, 

fibrinogen, serum albumin and von Willebrand factor (vWF) will be examined in 

relation to CHD.

Two studies will be analysed in this thesis, the EURODIAB Prospective 

Complications Study (EURODIAB PCS) and the Epidemiology of Diabetes 

Complications (EDC) study. In this thesis four different study designs will be 

examined. The established risk factors will be analysed in relation to subsequent 

CHD in the prospective parts of the EURODIAB PCS and the EDC study. 

Initially, the inflammatory/endothelial markers will be analysed using cross- 

sectional data of the EURODIAB PCS and then further examined in a 

prospective nested case-control design of the EDC study. The NMR 

spectroscopy measured lipoprotein subclasses will be analysed in the same 

prospective nested case-control design of the EDC study.

Currently, inferences are made in the literature from type 2 to type 1 diabetes, 

because there is a lack of prospective studies in type 1 diabetes. There are no 

prospective studies in TID with a non-diabetic control group. In this thesis, the 

literature among type 2 diabetic patients will also be reviewed, while recognising 

that T2D is different from type 1 and that inferences cannot be made for all risk 

factors, such as lipids and obesity.

This literature review is divided into sections of different risk factors; on 

established, diabetes-related risk factors, lipoprotein subclasses and 

inflammatory and endothelial markers.
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The following questions will be addressed in the literature review (chapter 2):

• What is the magnitude of the increased risk of CHD in type 1 diabetic 

patients?

• What is our current understanding of the pathogenesis of CHD in TID?

• What is the role of established risk factors in the pathogenesis of CHD in 

TID?

• What is the role of diabetes related risk factors in the relation to CHD in 

TID?

• What is the evidence for a potential relationship between lipoprotein 

subclass abnormalities and CHD in type 1 diabetic patients?

• What evidence is there for a potential role of inflammation and endothelial 

dysfunction in the development of CHD in type 1 diabetic patients?
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Chapter 2: Literature review

2.1 Definitions and Epidemiology

A brief overview of the frequency of disease as well as definitions of diabetes, 

differences between type 1 and type 2  diabetes and several diabetic 

complications will be explained in the following paragraphs.

2.2 Diabetes

Diabetes is one of the most common chronic diseases in the world. The 

prevalence of diabetes in adults world-wide was estimated to be 4% in 1995 and 

is estimated to increase to 5.4% by the year 2025^

There are two main types of diabetes, type 1 (10% of all cases), formerly known 

as insulin-dependent, and type 2 (90% of all cases), formerly named non-insulin 

dependent. TID is thought to be an auto-immune disorder characterised by 

pancreatic p cell destruction, severe insulin deficiency, abrupt onset of severe 

symptoms, a tendency to ketosis and complete dependence on exogenous insulin. 

This type of diabetes is usually the most prevalent type of diabetes among 

children and young adults in developed countries, who are usually lean.

T2D is characterised by the presence of insulin resistance with an insulin 

secretory defect, usually only moderate symptoms, no tendency to ketosis and no 

complete dependence on exogenous insulin. The diagnosis is usually made after 

the age of 40 years, in overweight individuals, though T2D is also seen in young 

people^’̂ .

The incidence of both types of diabetes is rising and varies between countries. 

For TID, the age-standardized incidence was 0.1/100,000 per year in China, 

18.8/100,000 per year in the United Kingdom and 36.5/100,000 per year in 

Finland^.

2.3 Diabetic complications

The main diabetic complication this thesis will address is CHD, which includes 

myocardial infarction, ischaemic ECG changes (Minnesota coded Q-wave 

abnormalities, T-wave inversion and ST segment depression), angina pectoris, 

coronary artery bypass graft surgery (CABG) and CHD death (ICD9 codes 410- 

414).
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There are, however, several other complications. Acute complications of diabetes 

include ketoacidosis and hypoglycaemia. The chronic complications can be 

divided into vascular, neurological and psychosocial complications. The main 

microvascular complications include retinopathy and nephropathy. 

Macrovascular complications comprise CHD, cerebrovascular disease and 

peripheral vascular disease. Other complications include cardiomyopathy and 

heart failure.

Since the introduction of insulin in 1921  ̂and its use in the treatment of diabetes, 

the number of deaths from acute complications has been drastically reduced and 

deaths caused by macrovascular disease have become more prevalent. A possible 

reason for this growing contribution of macrovascular complications to mortality 

is the prolongation of the life expectancy in diabetic patients, mainly as a result 

of insulin therapy^.

In type 1 diabetic patients, CHD is the most common macrovascular 

complication and the leading cause of mortality^’̂ ®.

Not all previously published studies examined CHD specifically; therefore 

throughout the thesis the terms CVD (which means CHD+stroke) as well as 

CHD will be used.

2.4 What is the magnitude of the increased CHD risk in 

diabetes?

In the following paragraphs the magnitude of the risk of developing CHD in type 

1 diabetic patients compared to non-diabetic subjects will be discussed, from 

studies on clinical cardiovascular events, autopsy, angiographic and calcification 

studies. Difficulties in these studies will be highlighted and comparisons with 

type 2  diabetic patients will be made.

2.4.1 Magnitude of increased CHD risk in Type 1 Diabetes

Table 1 in Appendix 2 presents an overview of studies on CHD risk in type 1 

diabetic patients compared to routine mortality statistics in the general 

population. Only studies with Caucasian type 1 diabetic populations, published in 

the last 10-15 years, in Europe and the United States have been selected.
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If coronary heart disease rates were not reported, cardiovascular or all-cause 

mortality rates were presented. To assess the magnitude of the increased CHD 

risk in type 1 diabetie patients from these studies several problems arise:

• Unlike T2D, there is a laek of studies in type 1 diabetic patients whieb have 

presented CHD risk estimates.

• There are no studies which have included a non-diabetic control group to 

compare rates direetly, instead they used routine mortality statistics.

• The studies that have been reported are, generally, difficult to compare, 

sinee they use differing populations and agegroups.

• The definition of TID in many studies is based on age at diagnosis instead 

of insulin dependency or immuno-genetic markers.

• There is a wide variation in the CHD rates between the studies.

• There is underreporting of diabetes as a cause of death on death

certificates, whieh eauses underestimation of the CHD rates.

• There is selection-bias by the use of mainly hospital-based studies.

Population-based sampling frames, from which TID patients ean be 

identified and reeruited for studies are rare.

• There is little risk factor data available in all these studies.

• Most studies have foeussed on cardiovascular mortality, rather than

coronary events. There is, therefore, a lack of CHD incidence data.

Taking into aecount the diffieulty in eomparing these studies, the main 

conclusion is that there is an exeess mortality from all-eauses and from 

cardiovaseular causes in type 1 diabetic patients, with relative risks, ranging from 

2 to 15 fold. Most of these relative risks are not adjusted for other risk faetors, 

apart from age.

Not only is eardiovascular mortality risk increased, but so is the case-fatality rate 

in type 1 diabetic patients eompared to the general population. Due to the laek of 

incidenee data, it is difficult to assess how mueh of the mortality is exaetly 

related to CHD. The Joslin Clinie Study found that 35% of all deaths in type 1 

diabetie patients were due to CHD, after a follow-up period of 20-40 y e a r s I n  

the EDC-study, after 4-years of follow-up, about 59% of deaths were due to 

CHD^^. And in the WHO Multinational Study, after 9 years of follow-up, 44% of 

deaths in type 1 diabetic patients were due to cardiovaseular disease^.

30



For all studies, higher cardiovascular mortality rates were reported in women 

(approximately 8 -fold) than in men (approximately 4-fold)

Since TID usually begins in the young, the excess mortality is relatively higher 

in TID compared to the young general population than for type 2 diabetic 

patients which is diagnosed usually in older patients^.

More evidence for the increased risk of cardiovascular disease in type 1 diabetic 

patients compared to non-diabetic subjects comes from autopsy, angiographic 

and calcification studies. The problem with these kind of studies is that a proxy 

for atherosclerosis is used which is not fully correlated to the occurrence of 

clinical disease. Furthermore the selection of patients for these studies is prone to 

referral bias.

Atherosclerosis is several times more severe in diabetic patients than in non

diabetic individuals. Autopsy s t u d i e s ' h a v e  repeatedly demonstrated that 

atheromatous lesions in diabetic patients are histologically identical, but more 

extensive and accelerated than in individuals without diabetes. Clinical 

angiographic studies in type 1 diabetic p a t i e n t s ' s h o w e d  more severe 

narrowings in all major coronary arteries compared to non-diabetic subjects.

For calcification of coronary arteries in type 1 diabetic patients, a study using 

Electron Beam Computerized Tomography (EBCT) showed that female diabetic 

patients had a significantly increased risk of calcification (OR=3.5 (95%CI: 1.9- 

6.7) compared to female non-diabetic subjects. For men, on the contrary, there 

was no significant difference in calcification score between diabetic and non

diabetic subjects'^.

2.4.2 Magnitude of increased CHD risk in Type 2 diabetes
Table 2 in Appendix 2 gives an overview of studies which have examined the 

magnitude of cardiovascular risk in type 2  diabetic patients compared to non

diabetic controls. Studies published in the last 10-15 years with a sample size 

>900, which reported direct comparisons with non-diabetic populations, rather 

than routine statistics with standardized mortality rates, have been selected.

All studies show consistently an increased risk of CHD, as in TID. The rates are 

lower than in TID, with a 2 to 4-fold increased risk of CHD morbidity and
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mortality in diabetic compared to non-diabetic subjects. As in type 1 diabetic 

patients, a higher relative risk of CHD is reported in female diabetic patients. 

More recently, some studies have shown a similar risk of developing a first CHD 

event in diabetic patients without pre-existing CHD compared to non-diabetic 

subjects with prior CHD^ .̂ These results, however, have not been confirmed by 

some other studies
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2.5 Current understanding of the pathogenesis of CHD in 

diabetes

Before reviewing the role of risk factors in relation to CHD in TID, the current 

understanding of the pathogenesis of CHD in TID will be discussed.

2.5.1 Pathogenesis of CHD

Atherosclerosis (together with plaque rupture and thrombosis) is a fundamental 

process underlying CHD events. It is a widely prevalent disease affecting large 

elastic and muscular arteries (such as the aorta, coronary, carotid, cerebral and 

femoral arteries) leading to narrowing or blockage of arteries^^’̂ "̂ . The 

development of atherosclerotic lesions progresses over many years, starting as a 

fatty streak (typically seen at age 2-3 years) and progressing to a fibro-fatty 

plaque (seen from age 8 - 1 1  years) and finally to a complicated lesion with 

fibrosis, plaque rupture and thrombosis^^'^^. This is, however, a simplified 

overview of the process of atherosclerosis which may not apply to all 

populations.

The increased risk of CHD in diabetes could be mediated via three pathways, 

more extensive atherosclerosis, an increased risk of thrombosis'^ and more 

plaque instability compared to non-diabetic individuals.

Several mechanisms through which diabetes mellitus is likely to lead to an 

increased CHD risk have been proposed, such as increased vascular permeability, 

impaired macrophage lysosomal enzyme function, as many others. The most 

important mechanisms for consideration are:

1) Increased established risk factors, such as blood pressure, lipids and 

smoking.

2) Lipoprotein subclass abnormalities^^’̂ '', endothelial dysfunction^' and 

inflammation^^.

3) Diabetes specific risk factors such as albuminuria, hyperglycaemia, non- 

enzymatic glycation of proteins, advanced glycation endproducts^^’̂ '̂  and 

oxidative stress^^’̂ .̂

This thesis will focus on quantifying the importance of established and diabetes 

related risk factors, and calculating better estimates for risk factor stratification. 

Furthermore, the emerging role of lipoprotein subclass abnormalities and

33



inflammatory and endothelial markers in the general population will be examined 

in TID.

2.5.2 Other theories for the pathogenesis of CHD in diabetes

Several theories, such as Syndrome or the metabolic syndrome^^, the 

Common Soil hypothesis^^’̂  ̂ and the Thrifty genotype/phenotype^®’"̂  ̂ hypothesis 

have been proposed to explain the increased CHD risk in T2D. Inferences have 

been made from type 2 to type 1 diabetes, but these theories apply more to T2D, 

The natural history of cardiovascular disease in type 2 and in TID is often 

different. In T2D, the diagnosis of diabetes is often made when cardiovascular 

disease is already present. In TID, on the other hand, the diagnosis of diabetes is 

made early in life and cardiovascular complications are usually not yet present, 

but develop gradually with increasing age and duration of diabetes. Common 

features between type 1 and T2D are hyperglycaemia and hyperinsulinaemia, 

whereas other risk factors such as obesity, lipids and albuminuria are different 

between the types of diabetes. Inferences should not always be made between the 

two types of diabetes and it is therefore important to study the role of these risk 

factors in type 1 diabetic populations.
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2.6 Risk factors

The following sections review the current state of knowledge concerning risk 

factors for CHD in the general population, type 2 and type 1 diabetes. It is useful 

to clarify the terminology to understand the differences in type of risk factors.

The word ‘risk factor’ encompasses three different terms:

1. Risk marker: This is a factor that is associated with an increased probability 

of a specified outcome, such as the occurrence of a disease. Not necessarily a 

causal factor.

2. Determinant: A determinant increases the probability of occurrence of 

disease and cannot be modified.

3. Modifiable risk factor: This factor can be modified by intervention, thereby 

reducing the probability of occurrence of disease"^ .̂

In this thesis all three terms will be studied.

Established risk factors:

• Age: determinant

• Sex: determinant

• Obesity: modifiable risk factor

• Smoking: modifiable risk factor

• Blood pressure: modifiable risk factor

• Lipids and lipoproteins: modifiable risk factor 

Diabetes related risk factors:

• Duration of diabetes: determinant

• Hyperglycaemia: modifiable risk factor

• Hyperinsulinaemia: modifiable risk factor

• Albuminuria: risk marker 

Lipoprotein subclasses: all modifiable risk factors

• Large, medium, small VLDL

• Large, medium, small LDL

• Large, medium, small HDL

• Total VLDL, LDL, HDL size

. IDL
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Inflammatory and endothelial markers: all potentially modifiable risk factors 

Inflammatory markers: Endothelial markers:

CRP sVCAM-1

Serum Albumin sICAM-1

Sialic Acid sE-selectin

WBC vWF

IL- 6  Homocysteine

TNF-a TGF-pi

Fibrinogen

Figure 1 in Appendix 3 shows a conceptual workmodel for this thesis. All the 

above mentioned risk factors will be studied in relation to CHD.

For each risk factor to be causal, several criteria, as summarised by Bradford 

Hill, need to be fulfilled regarding the strength and consistency of the 

relationship, temporal and dose-response relationship, independency of 

confounding factors, biologically plausibility, and finally, whether modifying the 

risk factor will alter the risk. Only certain aspects of the Bradford Hill criteria 

will be addressed in this thesis: strength, consistency, temporal, dose-response, 

independency of confounding factors and biological plausibility.

2.6.1 Established risk factors for CHD in Type 1 Diabetes
Cross-sectional (Table 3, Appendix 2) and prospective studies (Table 4, 

Appendix 2) have examined a wide range of risk factors in relation to CHD in 

Caucasian type 1 diabetic patients. Only studies published in the last 10-15 years, 

carried out in Europe or the United States in Caucasian populations have been 

selected.

There are no prospective studies with a non-diabetic control group and most 

previous studies have had a relatively small number of type 1 diabetic patients 

with CHD events. There is a wide variation in the study populations, follow-up 

time, risk factors analysed and which confounders were adjusted for. For 

example, some studies included relatively older type 1 diabetic patients 

whereas others included younger patients^

36



Most studies showed that systolic blood pressure or hypertension^ and

albuminuria^^'^^;4 4 ;4 5 ;4 7 ;4 s significant independent risk factors for CHD in 

type 1 diabetes.

Cardiovascular disease rates and risk factors in the EURODIAB and the EDC 

study were compared cross-sectionally, using an age (>15 years) and duration of 

diabetes ( > 6  years) restricted subgroup'^ .̂ A similar prevalence of cardiovascular 

disease was shown of around 8 % (both in men and women and in both studies), 

but different risk factors seemed to be related to cardiovascular complications. In 

men, age and HDL-cholesterol (inversely) were related to cardiovascular disease 

in the EURODIAB study, whereas triglycerides and hypertension were important 

in the EDC study. For women, age, glycated haemoglobin (inversely) and 

hypertension were important in the EURODIAB study, whereas age, glycated 

haemoglobin (positively) and macroalbuminuria were important in the EDC 

study"̂ .̂

2.6.2 Established risk factors for CHD in Type 2 Diabetes
There are many more large prospective epidemiological studies which have 

examined risk factors in relation to CHD in Caucasian type 2 diabetic subjects 

and these are summarised in Table 5, Appendix 2. Only studies with a non

diabetic control-group, a sample size >900, published in the last 10-15 years and 

carried out in Europe or the United States in Caucasian populations have been 

selected.

As in the general population, hypercholesterolaemia, smoking and hypertension, 

have been found to be independently related to cardiovascular complications in 

T2D.

2.6.3 Established risk factors
The major findings in the literature on each risk factor will be discussed.

2.6.3.1 Sex

In the general population, men have approximately twice the risk of CHD 

mortality than women^^. Diabetes, however, removes the “female advantage”. A
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meta-analysis including 16 prospective studies, confirmed the loss of sex 

difference in CHD mortality in patients with T2D^’.

Similarly in TID, a higher CHD risk has been reported in women (8 -fold) than in 

men (4-fold) compared to routine statistics for the general population’. A cross- 

sectional study, which included a non-diabetic control group, confirmed that the 

sex difference in coronary artery calcification was abolished in type 1 diabetic 

patients. The odds ratio for calcification in diabetic men vs. women was around

1.2 (95%CI: 0.7-2.0) and not statistically significant, whereas in non-diabetic 

men vs. women the odds ratio was much higher 4.5 (95%CI: 2.4-6.5), which was 

not explained by other risk factors’ .̂

The underlying reasons for the abolition of the sex difference in CHD risk in 

diabetic patients remain speculative. Previous studies in type 2̂ '̂̂  ̂ and in type 1 

diabetic patients confirmed different risk factors to be operating in the 

development of cardiovascular complications in men and women, thus indicating 

that risk factor analyses should control for the sex differences or be presented for 

men and women separately.

2.6.3.2 Age

Just as in the general population and in type 2 diabetic patients, age is a risk 

factor for CHD in type 1 diabetic patients. In a large prospective cohort of type 1 

diabetic patients, cardiovascular mortality rates increased with age, from 6  per 

100,000 person-years (ages 1-9), to 8  (ages 10-19), 25 (ages 20-29) and 112 

(ages 30-39) per 100,000 person-years’.

Most prospective studies in type 1 diabetic patients have adjusted for age in 

multivariate risk factor analyses, making it difficult to assess the precise effect of 

age on As in the general population, the age at inclusion in the

study has been used in most studies, however, whether age at diagnosis of 

diabetes is a better risk factor is unknown.

An important problem to examine when studying the effect of age, is 

distinguishing it from the effect of duration of diabetes, which is highly 

correlated with age. Some studies have shown that age’ ’̂"’̂  is more important 

than duration of diabetes, whereas other studies showed the opposite"’̂ '"’̂ .
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Due to ageing the cumulative exposure of environmental factors (risk factors) 

increases, which contribute to the greater susceptibility for diseases and death.

2.6.3.3 Obesity

Obesity can be measured in various ways, but most commonly used are body 

mass index (BMI), also named ’Quetelet index’, a measure of general obesity, 

waist circumference, a marker of general and abdominal obesity, or waist-hip 

ratio (WHR), a measure of deposition of abdominal fat, i.e. central obesity. 

WHR and BMI are only moderately correlated and measure different but equally 

important aspects of obesity. There is no consensus which of these measures best 

characterises risk of morbidity or mortality^^.

2.6.3.3.1 Obesity in th e gen eral population

Overwhelming evidence in the general population has confirmed that obesity 

(defined as BMI>30 kg/m^), with a prevalence of around 10-25% in Europe and 

20-25% in the USA, is an important risk factor for cardiovascular morbidity or 

mortalitŷ '̂̂ .̂

2.6.3.3.2 Obesity in type 2 diabetic patients

Most of the large prospective studies in type 2 diabetic patients did not find an 

independent relationship of obesity with cardiovascular morbidity or mortality. 

This is partly due to the difficulty of separating the effect of obesity from 

diabetes and other risk factors^^’̂ ’̂̂ "̂’"̂ ’̂̂ '̂̂ .̂ However, significant univariate 

associations were repeatedly reported.

2.6.3.3.3 Obesity in type 1 diabetic patients

From the very few prospective studies in type 1 diabetic patients so far, there is 

no clear evidence for an independent relationship between obesity and CHD.

The relationship between WHR and/or BMI was not examined in relation to 

CHD in the majority of prospective studies in type 1 diabetic patients’®’̂ ’̂'̂ '̂ ’'̂ .̂ 

The studies which did examine BMI or WHR in relation to CHD, these were not
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found to be independent predictors, except from the 4-year follow-up data of the 

EDC studŷ "̂ . In this study WHR was strongly related to incident CHD with a 

significant relative risk of 1 .8 , independent of other risk factors.

For BMI, even in univariate analyses of some studies, there was no significant 

relationship with CHD in type 1 diabetes^ '̂ '̂"^ .̂

Several difficulties arise when investigating the relationship between obesity and 

CHD in type 1 diabetic patients. Type 1 diabetic patients are usually lean, but 

previous studies have shown that those intensively treated with insulin, with a 

major improvement in glycémie control gained more weight, had a higher 

incidence of being overweight and a greater increase in the number of insulin 

injections per day^^’̂ .̂ Further studies need to be done to examine whether WHR 

and/or BMI play an important role in the increased CHD risk in type 1 diabetes, 

as it does in type 2  diabetes.

2.6.3.4 Cigarette smoking

2.6.3.4.1 Smoking in the general population

Smoking is a well-established cause of cardiovascular morbidity^^’̂  ̂ and of 

mortality from lung cancer, respiratory disease and vascular disease^^’̂ ’ in the 

general population. There is no evidence that the frequency of smoking in 

diabetic patients is different from that in non-diabetics subjects^^.

2.6.3.4.2 Smoking in type 2 diabetic patients

As in the general population, in T2D smoking has been shown repeatedly to be 

an independent risk factor of cardiovascular morbidity and mortality in nearly all 

the major prospective studies' '̂ ’̂'̂ ’̂̂®’̂ '̂̂ ’̂̂ ’̂̂ '̂ . Most previous studies have found 

the relative risk of cardiovascular mortality associated with smoking to be twice 

as high in diabetic patients compared with non-diabetic subjects.
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2.6.3,43 Smoking in type 1 diabetic patients

The prevalence of smoking is approximately 30-40% in type 1 diabetic patients 

in Europe and the

In TID, smoking has been found to be an independent risk factor for 

cardiovascular morbidity or mortality in some prospective s t u d i e s w h e r e a s  

not in others'^^’"̂'̂ ’'̂ '̂̂ .̂ Discrepancies can be partly explained by the variation in 

study populations. A reason for not finding a significant association between 

smoking and CHD could be the lack of power in multivariate models. 

Furthermore, residual confounding arising from underestimations in the 

measurement of smoking due to self-reported smoking (information-bias) could 

explain the lack of any association with smoking. And finally, most studies did 

not validate the smoking variable with biochemical measures nor did they take 

into account the duration of smoking.

2.6.3.S Blood pressure

2.6.3.5.1 Blood pressure in th e gen eral population

In the general population, elevated blood pressure has been established to be a 

common and powerful contributor to all major cardiovascular diseases^^'^^.

2.6.3.5.2 Blood pressure in type 2 diabetic patients

In T2D, most large prospective studies have shown that raised blood pressure is a 

significant and independent (4-fold) risk factor for cardiovascular mortality in 

type 2  diabetic patients' '̂^’̂ ®'̂ '̂ ’̂ ’̂̂ .̂

2.6.3.5.3 Blood pressure in type 1 diabetic patients

In TID, hypertension or elevated blood pressure has been shown to be an 

independent risk factor for cardiovascular events in most prospective studies^^’"̂"̂'
48;54

In TID, hypertension is generally not present at the time of diagnosis. Elevated 

blood pressure and albuminuria are related in TID and it is not clear from the 

literature whether blood pressure is elevated prior to the onset of
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microalbuminuria or as a consequence of Evidence from the WHO

Multinational Study showed higher excess mortality in type 1 than in type 2 

diabetic patients, especially when both hypertension and proteinuria were 

present^^.

Some other unsolved analytical issues (also not resolved in the general 

population) are whether systolic is a better risk factor than diastolic blood 

pressure and whether to exclude people on blood pressure lowering drugs. 

Various definitions for hypertension have been used and there is no general 

consensus about the exact cut-off level of blood pressure. Most guidelines for 

hypertension in diabetes (summarised in paper^^ by Soedamah-Muthu et al. 

Table 1, Appendix 4) recommend systolic blood pressure target levels of <140 or 

<130 mmHg and diastolic blood pressure target levels of <85 mmHg. The targets 

to reach are recommended to be lower in type 1 diabetic patients, especially in 

those with albuminuria. Most of these guidelines generally refer to type 2 

diabetes and make little mention of type 1 diabetes.

2.6.3.5.4 Intervention studies

Convincing evidence exists of the beneficial effects of reducing blood pressure in 

type 2 diabetic patients, summarised in several reviews^^’̂ .̂ To date, there are no 

blood pressure lowering trials reporting on micro- and macrovascular events in 

TID, even though reductions in the progression of retinopathy^^ and 

nephropathy^®’̂ ’ were reported with the use of ACE inhibitors in normotensive 

subjects.

2.6.3.6 Lipids and lipoproteins

2.6.3.6.1 Lipids and lipoproteins in the general population

There is overwhelming evidence for a strong positive relationship between CHD 

and increased levels of cholesterol, triglycerides, LDL-cholesterol and decreased 

levels of HDL-cholesterol in the general population^^’®̂.

Recently, the use of non-HDL-cholesterol has been suggested to be a better tool 

for risk and treatment assessments than LDL-cholesterol, because the estimation

42



of LDL-c by the Friedewald formula can be inaccurate^^’̂ .̂ Non-HDL- 

cholesterol, defined as the difference between total cholesterol and HDL- 

cholesterol, includes all cholesterol present in the lipoprotein particles LDL, 

lipoprotein(a), IDL and VLDL remnants^^.

More recently, some studies have shown that apoAl and apoB are better 

predictors of CHD than LDL-cholesterol and HDL-cholesterof^'^^, however, this 

is not confirmed by other studies^^’̂ .̂

2.6.3.6.2 Lipids and lipoproteins in type 2 diabetic patients

Many prospective studies in type 2 diabetic patients similarly found that raised 

total cholesterol^"^’̂ ’̂̂ "̂’’̂ ,̂ LDL-cholesterol^^’̂ '̂  and triglyceride levels"̂ "̂ ’̂ ’̂̂ "̂ and 

low levels of HDL-cholesterol^^’̂"̂ were independently predictive of CHD.

Some studies found that apolipoproteins A l, A2 and B were powerful risk 

factors for CHD̂ ^̂ '̂ "̂̂ . It remains controversial whether these apolipoproteins are 

better predictors than lipids.

Some randomised clinical trials have examined the effects of statins on lipid 

levels and subsequently coronary events in diabetic patients. Secondary 

prevention studies such as the Scandinavian Simvastatin Survival Study 

(n=202)’^̂ , the Long-term Intervention with Pravastatin in Ischaemic Disease 

(LIPID) (n=782)’^̂  and the Cholesterol and Recurrent Events Trial (CARE) 

(n=586)^^^ have analysed a small number of diabetic patients and found 

reductions in coronary events. Recently, the Heart Protection Study reported that 

treatment with simvastatin led to significant reductions in vascular events in 

3,982 diabetic patients with no prior CHD at baseline^^^. Recent guidelines 

recommend lipid control target levels in both type 2  and type 1 diabetic patients 

which are lower than the general population targets (Table 2.1)^^^’̂ ^̂ .
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Table 2.1 Blood lipid control targets in type 1 diabetic patients recommended by 

the European Diabetes Policy Group

Low risk At risk High risk
Serum total cholesterol
(mmol/L) <4.8 4.8-6.0 >6 . 0

(mg/dL) <185 185-230 >230
Serum LDL-eholesterol
(mmol/L) <3.0 3.0-4.0 >4.0
(mg/dL) <115 115-155 >155
Serum HDL-eholesterol
(mmol/L) > 1 . 2 1 .0 - 1 . 2 < 1 . 0

(mg/dL) >46 39-46 <39
Serum fasting TG 
(mmol/L)
(mg/dL)

<1.7
<150

1 .7-2.2 
150-200

>2 . 2

> 2 0 0

(A desktop guide to TID mellitus: European Diabetes Policy Group 1999) mr

2.6.3.6.3 Lipids and lipoproteins in type 1 diabetic patients

Although patients with TID have a cardiovascular mortality risk which is up to 

8 -fold higher compared to non-diabetic subjects, conventional lipid or lipoprotein 

concentrations generally tend to be relatively normal in type 1 diabetie patients 

with adequate glycaemie control (Table 2.2)*^’’’' .̂

Table 2.2 Characteristic dyslipidaemias in diabetes V5. non-diabetic controls
Diabetes Glycaemie

control
CHOL TG VLDL LDL HDL ApoB ApoAl

Type 2 Good n /T t T N T N N /l
Poor t t T t T T 1

Type 1 Good N /l N /f N /f N /l N/T N /l n /T
Poor t T T N/T N T N
Nephropathy T T T T T=T T 1

N.B. Chol=cholesterol, TG=triglycerides, N= Normal,^ lower,'I higher than normal. 
(Betteridge J, 1997, chapter 55, Textbook o f  Diabetes, Eds: Pickup J, Williams G, edn)^̂ ^

In contrast, type 1 diabetie patients with poor glycaemie c o n t r o l ^ a n d  those 

with diabetie nephropathy^^’̂ ’̂̂ ^̂ ’̂ ^̂ '’^̂  show atherogenic lipid abnormalities 

(Table 2.2).

Increased levels of triglycerides, total cholesterol and LDL-cholesterol have been 

consistently been shown in macroalbuminurie p a t i e n t s ^ a n d  some have 

shown abnormalities already present in microalbuminurie stages^^^’’’ ’̂̂ ^̂ . For
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HDL-cholesterol, on the other hand, reduced levels have been found in subjects 

with macroalbuminuria, but conflicting findings have been shown in those with 

microalbuminuria. HDL-cholesterol has been reported to be reduced^ 

unchanged’ or elevated”  ̂compared to normoalbuminuric patients.

Thus, an important part of the cardiovascular risk in type 1 diabetic patients may 

be mediated by atherogenic lipid abnormalities. However, limited prospective 

information is available on lipids and lipoprotein levels in type 1 diabetic patients 

with CHD. Some studies did not examine or report the relationship between 

lipids and lipoproteins in relation to incident CHD”’’'̂ ,̂ or reported negative 

findings"’̂ '"’'’, while other studies did find that total cholesterol was related to 

CHD^l

The largest studies which have examined lipid levels in relation to CHD are the 

EURODIAB PCS, the WHO Multinational Study and the EDC study. Cross- 

sectional analyses of EURODIAB PCS showed that increased LDL-cholesterol 

levels were initially associated with cardiovascular complications, but this 

association disappeared after adjustment for glycated haemoglobin’̂ ’. The most 

recent publication of the EDC study found after 6 -years of follow-up that non- 

HDL-cholesterol was positively and HDL-cholesterol negatively related to CHD 

mortality, after adjustment for multiple risk factors'’̂ . Finally, the WHO 

Multinational study showed after 12-years of follow-up, that total cholesterol and 

total triglycerides were not significantly related to incident MI, stroke or total 

cardiovascular mortality in type 1 diabetic patients'’̂ .

Similarly, conflicting findings were found in previous studies regarding a 

relationship between apolipoproteins and albuminuria. Many previous studies did 

find a positive relationship with apoB” ’̂” ’̂’̂ ’’’^̂ . For apoAl and apoA2, some 

studies found reduced” others unchanged” ’̂’̂ ’̂’̂ '’ and increased 

concentrations’̂ ’ in those with microalbuminuria compared to 

normoalbuminuric patients. There are hardly any prospective studies which have 

examined the relationship between apolipoproteins and CHD in type 1 diabetic 

patients, although an independent relationship between apolipoproteins and CHD 

was found in one study for apoB"̂ .̂
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2.7 Diabetes related risk factors

2.7.1 Duration of diabetes
In T2D, there is controversy whether duration of diabetes predicts cardiovascular 

complications, independently of other risk factors.

Very few prospective studies have found a significant independent relationship 

between duration of diabetes and cardiovascular disease in .

The absence of an effect of duration of diabetes on cardiovascular disease in 

most previous studies in type 2  diabetic patients is possibly due to the difficulty 

of assessing the exact duration of diabetes, of separating the effect of duration 

from other factors (such as age), the narrow range of duration, or due to 

atherogenic patterns of cardiovascular risk factors already present in the pre

diabetic stage’ Patients with T2D are not diagnosed until relatively late in 

the clinical course, at which time, they often already have cardiovascular 

complications. There is overwhelming evidence for a high prevalence of already 

present atherosclerotic manifestations at the time of diagnosis in type 2  diabetic 

patients, irrespective of their age at diagnosis’

Because the diagnosis of TID is made early in life, in general, cardiovascular 

complications develop after several years of having TID. Thus, the effect of 

duration of diabetes on CHD can be estimated more accurately in TID than in 

T2D, where diagnosis of diabetes and CVD are usually made at the same time. 

Most prospective studies have reported an independent relationship between 

duration of diabetes and cardiovascular complications in type 1 diabetic 

patients"’̂ '"’̂ .

2.7.2 Hyperglycaemia

Hyperglycaemia can be measured with the most commonly used parameters such 

as, glycated haemoglobin, fasting plasma glucose, and 2-hour plasma glucose. In 

this thesis glycated (or glycosylated) haemoglobin will be examined. 

Hyperglycaemia causes glycosylation of various tissues, including the formation 

of glycated haemoglobin (HbAic), which is formed by the non-enzymatic 

bonding of glucose to haemoglobin A. HbAic accounts for 4-6% of total 

hemoglobin in non-diabetic subjects. Assays for HbAic are widely used and 

accepted as the most reliable methods for quantitative estimates of
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hyperglycaemia over the previous 2-3 months in diabetic patients, however, no 

standardized method to measure HbAic is yet ava i l ab l e^The  level of HbAic 

depends on the life span of the erythrocyte and the mean prevailing blood 

glucose over that time.

2.7.2.1 Hyperglycaemia in the general population

From general population studies it is, as yet, unclear whether hyperglycaemia in 

the non-diabetic range is related to all-cause and cardiovascular mortality, which 

of the measures (H bAic, PPG or 2hPG) better predict mortality risk, and whether 

the associations are independent of other risk factors. Some prospective studies 

reported no relationship between hyperglycaemia and cardiovascular 

mor t a l i t y^some reported a linear r e l a t i o n s h i p ^ a n d  some even indicated a 

threshold effect^

2.7.2.2 Hyperglycaemia in type 2 diabetic patients

In T2D, many population-based prospective studies showed some evidence for 

the importance of hyperglycaemia in the development of cardiovascular disease 

as reviewed in several publications’^̂ ’’"̂’’’̂ .̂ The relative risks, however, shown 

in most prospective studies indicated a weak positive relationship’"̂ ,̂ and there is 

a lack of studies that have found a significant reduction of the development of 

cardiovascular complications in type 2 diabetic patients by treatment’"’̂  ’"’̂ . There 

is also conflicting evidence from the Pima Indian studies who have a high 

prevalence of T2D but no higher cardiovascular risk’"’̂ .

There is, however, convincing evidence from the United Kingdom Prospective 

Diabetes Study that optimal glycaemie control decreases the risk of 

microvascular complications in type 2  diabetic patients’"’"’.

2.7.2.3 Hyperglycaemia in type 1 diabetic patients

In TID, conflicting findings were shown regarding the relationship between 

hyperglycaemia and CHD, with some studies not finding an independent 

association’ while other studies did'’̂ ’"’̂ . Previous reports of the EDC
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study did not find significant associations between hyperglaemic and 

but did find associations with lower-extremity arterial disease^^’’"̂ .̂

Although glycated haemoglobin has not consistently been demonstrated a strong 

predictor of CHD, convincing evidence exists from the Diabetes Control and 

Complications Trial (DCCT) that optimal glycaemie control is important to 

prevent microvascular complications^ Furthermore, previous reports of the 

EDC study did find associations between cumulative glycaemie exposure and 

microvascular complications^Hyperglycaemia could therefore be an important 

risk factor for CHD in TID and this has to be explored in larger prospective 

datasets.

2.7.3 Hyperinsulinaemia
Hyperinsulinaemia is a marker for insulin resistance. Insulin resistance is defined 

as resistance to insulin mediated glucose disposal’ Increased (endogenous) 

fasting insulin levels are generally used to reflect insulin resistance’

2.7.3.1 Hyperinsulinaemia and insulin resistance in the general population

In non-diabetic subjects, three classic large prospective studies, the Helsinki 

Policemen Study, the Paris Prospective Study and the Busselton Study’ 

indicated initial associations between hyperinsulinaemia and CVD. However 

these intitial positive findings diminished with extended f o l l o w - u p A  meta

analysis of 11 prospective studies of Caucasians, confirmed modest associations 

with hyperinsulinaemia’^̂ .

In the general population, there is a lack of studies which have examined insulin 

resistance directly. The Insulin Resistance Atherosclerosis Study (IRAS) 

examined the relationship between insulin resistance and atherosclerosis of the 

carotid artery and found weak positive associations in Hispanics and European 

Americans’

2.7.3.2 Hyperinsulinaemia and insulin resistance in type 2 diabetic patients

In T2D, there are not many prospective studies which have examined the role of 

hyperinsulinaemia in the prediction of CHD, possibly due to the expensive clamp
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technique^"^’’̂ '̂̂ ^̂ . Conflicting findings were reported. The UKPDS found no 

significant associations between increased levels of fasting insulin, either at 

diagnosis or after a dietary run-in phase, and In contrast, in the diabetes

intervention study (DIS) a relationship between hyperinsulinaemia and CHD was 

shown

2.T.3.3 Hyperinsulinaemia and insulin resistance in type 1 diabetic patients

In TID, insulin resistance has been r e p o r t e d ^ I n  an 8 -year follow-up 

analysis of the EDC study, an insulin resistance score was defined on the basis of 

risk factors such as hypertension, WHR, triglycerides, HDL-cholesterol, family 

history of T2D and glycémie control and this was validated by the euglycemic- 

hyperinsulinemic clamp technique to estimate glucose disposal rate (eGDR). It 

was shown that eGDR was inversely related to the insulin resistance score (r=- 

0.64, p<0.01) and that WHR, hypertension and HbAi were the best predictors of 

insulin resistance in TID^^^. Since eGDR is inversely related to insulin 

resistance, it could be related to CHD in type 1 diabetic patients. A recent 

publication of the 9-year follow-up analysis of the EDC study showed that eGDR 

predicted lower extremity arterial disease, especially in women "̂^ .̂ There are no 

other prospective studies in type 1 diabetic patients which have examined the 

role of insulin resistance in relation to CHD.

2.7.4 Albuminuria
Albumin is the major constituent of protein excretion in the urine. The excretion 

of albumin in the urine is defined as normoalbuminuria if the urinary albumin 

excretion rate (AER) is less than 20 pg/min, as microalbuminuria if AER is 

between 20-200 pg/min (30-300 mg/24h), and as macroalbuminuria if AER is 

more than 200 pg/min (>300 mg/24h). Microalbuminuria and diabetic 

nephropathy are closely linked and are associated with hypertension^
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2.7.4.1 Albuminuria in the general population

In the general population, microalbuminuria is present in 5-10% of elderly 

individuals^^^ and has been shown to be a modest marker of increased risk of 

cardiovascular disease’ and all-cause mortality’

2.7.4.2 Albuminuria in type 2 diabetic patients

In type 2 diabetic patients, microalbuminuria, with a prevalence of 20-40%’^̂ , 

has been shown to be a strong independent risk marker of cardiovascular 

complications"’'’'̂ '̂’ ’ . A systematic review reported on the basis of 7

prospective European cohort studies, an overall odds ratio for all-cause mortality 

of 2.4 (95%CI:1.8-3.1) and an odds ratio for CVD of 2.0 (95%CI: 1.4-2.7) in 

microalbuminuric patients compared to normoalbuminuric patients, after 

adjustment for other risk factors and CHD at baseline’

2.7.4.3 Albuminuria in type 1 diabetic patients

Microalbuminuria has been shown to be a risk marker for diabetic nephropathy 

or renal failure in type 1 diabetic patients in several prospective studies’

The WHO Multinational Study of Vascular Disease, after 9 years of follow-up, 

reported that light proteinuria was associated with renal failure in TID with a 

relative risk of 2.8 (95%CI: 1.6-5.1), adjusted for age, duration, sex, systolic 

blood pressure and retinopathy status’̂ ’.

Microalbuminuria has also been reported as an important risk marker for 

cardiovascular complications’̂ '” '"’"’'"’̂  in prospective studies of type 1 diabetic 

patients, independent of other risk factors. A 10-year follow-up study of 916 

Danish outpatients with 71 deaths due to CVD, reported that microalbuminuria 

increased the risk of cardiovascular mortality with a relative risk of 1.9 (95%CI: 

1.03-3.4)'".

Both microalbuminuria and macroalbuminuria have been shown to be risk 

markers for all-cause and cardiovascular mortality"’"’'"’̂ ;192- 19 4  6-year

cumulative incidence of CHD has been shown to be 40% in type 1 diabetic 

patients with nephropathy compared to 5% in those without proteinuria’^̂ .
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The relationships with CVD for macroalbuminuria tend to be slightly stronger 

than for microalbuminuria. In the WHO Multinational Study of Vascular 

Disease, the multiple risk factor adjusted relative risks for CVD mortality were

1.4 (95%CI: 0.7-2.7) for microalbuminuric and 2.0 (95%CI: 1.1-3.5) for 

macroalbuminuric men with TID, similar findings were reported for women"̂ "̂ .

In previous publications on the follow-up examinations of the EDC study, 

macroalbuminuria, but not microalbuminuria, was examined in relation to 

cardiovascular events, and strong independent associations were found with 

CHD, especially in A cross-sectional comparison of the EURODIAB

EDDM Complications study and the EDC study showed an increasing prevalence 

of cardiovascular disease with increasing nephropathy status (from normo- 

micro- to macro albuminuria)"^ .̂

Although albuminuria has been shown to be a strong risk marker for 

cardiovascular complications, not all type 1 diabetic patients develop 

albuminuria and other risk factors which might explain the increased 

cardiovascular risk further need to be explored.

2.7.4.4 Intervention studies

Several intervention studies showed that glycémie control reduced the 

occurrence of microvascular disease significantly in both type 1 "̂̂  ̂ and type 2  

diabetic patients’ For blood pressure lowering agents, several studies with a 2- 

year follow-up period included in a meta-analysis showed that the use of ACE 

inhibitors in normotensive microalbuminuric type 1 diabetic patients reduced the 

progression to macroalbuminuria. In addition, treatment with ACE inhibitors 

increased chances of regression from microalbuminuria to normoalbuminuria in 

type 1 diabetic patients^’.
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2.8 Lipoprotein subclasses

Subjects with the same total cholesterol and total triglyceride concentrations 

could have differing VLDL, HDL and LDL concentrations, which may be more 

informative about CHD risk then total lipid concentrations. It would therefore be 

useful to measure the actual VLDL, HDL and LDL concentrations. Furthermore, 

VLDL, LDL and HDL are each heterogenous groups comprising particles of 

varying size, with differing associations with CHD. In particular, the distribution 

of LDL subclasses as summarized by LDL size or the absolute level of small 

dense LDL has been shown to be a potentially useful predictor of CHD^^ .̂

Examining lipoprotein subclasses could further improve prediction of CHD not 

only in the general population, but also perhaps in type I diabetic patients. Total 

lipid and lipoprotein concentrations are relatively normal in type 1 diabetic 

patients, despite higher rates of CHD. Therefore it is possible that there are other 

subtle abnormalities of subclass distributions that may be important among 

diabetic patients, which could help to predict CHD.

In the following sections a brief background on triglyceride-rich lipoproteins will 

be given. Then the literature on lipoprotein subclasses will be discussed in the 

general population, in type 2 and in type 1 diabetic patients. This will be 

followed by a detailed description of the role of each lipoprotein subclass in 

CHD in type 1 diabetic patients. Ultracentrifugation is the “gold standard” for 

analysis of plasma lipoproteins, however, the method is time-consuming and 

technically difficult. Therefore, the new NMR spectroscopy technique will be 

introduced. This method does not assess compositional abnormalities in 

lipoproteins, but can determine shifts in distributions, by measuring lipoprotein 

particle numbers and sizes.

2.8.1 Triglycerides and lipoprotein subclasses

Lipoprotein subclass distribution is closely related with triglyceride metabolism. 

Elevated triglycerides is often found together with decreased LDL size, HDL size 

and VLDL size as well as increased levels of small dense LDL, HDL and large 

VLDL^^’̂ ^̂ . Small dense LDL and small dense HDL are formed through
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hydrolysis of the core triglycerides (of triglyceride-rich LDL or HDL) by hepatic 

l ipase^Hepat ic  lipase activity has been suggested to be increased in diabetic 

patients’

Increased levels of triglycerides have been sho’wn to be associated with increased 

CHD’^̂ , though not always independent of HDL-cholesterol’^̂ . The atherogenic 

aspects of increased concentrations of triglycerides may in part be due to 

decreases in LDL size and HDL size. Therefore, it seems reasonable that direct 

measurement of LDL and HDL size might improve prediction of CHD.

2.8.2 Lipoprotein subclasses in the general population

In the general population several lipoprotein subclass abnormalities have been 

reported to be better predictors of CHD than lipid and lipoprotein concentrations. 

Increased levels of small dense LDL (LDL peak particle diameter <25 nm) have 

been reported in relation to

Similarly there are strong suggestions for specific effects of HDL subclasses on 

cardiovascular disease, some studies observing a protective effect for large HDL 

subffactions (HDL2 b)̂ '̂’’̂ ^̂  while others report an increased risk of CVD for 

small HDL particles (HDLsb and

Recently, NMR spectroscopy measured lipoproteins have been examined in 

relation to CHD in the general population, finding positive associations for 

VLDL“ ’'^", LDL particle numbers or size“ ’’̂ ” , HDL-size^'“ large HDL 

subtractions^' ' and/or small HDL subtractions^"^'^'

2.8.3 Lipoprotein subclasses in type 2 diabetic patients

There are very few prospective studies which have examined lipoprotein 

subclasses in type 2  diabetic patients.

Some studies reported significant associations with HDL-subclasses and
C h D^5’'02;214^

One important change is the presence of small dense LDL (type B), which has 

been shown to be more prevalent in diabetic subjects^’ ’̂̂ ’  ̂ compared to non

diabetic individuals and to be prospectively related to the development of type 2  

diabetes^^. Small LDL has also been shown to be more susceptible to oxidation 

and to be more atherogenic than large LDL^’̂ .
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2.8.4 Lipoprotein abnormalities in type 1 diabetic patients

As mentioned previously, well-controlled type 1 diabetic patients tend to have 

relatively normal lipid and lipoprotein concentrations. However, lipoprotein 

compositional abnormalities, that may be atherogenic, have been reported in 

small cross-sectional s t u d i e s ^ F o r  example, there may be changes in the 

core composition of several lipoprotein subffactions and/or abnormalities in the 

lipoprotein surface composition^’̂ . In type 1 diabetic patients with nephropathy, 

abnormalities in composition and distributions of lipoproteins have been 

reported, in particular increased levels of small dense LDL^^’̂ .̂ These and other 

abnormalities in the number of particles and composition or size in each of the 

main lipoprotein subclasses may play an important role in the risk of CHD in 

type 1 diabetic patients, though, how these abnormalities relate to CHD risk in 

type 1 diabetic patients has not been examined in prospective designs. To date, 

only two studies of type 1 diabetic subjects have employed NMR lipoprotein 

subclass a n a l y s i s ^ a n d  neither examined relations with incident CHD.

2.8.4.1 Very low-density lipoprotein (VLDL) subclasses

Very low-density lipoproteins (VLDL) are, after chylomicrons, the largest 

lipoproteins. They are triglyceride-rich lipoproteins formed in the liver and 

transport triglycerides and cholesterol in plasma.

Compositional changes have been reported such as cholesterol enrichment of 

VLDL in type 1 diabetic patients^’̂ '̂ ’ '̂̂ ^̂ '̂ ^̂ '̂ ^̂ , suggesting an increase in small 

VLDL particles^^^’̂ ^̂ . A cross-sectional study used the NMR spectroscopy 

technique to measure lipoprotein subclasses in 194 type 1 diabetic patients and 

195 age- and sex matched non-diabetic controls. Normal to slightly reduced 

levels of small, medium and large VLDL subclasses and an elevated mean 

VLDL size in diabetic patients were found compared to non-diabetic controls. In 

multivariate logistic regression models, VLDL size was independently associated 

with coronary calcification in non-diabetic subjects with an odds ratio of 3.9 

(95%CI: 1.4-11), but not in diabetic patients (0R=1.4, 95%CI: 0.6-3)^'°. No 

cardiovascular events were assessed in this study. There are no prospective 

studies linking VLDL subclasses to cardiovascular outcomes in type 1 diabetic 

patients.
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2.S.4.2 Low-density lipoprotein (LDL) subclasses

LDL particles are cholesterol-rich, derived as the final products of the VLDL- 

IDL-LDL cascade and contain apolipoprotein B as their main apolipoprotein. 

Clearance of LDL is mediated by the B/E receptor located on hepatic and 

peripheral cell surfaces^^^.

LDL compositional changes have been reported in relatively poorly controlled 

type 1 diabetic patients, such as triglyceride e n r i c h m e n t ^ d e p l e t i o n  of 

protein, raised phospholipids^^^, and a raised free cholesterol-to phospholipids 

ratio^^ ,̂ whereas total or LDL-cholesterol levels remained unchanged. 

Furthermore, increases in the average LDL particle size were shown in type 1 

diabetic patients^^^’̂ ^̂ ’̂ ^̂ , as well as decreased levels^'^’̂ ^̂ . All these studies are 

cross-sectional, most did not adjust for confounders and were difficult to 

compare regarding their patient selection.

Increases in the proportion of the atherogenic small dense LDL has also been 

found in micro- and macroalbuminuric type 1 diabetic patients^^’̂ ’ .̂

A cross-sectional analysis of the EDC study showed that there was no significant 

independent relationship between LDL particle size and CHD^^\ No independent 

relationship between LDL size and coronary artery calcification was found in 

type 1 diabetic patients in another cross-sectional study, although there was a 

significant independent relationship in non-diabetic subjects with an 0R=1.9, 

95%CI: 1.1-3.0^'".

2.S.4.3 Intermediate-density lipoprotein (IDL)

Compositional changes were also found in IDL of type I diabetic subjects 

compared to non-diabetic controls, such as enrichment in free and total 

cholesterol and phospholipids and depletion in proteins^^^’̂ ^̂ . Increased 

proportions of type I diabetic subjects with any IDL were shown, significantly so 

for women^’̂ .

An increase in IDL and compositional changes have been shown in type 1 

diabetic patients with albuminuria^^.

No prospective studies have examined the relationship between IDL and CHD 

events in TID.
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2.S.4.4 High-density lipoprotein (HDL) subclasses

HDL is secreted by the hepatocyte as small cholesterol-poor lipoproteins and its 

main apolipoproteins are AI and AIL HDL particles, which are cleared by the 

liver, play a central role in the reverse cholesterol pathway (transfer of 

cholesterol from peripheral cells to the liver for secretion in bile)^^ .̂ The main 

sub fraction of HDL, large HDL or HDL], has a lower density and contains more 

phospholipids, free cholesterol and apoA-I, than small HDL or HDL]^^^. 

HDL-cholesterol has been reported to be similar or increased in type 1 diabetic 

patients^^^ compared with controls, generally due to an increase in the HDL]- 

subfraction^^" ,̂ though increased HDL3 levels have also been reported^^^’̂ ^̂ . 

Several compositional abnormalities in HDL and its sub fractions have been 

reported in type 1 diabetic patients, an increase in the proportion of 

sphingomyelin to lecithin ratio, an enrichment in free cholesterol, triglycerides 

and phospholipids, and a depletion of proteins^^^’̂ ^̂ .

A cross-sectional study showed that NMR spectroscopy measured small HDL 

was significantly lower in diabetic patients compared to non-diabetic controls, 

medium HDL remained unchanged and large HDL as well as HDL size were 

increased in diabetic patients compared to non-diabetic controls. In the same 

study, HDL size was significantly inversely related to coronary calcification in 

non-diabetic subjects, but no relationship was reported with HDL size or 

subclasses in type 1 diabetic patients^^®.

In type I diabetic patients with CHD, HDL-cholesterol levels, HDL] and HDL3 

subfractions were lower than in patients without There are no

prospective studies that have analysed HDL subfractions in relation to coronary 

events in type 1 diabetic patients.

2.8.4.S NMR spectroscopy

This method^^ '̂^" '̂ has the advantage that all lipoprotein subclasses are 

determined simultaneously, unlike time-consuming and expensive conventional 

techniques such as ultracentrifugation and gradient gel electrophoresis. It does 

not require a separate separation and quantification step, and it can be used on 

frozen samples.
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NMR spectroscopy relies on the observation that each lipoprotein subclass emits 

a lipid spectral signal that varies in a characteristic way as a function of particle 

diameter, irrespective of differences in lipid composition. The measured 

amplitudes of the subclass signals therefore provide a novel and convenient way 

to quantify lipoprotein subclasses. Using calculations based on standard 

assumptions about relations between lipoprotein diameter and lipid content, the 

NMR spectral data may be transformed to give subclass concentrations expressed 

either in particle concentration units (nanomoles of particles per liter, nmol/L) or, 

alternatively, in cholesterol or triglyceride mass concentration units (mg/dL or 

mmol/L) and particle sizes (nm diameter). An extra conversion step is added to 

get from particle number to cholesterol or triglyceride mass concentration.

Sixteen subclasses are grouped into 10 subclass categories: large, medium and 

small VLDL, LDL and HDL, and intermediate-density lipoprotein (IDL). 

Weighted average VLDL, LDL, and HDL particle sizes (nm diameter) are 

computed as the sum of the diameter of each subclass multiplied by its relative 

mass percentage as estimated from the amplitude of its methyl NMR signal.

The method has been validated for HDL subclasses and partly for LDL and 

VLDL. The HDL subclasses H5, H4, H3, H2 and HI are similar to the gradient 

electrophoresis subclass designations 2b, 2a, 3a, 3b, and 3c respectively^'^^. 

NMR-derived IDL and LDL subclass diameters are uniformly ~5 nm smaller 

than those estimated by gradient gel electrophoresis, but they are consistent with 

electron microscopy^"^  ̂ and lipid compositional data NMR derived average 

size data can be compared for LDL, eg. subjects with predominantly large LDL 

(so called pattern A) have average LDL particle sizes of > 20.5 nm and those 

with mainly small LDL (pattern B) have average LDL sizes of < 20.5 nm*^ .̂ 

LDL and HDL subclass levels and particle size determined by gradient gel 

electrophoresis and NMR are highly correlated (>0.8), using samples from the 

Framingham Offspring study^^^’̂ "̂ .̂ Finally, VLDL subclass data have been 

assessed to be accurate by studies of plasma spiked with varying amounts of 

VLDL sub fractions of defined size obtained by agarose gel chromatography^"^^. 

Most chylomicron remnants will be within the 60-100 nm diameter range and 

will therefore be quantified in the large VLDL subclass.
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2.9 Inflammatory and endothelial markers

2.9.1 General background in non-diabetic populations

Several years ago it had been recognised that inflammation plays a role in 

atherosclerosis. Renewed interest in the role of inflammatory and immune 

reactions in atherogenesis has been developed recently, partly due to better tools 

made available to measure and understand these inflammatory markers^"^ .̂

In the general population, prospective studies have shown associations between 

several inflammatory markers and Several issues regarding the role

of inflammatory markers and cardiovascular disease, however, have not yet been 

resolved.

• Inflammatory markers are correlated with established risk factors, which 

makes it difficult to separate the effects. Several factors, as obesity, diabetes, 

hypertension, cigarette smoking and sedentary lifestyle have been shown to 

increase concentrations of inflammatory markers.

• Most of the associations with inflammatory markers are reduced when 

adjusted for established risk factors.

• It is not known whether the associations between inflammatory markers and 

cardiovascular disease are causal.

• Data regarding a potential link between inflammation and infections remain 

speculative. More specifically, no clear relationship between CHD and 

inflammatory markers and infections with Helicobacter pylori. Chlamydia 

pneumononiae IgG and IgA titres could be established in several studies "̂^ ’̂
251

2.9.2 General background in diabetes

There is evidence from several studies that compared to non-diabetic subjects, 

type 2  and type 1 diabetic patients have increased levels of 

inflammatory/endothelial markers.

Only a few prospective studies in type 2 diabetic patients have examined 

inflammatory markers in relation to cardiovascular complications, these are the 

Atherosclerosis Risk in Communities Study (ARIC), the Multiple Risk Factor 

Intervention Trial (MRFIT), the Hoorn study and the Framingham Study^^’̂ ^̂ '̂ ^̂ . 

To date, there are no such prospective studies in type 1 diabetic patients.
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The Hoorn Study, has reported results on sVCAM-1, sICAM-1, vWF, 

homocysteine and CRP in relation to all-cause and cardiovascular mortality in 

type 2  diabetic patients, but had a low number of events, and thus not enough 

power to analyse the diabetic subgroup separately^^^’̂ "̂̂ ’̂ ^̂ ’̂ ^̂ . The 

Atherosclerosis Risk in Communities Study (ARIC) reported results on 

fibrinogen, vWF, leukocyte counts and serum albumin in relation to CHD, but 

this study had a low response rate (60%), excluded insulin taking diabetic 

patients and based the diagnosis of diabetes on a single fasting plasma glucose 

level or a random blood glucose concentration^^.

A recent review^^^ on diabetes and cardiovascular disease supported a role for 

inflammation in diabetic patients. Inflammatory markers have been shown to be 

related to insulin resistance^^^'^^’. Studies have shown that inflammatory 

markers (IL-6 , TNF-a, CRP) are expressed by adipose tissue^^^’̂ ^̂ , and increased 

concentration of inflammatory markers have been found in obese subjects^^^’̂ ^̂ . 

In addition, increased inflammatory markers have been shown to predict the 

development of type 2 diabetes^^ '̂^^ .̂ The research conducted so far on the role 

of inflammatory or endothelial markers in the prediction of CHD in diabetic 

patients is limited and further studies are needed.

2.9.3 Inflammatory mechanisms

Inflammation (literally means “on fire”) helps to defend the body from invading 

infectious pathogens and underlies all stages of atherosclerosis, from the 

initiation and progression of the atherosclerotic plaque to plaque rupture and 

thrombus formation^^’̂ ^̂ ’̂ ^̂ .

Cellular processes in atherogenesis are principally no different to those found in 

chronic inflammatory diseases such as liver cirrhosis, rheumatoid arthritis, 

glomerulosclerosis, pulmonary fibrosis or chronic pancreatitis^^’̂ ^̂ . 

Atherosclerotic lesions are the result of series of highly specific cellular and 

molecular responses to various endogenous risk factors, and potential exogenous 

antigens, which are mediated by endothelial cells, monocyte-derived 

macrophages, smooth muscle cells and specific subtypes of T lymphocytes, also 

known as inflammatory cells^^ .̂
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In several stages of atherosclerosis, raised levels of inflammatory markers, pro- 

inflammatory cytokines, soluble forms of leukocyte adhesion molecules, 

thrombogenic and fibrinolytic factors have been shown^^^.

Two possible pathways are currently under intense investigation:

1 ) the possibility of infectious agents as initiators of coronary inflammation. 

So far no clear relationship has been shown between infections and 
Chd249-251

2 ) the possibility that continuous exposure to modified lipids and 

lipoproteins triggers a chronic inflammatory process^^^’̂ ^̂ . In patients 

with diabetes, increased levels of LDL modified by advanced glycation 

endproducts have been found in plasma as well as in atherosclerotic 

lesions compared to non-diabetic controls^^*’̂ "̂̂ .

The second pathway could therefore be important in diabetic patients and 

emphasizes the importance of studying inflammatory markers specifically in 

diabetic patients.

Inflammatory markers originate from several sources; the liver, macrophages, the 

arterial wall (endothelial cells and vascular smooth muscle cells), and adipose 

tissue^^^. Inflammatory markers are linked to each other, for example cytokines 

(IL-6 ) stimulate the production of CRP and fibrinogen^^^.

Whether inflammation is an acute or chronic process or a combination of both is 

not known^^^. It could be due to a slowly progressive increase in the number of 

inflammatory cells which could gradually destabilize the plaque, leading to 

plaque rupture. Alternatively, “acute” activation of the inflammatory process, 

with an increased secretion of cytokines and other molecules by inflammatory 

cells, could lead to rapid progression of the destabilizing process.

The “Acute phase response” means that in reaction to a variety of stresses such 

as infection, inflammation, tissue injury and malignancy there is a pronounced 

change in the concentration of certain plasma proteins, so-called acute phase 

proteins. Several acute phase proteins, such as fibrinogen, alpha-1 acid 

glycoprotein, haptoglobin, C-reactive protein, serum amyloid A and sialic acid, 

are all synthesized in the liver and stimulated by cytokines^^^.
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2.9.4 Endothelial dysfunction

The primary event of atherosclerosis is endothelial dysfunction. The endothelium 

is a single-cell lining covering the internal surface of blood vessels and has 

several functions. It plays an important role in the regulation of vascular tone and 

permeability, and when the balance is disrupted several vasoactive substances are 

released^

Endothelial dysfunction in diabetes may result from reductions in nitric oxide, 

which is the key endothelium derived relaxing factor or vasodilator^^^. Other 

possible causes of endothelial dysfunction are increases in cardiovascular risk 

factors, for example, increases in free radicals caused by abnormal lipids or 

lipoproteins (oxidised LDL), smoking and/or hypertension^^.

In type 1 diabetes, endothelial dysfunction is thought to be caused by the 

metabolic consequences of impaired function of the pancreas. In addition, 

endothelial dysfunction has been shown to be closely related to the development 

of diabetic retinopathy and nephropathy. Microalbuminuria and 

macroalbuminuria are accompanied by increased levels of various markers of 

endothelial dysfunction, for example, increased vWF and sVCAM-1^'’̂ ^̂ .

The main findings for each inflammatory/endothelial marker regarding their role 

in the development of cardiovascular events in diabetic and non-diabetic 

populations will be discussed in the following paragraphs.

2.9.5 C-reactive protein (CRP)

Plasma levels of CRP, an acute phase reactant, increase several hundredfold in 

response to acute injury, infection, smoking, or other inflammatory stimuli. Its 

production, in the liver, is regulated by interleukin-6 , which is produced by 

activated leukocytes, fibroblasts and endothelial cells^^ .̂ CRP is together with 

fibrinogen the best studied inflammatory marker. CRP has a long half-life (19 

hours) and its concentrations are stable^^ .̂ CRP can be measured by high- 

sensitivity assays, which have been standardized by the WHO and provide 

reliable and reproducible results^^\

The “C” in CRP stands for the polysaccharide fraction of the bacteria 

Streptococcus pneumonia. The levels of CRP are normally below <2 mg/L based 

on the general population without any acute illnesses^^^.
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2.9.5.1 CRP in the general population

CRP is the most studied inflammatory marker. Large prospective studies, such as 

the MRFIT^^^, British Regional Heart Studŷ "̂ *, Physicians Health Study^^ ,̂ 

Cardiovascular Health Study^^ ,̂ Women’s Health Studŷ *"̂ , MONICA Augsberg 

Cohort Study^^ ,̂ and the Helsinki Heart Study^^  ̂ indicate that baseline levels of 

C-reactive protein (highest quartile) are associated with increased risk of CHD in 

men, women and elderly people initially free of clinical disease.

These and other epidemiological studies on the relationship between CRP and 

CHD have been summarised in review articles^^^’̂ ^̂ ’̂ ^̂ . A meta-analysis of 14 

prospective studies presented an overall risk ratio for CHD of 1.9 (95%CI: 1.5- 

2.3) in subjects with C-reactive protein levels in the top third (>2.4 mg/L) 

compared to the bottom third (<0.9 mg/L), after adjustment for other risk 

factors "̂^̂ .

Baseline C-reactive protein has been shown to add to the predictive value of lipid 

parameters in determining risk of a first myocardial infarction^^^.

Even though there is convincing evidence for an association between CRP and 

CHD, not all studies demonstrated a significant independent effect, for example, 

the Caerphilly Prospective Heart Disease Study^^ .̂ The basis for this discrepancy 

in findings is not clear, but may be attributed to control for confounding factors.

2.9.S.2 CRP and diabetes

Despite the overwhelming evidence in non-diabetic subjects, and some evidence 

for associations between CRP and obesity^ "̂ ’̂̂ ®̂’̂ ^\ insulin resistance^^’ and 

diabetes^^^’̂ ^̂ , the relationship between C-reactive protein and cardiovascular 

risk in diabetic patients has not been fully established.

The Hoorn study found that C-reactive protein levels were increased in type 2 

diabetic patients compared to non-diabetic subjects. In the total population 

(diabetic and non-diabetic subjects, n=610, 58 all-cause mortality events, 24 

CVD mortality events), those with CRP concentrations >2.84 mg/L had a 

significantly lower survival than those with lower concentrations. The relative 

risks for cardiovascular or all-cause mortality associated with increased levels of 

CRP were in the order of 1.4, adjusted for multiple risk factors, however due to 

lack of power, these results were not statistically significant. The diabetic
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subgroup (n=169) had too few cardiovascular events to show statistically 

significant independent associations between CRP and CVD mortality^ '̂ .̂

In TID, cross-sectional analyses have shown that CRP is correlated to markers of 

endothelial dysfunction^^^. Furthermore, CRP was increased in those type 1 

diabetic patients with macroalbuminuria compared to those with 

normoalbuminuria^^^’̂ ^  ̂ A small study by Kilpatrick et al. examined 167 type 1 

diabetic patients, out of which only 6  patients had established CHD, and found 

higher CRP levels in those with CHD than in those without^ "̂ .̂

2.9.6 Serum Albumin
Albumin is a negatively charged protein, which is produced in the liver^^^’̂ ^̂ . 

Levels of serum albumin decrease as a consequence of several factors, for 

example, renal impairment. The acute phase reaction regulated by cytokines can 

lead to a decrease in serum albumin levels^^^’̂ ^̂ . The levels of serum albumin are 

around 40 g/L in the general population^^^.

2.9.6.1 Serum albumin in the general population

Low serum albumin may play a role in the development of CHD and be 

associated with increased mortality from all-causes in the general population. 

Several prospective studies have reported inverse relationships between serum 

albumin and cardiovascular diseases, the British Regional Heart Study, MRFIT 

and ARIC^^ '̂^^ .̂

A meta-analysis by Danesh et al. demonstrated that low levels of albumin (38 

g/L vs. 42 g/L) were significantly related to CHD with a relative risk of 1.5 

(95%CI: 1.3-1.7), using eight prospective population-based studies "̂^ .̂

2.9.6.2 Serum albumin and diabetes

Lower levels of serum albumin have been reported in diabetic patients compared 

to healthy controls^^^.

There is also some evidence for a role of serum albumin in the prediction of 

diabetes, even though this was not independent of other risk factors^^^.

63



In addition to this, there is some evidence from the ARIC study, that serum 

albumin is related to cardiovascular complications in diabetic patients. In 1,676 

middle aged diabetic patients without prior CHD, low albumin concentrations 

were significantly and independently related to CHD with a relative risk of 0.64 

(95%CI: 0.44-0.92)“ .

2.9.7 Sialic Acid
Sialic acid, N-acetylated derivative of neuroaminic acid, is a marker of the acute- 

phase response, since many of the acute-phase proteins (e.g. fibrinogen), are 

glycoproteins, with sialic acid as the terminal sugar of the oligosaccharide chain. 

The normal total sialic acid level in serum/plasma is 1.6-2.2 mmol/L (0.52-0.73

2.9.7.1 Sialic acid in the general population

Raised levels of sialic acid have been shown in CHD patients^^^. In the ARIC 

study, increased sialic acid concentrations were found in 310 carotid 

atherosclerosis cases compared to healthy controls^^^.

Total serum sialic acid concentrations have been shown to predict all-cause and 

cardiovascular mortality in a 20-year follow-up study of more than 50,000 

healthy Swedish men and women^ "̂ .̂ The relative risk for CHD mortality in the 

highest sialic acid quartile was 1.76 (95%CI: 1.58-1.96) for men and 1.94 

(95%CI: 1.61-2.34) for women, independent of other risk factors^ "̂̂ .

2.9.12  Sialic acid and diabetes

Increased levels of sialic acid have been observed in type 2 diabetic patients 

compared to non-diabetic controls^^^’̂ ®̂'̂ ®̂.

Sialic acid has been shown to predict diabetes. In the ARIC study, raised levels 

of total sialic acid concentrations predicted the 5-year onset of diabetes (n=33 out 

of 610) with an odds ratio of 3.7 (95%CI: 1.4-9.8 ), after adjustment for other risk 

factors. Further adjustment for obesity measures reduced the associations to 2.8 

(95%CI: 1.0-8.!)^“ .
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A cross-sectional analysis of the EURODIAB IDDM Complications Study 

showed that there were no significant associations between increased 

concentrations of sialic acid and CHD in type 1 diabetic patients^® .̂ On the 

contrary, in type 2  diabetic patients significant associations were demonstrated 

between serum sialic acid and CHD in men^^^’̂ ' .̂

Increased levels of sialic acid have been associated with microalbuminuria, in 

prospective^’’and cross-sectional analyses of type 1 diabetic patients^^^'^’̂ ' ’̂"̂. In 

the EURODIAB IDDM Complications Study, cross-sectional analyses also 

showed that sialic acid was significantly and independently related to 

albuminuria in men̂ ®̂ .

2.9.8 White Blood Cell Count (WBC)
Leukocytes, or white blood cells are synthesised in the bone marrow, induced by 

cytokines, especially IL- 6  and associated with low-grade chronic inflammation. 

The normal range for WBC is between 6-9 xlO^/pL^’"̂.

2.9.8.1 WBC in the general population

In the general population, many large prospective studies have reported 

significant and independent associations between leukocyte count and
C h d 247;3’4-3’6_

In a meta-analysis, including 14 population-based studies, with no significant 

heterogeneity, baseline leukocyte count in the top third (8.4 xlO^/fiL) compared 

to the bottom third (5.6 xlO^/pL) yielded a combined risk ratio of 1.4 (95%CI: 

1.3-1.5) in subjects without prior vascular disease, which was similar to the 

overall risk ratio in all 19 prospective studies of 1.5 (95%CI: 1.4-1.6 ). The same 

meta-analysis also reported that increased levels of leukocyte counts predicted 

the risk of CHD in subjects with pre-existing vascular disease^'’̂ .

2.9.8.2 WBC and diabetes

Several prospective studies have shown that WBC predicts the onset of 

T2D^^ '̂^’̂ '̂ ’ .̂ The largest study, examining 12,330 men and women, out of 

whom 1,335 developed diabetes, reported univariate and multivariate
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associations (odds ratio 1.5, 95%CI: 1.3-1.8 ) between WBC and diabetes over a 

7-year follow-up period^^^.

The relationship between WBC and CHD in diabetic patients has rarely been 

examined in prospective studies of diabetic patients. In T2D, the ARIC study, 

reported significantly increased WBC levels in those who developed CHD 

(n=186, 7.2 xloVpL) compared to those who did not (n=1490, 6 . 6  xloVpL). 

After adjustment for multiple risk factors, leukocyte count was positively and 

significantly related to incident CHD (mean follow-up 6 . 6  years), with a relative 

risk for patients in the highest quartile of WBC of 1.9 (95%CI: 1.2-3.1)^^.

In TID, a previous publication on the 6 -year follow-up of the EDC patients, 

reported significantly increased WBC levels (7.7 vs. 6.5 xlO^/pL) in type 1 

diabetic patients who developed CHD. After adjustment for several risk factors, 

WBC predicted CHD morbidity and mortality in type 1 diabetic patients"^ .̂

2.9.9 Cytokines
Cytokines constitute a family of hormone-like substances which transmit 

information between different cells of the immune system. The two major 

characteristics of cytokines are their pleiotropy (multiple biological functions) 

and redundancy (more than one cytokine having similar functions). Several 

cytokines have been found to influence the growth of smooth muscle cells, an 

important characteristic of atherosclerosis^"^^. In this thesis, interleukin- 6  (IL-6 ), 

tumour necrosis factor-a (TNF-a) and transforming growth factor-1 (TGF-pI) 

will be examined.

2.9.9.1 Interleukin-6 (IL-6)

IL- 6  is a circulating cytokine, secreted from macrophages, lymphocytes and 

smooth muscle cells, and its production is stimulated by IL-1 and TNF-a^’ .̂ IL- 6  

is mediator of the hepatic acute phase response and the primary determinant of 

hepatic production of CRP. The normal IL- 6  levels range from 1.42-3.53 

pg/mL^"().
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2.9.9.1.1 IL-6 in the general population

Elevated IL- 6  levels have been reported in several studies, among subjects with 

CHD compared to healthy individuals^^

Several prospective studies have demonstrated a significant relationship between 

elevated IL- 6  levels and CVD, the Rural Health Study of elderly people^ "̂ ,̂ the 

Women’s Health Study^ '̂  ̂and the Physicians’ Health Study^^ .̂

2.9.9.1.2 IL-6 and diabetes

In vitro studies have suggested that IL- 6  could be synthesised by adipose 

tissue^^^’̂ ^̂ ’̂ ^̂ . Furthermore, IL- 6  has been suggested as the possible mediator of 

cardiovascular risk, associated with inflammation, diabetes, smoking and 

obesity"'':'''.

There are no prospective studies examining IL- 6  in relation to CHD in diabetic 

patients. However, elevated levels of IL- 6  have been reported in type 2 diabetes 

259,307 have been suggested to predict T2D in a large cohort of apparently 

healthy middle-aged women'^^. In TID, significantly increased IL- 6  levels were 

reported compared to healthy controls, even in those without any micro-or 

macrovascular complications'"’"®.

2.9.9.2 Tumour Necrosis Factor-a (TNF-a)

TNF-a (also referred to as cachectin), a pleiotropic cytokine, with a very short 

half-life, is produced by activated macrophages, lymphocytes and vascular 

smooth muscle cells. TNF-a stimulates the expression of IL- 6  in vascular 

smooth muscle cells and adhesion molecules (sICAM-1) on endothelial cells'"̂ ®. 

Normal TNF-a levels range from 1.36-2.53 pg/mL"®.

2.9.9.2.1 TNF-a in the general population

In the general population, elevated levels of TNF-a have been found in CVD 

patients"’’"^.
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There is evidence for a role of TNF-a in the prediction of CHD (adjusted 

RR=2.5, 95%CI: 1.3-5.1)^^  ̂ and mortality (unadjusted RR=3.1, 95%CI: 1.4- 

6.1Ÿ^^ in subjects with prior CHD.

2.9.9.2.2 TNF-a and diabetes

Recent investigations showed that TNF-a is synthesised by adipose 

tissue^^^’̂ ^̂ ’̂ ^̂ . There is some evidence for a relationship between TNF-a and 

obesity^^^’̂ ^̂ , insulin r e s i s t a n c e ^ a n d  glucose intolerance^^^’̂ ^̂ .

Increased levels of TNF-a have been found in serum or plasma of type 2 and 

type 1 diabetic patients^^^’̂ "̂’'̂ "̂  ̂ compared to non-diabetic controls, although not 

a ll'''.

The relationship between TNF-a and CHD in type 1 diabetic patients has not 

been explored. A recent review paper suggested TNF-a as the possible link 

between metabolic alterations (effects on lipid and glucose metabolism) and 

vascular disease in diabetes^^^.

2.9.9.3 TGF-pi

Transforming growth factor p, a multifunctional cytokine, a growth factor, is 

present in virtually every cell in the body, and plays an important role in 

regulating repair and regeneration following tissue injury"'. The normal TGF-pl 

levels range from 31.2-37.4 ng/mL"^.

2.9.9.3.1 TGF~pi in the general population

Most previous studies examining the role of TGF-pl in atherosclerosis have been 

conducted in animals"^ and experimental settings"^. Conflicting findings have 

been shown in the very few cross-sectional studies of CHD patients compared to 

controls, with one finding a significantly increased concentration of TGF-pi"^, 

whereas other studies finding significantly decreased TGF-pi 

concentrations"^’"^.
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There are no prospective studies which have examined the role of TGF-pl in the 

prediction of CHD in the general population.

2.9.9,3,2 TGF-pi and diabetes

From animal studies^^  ̂ and some small studies in humans, raised levels of TGF- 

pl were found in the presence of diabetes^^^’̂ ^̂ . Furthermore, TGF-pl has been 

implicated in the pathogenesis of diabetic nephropathy^^^.

There are no studies which have examined the relationship between TGF-pl and 

CHD in diabetic populations. Stehouwer et al. proposed that TGF-pi plays an 

important role in diabetes, based on its expression in renal tissue, the effects of 

hyperglycaemia and protein kinase on TGF-pl and its role in the kidney 

glomerulus and possibly other microvessels^’.

2.9.10 Adhesion molecules

Adhesion molecules mediate several cell-cell interactions between leukocytes 

and the endothelium, vascular smooth muscle cells, extracellular matrix and 

interstitial cells. The major function of adhesion molecules is to promote 

leukocyte binding to the endothelium and transendothelial migration, an 

important step in atherosclerosis, in response to several inflammatory cytokines 

(IL-l, TNF-a)^^^

After activation by cytokines, adhesion molecules can be enzymatically cleaved 

from the surface of endothelial cells and leukocytes and subsequently detected in 

serum or plasma as soluble adhesion molecules^^^’̂ ^̂ .

In this thesis s(soluble)E-selectin (E stands for endothelium), sVCAM-1 and 

sic AM-1 (from the immunoglobulin family) will be examined. The adhesion 

molecules, sVCAM-1 and sICAM-1 and to a lesser extent sE-selectin are 

correlated, but bind to different ligands and express in different cells or tissues. It 

is not clear which of the adhesion molecules is more important in relation to 

CHD, and conflicting results are reported.

Koch et al. postulated that adhesion molecules such as sE-selectin and sVCAM-1 

are the missing link in angiogenesis, based on in vivo models^^*.
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2.9.10.1 Soluble Vascular Cell Adhesion molecule (s VC AM-1)

sVCAM-1 is expressed on endothelial, epithelial, macrophage and dendritic 

cells^^ .̂ The normal sVCAM levels range from 395-714 ng/mL (Schalkwijk 

personal communication).

2.9.10, L I  s VC AM-1 in the general population

There is a large body of evidence from animal and human experimental studies 

indicating that sVCAM-1 is important in atherosclerosis^^^’̂ ^̂ ’̂ ^\

So far conflicting results from mainly cross-sectional epidemiological studies 

have been reported, some showing increased sVCAM-1 levels in patients with 

CVD compared to healthy controls^^^’̂ ^̂ , and other studies showing no 

differencê "̂*"̂ ^̂ .

Prospective evidence for an independent relationship between sVCAM-1 and 

CHD in healthy individuals is conflicting. A published meta-analysis of 4 

prospective studies, including the British Regional Heart Study, reported no 

significant relationship between sVCAM-1 and incident CHD^^ .̂ In the Hoom 

Study, on the contrary, significant associations between sVCAM-1 and CVD 

mortality (RR=1.10, 95%CI: 1.05-1.15) and moderate associations with all-cause 

mortality (RR=1.04, 95%CI: 1.00-1.08) were shown, which remained unchanged 

by further adjustment for other factors^^\

More recently, sVCAM-1 was found to be strongly associated with recurrent 

cardiovascular events in subjects with prior CVD, whereas sE-selectin and 

sic AM-1 were not^^ .̂

2.9.10.1.2 s VC AM-1 and diabetes

Most studies have shown that sVCAM-1 levels are raised among type 2 and type 

1 diabetic patients compared to non-diabetic subjects^^ '̂^^ ,̂ but not 

There is some evidence for a relationship between sVCAM-1 and cardiovascular 

complications in diabetic patients. A cross-sectional study, showed that sVCAM- 

1 was significantly related to intimai media thickness (IMT) in type 2 diabetic 

patients^^^. The Hoom study showed that baseline sVCAM-1 levels were 

significantly associated (RR=1.13 (95% Cl: 1.07-1.20) with an increased risk of
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cardiovascular mortality after 7.4 years of follow-up in 166 type 2 diabetic 

patients. Further adjustment for other risk factors did not change this 

relationship^^^.

2.9.10.2 Soluble Intercellular Adhesion Molecule (sICAM-1)

Soluble ICAM-1 is produced by macrophages and endothelial cells in response 

to inflammatory cytokines^^^. The normal sICAM-1 levels range from 115-306 

ng/mL (Schalkwijk personal communication).

2.9.10.2.1 sICAM-1 in the general population

There is a large body of evidence from animal and human experimental studies 

indicating the sICAM-1 is important in atherosclerosis^^^’̂ ^̂ ’̂ ^̂ ’̂ ^̂ .

Most epidemiological studies reported raised sICAM-1 levels in subjects with 

CVD compared to healthy controls^^" ’̂̂ ^̂ ’̂ ^̂ .

In healthy individuals, several prospective studies reported that sICAM-1 was 

moderately associated with the development of first CHD events, in the ARIC 

study, the British Regional Heart Study and the Hoom study^^^’̂ ^̂ ’̂ ^̂ . A meta

analysis of 5 prospective studies, showed an increased CHD risk (odds ratio of 

1.2, 95%CI; 0.95-1.6) for those with raised levels of sICAM-1, which was not 

statistically significant^^^.

2.9.10.2.2 sic AM-1 and diabetes

In type 2 and type 1 diabetic patients, sICAM-1 levels are raised compared to 

non-diabetic controls^^^’̂ ^̂ ’̂ "̂̂ ’̂  ̂̂ .

High plasma glucose levels have been suggested to enhance the expression of 

ICAM-1 on endothelial cells in vitro^^ .̂ For the relationship between raised 

sic AM-1 levels and CVD in diabetic patients, there is a lack of epidemiological 

studies. In the Hoom study, no difference in the relationship between sICAM-1 

and CVD or all-cause mortality could be established in diabetic and non-diabetic 

subjects, even though diabetic patients had higher levels of sICAM-1 ^̂ .̂
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2.9.10.3 sE-selectin

E-selectin is synthesized by endothelial cells after cytokine (IL-1, TNF-a) 

ac tiv a tio n ^ T h e  demonstration of soluble E-selectin in blood is therefore 

indicative of endothelial activation, in contrast to the other adhesion molecules 

which have a wider tissue distribution^^^. E-selectin binds granulocytes, 

monocytes and a subset of memory T-cells^^ .̂ The normal sE-selectin levels 

range from 29-63 ng/mL (Schalkwijk personal communication).

2.9.10.3.1 sE-selectin in the general population

Increased expression of sE-selectin has been documented in human 

atherosclerosis^^^.

Elevated levels of sE-selectin were found in patients with

There is some evidence for a relationship between sE-selectin and CHD from 

prospective studies, the British Regional Heart study and the ARIC study^^^’̂ ^̂ .

In the large 16-year follow-up British Regional Heart study, it was found that the 

highest tertile of baseline sE-selectin levels were associated with the 

development of a first CHD event with an odds ratio of 1.3 (95%CI: 0.99-1.7)^^^.

2.9.10.3.2 sE-selectin and diabetes

Significantly elevated levels of sE-selectin are found in type 2 and type 1 

diabetic patients compared to non-diabetic controls^^^’̂ ^̂ ’̂ ^̂ '̂ ^̂ ’̂ ’̂’̂ '̂̂ . Fasching et 

al. found that serum concentrations of sE-selectin, sICAM-1 and sVCAM-1 were 

elevated by 70%, 36% and 14% respectively compared to non-diabetic 

controlŝ "̂̂ .

A high correlation between glycémie control and sE-selectin (r=0.52, p<0.0001) 

was reported in type 1 ^̂  ̂and type 2  diabetic patients^^^.

There are no large prospective epidemiological studies which have examined the 

relationship between sE-selectin and cardiovascular complications in diabetic 

patients.
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2.9.11 Thrombogenic and fibrinolytic factors
In this thesis fibrinogen and vWF will be examined.

2.9.11.1 Fibrinogen (a prothrombotic factor)

Fibrinogen, a large glycoprotein, an acute phase protein, is produced in the liver 

in response to circulating cytokines (IL-6 ). It is a major factor in the process of 

coagulation or thrombus formation^Fibrinogen produces soluble fibrin which 

is stabilised in a clot by factor XIII. Plasma fibrinogen levels rise chronically in 

the presence of cardiovascular risk factors and acutely in response to injury, 

surgery, acute infections and infarctions^^^. Normal mean levels of fibrinogen are 

around 8 . 8  pmoFl (0.3 g/dL)̂ "̂ .̂

2.9.11.1.1 Fibrinogen in the general population

Several prospective studies have found that fibrinogen predicts CHD in subjects 

without prior vascular disease, for example, the Northwick Park Heart Study^^ ,̂ 

the Scottish Heart Healthy Study^^ ,̂ and the Caerphilly and Speedwell studies^^\ 

Three meta-analyses have been published on the associations between fibrinogen 

and cardiovascular disease, in subjects with and without prior cardiovascular 

events "̂^ ’̂̂ ^̂ ’̂ ^̂ . All of these have consistently found a 2 fold increased risk of 

CVD with increased fibrinogen levels. Danesh et al., using 18 prospective 

population-based cohort studies observed a relative risk of CHD in persons in the 

upper third of plasma fibrinogen (mean of 10.3 pmol/L or >0.35 g/dL) levels of 

1.8(95%CI: 1.6-2.0)̂ "*̂ .

2.9.11.1.2 Fibrinogen and diabetes

Elevated levels of fibrinogen have been documented in diabetic patients 

compared to non-diabetic control subjects, in type 2  diabetic^^^’̂ "̂̂ '̂ ^̂  and in type 

1 diabetic patients^^^’̂ ^̂ . A prospective analysis of the ARIC study found that 

fibrinogen predicted the onset of diabetes, after 7 years, with an odds ratio of 1 . 2  

(95%CI: 1.0-1.5), however further adjustment for obesity measures reduced this 

risk to non-significance^^^.
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For CVD, associations with increased levels of fibrinogen have been documented 

in a few studies of diabetic patients, but further adjustment for other risk factors 

seemed to diminish the fmdings^^’̂ ^̂ ’̂ ^̂ . A cross-sectional study of diabetic 

patients with (n=59) and without pre-existing vascular disease (n=57) 

demonstrated that fibrinogen was significantly associated with vascular disease 

and explained about 16% of this risk. This study combined both types of diabetes 

and did not distinguish between micro- and macrovascular complications^^^.The 

Framingham Study reported an initial significant relationship between fibrinogen 

and incident CHD only in women. Fibrinogen did not account much for the 

effect of diabetes on incident CHD, after adjustment for other risk factors^^^. The 

ARIC study reported that the highest quartile of fibrinogen concentrations was 

associated with incident CHD with a relative risk of 1.75 (95%CI: 1.12-2.73), but 

further adjustment for treatment status (insulin) diminished this result^^.

In type 1 diabetic patients, cross-sectional reports of the EDC and the 

EURODIAB study reported no significant relationship between fibrinogen and 

CVD, except for the EDC men (mean level was 3.42 g/L in those with CVD 

compared to 3.00 g/L in those without)"^^’̂ ^̂ . In the 4-year report of the EDC 

study, fibrinogen levels were predictive of incident CHD again in the men only, 

even after adjustment for several other risk factors "̂ .̂

Although the evidence for fibrinogen as a risk factor for CHD in diabetic patients 

is not as strong as in the general population, there is a lack of prospective study 

designs with large numbers of diabetic patients.

2.9.11.2 Von Willebrand Factor (a prothrombotic and endothelial factor)

Von Willebrand Factor (vWF), a large multimeric glycoprotein, is synthesized in 

endothelial cells and megakaryocytes. It has two essential functions: firstly, vWF 

serves as a carrier for factor VIII and secondly, vWF mediates platelets 

aggregation and adhesion to the subendothelium, indicating its role in both 

thrombogenesis and atherosclerosis. The critical role of vWF in coagulation is 

evident from the bleeding disorder that results from vWF deficiency, von 

Willebrand disease. Furthermore, vWF has been suggested to be an acute phase 

reactant'̂ ® .̂ The majority of vWF is derived from endothelial cells, it is released 

when endothelial cells are damaged, and therefore, plasma levels are used as a
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surrogate for endothelial damage. Normal plasma levels of vWF are around 10 

|Lig/mL and the half-life is around 18 hours.

2.9.11.2.1 VWF in the general population

In healthy subjects, most prospective studies reported that high vWF 

concentrations predicted CHD in univariate analyses, but after adjustment for 

other risk factors these findings were no longer statistically significant'^^ "̂^ '̂ .̂ 

Several prospective studies have demonstrated, however, that increased levels of 

vWF predicted reinfarction and mortality in subjects with prior

2.9.11.2.2 VWF and diabetes

Raised levels of vWF were documented in diabetic patients compared to healthy 

controls, for TID™ and

Von Willebrand factor has been suggested to play a role in diabetic 

vasculopathy. Stehouwer et al. demonstrated that raised baseline urinary albumin 

excretion levels predicted CVD in type 2 diabetic patients only in the presence of 

increased concentrations of vWF"̂ ^̂ . Similar suggestions that microalbuminuric 

patients have a generalised endothelial dysfunction were reported for type 1 

diabetic patients'^

For the relationship with CHD, three prospective studies in type 2 diabetic 

patients, the Hoorn Study, the ARIC study and the Munich General Practitioner 

Project, found that elevated levels of vWF predicted incident CHD and mortality. 

The Hoorn Study found that von Willebrand factor levels in the highest tertile 

predicted cardiovascular mortality in the total (diabetic and non-diabetic, n=610, 

24 events) population with a relative risk of 3.0 (95%CI: 1.2-7.9). For the 

diabetic population there was not enough power to find statistically significant 

associations, however, relative risks of 2.5 (95%CI: 0.8-8.2) were found̂ "̂̂ . The 

ARIC study, examined 1,676 middle aged diabetic patients with no prior CHD 

and reported after 6 . 6  years of follow-up 186 CHD events. The relative risk of 

CHD associated with elevated vWF levels was 1.71 (95%CI: 1.11-2.63)^^. And 

finally, the Munich General Practitioner Project reported that vWF predicted 

CVD mortality significantly and independently of several risk factors, after 10
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years of follow-up in 268 type 2 diabetic patients out of which 58 died from 

cardiovascular causes^’

Previously, using cross-sectional data from the EURODIAB IDDM 

Complications study, vWF has been reported to be significantly associated with 

several cardiovascular risk factors and with diabetic nephropathy. No association 

was found with cardiovascular outcomes in this study^^ .̂ No other studies have 

examined the relationship between vWF and CHD in type 1 diabetic patients.

2.9.12 Homocysteine
Homocysteine is a sulphur-containing aminoacid formed during the metabolism 

of methionine"^'Metabolism of homocysteine involves two pathways: trans- 

sulphuration (to form cysteine) or remethylation (to form methionine). The 

activity of each metabolic pathway is dependent on cofactor nutrients, such as 

vitamin B 6 , B12 and folic acid. Therefore, elevated plasma homocysteine levels 

may arise from deficient intake of folate, vitamin B12 or B6  or from defects in 

enzymes involved in the metabolic pathways""^.

Normal values of homocysteine range between 5-15 pmol/L' '̂"'.

Several reviews have discussed a role of homocysteine on endothelium as a 

possible pathway to increase CHD risk""^’"̂ '̂ ’""̂ . Even though homocysteine is 

not produced by the endothelium, elevated homocysteine concentrations have 

been related to endothelial dysfunction and it is therefore seen as an endothelial 

marker""

2.9.12.1 Homocysteine in the general population

Several m eta-analyses"^ 'and  reviews"^ '̂’"'̂  ̂have reported that increased levels 

of homocysteine are related to CVD in healthy individuals. Many prospective 

studies, such as the Physician’s Health Study"'^ ,̂ the BUPA study"'^ ,̂ the Tromso 

Study"'^"', the British Regional Heart study the Framingham study (non-fasting 

homocysteine levels)"'^ ,̂ and the Women’s Health Study"'^  ̂ found significantly 

independent associations between homocysteine and cardiovascular 

complications. However, other prospective cohort studies, such as further reports 

from the Physicians Healthy Study"'^ ,̂ the Caerphilly cohort study"̂ ^̂ , MRFIT"'^® a
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Finnish population study"̂ ^̂  and the ARIC study"̂ ^̂  did not find a significant 

association.

These inconsistencies between several prospective studies are difficult to explain, 

there is considerable heterogeneity between the studies and the degree of 

adjustment for confounders varies considerably between the studies.

2.9.12.2 Homocysteine and diabetes

There is inconsistency in the literature whether homocysteine concentrations are 

raised or not in diabetic patients compared to non-diabetic controls. Some studies 

reported significantly increased levels in those with type and type 1

diabetic patients'^^^’'̂ ^̂  compared to non-diabetic controls. Other studies have 

reported significantly lower levels in type 2 ^̂  ̂ and 'pip)438;439 reported no 

difference"''̂ ""()-̂ .

Hultberg et al. demonstrated in a 5-year follow-up study that type 1 diabetic 

patients with a young age at onset and a poor metabolic control were most prone 

to develop hyperhomocysteinemia'^'^^.

Regarding the relationship with CVD, cross-sectional studies"̂ '̂ ’̂'̂ '̂ '̂ ’'̂ '̂ ’̂̂ '̂  ̂

indicated significant associations with elevated levels of homocysteine. In a 

cross-sectional analysis of the Hoorn study, an increase of 5 pmol/L in 

homocysteine levels was associated with a 2.3 fold (95%CI: 1.1-4.9) increased 

risk of CVD in subjects with T2D. The authors suggested that raised levels of 

homocysteine was a 1.6-fold stronger risk factor for CVD in type 2 diabetic 

patients than in non-diabetic controls'^ '̂ .̂ The prospective follow-up (5-year) of 

the Hoorn Study confirmed these results and reported that high levels of serum 

homocysteine were associated with an increased mortality risk, with an odds 

ratio of 1.34 (95%CI: 0.87-2.06) in non-diabetic subjects and 2.51 (95%CI: 1.07- 

5.91) in diabetic patients^^^. Further prospective evidence for an association 

between homocysteine and all-cause mortality in diabetes is from a study of 239 

diabetic patients, out of whom 84 died during 9-11 years of follow-up, reporting 

hazard ratios as high as 2.5 in the highest quartile of homocysteine"^^^.

In TID, some preliminary studies reported that elevated levels of homocysteine 

are significantly associated with adhesion molecules (sICAM-l) (r=0.34.
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p<0.05), vWF (r=0.45, p<0.01) and thrombomodulin (r=0.60, p<0.001), 

indicating endothelial dysfunction and inflammation'^^^’'̂ '̂ .̂

78



2.10 Summary of literature

• Diabetes is a common chronic disease. The incidence of type 1 and type 2 

diabetes is growing world-wide. Diabetes leads to the development of 

both acute and chronic (micro-and macrovascular) complications. Since 

the introduction of insulin, there has been a shift from acute 

complications being the major cause of death to cardiovascular disease 

being the predominant one. Cardiovascular disease is now a leading cause 

of death world-wide.

• Type 1 diabetes is associated with a 4 to 8  fold increased risk of 

cardiovascular disease compared to the general population.

• Several risk factors have been suggested in the past to explain why 

atherosclerosis is more accelerated and extensive in diabetic than in non

diabetic subjects. Targeting these risk factors early in life could play an 

important role to prevent cardiovascular complications later on.

• Many established risk factors (lipids, hypertension, smoking,

albuminuria) have been studied in prospective designs, especially for type 

2 diabetic patients. For TID, there is a lack of large prospective studies 

with enough numbers of cardiovascular events.

• Several established cardiovascular risk factors have been examined in

general population studies, type 2  and type 1 diabetic patients.

Similarities as well as contradictions in risk factors have been shown for 

these populations. For example, similarities are that age, smoking (similar 

prevalence in diabetic and non-diabetic subjects), hypertension, abnormal 

lipids and lipoproteins are established risk factors for CHD in the general 

population and in diabetic patients. A contradiction is that diabetes 

removes the “female advantage” (which is present in the general

population), increasing the risk more in women than in men.

• There is no concensus about the relationship between obesity, smoking 

and lipids and lipoproteins and CHD in type 1 diabetic patients.

• Diabetes related risk factors, such as the duration of diabetes, obesity and 

hyperglycaemia are not clearly defined cardiovascular risk factors in 

T2D, for several reasons considering the time of diagnosis and difficulty
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in separating the effects, but could possibly be of more importance in 

type 1 diabetic patients.

Risk markers such as microalbuminuria have been shown in several 

studies to be important in the development of cardiovascular

complications in the general population, type 2  and type 1 diabetic 

patients.

Type 1 diabetic patients have generally a normal lipid profile, despite 

higher risk of CHD. However, some compositional abnormalities and 

changes in underlying subclass distributions have been observed. 

Lipoprotein subclass distributions measured by NMR spectroscopy have 

not been studied in relation to CHD in type 1 diabetic patients and could 

be of major importance. The NMR spectroscopy technique is relatively 

new, and it has the advantage that it is less expensive, less time-

consuming and measures a wide range of lipoprotein subclasses

simultaneously.

There is evidence, mostly from animal and human experiments that 

inflammation plays an important role in endothelial dysfunction and 

atherosclerosis. Several markers have been examined in cross-sectional 

and prospective epidemiological designs and raised levels have been 

found to be associated with diabetes and with CHD. Since diabetic 

patients are at increased risk of developing cardiovascular disease, and 

established risk factors do not explain this high risk fully,

inflammatory/endothelial markers might play an important role in 

explaining this increased risk.

The literature supports a link between several inflammatory and 

endothelial markers (CRP, serum albumin, sialic acid, WBC, IL-6 , TNF- 

a , TGF"P1, sE-selectin, sVCAM-1, sICAM-1, fibrinogen, vWF and 

homocysteine) and CHD in the general population. In type 2 diabetic 

patients only the Hoorn and the ARIC study reported on a wide range of 

inflammatory/endothelial markers in relation to CHD in diabetic patients. 

There are currently no large prospective studies which have examined the 

predictive value of these markers in relation to incident CHD in type 1 

diabetic patients.
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Chapter 3: Aims and objectives

3.1 Main aims

1) To examine which of the established risk factors (independently) predict CHD 

in type 1 diabetic patients.

2) To determine whether raised levels of inflammatory and endothelial markers 

increase the risk of developing CHD in type 1 diabetic patients, independently of 

established risk factors.

3) To assess whether abnormal lipoprotein subclass levels as measured by NMR 

spectroscopy increase the risk of developing CHD in type 1 diabetic patients, 

independently of established risk factors.

The main aims will be addressed using data from 2 studies, the EURODIAB PCS 

and the EDC study. Both studies contain data on CHD, established risk factors 

and inflammatory and endothelial markers at different time-points. The NMR 

spectroscopy measured lipoprotein subclasses were available only in the EDC 

study. Four different study designs will be used. Table 3.1 shows how the studies 

can be partitioned according to their design and shows which risk factors were 

measured.
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Table 3.1 Time o f measurement o f different risk factors in EURODIAB PCS 

and the EDC study and the chapters (n) in which these will be 

addressed

EURODIAB PCS EDC

Prospective study

Baseline risk factors and 
CHD at follow-up

Cross-sectional
study
Risk factors and CHD 
measured at follow-up

Prospective study

Baseline risk factors 
and CHD at follow-up

Nested Case-Control

Risk factors at cycle 1-2-3 
and CHD at follow-up 
(cycle 6)

Sialic Acid (5) 
vWF (5) 
Fibrinogen (5)

CRP (6 ) 
sVCAM-1 (6 ) 
sE-selectin (6 ) 
IL6  (6 )
TNF-a (6 ) 
TGF-pl (6 ) 
Homocysteine (6 )

Serum Albumin (7) 
Fibrinogen (7) 
WBC (7)

CRP (8 ) 
sVCAM-1 (8 ) 
sE-selectin (8 ) 
s ic  AM-1 (8 ) 
Homocysteine (8 )

Established 
risk factors (5)*

Established 
risk factors (6 )*

Established 
risk factors (7)**

Established 
risk factors (8+9)**

Lipoprotein subclasses 
(NMR) (9)

* Established risk factors in EURODIAB PCS are: age, sex, duration o f diabetes, 
HbAjc, systolic and diastolic BP, Cholesterol, LDL-cholesterol, HDL- 
cholesterol, non-HDL-cholesterol, fasting triglycerides, apolipoproteins Al, A2 
and B, WHR, BMI, albuminuria, hypertension, smoking 

Established risk factors in EDC: are similar to EURODIAB PCS +  estimated 
glucose disposal rate, and HbA j instead o f HbA jc

3.2 Objectives

The main objectives of this thesis will be addressed in 5 different chapters

according to the studies and designs used:

Chapter 5] EURODIAB PCS prospective study with established risk factors 

and some inflammatory and/or endothelial markers.

Chapter 6 ] EURODIAB PCS cross-sectional study with inflammatory and/or 

endothelial markers.

Chapter 7] EDC prospective study with established risk factors and some 

inflammatory and/or endothelial markers.
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Chapter 8 ] EDC (matched) nested case-control study with inflammatory 

and/or endothelial markers.

Chapter 9] EDC (matched) nested case-control study with NMR spectroscopy 

measured lipoproteins.

3.2.1 EURODIAB PCS prospective study

1. To examine differences in risk factors (age, sex, duration of diabetes, 

smoking, blood pressure, lipids and lipoproteins, obesity, hyperglycaemia 

and albuminuria) in those who develop CHD and those who do not.

2. To examine associations between baseline risk factors.

3. To determine which of the ‘established’ risk factors independently predict 

CHD.

4. To examine the relationship between baseline inflammatory or 

endothelial markers and incident CHD (Table 3.1).

5. To examine associations between baseline inflammatory or endothelial 

markers and established risk factors.

6 . To determine whether baseline inflammatory or endothelial markers 

predict CHD, independently of established risk factors.

3.2.2 EURODIAB PCS cross-sectional study

1. To examine cross-sectional associations between inflammatory, 

endothelial markers and prevalent CHD (Table 3.1).

2. To examine associations between established risk factors and 

inflammatory or endothelial markers.

3. To determine whether associations between inflammatory or endothelial 

markers and prevalent CHD are independent of established risk factors.

3.2.3 EDC prospective study

1. To examine differences in risk factors (age, sex, duration of diabetes, 

smoking, blood pressure, lipids and lipoproteins, obesity.
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hyperglycaemia, hyperinsulinaemia and albuminuria) in those who 

develop CHD and those who do not.

2. To examine associations between established risk factors at baseline.

3. To determine which of the ‘established’ risk factors independently predict 

CHD.

4. To examine the relationship between baseline inflammatory, endothelial 

markers and incident CHD (Table 3.1).

5. To examine associations between inflammatory markers or endothelial 

and established risk factors at baseline.

6. To determine whether baseline inflammatory or endothelial markers 

predict CHD, independently of established risk factors.

3.2.4 EDC (matched) nested-case control study
1. To examine the relationship between inflammatory or endothelial 

markers and incident CHD (Table 3.1).

2. To analyse the associations between established risk factors and 

inflammatory or endothelial markers.

3. To assess whether inflammatory or endothelial markers predict CHD, 

independently of established risk factors.

4. To analyse the relationship between lipoprotein subclasses, as measured 

by NMR spectroscopy, and incident CHD.

5. To analyse associations between established risk factors and lipoprotein 

subclasses.

6. To assess whether lipoprotein subclasses predict CHD, independently of 

established risk factors.

7. To assess whether NMR spectroscopy measured lipoprotein particle 

numbers, lipid mass or average size predict CHD, independently of 

established risk factors.
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Chapter 4: Methods

4.1 Study designs
A brief description of each study design is given in the following paragraphs.

4.1.1 The EURODIAB Prospective Complications Study 

(EURODIAB PCS):
This study, a clinic based multicentre study, was set up to examine risk factors 

for micro- and macrovascular complications in type 1 diabetic patients across 

Europe.

4.1.1.1 Prospective study design

Baseline investigations on established risk factors and some inflammatory 

markers were performed between 1989-1991 on 3250 patients with TID. Full 

details of the study design and methods have been published^^^’'̂ ^̂  Patients were 

recruited from 31 centres in 16 European countries.

Approximately 6-8 years later, these patients were invited back for re

examination and CHD status was assessed. Full details of the follow-up 

examinations have been published'^^^’'̂ ^̂ . Of 3250 type 1 diabetic patients, 2329 

were included in this study, out of which 151 had CHD at follow-up and 2178 

did not.

4.1.1.2 Cross-sectional study design

This study was originally designed as an (unmatched) nested case-control study. 

However, since both inflammatory markers (table 3) and CHD were assessed at 

the same time, this study will be analysed cross-sectionally. Patients (n=540) on 

whom aliquots of serum were available, were re-examined 6-8 years after the 

baseline assessments. Cases (n=359) were selected as those who had at least one 

complication from retinopathy, nephropathy, CVD and neuropathy at follow-up. 

Because CVD was a rare event, all patients with this condition were selected 

first. Then, all patients with either proliferative retinopathy or macroalbuminuria 

were added. Finally, all patients with microalbuminuria and background

85



retinopathy were selected. Of the 359 patients with complications, 303 had any 

retinopathy, 210 had albuminuria, 209 had neuropathy, 132 had CVD and 120 

had CHD. Control (n=174) subjects included all patients who had no 

complications at follow-up. There were 7 missing values (359+174=533), 6 

missings for neuropathy status and 1 missing for albuminuria status.

In this thesis, inflammatory and endothelial markers will be compared between 

120 CHD cases and 174 controls with no complications.

4.1.2 Epidemiology of Diabetes complications (EDC) study
This study, a hospital based single centre study, was set up to examine risk 

factors for micro- and macrovascular complications in type 1 diabetic patients in 

Pittsburgh, United States.

4.1.2.1 Prospective study design

The Pittsburgh Epidemiology of Diabetes Complications (EDC) study is a 9-year 

prospective follow-up study of risk factors for complications in childhood onset 

TID. Full details of the design and recruitment in the EDC study have been 

published elsewhere'^ '̂^’'̂ ^̂ .

Between 1950-1980, 658 type 1 diabetic patients were recruited from the 

Children’s Hospital of Pittsburgh registry, which has been shown to be 

representative of the Allegheny County population^^^. The patients were seen at 

the Children’s Hospital of Pittsburgh within a year of diagnosis, were aged less 

than 17 years old at the onset of TID, and on insulin therapy at discharge"^^ .̂ 

These 658 subjects, were assessed at the baseline examination in 1986-1988 and 

biennially thereafter, for an average of 9 years follow-up, ending in 1998-2000. 

Of the 658 patients, 603 could be assessed, out of which 108 had an incident 

CHD event.

4.1.2.2 Matched nested case-control study design

After an average of 9 years of follow-up, 71 control subjects who had not 

developed a cardiovascular endpoint were pair matched by age (+ 3 years), sex.
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and duration (+ 3 years) of diabetes to cases (N=71) with an incident 

cardiovascular endpoint.

Inflammatory or endothelial markers and lipoprotein subclasses (by NMR 

spectroscopy) were measured when a sample was available in this study. This 

could be from any cycle, baseline (cycle 1) or two or four years later (cycle 2 or

3), but had to be before the date of the first CHD event. The first CHD event was 

used to define the case. For example, if a patient had an MI in cycle 4 and 

subsequently died of CHD in cycle 6 then MI was used as the event.

The established risk factors were taken from the same cycle that represented 

samples taken for the measurement of inflammatory/endothelial markers or 

NMR lipoprotein subclasses.

4.1.3 Rationale for using 4 study designs
For the established risk factors prospective designs will be used. In the 

EURODIAB PCS, baseline established risk factors will be analysed in relation to 

7 year incident CHD. In the EDC study, baseline established risk factors will be 

analysed in relation to 9-year incident CHD. Some inflammatory or endothelial 

markers (Table 3.1), fibrinogen, vWF and sialic acid were measured at baseline 

in the EURODIAB PCS data and therefore, these will be examined in relation to 

incident CHD in a prospective design. Most inflammatory or endothelial 

markers, however, were measured only at follow-up in the EURODIAB PCS, at 

the same time when CHD was assessed. A nested case-control study was 

designed and will be used in this thesis to assess cross-sectional associations 

between inflammatory or endothelial markers and CHD. In the EDC nested case- 

control study all inflammatory or endothelial markers were measured before the 

event occurred and will be analysed in relation to incident CHD in a prospective 

manner. For the lipoprotein subclasses, as measured by NMR spectroscopy, the 

same nested case-control design will be used to examine associations between 

lipoprotein subclasses and incident CHD.

4.1.4 Advantages and disadvantages of these designs
The main advantages of using the cross-sectional (nested case-control design 

EURODIAB PCS) design will be to estimate crude associations between
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inflammatory or endothelial markers and CHD events. The disadvantages of this 

design, in comparison with a prospective design, are that since both exposure and 

outcome are measured at the same time, no cause and effect relationship can be 

assessed and reverse causation might play a role. Reverse causation means that 

risk factor levels may be changed following diagnosis of disease, which may 

decrease the power to detect associations between risk factors and CHD. 

Furthermore, the selection of available samples might introduce bias.

The advantages of a (prospective) nested case-control design are that this study 

requires relatively few subjects for optimal power, it is cheaper, existing data can 

be used, and controls are selected from the same pool and will be similar to 

cases, except for the disease.

The prospective study designs have as their main advantage: the ability to assess 

cause and effect relationships, to estimate incidence rates and to calculate hazard 

ratios with greater precision.

4.2 EURODIAB PCS

4.2.1 Subjects

4.2.1.1 Entry criteria

TID was defined as diabetes diagnosed before the age of 36 years with 

continuous insulin treatment within 1 year of diagnosis. The diagnosis of 

diabetes had to be made at least 12 months before entry into the study and the 

patients were aged between 15-60 years at entry. Pregnant women, patients who 

were unrepresentative of local ethnic groups and those with TID for less than 1 

year were not recruited into the study.

4.2.1.2 Sampling at baseline

At each centre (except Cagliari and Düsseldorf Medizinische Klinik E), a 

stratified random sample of up to 140 patients was selected from a sampling 

frame of all TID patients who had attended the diabetes clinic, or related clinics 

such as a renal clinic, at least once during the previous 12 months. Patients were 

stratified by sex, age in three groups (15-29, 30-44 and 45-60 years) and duration



in three groups (1-7, 8-14 and 15+ years) before randomly selecting 10 patients

from each stratum^^^.

4.2.1.3 Recruitment

Patients were invited to participate in the study in person, by phone or by letter. 

Fourteen percent of eligible patients could not be contacted. Of the remainder 

who responded to the invitation, 85% took part in the study, giving an overall 

response rate of 73% and a total of 3250 participants (51% male). At each centre, 

informed consent from all patients and ethical committee approval for the study 

was obtained.

4.2.2 Methods

4.2.2.1 Standardization of methods between centres

After attending regional training sessions, investigators followed standard 

procedures described in a comprehensive manual of operations. All methods and 

complication assessments were similar between baseline and follow-up, except 

for the HbAic method.

4.2.2.2 Definition of CHD

At both baseline and follow-up, CHD was defined using the same standardized 

protocol.

CHD (at follow-up) was assessed either by questionnaire at re-examination, or if 

the subject did not attend the clinic visit (for several reasons, i.e. refused, died, 

lost-to-follow-up, moved) hospital notes (recorded onto morbidity or mortality 

forms) were used.

The patients were asked whether they had ever been told by a physician that they 

had had a heart attack, angina pectoris or a coronary artery bypass graft (CABG). 

A conventional 12-lead resting ECG was recorded on each subject. ECG 

abnormalities were coded by two observers according to the Minnesota 

classification'^^^.

Probable ischaemia: codes 1.1 and 1.2 (Major Q/QS waves)
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code 7.1 (complete left bundle branch block)

Possible ischaemia: codes 1.3 (minor Q waves)

codes 4.1, 4.2 and 4.3 (ST segment abnormalities) 

codes 5.1, 5.2 and 5.3 (T wave abnormalities)

Any discrepancies between the two observers were adjudicated by a third 

observer. If the patient had died during follow-up, the cause of death was 

evaluated from hospital notes and death certificates. All patients with CHD at 

baseline were excluded from the prospective study. Those with a first CHD event 

at follow-up were defined as having documented MI, CABG or angina, or 

Minnesota coded Ischaemic ECGs (possible/probable ischaemia) or CHD death.

4.2.2.3 Survival time

Time to first CHD event (survival time) was calculated in several steps, 

depending on whether there was a date available. Firstly, for those patients who 

had documented MI, CABG or angina the actual recorded dates of events (MI,

CABG, angina) were used, whichever date came first. Then for those who died

of CHD the date of death was used to calculate the survival time. There were no 

patients in the dataset who had both mortality and morbidity information (there 

was either mortality or morbidity data). Finally, for those who had an event 

because of ischaemic ECGs or for those whose date of event was unknown the 

midpoint was calculated between the baseline and follow-up examination date.

4.2.3 Risk factors
Standard questionnaires were used to get information on demographics, 

complications, past medical history, family history, current therapy and physical 

activity. Details of insulin dose, blood pressure lowering drugs, medication for 

angina or raised blood lipids, and menstrual history were obtained from patients 

and medical records. The following paragraphs list briefly the methods used to 

measure the risk factors that will be used in this thesis.
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4.2.3.1 Duration of diabetes

The duration of diabetes was calculated from the date of diagnosis (month/year) 

until the date of entry into the study, expressed in years.

4.2.3.2 Smoking

Smoking habits were collected by answers to the following questions on 

questionnaires: ‘Do you now smoke cigarettes?’ and If ‘no’ did you ever smoke 

5 cigarettes or more a day?’. Smoking status was recorded as none, current and 

past smoking habits. Alternatively, current and past smokers were grouped as 

ever smokers.

4.2.3.3 Obesity

Height was recorded, with indoor clothing after removing shoes, with a standard 

clinic scale (in cm) (stadiometer). Weight was measured with a well maintained 

and calibrated beam balance (in kg). Body mass index was calculated 

(weight/height squared, kg/m^). Overweight is defined as BMI >25 kg/m^.

Waist (midway between the costal margins and the iliac crests) and hip (at the 

level of the greater trochanters and if not palpable, the largest gluteal 

circumference was recorded) circumferences were measured with a standard 

clinic tape. Waist-to hip ratio (WHR) was calculated (waist/hip circumference). 

A raised WHR is 0.95 or more in men and 0.85 or more in women.

4.2.3.4 Blood pressure

Blood pressure was measured by a random zero sphygmomanometer (Hawskley, 

Lancing, UK). Using an appropriately sized cuff, two blood pressure readings 

were taken from the right arm with the patient in a seated position after 5 minutes 

rest. Readings were taken from the top of the meniscus and measurement was 

recorded to the nearest 2 mmHg. Diastolic blood pressure was recorded at the 

disappearance of sound (Korotkoff phase V). Data presented here are based on 

the mean of two measurements. Hypertension was defined as a systolic blood
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pressure (SBP) >140  mmHg or diastolic blood pressure (DBF) >90 mmHg 

and/or current use of blood pressure lowering drugs.

4.2.3.5 Insulin

The mean daily insulin dose/weight (U/day) and the total number of 

injections/day were assessed by questionnaires.

4.2.3.6 Blood/urine sample handling

When the patient was seated, a single venous blood sample was taken from an 

antecubital vein and collected in tubes containing EDTA as anticoagulant. The 

majority of patients attended after an (10-12 hours) overnight fast and before the 

morning insulin injection, but 8 of the centres chose to collect non-fasting blood 

samples. Aliquots of whole blood (H bAic), plasma (lipids and creatinine, 

separated within 2 hours of blood collection) and urine (albumin) were stored at 

less than -20°C at each centre. At 2-monthly intervals, the locally stored samples 

of blood, plasma and urine were transported, frozen on solid carbon dioxide, to 

the central laboratory in London. On receipt, samples were kept at less than 

-20°C until assayed within the following 2 months (lipids, creatinine and urinary 

albumin) or 1 year (HbAic)'

4.2.3.6,1 Glycated haemoglobin

HbAic was measured in a central laboratory by an enzyme immunoassay^^^ using 

a monoclonal antibody raised against HbAic (Dako Ltd, Ely, UK). The reference 

range in non-diabetic subjects was 2.9% -4.8% . At follow-up H bA ic was 

measured by a latex enhanced turbidimetric immunoassay (Roche Products Ltd, 

Welwyn Garden City, UK), according to the DCCT method. The reference range 

for this assay was 4.2-6.2% . To correct the baseline values to be comparable with 

the follow-up DCCT method the following formula has been derived"'^ .̂

Corrected H bA ic at baseline =1.0289*H bA ic value at baseline +1.5263
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4.2.3.6.2 Enzymatically measured lipids and lipoproteins

Plasma was separated by centrifugation at l,500g for 10 minutes at ambient 

temperature. The triglyceride'^^^ and cholesterol"^^  ̂ concentration of plasma and 

the cholesterol concentration of were assayed by standard enzymatic

methods (Boehringer Mannheim, East Sussex, UK) using a cobas-bio centrifugal 

analyser (Roche, Welwyn Garden City, Herts, UK). For HDL, samples with 

triglyceride concentrations >3mmol/L were diluted with 0.15 mol/L sodium 

chloride solution before manganese and heparin precipitation. A single batch of 

lipid reference material was used throughout the study (Precilip-EL, Boehringer- 

Mannheim, Germany).

Quality control sera at low, medium and high triglyceride and cholesterol levels 

were included in every assay, with a specific HDL control serum being taken 

through both precipitation and cholesterol analysis. The overall between-batch 

coefficient of variation was less than 3% at each level of triglyceride and 

cholesterol and in the HDL control. In addition, 10% of patients had extra blood 

taken at screening. Their plasma aliquots were given false identity numbers 

before merging with samples with authentic numbers; the laboratory was thereby 

blinded to identify these hidden duplicates. A coefficient of reliability was 

subsequently calculated and was high for plasma triglycerides (0.98), cholesterol 

(0.97) and HDL-cholesterol (0.96).

Low-density lipoprotein cholesterol (LDL-cholesterol) was calculated from 

Friedewald’s formula"^^ .̂ Non-HDL cholesterol was calculated as HDL- 

cholesterol subtracted from total cholesterol.

Stored serum samples were analysed for apolipoproteins (Al and A2) by an 

immunoturbidimetric method (mmol/L) with commercially available kits 

(Boehringer Mannheim Biochemica, Mannheim, Germany)^^'^^\ The interassay 

coefficients of variations were 3.5% and 3.7% for apoAl and A2 respectively. 

The concentration of apolipoprotein B was measured by an immunochemical 

assay (Orion Diagnostica, Espoo, Finland), with an interassay coefficient of 

variation of 4.4%.
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4.2.3.6.3 Albumin excretion rate (AER)

The albumin excretion rate was calculated from the product of albumin 

concentration (pg/mL) and timed urine flow (mL/min) in a timed 24-hour urine 

collection, after excluding proteinuria due to urinary tract infection. Infection in 

samples was tested by dipstick (Nephur Test Leuco, Boehringer-Mannheim, 

Germany), and if positive, collections were discarded and a fresh collection was 

made after any infection had been treated. If the dipstick was negative, aliquots 

were sent to London for analysis. Patients were instructed in how to carry out a 

24-hour timed urine collection, given plastic containers and asked to perform the 

collection in the 24 hours prior to the screening visit. Urine was not collected 

during menstruation or intercurrent illness.

Urinary albumin was measured by an immunoturbidimetric method"̂ "̂̂  using goat 

anti-human albumin antisera (Sanofi Diagnostics Pasteur Inc., Minn., USA) and 

human serum albumin standards (ORHA 20/21 grade HAS; Behring Diagnostics, 

Hoechst UK Ltd, Hounslow, Middlesex, UK). Normoalbuminuria was defined as 

an AER below 20 pg/min, microalbuminuria as AER between 20-200 pg/min, 

and macroalbuminuria if AER was at or above 200 pg/min. Albumin excretion 

rate was measured once at baseline and twice at follow-up (two 24-hour urine 

collections) in the same laboratory. The coefficient of variation for the follow-up 

specimens was 34%, reflecting the known variability in this measure.

4.2.3.7 Inflammatory or endothelial markers

All inflammatory or endothelial markers (except for sialic acid, fibrinogen and 

vWF) in EURODIAB PCS were measured by the Department of Clinical 

Chemistry, Haematology and Internal Medicine, Vrije Universiteit Medical 

Centre in Amsterdam, the Netherlands. See Table 3.1 for timing of 

measurements and markers. All samples were frozen at -80°C upon receipt and 

kept frozen until assayed.

4.2.3.7.1 Sialic A cid

Total plasma sialic acid was assayed using an enzymatic method (Boehringer 

Mannheim, Lewes, Sussex, UK), adapted for use on a centrifugal analyzer
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(Cobas Bio or Fara, Roche, Welwyn, Herts, The between-batch

coefficient of variation (CV) of this assay was 3.8%.

4.2.3.7.2 Fibrinogen

Fibrinogen was assayed by a clotting assay based on the prothrombin time, on an 

Instrumentation Laboratories Series 300(R) Autoanalyzer"^^ .̂ A pooled plasma 

standard, calibrated against the UK (NIBSAC) standard was employed. Hidden 

duplicate samples were included to check on reproducibility and satisfactory 

performance was recorded according to the UK National Quality Assurance 

guidelines. The interassay CV was 5-8% and the intra-assay CV was 4-7%. The 

normal range of fibrinogen was between 1.9-3.8 g/L.

4.2.5.7.3 vWF

Plasma vWf antigen was measured by enzyme immunoassay (ELISA)"^^ .̂ The 

interassay CV was 5-8% and the intra-assay CV was 4-7%. A pooled plasma 

standard, calibrated against the UK (NIBSAC) standard was employed. Hidden 

duplicate samples were included to check on reproducibility and satisfactory 

performance was recorded according to the UK National Quality Assurance 

guidelines. The normal range of vWF was between 0.46-1.46 U/mL.

4.2.3.7.4 CRP

CRP was measured with a highly sensitive in-house sandwich enzyme 

immunoassay, using rabbit anti-human CRP immunoglobulin and peroxidase- 

conjugated rabbit anti-human CRP immunoglobulin as a catching and detecting 

antibody (Dako, Copenhagen, Denmark)"^^ ,̂ with 0-Phenylenediamine (Sigma 

Chemical Co., St. Louis, USA) as substrate. The high sensitivity method had a 

lower detection limit of 0.2 mg/L and intra- and interassay coefficients of 

variation of 3.9% and 8.7%, respectively^^^.
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4,23,7,5 IL-6

Human Interleukin-6 was measured by sandwich enzyme immunoassay 

(Quantikine High Sensitivity, R&D Systems, Oxen, United Kingdom). The intra- 

and interassay coefficients of variation for IL-6 were <11.1% and <16.5%, as 

reported by the manufacturer.

4,2,3,7,6 sVCAM-1

Soluble (s) VCAM-1 was measured by sandwich enzyme immunoassay (R&D 

Systems, Oxon, United Kingdom). The intra- and interassay coefficients of 

variation for sVCAM-1 were <5.9% and <10.2%, as reported by the 

manufacturer.

4.2.3.7.7 sE-selectin

Soluble (s) E-selectin was measured by Parameter Human sE-selectin 

Immunoassay (R&D Systems, Inc. Minneapolis, USA), distributed in the UK by 

R&D Systems, Oxon, United Kingdom. The method was validated in the 

laboratory at the Vrije Universiteit Medical Centre, Amsterdam, the Netherlands. 

The intra- and interassay coefficients of variation for sE-selectin were <5.0% and 

<8.8% as reported by the manufacturer.

4.2.3.7.8 TGF-pi

Total TGF-131 was measured by DuoSet Elisa Development system (R&D 

Systems, Oxon, UK). In order to activate the latent plasma TGF-Bl to the 

immunoreactive form, 0.1 mL plasma was acid activated by 0.1 mL 2.5N acetic 

acid/lOM urea for 10 min at room temperature and neutralized by 0.1 mL 2.7N 

NAOH/IM HEPES.

For urine, 1 mL was activated by 0.2 mL IN HCl and neutralized by 0.2 ml 1.2N 

NAOH/0.5MHEPES. Twenty-four hour urine samples were collected. Intra

assay and interassay variations were 5.0% and 7.0%, respectively. Urinary TGF- 

Bl was indexed to urinary creatinine excretion in order to correct for urine 

volume (dilution).
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4.2.3.7.9 TNF-alpha

Human TNF-alpha was measured by sandwich enzyme immunoassay 

(Quantikine High Sensitivity, R&D Systems, Oxon, United Kingdom). The intra- 

and interassay coefficients of variation for TNF-alpha were <14,3% and <22.6%, 

as reported by the manufacturer.

4.2.3.7.10 Homocysteine

Total plasma homocysteine was determined with an automated fluorescence 

polarization immunoassay on an Abbott IMx analyzer, with an interassay 

coefficient of variation <4%^^ .̂

4.2.3.S Other complications

The following complications were included in the analyses of this thesis to 

describe the population, but were not further used as risk factors for CHD.

4.2.3.8.1 Retin opathy

Retinal photographs were taken according to the EURODIAB protocof^^. 

Retinal diapositives were taken with a wide angle camera after pupil dilation. 

Two precisely defined fields (disc-macula-temporal and disc-nasal) were 

photographed in each eye, using Kodachrome 64 ASA diapositive film. 

Observers graded all retinal diapositives by comparing them with standard 

diapositives taken with a 45° or 50° camera and chosen to illustrate lesions of 

different severity (on a scale of 6 levels: no retinopathy (level 0), minimal non

proliferative retinopathy (level 1), moderate non-proliferative (level 2), severe 

non-proliferative retinopathy (level 3), photocoagulated (level 4), and 

proliferative retinopathy (level 5). Grading was performed by the retinopathy 

grading centre at the Hammersmith Hospital, Imperial College (London) by 

observers masked to all information about the patient. The same grading centre 

was used at baseline and at follow-up. Each patient’s level of retinopathy was 

determined by the worst eye. Retinopathy is classified in this thesis as none
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(level 0), non-proliferative (level 1-3) and proliferative retinopathy (level 4, 5). 

Proliferative retinopathy was defined as any new vessels, fibrous proliferations, 

pre-retinal haemorrhage, vitreous haemorrhage or photocoagulation scars.

4.2.3.8.2 Neuropathy

Neuropathy was classified including abnormalities affecting peripheral sensory 

and motor nerves (peripheral neuropathy) as well as the autonomic nervous 

sytem (autonomic neuropathy). Neuropathy was assessed on the basis of 

neuropathic symptoms and signs, measurement of vibration perception threshold 

and autonomic function"^^ .̂

1] Neuropathic symptoms included the presence of: a) numbness or dead feeling 

in the feet, b) prickling sensation in the feet, c) deep or burning pains in the legs, 

d) unusual difficulty in climbing stairs, e) difficulty controlling the bladder, 

f) any trouble with nocturnal diarrhoea, over the previous 6 months. In addition 

male patients were asked questions regarding impotence.

2] Neurological examination was conducted by testing ankle and knee reflexes.

3] Sensory neuropathy was measured by Vibration Perception Threshold (VPT) 

using centrally calibrated biothesiometers (Biomedical, Newbury, Ohio, USA). 

VPT was measured with the biothesiometer resting horizontally on the tip of the 

right toe and the mean of three readings was taken.

4] Autonomic function was measured by testing two cardiovascular reflex 

responses: change in heart rate and change in systolic BP on standing upright 

after resting horizontally for at least 5 minutes. A single observer calculated the 

postural change in ECG-recorded heart rate as the ratio of the longest beat-to- 

beat interval (RR interval between QRS complexes) between the 28̂  ̂ and the 

32"  ̂beats to the shortest beat-to-beat interval between the 13̂  ̂and the 17̂ *’ beats.

Neuropathy was diagnosed if abnormalities were found in two or more of the 

above described criteria, i.e. 1) the presence of one or more symptoms, 2) 

absence of two or more ankle or knee reflexes, 3) VPT which was abnormal, and
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4) abnormal autonomic function assessed using Ewing’s definitions'^^  ̂ of postural 

hypotension (a fall in systolic BP of 20 mmHg or more), and/or loss of heart rate 

variability.
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4.3 The EDC Study

4.3.1 Subjects

4.3.1.1 Entry criteria

Type 1 diabetic patients were diagnosed and/or seen at Children’s Hospital of 

Pittsburgh within a year of diagnosis, aged less than 17 years old at the onset of 

TID, and on insulin therapy at discharge"^^ .̂ Subjects refusing clinic attendance 

completed a medical history questionnaire. Only three subjects provided no 

follow-up data.

4.3.1.2 Recruitment

Between 1950-1980, 658 TID patients were recruited from the Children’s 

Hospital of Pittsburgh registry, which has been shown to be representative of the 

Allegheny County population"^^ .̂ Informed consent was obtained from all 

patients and ethics committee.

4.3.2 Methods

4.3.2.1 Definition of CHD

Clinical CHD was defined using standardized criteria as a history of MI 

confirmed by ECG Q-waves or hospital records, fatal CHD based on death 

certificates coded according to standard methodology, coronary revascularisation 

or coronary artery occlusion >50% by angiography. Ischaemic ECG was defined 

as Minnesota Codes 1.3, 4.1-4.3, 5.1-5.3, or 7.1"̂ ^̂ . Angina was determined by 

the EDC physician at each EDC cycle visit.

4.3.3 Risk factors
Standardized questionnaires and procedures were used at each cycle (biennially). 

All conventional risk factors were assessed at all cycles. Inflammatory or 

endothelial markers (see Table 3.1) and lipoproteins as measured by the NMR 

technique were assessed in a nested case-control design.
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4.3.3.1 Duration of diabetes

Duration of diabetes was recorded by questionnaires (in years). Duration was 

assessed accurately, because all patients were diagnosed in the Childrens’ 

Hospital of Pittsburgh.

4.3.3.2 Smoking

Smoking status was assessed by questionnaires. The following questions were 

asked: ’Have you smoked at least 100 cigarettes in your lifetime?’. ‘Do you 

smoke cigarettes now? If no, how old were you when you stopped smoking 

cigarettes?’ ‘How old were you when you started smoking cigarettes regularly?’ 

‘On average, how many cigarettes do or did you smoke per day when you were 

smoking the heaviest?’ An ever smoker was defined on the database as those 

who smoked more than 100 cigarettes in a lifetime.

4.3.3.3 Obesity

Weight was measured with a balance beam scale (with clothing), by a physician 

during clinical examination. Height was measured with the clinic stadiometer. 

Body Mass Index (BMI) was calculated as weight /height^ (kg/m^). Overweight 

is defined as BMI >25 kg/m^. Two waist measurements were made midway 

between the upper iliac crest and lower costal margin, and two hip measurements 

were made at the maximum hip circumference. Averages for each were used to 

derive the waist-to-hip ratio (WHR). A raised WHR is 0.95 or more in men and 

0.85 or more in women.

4.3.3.4 Blood pressure

Sitting blood pressure was measured according to the Hypertension Detection 

and Follow-up Program protocof^^ using a random zero sphygmomanometer. 

The average of the second and the third assessment was used. Hypertension was 

defined as systolic blood or diastolic blood pressure >140/ 90 mm Hg and/or 

taking blood pressure lowering medication.
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4.3.3.5 eGDR

Estimated Glucose Disposal Rate (eGDR), an inverse marker of insulin 

resistance, was calculated using a previously described regression equation 

(involving HbAi, WHR and hypertension) derived from hyperinsulinaemic 

euglycemic clamp studies^

The day before the euglycemic clamp study, two intravenous catheters were 

inserted: the first one was placed in a vein in the antecubital region for 

administration of insulin and glucose, and the second one was placed in a vein on 

the contralateral hand for blood sampling.

The clamp was started at 8 am and was completed at 11 am, with a continuous 

infusion of regular insulin at a constant rate of 60 mU.m'^.min'’ to obtain plasma 

free insulin levels of 700 pmol/L. The hand with the intravenous catheter was 

placed into a warmer pad to arterialize the venous blood (when arterial sampling 

is not possible the heated hand vein technique provides a good alternative to 

measure kinetics of glucose in the body)"̂ ^̂ . During the clamp, the plasma 

glucose was maintained at 5.4-5.8 mmol/L by concomitant intravenous infusion 

of 20% glucose, on the basis of plasma glucose determinations every 5 minutes 

at the bedside. Blood was sampled for determinations of plasma free insulin 

every 15 minutes for the last 60 minutes of the clamp. The GDR, in milligrams 

per kilogram per minute, was computed over the last 30 minutes of each clamp.

4.3.3.6 Blood/urine sample handling

Fasting blood samples were taken. All blood samples were stored at -20° C.

4.3,3,6.1 Glycosylated h em oglobin

Total glycosylated hemoglobin (HbA%) values were originally determined using 

saline-incubated blood samples and cation-exchange microcolumn 

chromatography (Isolab, Akron, Ohio). After the first 18 months (October 26, 

1987), the assay technique was changed to automated high-performance liquid 

chromatography (Diamat, Bio-Rad, Hercules, CA) (interassay CV of 2.25%). 

Readings of the two techniques yielded almost identical results (r=0.95).

102



4.3.3.6.2 Enzymatically measured lipids and lipoproteins

All lipid determinations were done in the Heinz Nutrition Laboratory in the 

Department of Epidemiology, Graduate School of Public-Health, Pittsburgh, 

USA.

Cholesterol and triglycerides were measured enzymatically'^^^’'̂ '̂̂ , with an 

interassay coefficient of variation of 2%.

HDL-cholesterol was determined using a modification of the Lipid Research 

Clinics method by a heparin and manganese procedure, with an interassay 

coefficient of variation of 5.8%^^ .̂ LDL-cholesterol was calculated using the 

Friedewald equation"^^ ,̂ which has been previously validated in this 

population"^^ .̂ Non-HDL cholesterol was calculated as HDL-cholesterol 

subtracted from total cholesterol.

Apolipoprotein A1 and apolipoprotein B were determined by immuno- 

electrophoresis"^^^. Apolipoprotein A2 was measured by ELISA.

4.3.3.Ô.3 Albumin excretion rate

Albumin excretion rates were measured. Albuminuria status was defined as 

normoalbuminuria, microalbuminuria, macroalbuminuria and renal failure (or 

overt nephropathy).

Macroalbuminuria and/or overt nephropathy was defined as having an albumin 

excretion rate >200 pg/min in at least two of three timed urine collections (24 

hours, overnight and 4-hour post-clinic), renal failure (serum creatinine >440 

pmol/1), undergoing dialysis, or a kidney transplantation. If urine specimens 

were not available or incomplete, a previously validated urinary albumin-to- 

creatinine ratio >0.31 was used to define albuminuria. Urinary albumin was 

determined immuno-nephelometrically"^^^, with an interassay coefficient of 

variation of 15.2%. Urinary creatinine concentrations were measured using an 

analyzer (Ekachem 400 analyzer, Eastman Kodak Co, Rochester, NY) 

(interassay coefficient of variation of 5.6%). If no specimens were available, 

serum creatinine >2 mg/dl was considered evidence of albuminuria.
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4.3.3.T Inflammatory or endothelial markers

Serum albumin, WBC and fibrinogen were assessed at baseline (cycle 1), 

homocysteine, CRP and adhesion molecules were assessed at cycle 1-2-3. All 

blood samples were stored at -20° C.

4.33.7.1 Serum albumin

Serum albumin was measured using immunonephelometry (Hyland PDQ Digital 

nephelometer)"^^^.

4.3.3.7.2 Fibrin ogen

Fibrinogen was determined in citrated whole blood (4.5 mL) with a biuret 

colormetric procedure and a clotting method. This method determined the protein 

clottable during prolonged incubation of plasma with excess thrombin. Normal 

range was between 150-450 mg/dL.

4.3.3.73 WBC

White blood cell (WBC) counts were measured using the Coulter Counter Model 

S-Plus IV (Hialeah, Florida, USA), which is a qualitative automated 

haematology analyzer for in-vitro diagnostic use in clinical laboratories.

4.3.3.Z4 CRP

CRP was assessed with an ultrasensitive enzyme-linked immunosorbent assay 

(ELISA), using purified protein and polyclonal anti-CRP antibodies^^^. This 

technique was developed by Russel Tracy, at the department of Pathology, 

University of Vermont, Colchester, USA. It was a highly-sensitive reproducible 

assay, calibrated with WHO reference material. The intra- and interassay 

coefficients of variation were 3% and 6% respectively. Analytical recovery was 

97.9%.
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4.3.3.7.5 s ic  AM-1, s VC AM-1, an d sE-selectin

The soluble adhesion molecules were measured by an enzyme immunoassay 

(R&D Systems, Minneapolis, MN, USA). The assays were calibrated against a 

purified soluble form of recombinant human adhesion molecules. The intra-assay 

coefficient of variation ranged from 3.3-5.6% and the interassay coefficient of 

variation ranged from 5.6-10.2%. The typical sensitivity of the assay was <0.1 

ng/mL for sE-selectin, less than 0.35 ng/mL for sICAM-1 and <2 ng/mL for 

sVCAM-1.

4.3.3.7.6 Homocysteine

Homocysteine was analysed according to the procedure described by Fortin and 

Genest'̂ ^®. Total plasma homocysteine (40 pL aliquots) was analysed by high- 

performance liquid chromatography (HPLC), separated by column and detected 

flurometrically. All samples were measured in duplicate and calibration has been 

conducted. The interassay coefficient of variation was 5.5%. Since the procedure 

involved a reducing step (using sodium borohydride'^^\ no distinction was made 

between homocysteine and its oxidized analyses, therefore, the analyte measured 

was referred to as homocyst(e)ine'^^^.

4.3.3.S NMR spectroscopy method

Lipoprotein subclass profiles were measured on freshly-thawed frozen plasma 

samples by proton NMR spectroscopy as previously described^^^'^^’. In brief, the 

NMR method uses the characteristic signals broadcasted by lipoprotein 

subclasses of different sizes as the basis of their quantification. Each subclass 

signal emanates from the aggregate number of terminal methyl groups on the 

lipids contained within the particle. Cholesterol esters and triglycerides in the 

particle core each contribute 3 methyl groups and phospholipids and unesterified 

cholesterol in the surface shell each contribute 2 methyl groups. To a close 

approximation, the diameter of the particle determines the number of methyl 

groups present (and hence, the amplitude of the methyl NMR signal), 

irrespective of differences in lipid composition arising from, for example, 

variations in the relative amounts of cholesterol ester and triglyceride in the
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particle core, varying degrees of unsaturation of the lipid fatty acyl chains, 

varying phospholipid composition, etc. For this reason, the methyl NMR signal 

emitted by each subclass serves as a direct measure of the concentration of that 

subclass.

NMR spectra of each plasma specimen (0.25 ml) were acquired in duplicate at 

47°C on an automated 400 MHz lipoprotein analyzer at Lipomed, Inc. (Raleigh, 

NC) and the lipid methyl signal envelope decomposed computationally to give 

the amplitudes of the contributing signals of 16 VLDL, LDL, and HDL 

subclasses. Conversion factors to relate these signal amplitudes to either particle 

concentration or lipid mass concentration units were obtained from NMR and 

chemical analysis of a set of purified subclass standards. These reference 

standards were isolated from a diverse group of normo- and dyslipidémie 

individuals by a combination of ultracentrifugation and agarose gel filtration 

chromatography and characterised for size distribution by electron microscopy 

(VLDL, LDL) or polyacrylamide gradient gel electrophoresis (HDL). 

Triglyceride and cholesterol measurements on each subclass standard were also 

performed.

Particle concentrations (nanomoles of particles per liter, nmol/L) were derived 

for each subclass standard by determining the total concentration of core lipid 

(cholesterol ester plus triglyceride) and dividing the volume occupied by these 

lipids by the core volume per particle calculated from knowledge of the particle’s 

diameter"^^ .̂ Lipid mass concentrations of VLDL subclasses are expressed in 

mg/dL triglyceride units and those of the LDL and HDL subclasses in mg/dL 

cholesterol units. Summing the relevant subclass concentrations gives NMR- 

derived values for total VLDL triglycerides, LDL cholesterol, and HDL 

cholesterol. It is emphasized that these NMR-derived lipid values come from 

direct measurement of the lipoprotein particles carrying the lipids, not from 

actual lipid measurements. They are, in effect, the lipid values expected for a 

person with "normal” lipoprotein particles, since the conversion calculations 

assume that each subclass particle contains the same, normal amount of 

cholesterol and triglyceride contained in the corresponding isolated subclass 

standard.

To simplify data analysis, the 16 measured subclasses were grouped into the 

following 10 subclass categories: large VLDL (60-200 run), medium VLDL (35-
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60 nm), small VLDL (27-35 nm), intermediate-density lipoprotein, or IDL (23- 

27 nm), large LDL (21.3-23 nm), medium LDL (19.8-21.2 nm), small LDL 

(18.3-19.7 nm), large HDL (8.8-13 nm), medium HDL (8.2-8.8 nm), and small 

HDL (7.3-8.2 nm).

Weighted average VLDL, LDL, and HDL particle sizes (nm diameter) were 

computed as the sum of the diameter of each subclass multiplied by its relative 

mass percentage as estimated from the amplitude of its methyl NMR signal.

4.3.3.9 Other complications

The following complications were used in the analyses of this thesis to describe 

the population, but not used further as risk factors for CHD.

4.3.3.9.1 Retinopathy

Retinopathy was determined by standard 3-field fundus photographs taken in 

both eyes (through dilated pupils) at each examination. These stereoscopic 

fundus photographs (fields 1, 2 and 4) taken by a Zeiss camera (Carlzeiss, 

Germany) were read by the Fundus Photography Reading Center, University of 

Wisconsin (Madison). Retinopathy was defined as no retinopathy (grade 10), 

early background retinopathy (grade 20-30), advanced background retinopathy 

(grade 40-50) and proliferative retinopathy (grade >60) by the Wisconsin 

Epidemiology Study of Diabetic Retinopathy classification and grading system, a 

modification of the Arlie House classification'^ '̂ .̂

4.3.3.9.2 Neuropathy

Neuropathy was assessed by vibration threshold determination and included 

peripheral neuropathy"^^ .̂ The clinical neurological evaluation was performed by 

a trained clinician. A standard clinical history was taken with regard to any 

concurrent disease processes that could cause neuropathy, exposure to known 

neurotoxins, and a family history of neuromuscular disorders. Participants were
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questioned about sensory, motor and autonomic symptoms, however this study 

only contains distal symmetric polyneuropathy (DSP) determined according to 

the Diabetes Control and Complications Trial clinical examination protocof^^ 

Positive responses were recorded, e.g. numbness, dysesthesias and/or 

paresthesias, hypersensitivity to touch, burning and/or aching, and stabbing pain 

in the hands and/or feet. A standard neurological examination included 

evaluation of reflex activity and sensation to light touch (cotton wool), pain 

(pinprick), vibration (tuning fork, 128 Hz), and position. Definite neuropathy was 

diagnosed as the presence of two or more of the following: symptoms, sensory 

and/or motor signs, and/or absent tendon reflexes. Neuropathy was classified as 

(0) none, (1) distal symmetric polyneuropathy (DSP) and vibration threshold 

negative, (2) DSP but vibration threshold not available, (3) DSP confirmed with 

vibration threshold.
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4.4 Power calculations

The power calculations are divided into several sections. In the first section the 

number of CHD cases and controls, required to detect a certain standard 

deviation difference in a risk factor between CHD cases and controls, with a 

given power has been estimated. These calculations are then compared with the 

number of cases and controls available in the various datasets to give an estimate 

of the power available for each analysis. The subsequent sections give evidence 

from previously published studies to support the expected differences in risk 

factors.

4.4.1 Power estimations
The formula for calculating the power is presented below. The formula uses the 

number of subjects in each group (cases and controls) and expected standard 

deviation differences in mean levels of risk factors between CHD cases and 

controls, at a certain significance level, to estimate the power of the study.

The formula used for the power calculations:

n (in each group) =  (C i_p C a iif  * 2

(d/a)^

where:

C i_p = 1.645 if power is 95%

C i.p = 1.28 if power is 90%

C ].p = 1.04 if power is 85%

C ].p = 0.842 if power is 80%

C oc/2 =1-96 if confidence interval is 95%

(d/a) = detectable standard deviation difference between CHD cases and 

controls
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1] To detect a minimum difference of 1/3 SD.

a  =95% P=80%) N=141 patients and 141 controls 

a  =95% B=85% N=162 patients and 162 controls 

a  =95% P=90%) N=189 patients and 189 controls 

a  =95% P=95%o N=234 patients and 234 controls

2] To detect a difference of 0.4 SD.

a  =95%o 6=80% N=98 patients and 98 controls 

a  =95%) P=85% N=113 patients and 113 controls 

a  =95% P=90% N=131 patients and 131 controls 

a  =95%o P=95%o N=162 patients and 162 controls

3] To detect a difference of 0.5 SD.

a  =95% p=80%o N=63 patients and 63 controls

a  =95% 0=85% N=72 patients and 72 controls

a  =95%o p=90%o N=84 patients and 84 controls 

a  =95%o p=95%o N=104 patients and 104 controls

Using a similar significance level (5%), but varying the standard deviation 

differences of a certain risk factor between CHD cases and controls, different

levels of power can be obtained. The number of CHD cases is given for each

study design.

• The EURODIAB PCS “prospective” study has 151 CHD cases which has 

been underlined in the first calculations of detecting a standard devation 

difference of one third with a power 80-85%.

• The EURODIAB cross-sectional study contains 120 CHD cases which 

has been underlined in the third line of the second set of calculations of 

detecting a standard deviation difference of 0.4 with a power of 85%- 

90%.

• The EDC prospective study has 108 CHD cases which has been 

underlined in the first line of the second set of calculations, detecting a 

standard deviation difference of 0.4 with a power of 80-85%.
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• The EDC nested case-control study has 71 CHD cases which has been 

underlined in the third set of calculations, detecting half a standard 

deviation difference with a power of 85%.

4.4.2 Inflammatory/endothelial markers
Two small cross-sectional studies in type 1 diabetic patients and 1 prospective 

study in type 2 diabetic patients examined inflammatory or endothelial markers 

in relation with complications (CHD, nephropathy) and reported mean or median 

levels of these markers. The first study examined CRP levels in type 1 diabetic 

patients^^" ,̂ and found a standard deviation (SD) difference of 1.6 between 161 

patients without CHD and only 8 patients with CHD. The second study examined 

fibrinogen, CRP and IL6, and the SD difference was approximately 0.3 between 

33 type 1 diabetic patients with macroalbuminuria and 17 patients with 

normoalbuminuria^^^. The Hoorn study reported SD differences in mean 

sVCAM-1 levels of 0.34 in type 2 diabetic patients, 42 with and 142 without 

CVD^^ .̂ All these studies had less CHD cases than the datasets used in this thesis 

and even though they did find significant differences, these did not have enough 

power.

There is 90% power to be able to detect a difference between CHD cases and 

controls (at the 5% level of significance, 2-sided test) of at least 0.4 standard 

deviation difference in inflammatory or endothelial markers in EURODIAB 

PCS. In the EDC study, the power (85% for 0.5 SD) is slightly less than in 

EURODIAB PCS.

4.4.3 NMR lipoproteins
The power-calculations are based on a study in type 1 diabetic patients using 

NMR-spectroscopy^^°. After adjustment for age and sex, a difference of 0.5 SD 

was detected in HDL size (measured by NMR) between non-diabetic subjects 

with calcification and those without. There were no significant findings in the 

diabetic population. In the EDC data, with 85% power (at 5% level of 

significance), a similar difference can be shown.
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4.4.4 Established risk factors

In EURODIAB PCS data, there is 85% power to be able to detect a difference 

between CHD cases and controls, at the 5% level of significance for a 2-sided 

test, from as little as 0.35. In EDC data, at a similar significance level, there is 

80% power to be able to detect a difference from as little as 0.4.
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4.5 Statistical analyses

Most analyses will be performed using the SAS statistical software package 

(SAS, Cary, N.C., U.S.A.) and some using STATA 6.0. Associations will be 

considered significant if the p-value<0.05 or the 95% confidence interval does 

not include 1.

4.5.1 Descriptive

Descriptive statistics will be used for each of the risk factors and cardiovascular 

complications. For categorical variables, frequency tables will be used to 

describe the distributions and numbers of missing values. For continuous 

variables, box plots and histograms will be checked and each variable will be 

assessed for normality. If the distribution of a continuous variable is skewed, 

then log-transformations will be used to normalise the distribution. Distributions 

will be summarised by mean and standard deviations for the normally distributed 

continuous variables and by median and interquartile ranges for not normally 

distributed variables. Proportions (and number of subjects) will be presented for 

discrete variables. For NMR spectroscopy measured lipoprotein subclasses, 

means and interquartile ranges will be presented.

4.5.2 Associations between risk factors

For the cross-sectional relationships between risk factors, Spearman rank 

correlation coefficients will be used for all variables.

For the relationship between continuous risk factors and categorical risk factors, 

generalised linear models will be used carrying out analysis of variance 

(ANOVA).

4.5.3 Outcome

The follow-up time will be added up across individuals to give the total number 

of person-years. Incidence rates of CHD events will be expressed per 1000 

person-years.
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4.5.4 Associations between risk factors and CHD

Throughout the thesis the following analyses will be used:

1) Student t-test (unpaired) to test differences in mean risk factor levels 

between patients with and without CHD.

2) Chi-square test to test whether the relationship between categorical risk 

factors and CHD is due to chance.

For the EDC nested case-control design with matched variables the following 

analyses will be used:

3) Paired t-test to test differences in mean risk factor levels between patients 

with and without CHD.

4) McNemar’s test to assess whether the relationship between categorical risk 

factors and CHD is due to chance.

Significance levels at a broader range (less than 0.20 instead of 0.05) will be 

indicated in the table.

Further modelling will be used depending on which study design was used.

For the EURODIAB PCS prospective study and EDC prospective study:

• Univariate and Multivariate Cox Proportional Hazards models and 

Survival analyses.

For the EURODIAB PCS cross-sectional study:

• Univariate and multivariate Logistic Regression analyses.

For the EDC nested case-control study:

• Univariate and multivariate Conditional Logistic Regression models will 

be used (with matched variables).

For all analyses, standardized risk ratio’s (hazard ratio’s or odds ratio’s) will be 

presented. This means that one standard deviation change (rather than a unit 

change) in the explanatory variables will be used to estimate the associated 

increased risk in CHD (exp(P*SD). This allows one to compare the effects on 

CHD between different explanatory variables.
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4.5.5 Survival analyses

4.5.5.1 Cox Proportional Hazards models

To examine effects of established risk factors at baseline on the incidence of 

CHD, each risk factor variable will be fitted in the model as a continuous 

variable.

The prognostic effect of these factors will be investigated using a Cox 

proportional hazards regression model (semi-parametric), initially adjusted for 

age and duration of diabetes. The Cox regression model also allows one to 

analyse the pattern of association (covariation) of many predictor variables with 

survival (or incident CHD) to identify the combination of variables which best 

predicts survival"^^ .̂ The Cox regression model is suitable for analysing censored 

survival data which arises in investigations, since some subjects are alive at the 

end of the study period but do not have an event yet, whereas others might have 

dropped out for various reasons during the study without the event having 

occurred.

Cox proportional Hazards Model:

A (t,x) =Ao(t) exp (PiXi + ....+PnXn)

X]... Xn: variables, risk factors (recorded at time zero)

X (t,x): the hazard at time t after a defined starting point (randomisation,

diagnosis) for an individual with risk factors ‘x ’

A,o(t): the underlying hazard at time t

p 1 ... Pn! regression coefficients associated with each risk factor

Thus, X (t,x) is being predicted by Xo(t) and predictor variables X] to x„ (recorded 

at time zero), each variable x„ being multiplied by a corresponding regression 

coefficient p„. The Cox model assumes that the hazards of any two patients are
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proportional over time, which means that the ratio between the hazards is the 

same at any time t.

Multivariate analyses will be carried out following a stepwise procedure, 

adjusting for other risk factors.

Where there is a significant independent relationship between the 

inflammatory/endothelial markers and the outcome, further division into 

quintiles is used to investigate whether there are any departures from the 

assumption that the relationship is linear. Likelihood ratio tests are used to 

compare the difference in -2 log likelihoods and the overall model chi-square 

values between a model using the newly created “quintiles” divided variable of 

the marker and another model using 4 dummy variables (quintile 2, 3, 4, 5 

compared to 1).

4.5.5.2 Kaplan Meier plots

Survival curves will be estimated using the Kaplan Meier method. These plots 

will be used to examine the assumption for the Cox Proportional Hazards models 

that the hazards are proportional over time.

These plots will be presented only for risk factors which have been found 

independently predictive of CHD in the Cox Proportional Hazards Models, to 

assess the effect of the risk factors across the follow-up period.

4.5.5.3 Log-rank tests

Log-rank tests (a non-parametric test) will be used to test the difference between 

the survival distributions between high and low risk groups (based on 

categorizing the explanatory variables). The log-rank p-values will be presented 

in the Kaplan-Meier figures.

4.5.5.4 Likelihood ratio tests

To assess which of the established risk factors contribute to the prediction of 

CHD independently of other risk factors, Cox Proportional Hazards models will 

be fitted and p-values will be obtained from the likelihood ratio tests (using
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software package STATA 6.0). This is to estimate the importance of each risk 

factor.

The likelihood ratio test is evaluated as follows: A full model with a set of risk 

factors will be compared with an incomplete model omitting the risk factor of 

interest from the previous model. The p-value for the effect of removing a given 

risk factor from the model is obtained by comparing the log likelihoods from the 

2 models. A p-value<0.05 indicates that the omitted risk factor is important in the 

prediction of CHD.

4.5.6 Conditional Logistic Regression analysis

Conditional logistic regression analysis will be used for the matched (1 control 

per case) nested case-control study (EDC Pittsburgh). This analysis will be 

performed using logistic regression analysis taking matched pairs into account, 

using the procedure “PHREG” in SAS. Matched pairs will be identified by age, 

sex and duration of diabetes combinations, which will be set as strata in the 

model. A pooled odds ratio will be presented in the tables, showing the estimated 

relative change in the odds of CHD associated with a standard deviation unit 

increase in each (continuous) explanatory variable, adjusting for all other 

explanatory variables in the model and taking into account the matched variables. 

All inflammatory or endothelial markers and lipoprotein subclasses as measured 

by NMR spectroscopy will be fitted as continuous variables.

Forward stepwise conditional logistic regression models will be used to assess 

the order of importance of these new and conventional risk factors.

The nested models will be compared by the Akaike’s Information Criterion 

(AIC):

AIC = -2*[log (L )-q ]  

log(L) is the log-likelihood evaluated at the maximum likelihood estimates of the 

model parameters, and q is the number of parameters in the model. The first 

term is a measure of how well the model fits the data, and the second term is a 

penalty for the addition of parameters. The model giving the smallest value of 

AIC is selected by the criterion as the best model.
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Results
The results in this thesis are presented in five chapters according to the study 

design.

Chapter 5 describes the EURODIAB PCS with established risk factors and the 

inflammatory/ endothelial markers sialic acid, fibrinogen and vWF in relation 

incident CHD.

Chapter 6 describes the cross-sectional study of the EURODIAB PCS, 

examining a wide range of inflammatory and endothelial markers CRP, s VC AM- 

1, sE-selectin, TGF-pi, TNF-a, IL-6 and homocysteine in relation to prevalent 

CHD.

Chapter 7 describes the EDC prospective study with established risk factors and 

the inflammatory markers WBC, serum albumin and fibrinogen in relation to 

incident CHD.

Chapter 8 describes the EDC (prospective) matched nested-case control study for 

the inflammatory and endothelial markers CRP, sVCAM-1, sICAM-1, sE- 

selectin and homocysteine.

Chapter 9 describes NMR spectroscopy measured lipoproteins in relation to 

CHD in the (prospective) matched nested case-control design of the EDC study. 

In chapter 10 a final summary is given, linking the results between the 

EURODIAB PCS and the EDC study.
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Chapter 5: EURODIAB PCS

5.1 Number of subjects

Figure 5.1 shows how the study sample was derived from the main study. Out of 

3250 type 1 diabetic patients at baseline, 2329 could be assessed for CHD 

(yes/no) at follow-up (Figure 5.1).

Figure 5.1 EURODIAB PCS sample

No CHD at
follow-up
N=2178

CHD at
follow-up
n=151

CHD assessment 
at follow-up 

n=2329

EURODIAB BASELINE SAMPLE 
n=3250

Centre withdrawn at fu*
Violators 
CHD at baseline 
CHD not measured at baseline n= 14 
Total

n=437

n=222

Potential for follow-up those with no 
CHD at baseline 

n=2569

Lost-to-follow-up: n=240

Of which: n= 199 alive
n=23 dead (unknown cause) 
n=18 unknown

* fu: follow-up

Those lost-to-follow-up (n=921, 240+681) had a more atherogenic risk factor 

profile than those included in the study (n=2329) (Table 5. 1): older age, longer 

duration of diabetes, raised lipid levels, increased levels of glycated 

haemoglobin, more smokers, and a higher frequency of complications 

(retinopathy, hypertension, albuminuria and neuropathy) (Table 5.1).
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Table 5. 1 Baseline risk factors between those included and those lost-to-

follow-up in the EURODIAB PCS

Available n=2329 Lost-to-follow-up n=921

Mean ± SD Mean ± SD
Age (years) 32.1 ±9.7 34.2 ± 11.3
Duration (years) 14.3 ±9.0 15.7 ± 10.0
HbAic (%) 6.65 ± 1.86 6.92 ± 1.88
Systolic BP (mmHg) 120.2 ± 16.8 124.2 ± 19.9
Diastolic BP (mmHg) 75.0± 11.2 76.7 ± 11.9
Cholesterol (mmol/L) 5.31 ± 1.13 5.37± 1.19
LDL-c (mmol/L) 3.33 ±0.98 3.45 ± 1.06
HDL-c (mmol/L) 1.50 ±0.43 1.38 ±0.44
Non-HDL-c (mmol/L) 3.81 ± 1.14 3.99 ± 1.20
Fasting TG (mmol/L)# 0.89 (0.69, 1.26) 1.06 (0.78, 1.58)
ApoAl (g/L) 1.37 ±0.26 1.40 ±0.27
Apo A2 (g/L) 0.35 ± 0.08 0.35 ± 0.09
ApoB (g/L) 0.64 ±0.12 0.65 ±0.10
WHR 0.84 ±0.10 0.86 ±0.12
BMI (kg/m^) 23.5 ±2.8 23.6 ±3.2
Insulin dose (U/day/kg)# 0.67 (0.54, 0.81) 0.63 (0.51,0.78)
No. of insulin injections/day 2.57 ±0.75 2.53 ± 0.66
Sialic acid (mmol/L) 1.94 ±0.38 1.97 ±0.43
Fibrinogen (g/L) 3.21 ±0.95 3.26 ±0.99
vWF (U/mL) 1.19 ±0.50 1.18±0.51
AER (pg/min)# 10.9 (6.6, 23.6) 11.8 (6.2, 34.4)

% %
Men 51.6 50.6
Hypertension 21.5 31.8
BP-lowering drugs 8.2 15.3
Albuminuria (micro+macro) 28.9 35.2
Retinopathy (non-prol + prol) 45.0 50.0
Neuropathy 31.6 47.9
Current smokers 31.0 35.2
Ex-smokers 17.8 18.0

#  Median, interquartile range
Due to large numbers nearly all differences between those included and those 
lost-to-follow-up were statistically significant and, therefore, no p-values were 
presented.

5.2 Description of CHD and Survival time

Subjects who were free of CHD at baseline and developed a first CHD event 

were selected (n=151). In Table 5.2, the type of CHD event and the number of
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patients (and percentage) with that CHD event contributing to the total sample is 

shown. Approximately 50% of the CHD events were diagnosed by physicians, 

whereas the other half of the events were detected from Minnesota coded ECG’s 

(Table 5.2).

Table 5.2 Type o f  first CHD event developed during the follow-up in 

EURODIAB PCS

N
Angina 15 (10%)
CABG 1 (0.7%)
MI (symptoms +ECG+abnormal enzymes) 18 (12%)
Combinations of MI, CABG or Angina 17 (11%)
Possible MI from Minnesota coded ECG 5 (3%)
Probable MI from Minnesota coded ECG 78 (52%)
CHD death 17 (11%)
Total 151 (100%)

The survival time (or time to first CHD event) was calculated for the whole 

population (n=2329). There were no missing values in the survival time. For 

those with a CHD event, the survival time was based on an actual date of when 

the CHD event occurred in about half of patients (Table 5.3). The other half of 

the CHD events was based on the calculated midpoint between the baseline and 

follow-up examination date.
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Table 5.3 First CHD event with available date to calculate survival time

N
Angina Available date 14

Midpoint 1
CABG Available date 1
MI Available date 16

Midpoint 2
MI and CABG MI first, available date 3
MI, CABG, angina Angina first, available date 3

MI and angina on the same date 1
Angina and CABG Angina first, available date 3
MI and angina MI first, available date 1

Angina first, available date 1
MI and angina on the same date 5

ECG: Possible MI Midpoint 5
ECG: Probable MI Midpoint 78
CHD death Available date 17
Total 151

The mean survival time was 7.15 years (SD=1.16, range 0-9.08) for all subjects. 

For those with a CHD event, the mean survival time was 4.12 years (SD=1.41) 

and for those without a CHD event the mean survival time was 7.36 (SD=0.79). 

The incidence of CHD in men and women is given in Table 5.4. There was a 

slightly higher incidence rate in women than in men, but this was not statistically 

significant (log-rank p-value= 0.14).

Table 5.4 Incidence rates o f  CHD (per 1,000 person-years) in men and women 

in EURODIAB PCS

Men Women
N 1202 1127
Total CHD events 69 82
Mean survival time 7.17(SD=1.14) 7.13(SD=1.18)
Person-years 8613.7 8031.9
Incidence rate/1,000 8.0 10.2
personyears

In Table 5.5 the incidence rates are given by 10-year age-bands. The incidence 

rates were twice as high in the older age-bands (>40 years) for both men and 

women compared to those <40 years of age. There was an increased incidence
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rate of CHD in the women eompared to the men across all age-bands, except for 

those <20 years of age.

Table 5.5 Incidence rates (per 1,000 person-years) o f  CHD by 10-year baseline 

age-bands in EURODIAB PCS

Agegroup n Men Women
0-< 20 203 5.28 0
20- < 30 881 4.53 7.15
30- < 40 780 6.97 9.24
40- < 50 328 16.70 22.93
50+ 137 21.46 25.02

5.3 Description of variables

In Table 5.6 the baseline mean levels, or proportions, the reference ranges and 

the target levels according to guidelines are shown. The reference intervals or 

cut-off points indicate the normal values in a healthy general population, for lipid 

concentrations the reference ranges were supplied by the laboratory, for blood 

pressure levels and for BMI and WHR the recommended targets (European/ 

American guidelines) in type 1 diabetic patients are given.

The risk factor profile is quite moderate in these type 1 diabetic patients, but 

complications such as hypertension, retinopathy and albuminuria at baseline 

were frequent. The data is complete for most variables. Most missing values 

were found for fasting TG and as a result LDL-c. The inflammatory/ endothelial 

markers, fibrinogen, vWF and sialic acid were measured in 1113-1515 subjects, 

whereas the apolipoproteins were measured in 536 subjects.
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Table 5.6 Baseline levels o f  risk factors in EURODIAB PCS; mean, median, 

range, reference interval or target level

Total
N

Mean ± SD Range Reference 
interval/ 
Target level

Age (years) 2329 32.1+9.7 15.0-60.7
Duration (years) 2328 14.3 + 9.0 0.97-56.0
HbAic (%) 2313 6.65 + 1.86 2.5-15.5 2.9-4.8~

8.36+ 1.92^ 4.1-17.5^ 4.2-6.2^~
Systolic BP (mmHg) 2321 120.2+16.8 61-209 <130*
Diastolic BP (mmHg) 2321 75.0+11.2 32-112 <85*
Cholesterol (mmol/L) 2303 5.31 + 1.13 2.31-12.38 <5.2^
LDL-c (mmol/L) 1559 3.33 + 0.98 0.76-9.71 <3.5""
HDL-c (mmol/L) 2288 1.50 + 0.43 0.27-4.01 0.9-2.0~
Non-HDL-c (mmol/L) 2288 3.81 ± 1.14 0.15-11.45 2.64-4.14*
Fasting TG (mmol/L)# 1565 0.89 (0.69,1.26) 0.22-12.64 <2.3^
TG (mmol/L)# 2303 0.90 (0.70,1.28) 0.12-12.64 <2.3^
ApoAl (g/L) 536 1.37 + 0.26 0.48-2.39 0.97-1.90~
Apo A2 (g/L) 536 0.35 ± 0.08 0.09-0.75 0.29-0.4U
ApoB (g/L) 536 0.64 + 0.12 0.29-1.26 0.48-1.3 r
WHR 2318 0.84 + 0.10 0.51-2.00 <0.85*women

<0.95*men
BMI (kg/m^) 2312 23.5 + 2.8 15.6-36.3 20-25*
Insulin dose (U/day/kg)# 2290 0.67 (0.54,0.81) 0.05-2.94 0.60
No. of insulin injections/day 2325 2.57 + 0.75 1-5
Sialic acid (mmol/L) 1113 1.94 + 0.38 0.39-3.94 1.6-2.2~
Fibrinogen (g/L) 1515 3.21+0.95 0.31-8.22 1.9-3.8~
vWF (U/mL) 1501 1.19 + 0.50 0.11-5.10 0.46-1.46~
AER(pg/min)# 2225 10.9 (6.6,23.6) 

%
0.91-5722 <20*

Men 2329
yo
51.6

Hypertension 2329 21.5
Albuminuria (micro+macro) 2225 28.9
Retinopathy (non-prol + prol) 1919 45.0
Neuropathy 2284 31.6
Current smokers 2322 31.0
Ex-smokers 2322 17.8

# Median, interquartile range Corrected HbA jc values according to DCCT method
* Target levels in general population according to European/ American guidelines 
~ Laboratory reference ranges based on general population
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Of the total study population, all were on insulin, but only small proportions 

were on BP and lipid lowering drugs (Table 5.7).

Table 5.7 Distribution o f  major drug groups in EURODIAB PCS

Insulin 100% (n=2329)

BP lowering drugs 8%(n=189)

Lipid lowering drugs 1% (n=31)

In Table 5.8 the distribution of the patients per centre is shown. About 30% of 

subjects were recruited in Italy. The countries which collected data on more than 

100 patients were Italy, Greece, England, Germany, Belgium, Finland, the 

Netherlands, Portugal, France and Croatia.

Table 5.8 Sampling o f  centres and countries in the EURODIAB PCS

Country Centre N (2329)
Italy Bari 66

Cagliari 56
Milan 85
Perugia 83
Pisa 132
Rome 124
Turin 80
Verona 96

Greece Athens 125
Thessaloniki 58

England Central Middlesex 33
Manchester 15
Wolverhampton 52
Sheffield 36

Republic of Ireland Cork 94
Germany Düsseldorf 68

Munich 120
Belgium Gent 113
Finland Helsinki 129
Poland Krakow 89
The Netherlands Leiden 127
Portugal Lisbon 122
Luxemburg Luxembourg 100
France Paris 58

Valenciennes 49
Austria Vienna 104
Croatia Zagreb 115
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5.4 Correlations between risk factors

In Table 5.9 the Spearman rank correlation coefficients are shown for the risk 

factors at baseline. Age and duration of diabetes, systolic and diastolic BP, LDL- 

c and total cholesterol, apoAl and HDL-c, apoB and LDL-c/total cholesterol 

were highly correlated with each other. High correlations were found for other 

lipids and lipoproteins, such as total cholesterol and fasting TG (r=0.42), and 

fasting TG and HDL-c (r=-0.34). A correlation of 1.00 was found for fasting TG 

and total TG (not shown in table). BMI was moderately but significantly 

correlated with WHR (r=0.22). Moderate, but highly significant correlations 

were found between glycated haemoglobin and total cholesterol, non-HDL-c, 

apoB, fasting TG, sialic acid, fibrinogen and albuminuria.

Of the inflammatory/endothelial markers measured at baseline, moderate to high 

correlations were found between sialic acid and several established risk factors 

such as glycated haemoglobin, total cholesterol, LDL-c, non-HDL-c, apoB, 

fasting TG and albuminuria.

Fibrinogen was correlated the highest with total cholesterol and non-HDL-c. In 

contrast, vWF did not correlate very highly with established risk factors, there 

was no correlation coefficient of more than 0.20.

A significant correlation was found between sialic acid and fibrinogen (r=0.32), 

and vWF (r=0.16) and between fibrinogen and vWF (r=0.27).
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Table 5.9 Correlations between risk factors in EURODIAB PCS

Age Dur HbAIc Choi LDL HDL nonhdl ApoAI ApoB ApoA2 FIG WHR BMI FIB VWF SIAL AER SYS DIAS INS

Age - O.Sld -0.08c 0.26d 0.26d O.IOd 0.22d O.IOa O.I7d -0.002 0.07b O.I7d 0.21d O.IOd O.I3d O.OI 0.04 0.30d O.I5d -0.29d

Dur - - 0.02 O.I9d O.IVd 0.04 O.I8d 0.05 0.16c 0.01 0.09c 0.07c O.I5d 0.08b 0.04 O.I4d O.I9d 0.28d Ol i d 0.003

HbAlc - - - 0.22d O.I8d -O.IOd 0.25d O.IIb 0.20d 0.2 Id 0.29d 0.03 -0.002 O.I6d 0.09c 0.20d 0.22d -0.04 O.OI 0.07b

Choi - - - - 0.90d O.I7d 0.9 Id 0.37d 0.65d 0.37d 0.42d 0.07b O.I8d 0.20d O.I7d 0.28d O.I6d O.I6d O.I9d -0.08c

LDL - - - - - -O.I3d 0.97d 0.07 0.67d 0.17b 0.36d O.IOd 0.24d O.I8d O.I3d 0.19d O l i d O.I6d O.I4d -0.06a

HDL - - - - - - -0.21d O.Sld -0.10a 0.26d -0.34d -0.22d -O.I4d -0.0002 -O.OI -O.OI -0.08c -0.03 -0.05a -O.IOd

nonhd! - - - - - - - 0.05 0.69d 0.26d 0.54d O.I5d 0.24d 0.20d O.I7d 0.28d OlSd OlSd 0.21d -0.04

ApoAl - - - - - - - - 0.06 0.45d 0.02 -0.13b -0.04 -O.OI 0.08 0.09 0.05 0.04 0.03 -0.06

ApoB - - - - - - - - - 0.23d 0.21c 0.09a 0.20d O.I4b O.IOa 0.19d O.I4b O.I5c 0,13b 0.05

ApoA2 - - - - - - - - - - 0.27d O.I8d 0.05 -0.07 -0.03 0.18d O.I4b 0.11b 0 I 7 d O.I2b

FTC. - - - - - - - - - - - O.I7d O.I6d O.I6d O.I2c 0J29d O.I8d Ol i d O.I3d 0.08c

WHR - - - - - - - - - - - - 0.22d -0.02 0.03 0.03 Ol i d 0.14d O.IOd -0.02

BMI - - - - - - - - - - - - - O.I2d 0.03 0.06 0.05a 0.23d 0.22d -0.05a

FIB - - - - - - - - - - - - - - 0.27d 0.32d O.I2d 0.05a 0.08b O.OI

VWF - - - - - - - - - - - - - - O.I6d Ol i d 0.06a 0.07b -0.02

SIAL - - - - - - - - - - - - - - - - 0.20d 0.05 0.07a 0.07a

AFR - - - - - - - - - - - - - - - - - 0.2 Id OlSd 0.06b

SYS - - - - - - - - - - - - - - - - - - 0.59d -0.08c

DIAS - - - - - - - - - - - - - - - - - - - -0.08d

INS - - - - - - - - - - - - - - - - - - - -

a=p<0.05, b= p^ .O l, c=p:^.OOI, d=p^.OOOI, r>0.20 is highlighted in gray, INS: Insulin/body weight
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5.5 Relationship between risk factors and CHD

5.5.1 Univariate models

Univariate relationships between baseline risk factors and incident CHD were 

examined for men and women separately (Table 5.10). In men who developed 

CHD, baseline age, duration of diabetes, non-HDL-c, WHR, BMI, AER and TG 

were all significantly raised compared to those without CHD. A borderline 

significant relationship between glycated haemoglobin, HDL-c and CHD was 

found in men.

In women, age, duration of diabetes, systolic BP, non-HDL-c, AER and TG 

(fasting and non) were significantly related to CHD.

In those with CHD, the proportions of hypertension and albuminuria at baseline 

were significantly increased in both men and women. In addition, men who 

smoked (currently) had an increased risk of developing CHD.

Of the apolipoproteins, A1 and A2 were significantly (inversely) related to CHD 

in women, whereas apoB was positively related to CHD in men.

Apart from non-HDL-cholesterol, TG and apolipoproteins, no other lipids and 

lipoproteins were related to CHD in men and women.

Of the inflammatory/endothelial markers, raised baseline levels of sialic acid and 

fibrinogen were found in men only. There was no significant difference in levels 

of vWF between those who developed CHD and those who did not.

Those who developed CHD, reported more BP lowering drug use at baseline and 

fewer insulin injections per day. Those with a higher use of BP lowering drugs, 

were hypertensive patients with a more atherogenic risk factor profile, with a 

significantly older age, longer duration of diabetes, higher BMI and WHR, raised 

total cholesterol, LDL-c and fasting TG levels and more albuminuria. Those who 

had 3 or more insulin injections per day had a significantly better glycaemic 

control, were younger, had a lower WHR, LDL-c concentration and higher HDL- 

c concentrations than those on fewer insulin injections per day (data not shown in 

table).
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Table 5.10 The relationship between baseline risk factors and CHD at follow-up, in EURODIAB PCS men and women separately and combined

Total Men Women
N CHD No CHD CHD No CHD CHD No CHD

(n=151) (n=2178) (n=69) (n=1133) (n=82) (n=1045)
Mean ±  SD Mean  + SD Mean + SD Mean + SD Mean +  SD Mean +  SD

Age (years) 2329 38.1 ± 10.5*̂ 31.7 + 9.5 37.4+  10.5“ 31.8 + 9.5 38.6+  10.6“ 31.6 + 9.5
Duration (years) 2328 19.0 ± 10.3*̂ 14.0+8.8 17 .9+10.5” 13.7 + 8.7 19.9 ± 10.1“ 14.3 + 9.0
HbA.c (%) 2313 6.85 ± 1.63^=° *"̂ 6 .63+  1.88 6 .98+  1.65^=°°"^ 6.57+  1.84 6 .74+1.61 6.69+1.91
Systolic BP (mmHg) 2321 126.9 ± 19.9“* 119.7+16.5 127.6 + 21.4^^°°^^ 122.4+ 16.0 126.2+ 18.7“ 116.8+ 16.5
Diastolic BP (mmHg) 2321 75.0 ± 11.8 75 .0+ 11.2 75 .8+12.3 76 .2+ 11 .2 74.4+  11.3 73.7+  11.0
Cholesterol (mmol/L) 2303 5.54 ± 1.20*’ 5.30+ 1.12 5.39+  1.23^=°’"̂ 5 .17+ 1.10 5.67+  1.17^^°°"^ 5 .43+ 1.12
LDL-c (mmol/L) 1559 3.53 ± 1.08" 3.32+ 0.97 3.52+  1.14^=°"^ 3.28 + 0.95 3.54+  1.06^=°'^^ 3.36+  1.01
HDL-c (mmol/L) 2288 1.45 ± 0 . 4 4 ^  '®̂ 1.51 + 0.43 1 .3 1 + 0 .3 6 ^^"^ 1.39 + 0.38 1.58 + 0.47 1.64 + 0.43
Non HDL-c (mmol/L) 2288 4.08 ± 1.23” 3.79+  1.13 4.08+ 1.28" 3.78+ 1.11 4.09+1.19" 3.80+  1.16
ApoAl (g/L) 536 1.28 ±0.25" 1.38 ±0.26 1.27 ±0.22 1.33 ±0.25 1.29 ±0.30" 1.43 ±0.26
Apo A2 (g/L) 536 0.32 ± 0.06" 0.35 + 0.08 0.34 + 0.06 0.36 + 0.08 0.30 + 0.06" 0.34 + 0.07
ApoB (g/L) 536 0.65 + 0.12 0.64 ±0.12 0.70 ± 0 .11” 0.63 ±0.11 0.58 ± 0.09 0.64 ±0.12
WHR 2318 0.86 + 0.10” 0.84 + 0.10 0.92 + 0.07' 0.88 + 0.08 0.82 + 0.10^“°*'^ 0.80 + 0.10
BMI (kg/m") 2312 23.9 + 2 .9 ^ ° “ ^ 23.5 + 2.8 24.3 + 2.8" 23.6 + 2.6 23.6 + 3.0 23.3 + 2.9
AER (pg/min)# 2225 20.2 (8.6, 87.9)“ 10.7 (6.5,21.9) 35.9 (9.1,278.2)“ 11.3 (6.8, 25.4) 15.7 (8.5,81.4)' 10.1 (6.2, 19.8)
TG (mmol/L)# 2303 1.05 (0.73, 1.57)' 0.90 (0.69, 1.26) 1.20 (0.79, 1.68)" 0.94 (0.71, 1.35) 0.96 (0.71, 1.41)" 0.87 (0.67, 1.17)
Fasting TG (mmol/L)# 1565 1.05 (0.73, 1.52)' 0.89 (0.68, 1.24) 1.13 (0.78, 1.61)(^ °") 0.93 (0.70, 1.33) 0.96 (0.71, 1.49)” 0.86(0.66, 1.12)
Insulin dose (U/day/kg)# 2290 0.64 (0.53, 0.77) 0.67 (0.54, 0.81) 0.67 (0.53, 0.79) 0.66 (0.54, 0.81) 0.62 (0.53, 0.76) 0.67 (0.55, 0.82)
No. o f Insulin injections/day 2325 2.37 ± 0.68' 2.58 ±0.75 2.32 ± 0.74" 2.54 ± 0.74 2.41 ± 0 .63” 2.62 ± 0.76
Sialic acid (mmol/L) 1113 2.06 ± 0.36” 1.94 ±0.38 2.08 ± 0.35' 1.88 ±0.35 2.04 ±0.38 2.01 ±0.40
Fibrinogen (g/L) 1515 3 .42+  1.11 3.20 ± 0.94 3.53 ± 1.24” 3.03 ± 0.89 3.31 ±0.97 3.37 ±0.95
vWF (U/mL) 1501 1.26 ±0.47 1.19±0.51 1.22 ±0.43 1.20 ±0.52 1.30 ± 0.51^^° *°̂ 1.18 ±0.49

% % % % % %
Hypertension (yes) 2329 33.8' 20.7 34.8" 22.6 32.9” 18.6
BP-lowering dmgs (yes) 2316 18.0' 7.5 20.3' 7.7 16.1” 7.2
Current smoking 2322 34.7 30.7 43 32.7 27.2 28.6
Ex-smoking 2322 16.7 17.9 21.7 21.4 12.4 14.1
Microalbuminuria 2225 31.2” 20.5 32 22.3 30.0” 18.5
Macroalbuminuria 2225 19.2' 7.0 26.2' 7.7 13.8” 6.2

a=p<0.05, 6=p<D.0y, c=p:^.001, d=p^.0001, # Median, interquartile range
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5.5.2 Adjustment for age and duration

After adjustment for duration of diabetes (Table 5.11), age was still a significant 

risk factor for CHD, whereas duration of diabetes, adjusted for age, was not 

significantly related to CHD. Age and duration of diabetes were highly correlated 

(r=0.51) (Table 5.9). In men and women, baseline age and increased AER levels 

were significant risk factors for CHD.

In addition in men, WHR and raised levels of glycated haemoglobin, current 

smoking status and HDL-c were related to CHD after adjustment for age and 

duration. In previous unadjusted analyses, the relationship of glycated 

haemoglobin, HDL-c and CHD, was of borderline significance. After adjustment 

for age and duration of diabetes, however, the relationship with CHD was 

stronger and statistically significant for these factors.

Of the lipid variables fasting TG was related to CHD with a borderline 

significant p-value, but non-HDL was no longer a significant risk factor.

In women, age, albuminuria, raised systolic BP and increased levels of fasting 

TG were significantly related to CHD. WHR and HDL-c levels were related to 

CHD with a borderline significant p-value in women.

There was no significant relationship between BMI and CHD in both men and 

women.

The apolipoproteins were measured in a smaller subset (n=536) with 32 CHD 

events and therefore these results have to be interpreted carefully. Apolipoprotein 

A1 was significantly related to CHD in women only, whereas apoA2 and B were 

significantly related to CHD in both men and women. As shown in previous 

analyses (Table 5.10), apoB was inversely related to CHD in women. Further 

multivariate models with the apolipoproteins were not carried out, due to small 

numbers of events in this subset.

Of the inflammatory/ endothelial markers, sialic acid and fibrinogen were still 

significant risk factors for CHD after adjustment for age and duration of diabetes, 

in men. Standardized odds ratios were as high as 1.6 for sialic acid and 1.5 for 

fibrinogen. There was no significant relationship between vWF and CHD in both 

men and women.

Further adjustment for centre did not alter any of these results (data not shown in 

table).
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Table 5.11 Cox Proportional Hazards Models with baseline risk factors and incident CHD in EURODIAB PCS, age and duration adjusted

Standardized Hazard ratios (95%CI)* Total (n=2329) Men (n=1202) Women (n=l 127)
Age (years)- 1.60(1.30-1.96)" 1.55 (1.15-2.09)*’ 1.67(1.26-2.21)'
Duration (years)- 1.16(0.95-1.40) 1.12(0.85-1.49) 1.16(0.89-1.52)
HbAlc (%) 1.20(1.02-1.41)' 1.34(1.06-1.68)*’ 1.07 (0.85-1.35)
WHR 1.15 (0.99-1.33)^=°°^^ 1.32(1.08-1.62)*’ 1.16(0.97-1.39)^=®**^
BMI (kg/m^) 1.05 (0.90-1.23) 1.17(0.92-1.48) 1.00 (0.81-1.24)
Systolic BP (mmHg) 1.17(1.01-1.36)' 1.11 (0.88-1.39) 1.26(1.03-1.54)'
Diastolic BP (mmHg) 0.98 (0.84-1.14) 0.90 (0.71-1.14) 1.08 (0.88-1.34)
Cholesterol (mmol/L) 1.04 (0.88-1.22) 1.04 (0.81-1.33) 1.02 (0.82-1.26)
LDL-c (mmol/L) 1.07 (0.89-1.28) 1.12(0.84-1.51) 1.01 (0.80-1.28)
HDL-c (mmol/L) 0.82 (0.70-0.97)' 0.75 (0.58-0.97)' 0.82 (0.66-1.02)(P̂ ®̂ )
Non-HDL cholesterol (mmol/L) 1.11 (0.96-1.30)(P^'^ 1.14(0.90-1.43) 1.09 (0.89-1.34)
Fasting TG (mmol/1)# 1.27(1.08-1.50)*’ 1.26 (0.96-1.64)^=° *°̂ 1.36(1.10-1.69)*’
ApoAl (g/L)^ 0.59 (0.40-0.86)*’ 0.62 (0.36-1.06)^=° °̂ ^ 0.55 (0.32-0.94)'
Apo A2 (g/L)'^ 0.58 (0.38-0.88)*’ 0.55 (0.30-0.98)' 0.49 (0.25-0.94)'
ApoB (g/L)^ 1.01 (0.69-1.49) 1.76(1.09-2.84)' 0.49 (0.27-0.90)^^
Sialic acid (mmol/L)'^ 1.38(1.10-1.72)*’ 1.58(1.20-2.08)' 1.15(0.81-1.62)
Fibrinogen (g/L)'^ 1.21 (0.99-1.47)(P^*^ 1.50(1.16-1.94)*’ 0.96 (0.72-1.29)
vWF (U/mLf 1.06 (0.88-1.29) 0.98 (0.73-1.30) 1.16(0.90-1.49)
Current smoking vs. non 1.30 (0.93-1.83)^ *̂^ 1.62 (1.004-2.62)' 1.08 (0.66-1.78)
Ex-smoking vs. non 0.70 (0.46-1.09)(P^ **) 0.70 (0.39-1.28) 0.78 (0.40-1.52)
Microalbuminuria 1.65 (1.16-2.37)*’ 1.57(0.91-2.70)^^*®^ 1.87(1.16-3.02)*’
Macroalbuminuria 2.74(1.79-4.19)" 3.53 (1.97-6.33)" 2.38 (1.24-4.57)*’
AER (pg/min)# 1.50(1.32-1.70)" 1.68(1.39-2.02)" 1.43 (1.20-1.71)"
Hypertension yes vs. no 1.31 (0.91-1.86)^=°*^^ 1.30 (0.77-2.18) 1.35 (0.83-2.19)

* Standardized hazards ratios (Exp(P*SD), a=p<0.05,
^ small number o f  CHD events (32events out o f 536for  
Adjustment fo r  centre does not change these results

b ^ p ^ .O l, c = p ^ .0 0 l, d=p^.OOOI, # log-transformed, ~age 
ap o ’s , 92events out o f  1515 for vw f and fibrinogen,68 events

adjusted fo r  duration and vice versa fo r  duration 
out o f  1113 fo r  sialic acid in total group)
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5.5.3 Multivariate models

The variables with complete data that remained significant risk factors in the 

previous models (after adjustment for age and duration) were simultaneously 

added in multivariate models and the effect of each of these risk factors was 

assessed by likelihood-ratio tests. The standardized hazard ratios are given in 

Table 5.12 and Table 5.13.

In men, baseline age, WHR and albuminuria (AER or micro- and 

macroalbuminuria) were significant and independent predictors of CHD, which 

is model 1 for the men. Smoking was also a risk factor, although not significant, 

with a hazard ratio of 1.54 and p-value of 0.10.

In women, baseline age and albuminuria (AER or micro- and macroalbuminuria), 

were the most important risk factors for CHD, v/hich is model 1 for the women. 

Systolic BP and fasting TG levels were also risk factors for CHD, but less strong, 

with borderline significant p-values.

Other possibly important risk factors were entered in a forward stepwise manner 

to estimate independent effects on the models (Table 5.13). None of these other 

risk factors (glycated haemoglobin, fasting TG and HDL-c) significantly 

contributed to the first model for men.

In women, HDL-c, which was a borderline risk factor from previous analyses, 

was now a significant risk factor for CHD. The high correlation between HDL-c 

and fasting TG (r=-0.34), however, made the significant relationship with fasting 

TG disappear. Adding WHR to the models in women did not add further to the 

prediction of CHD.

Of the inflammatory/ endothelial markers, sialic acid remained a significant and 

independent predictor of CHD in men, whereas fibrinogen was no longer an 

independent risk factor. For the relationship between fibrinogen and CHD, a 

stepwise adjustment for other covariates was carried out to assess which of the 

established risk factors explained this relationship (data not shown in table). It 

was albuminuria that reduced the relationship between fibrinogen and CHD to a 

non-significant level, the hazard ratio was 1.17 (95%CI: 0.86-1.59) (p=0.31), 

adjusted for age, WHR, smoking, and albuminuria (Table 5.13).

Further analyses were conducted to assess whether sialic acid was related to 

CHD, independent of all important established risk factors. Sialic acid was

132



significantly related to CHD with a standardized hazard ratio of 1.47 (1.06-2.03), 

after adjustment for duration of diabetes, glycated haemoglobin, systolic BP and 

TG, in addition to model 1 (age, WHR, smoking and AER) (Table 5.14). The 

only other variable which remained an important risk factor with sialic acid was 

albuminuria.

Adjusting for the use of BP lowering drugs or the number of insulin injections 

per day did not alter any of the above mentioned results (data not shown in 

table). A backward stepwise approach and a simultaneous model also gave 

similar results. And the substitution of the continuous variable AER by 

categorical variables for albuminuria (micro and macroalbuminuria) did not alter 

the results (Table 5.13).

In summary, in men, age, albuminuria, WHR, and possibly current smoking 

status, and in women, age, albuminuria and possibly systolic BP and fasting TG 

levels were the most important established risk factors for the development of 

CHD. In addition, in men, the inflammatory marker “sialic acid” was a 

significant and independent predictor of CHD, whereas in women, HDL-c was a 

significant and independent predictor of CHD.

Table 5.12 Multivariate Cox Proportional Hazards Models fo r  men and 

women separately in the EURODIAB PCS (model 1)

Standardized HR (95%CI)* Men (n=1134, 
61 events)

Women (n=730, 
68 events)

Age (years)
WHR
Current smoking 
AER (pg/min)# 
Systolic BP (mmHg) 
Fasting TG (mmol/L)#

1.46 (1.15-1.86)“ 
1.27(1.02-1.59)“ 
1.54(0.93-2.55)''-'"'" 
1.64(1.36-1.97)''

1.51 (1.19-1.92)'

1.33(1.09-1.63)“
1.25 (0.99-1.56)''°° '"''
1.25 (0.99-1.58y'"°°°'

* Standardized hazards ratios (Exp(/1*SD), #log-transformed, 
a=p<0.05, b=p^.01, c=p^.001, d=p^.0001
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Table 5.13 Further multivariate Cox Proportional Hazards Models, adding in 

other risk factors to model 1 in the EURODIAB PCS

Standardized HR (95%CI)* Men (n=l 134, 
61 events)

Women (n=730, 
68 events)

Men
Model l+H bA ]c 1.21 (0.94-1.54)
Model 1+HDL-c 0.85 (0.66-1.09)
Model 1+fasting TG# 0.92 (0.66-1.27)
Model 1+Sialic Acid^ 1.45 (1.05-2.00)'
Model l+Fibrinogen^ 1.17(0.86-1.59)
Model 1+Ever smoking instead of current 0.93 (0.54-1.60)
smoking
Model 1+ Microalbuminuria and 2.12(1.17-3.84)’’
Macroalbuminuria together (instead of AER) 4.51 (2.39-8.51)'’

Women
Model 1+WHR 1.09 (0.91-1.31)
Model 1+HDL-c 0.74 (0.56-0.98)'
Model 1+Hypertension instead of systolic BP 1.23 (0.70-2.16)
Model 1+Microalbuminuria and 1.83 (1.04-3.22)'
Macroalbuminuria together (instead of AER) 2.51 (1.15-5.50)'

* Standardized hazards ratios (Exp(j3*SD), #log-transformed,
a^p<0.05, b = p ^ .0 1 , c= p^ .001 , d= p^ .0001,  ̂fewer numbers, sialic acid: n^594, 31 CHD 

events and fibrinogen: n=744, 42 CHD events

Table 5.14 Further multivariate Cox Proportional Hazards Models with Sialic 

acid in relation to CHD in EURODIAB PCS men

P(SE) Standardized HR 
(95%CI)

p-value

Sialic acid 1.08 (0.47) 1.47 (1.06-2.03) 0.02
Age 0.04 (0.02) 1.51 (0.95-2.39) 0.08
Duration 0.01 (0.03) 1.07 (0.69-1.67) 0.76
HbAlc 0.05 (0.10) 1.10(0.77-1.59) 0.59
Systolic BP -0.01 (0.01) 0.81 (0.55-1.21) 0.30
TG -0.37 (0.40) 0.82 (0.55-1.24) 0.35
WHR 0.36 (2.29) 1.03 (0.72-1.48) 0.87
Smoking -0.12(0.39) 0.88 (0.41-1.91) 0.75
AER 0.38(0.11) 1.76(1.27-2.44) 0.0007
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5.5.3.1 Sialic Acid

Since sialic acid was found to be independently predictive of CHD in men, 

further investigation was done to explore whether the relationship is linear. In 

Figure 5.2 baseline sialic acid concentrations divided into quintiles is plotted 

against CHD risk (hazard ratio) associated with each quintile, adjusted for age. 

There was a linear relationship between sialic acid and CHD (likelihood ratio test 

p-value=0.8), as shown in Figure 5.2.

Figure 5.2 Risk o f  developing CHD by quintiles o f  Sialic Acid, adjusted fo r  age, 

EURODIAB PCS
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5.6 Kaplan Meier Survival curves

Kaplan Meier survival curves were plotted for the established risk factors which 

were found to be independently predictive of CHD from the Cox Proportional 

Hazards models. These curves further illustrate the effect of the established risk 

factors on the probability of developing CHD across the follow-up (see Figures

5.3 -  5.10 and Tables 5.15-5.22). The survival curves are plotted, without any 

adjustment for other risk factors, with survival estimates on the y-axis and the 

follow-up time on the x-axis. For men, the curves for albuminuria status (normo, 

micro and macroalbuminuria), WHR (median >0.87), smoking (non, ex, current) 

and sialic acid (median >1.85 mmol/L) are presented. For women, the curves for 

albuminuria status, systolic BP (top tertile >122 mmHg) and fasting TG (top 

tertile >1.02 mmol/L) levels are given.
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In each figure, the log-rank test p-value is given and the number of CHD events. 

In the table below each figure an overview is given of the number of subjects left 

at each time-point, the cumulative number of CHD events and the survival 

estimate (and standard error). The number of subjects who stayed free of any 

CHD event (censored) can be derived by subtracting the number of CHD events 

from the total number of subjects (given in each title) by risk factor stratum.

All survival curves showed consistently that the probability of subjects surviving 

varied between 80-95% (or the risk of developing of CHD from 5-20%).

The first survival curve (Figure 5.3) shows the survival distribution in the whole 

study population. There was a decreased survival present throughout the whole 

follow-up period, with a drop in the curve around 4 years. All other curves can 

be compared with this overall curve to see the effect of individual risk factors. 

There was no significant difference in the survival estimates between men and 

women (data not shown in figure, log-rank p-value=0.14). All curves were 

plotted with reliable estimates up to 7 years of follow-up. All curves diverged 

more or less from the beginning, with the highest risk factor groups having the 

lowest survival. Although no formal tests for departures from the proportional 

hazards assumption have been computed, the graphs (Figures 5.4-5.10) indicate 

that the use of Cox Proportional Hazards models is appropriate and that the 

assumption that the hazards are proportional throughout the whole follow-up 

period is reasonable. The actual risk factor levels were relatively low, for 

example, a risk of developing CHD is found with a WHR >0.87 in men, and 

fasting TG levels >1.02 mmol/L in women.
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5.6.1 Kaplan-Meier Survival Curves in EURODIAB PCS

Figure 5.3 Survival curve fo r the whole EURODIAB PCS sample (n=2329,151 

events)
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Table 5.15 Number o f  subjects and survival estimates at 2-year time-points 

fo r  the total EURODIAB PCS population

2 yrs 4 yrs 6yrs 8 yrs
No. o f subjects left 2311 2213 2149 332

Cumulative number o f CHD events 7 99 129 151

KM estimate (SE) 0.997 (0.001) 0.957 (0.004) 0.944 (0.005) 0.931 (0.006)

KM=Kaplan-Meier =survival estimate, SE=standard error
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Figure 5.4 Survival curves by baseline albuminuria status: normo (n=780),

micro (n=261) and macroalbuminuria (n=99) in EURODIAB

PCS men
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Table 5.16 Number o f  subjects and survival estimates at 2-year time-points 

by albuminuria status in EURODIAB PCS men

Albuminuria 
at baseline

2 yrs 4 yrs 6 yrs 8 yrs

No. of subjects left Normo 775 758 744 115
Micro 258 244 235 31
Macro 95 87 82 12

Cumulative number of Normo 2 17 19 25
CHD events Micro 1 14 17 20

Macro 2 10 11 16

KM estimate (SE) Normo 0.997 (0.002) 0.978 (0.005) 0.976 (0.006) 0.964 (0.007)
Micro 0.996 (0.004) 0.946 (0.01) 0.934 (0.02) 0.917 (0.02)
Macro 0.979 (0.01) 0.897 (0.03) 0.887 (0.03) 0.828 (0.04)

KM=Kaplan-Meier -survival estimate, SE=standard error
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Figure 5.5 Survival curve by baseline WHR: cut-off at median > 0.87

(n=601) vs. < 0.87 (n=596) in EURODIAB PCS men
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Table 5.17 Number o f subjects and survival estimates at 2-year time-points 

by WHR levels in EURODIAB PCS men

WHR 
at baseline

2 yrs 4 yrs 6 yrs 8 yrs

No. of subjects left < 0.87 590 573 562 82
> 0.87 596 566 547 82

Cumulative number of < 0.87 2 18 19 19
CHD events > 0.87 2 29 36 50

KM estimate (SE) < 0.87 0.997 (0.002) 0.970 (0.007) 0.968 (0.007) 0.968 (0.007)
> 0.87 0.997 (0.002) 0.951 (0.009) 0.940 (0.01) 0.908 (0.01)

KM=Kaplan-Meier ^survival estimate, SE=standard error

139



Figure 5.6 Survival curve by baseline smoking status: non (n=543), ex (n=257),

current (n=399) in EURODIAB PCS men
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Table 5.18 Number o f subjects and survival estimates at 2-year time-points by 

smoking status in EURODIAB PCS men

Smoking 
status 
at baseline

2 yrs 4 yrs 6 yrs 8 yrs

No. of subjects left Non 538 518 509 71
Ex 252 244 235 33
Current 397 379 365 59

Cumulative number of Non 2 20 22 24
CHD events Ex 1 9 11 15

Current 1 18 22 30

KM estimate (SE) Non 0.996 (0.003) 0.963 (0.008) 0.959 (0.009) 0.955 (0.009)
Ex 0.996 (0.004) 0.965 (0.01) 0.957 (0.01) 0.938 (0.02)
Current 0.998 (0.003) 0.955 (0.01) 0.945 (0.01) 0.915 (0.02)

KM=Kaplan-Meier =survival estimate, SE=standard error
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Figure 5.7 Survival curve by baseline sialic acid concentrations: cut-off at

median > 1.85 mmol/L (n=297) vs. < 1.85 mmol/L (n=306) in EURODIAB

PCS men
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Table 5.19 Number o f subjects and survival estimates at 2-year time-points by 

sialic acid levels in EURODIAB PCS men

Sialic acid 
at baseline

2 yrs 4 yrs 6 yrs 8 yrs

No. of subjects left <1.85 304 297 293 56
293 281 270 48

Cumulative number of <1.85 1 7 7 9
CHD events 1 11 15 22

KM estimate (SE) ^1.85 0.997 (0.003) 0.977 (0.009) 0.977 (0.009) 0.962 (0.01)
>1.85 0.997 (0.003) 0.962 (0.01) 0.949 (0.01) 0.921 (0.02)

KM=Kaplan-Meier =survival estimate, SE-standard error
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Figure 5.8 Survival curve by baseline albuminuria status: normo (n=802),

micro (n=210) and macroalbuminuria (n=73) in EURODIAB PCS women
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Table 5.20 Number o f subjects and survival estimates at 2-year time-points by 

albuminuria status in EURODIAB PCS women

Albuminuria 
at baseline

2 yrs 4 yrs 6 yrs 8 yrs

Numbers at risk Normo 800 770 752 117
Micro 208 192 181 32
Macro 71 66 60 10

Cumulative number of Normo 1 30 42 45
CHD events Micro 2 18 21 24

Macro 1 5 10 11

KM estimate (SE) Normo 0.999 (0.001) 0.963 (0.007) 0.948 (0.008) 0.942 (0.009)
Micro 0.991 (0.007) 0.914 (0.02) 0.900 (0.02) 0.880 (0.02)
Macro 0.986 (0.01) 0.930 (0.03) 0.860 (0.04) 0.825 (0.05)

KM=Kaplan-Meier ^survival estimate, SE-standard error
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Figure 5.9 Kaplan-Meier survival curve by baseline systolic BP: cut-off at top

tertile > 122 mmHg (n=395) vs. <122 mmHg (n=727) in EURODIAB PCS

women
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Table 5.21 Number o f subjects and survival estimates at 2-year time-points by 

systolic BP in EURODIAB PCS women

Systolic B P  
at baseline

2 yrs 4 yrs 6 yrs 8 yrs

No. of subjects left 724 701 688 113
>722 390 361 343 51

Cumulative number <122 2 24 31 33
of CHD events >722 2 30 42 48

KM estimate (SE) ^7 2 2 0.997 (0.002) 0.967 (0.007) 0.957 (0.008) 0.954 (0.008)
>722 0.995 (0.004) 0.923 (0.01) 0.893 (0.02) 0.865 (0.02)

KM=Kaplan-Meier ^survival estimate, SE=standard error
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Figure 5.10 Risk of developing CHD by baseline fasting TG levels: cut-off at

top tertile >1.02 mmol/L (n=254) vs. < 1.02 mmol/L (n=500) in EURODIAB

PCS women
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Table 5.22 Number o f subjects and survival estimates at 2-year time-points by 

fasting TG levels in EURODIAB PCS women

Fasting TG 
at baseline

2 yrs 4 yrs 6 yrs 8 yrs

No. of subjects left <1.02 499 471 464 75
>1.02 249 233 219 41

Cumulative number of 1 28 33 36
CHD events >7.02 2 18 28 33

KM estimate (SE) <1.02 0.998 (0.002) 0.944(0.01) 0.934 (0.01) 0.924 (0.01)
>7.02 0.992 (0.006) 0.928 (0.02) 0.888 (0.02) 0.862 (0.02)

KM=Kaplan-Meier =survival estimate, SE=standard error
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5.7 Summary of the EURODIAB PCS

These prospective analyses were based on 2329 type 1 diabetic patients from 14 

European countries, out of which 151 developed CHD (MI, angina, CABG, 

Positive BCG, CHD death) and 2178 stayed free of CHD during a mean follow- 

up time of 7 years. CHD incidence rates were similar in men and women, 10.2 

and 8.0 per 1,000 person-years in women and men respectively (about 1%). 

Complete data existed for many risk factors, except for fasting TG, 

apolipoproteins and inflammatory/ endothelial markers which were measured on 

subsets.

Several risk factors were significantly related to CHD. Age, AER, glycated 

haemoglobin, WHR, HDL-c and smoking status were significantly associated 

with CHD in men, after initial adjustment for age and/or duration of diabetes. In 

women, age, AER, systolic BP and fasting TG were significantly related to CHD. 

ApoB was significantly positively related to CHD in men, whereas apoAl and 

apoA2 were significantly inversely related to CHD in women, after adjustment 

for age and duration of diabetes. Non-HDL-cholesterol, fasting TG and 

apolipoproteins seemed to be related to CHD in men and women. There was no 

significant relationship between BMI and CHD after adjustment for age and 

duration of diabetes.

The inflammatory markers, sialic acid and fibrinogen were significantly related 

to CHD in univariate analyses and after adjustment for age and duration, but only 

in men. There was no significant relationship between vWF and CHD in 

univariate analyses. After adjustment for other risk factors, sialic acid remained 

an independent predictor of CHD in men.

Adjustment for multiple risk factors, revealed that age, AER, WHR and smoking 

were independent predictors of CHD in men. In women, age, AER, and systolic 

BP, fasting TG and HDL-c were independent predictors of CHD. There was no 

independent relationship between glycated haemoglobin and CHD. The 

inflammatory marker “sialic acid”, even though measured in a subset of the total 

population, was an important risk factor for CHD in men, independent of all 

established risk factors.
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Chapter 6: EURODIAB PCS Cross-sectional study

6.1 Number of subjects

There were 540 patients with measurements of inflammatory and endothelial 

markers (CRP, sVCAM-1, sE-selectin, IL-6, TNF-a, TGF-pi and homocysteine) 

at follow-up, out of which 120 had CHD and 417 did not, 3 patients were 

excluded because CHD status was not assessed.

These 540 patients were recruited from 24 centres in 13 European countries (see 

Table 6.1).

Table 6.1 Centres in the EURODIAB PCS cross-sectional study

Country Centre N (540)
Italy Bari 17

Cagliari 19
Milan 19
Pisa 34
Rome 38
Turin 19
Verona 8

Greece Athens 46
Thessaloniki 25

England Central Middlesex 2
Wolverhampton 5
Sheffield 8

Republic of Ireland Cork 39
Germany Düsseldorf 22

Munich 22
Belgium Gent 24
Finland Helsinki 39
The Netherlands Leiden 19
Portugal Lisbon 32
Luxemburg Luxembourg 23
France Paris 8

Valenciennes 7
Austria Vienna 33
Croatia Zagreb 32
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6.2 Distribution of inflammatory/ endothelial markers and other 

risk factors

An overview is given of the distribution of risk factors in this dataset (Table 6.2). 

Patients were on average 40 years old and had diabetes for approximately 22 

years. There was a more atherogenic risk factor profile in this population 

compared to the baseline (see Table 5.6), the subjects were more obese, had more 

hypertension, albuminuria, and retinopathy.

There was complete data for most risk factors, except for fasting TG and LDL-c. 

The cytokine TNF-a was raised compared to the general population reference 

range.
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Table 6.2 Risk factor levels in the EURODIAB PCS cross-sectional study; 

mean, median, range, reference interval or target level

N Mean ± SD Range Reference 
interval 
/Target level

Age (years) 540 39.7 ± 10.1 22.9-66.6
Duration (years) 538 21.6 ±9.5 7.4-52.6
HbA.c (%) 532 8.53 ± 1.60* 5.3-15.1 4.2-6.2~
Systolic BP (mmHg) 540 123.2 ±20.1 80-215 <130*
Diastolic BP (mmHg) 540 75.1 ±11.5 36-110 <85*
Cholesterol (mmol/L) 535 5.31± 1.19 0.4-10.8 <5.2 '
LDL-c (mmol/L) 319 3.17 ± 1.06 0.23-8.41 <3.5 '
HDL-c (mmol/L) 534 1.63 ±0.43 0.12-3.88 0.9-2.0'
Non-HDL-c (mmol/L) 534 3.68 ± 1.19 -1.16-9.43 2.64-4.14'
Fasting TG (mmol/L)# 323 0.95 (0.75,1.36) 0.12-17.4 < 2.3 '
TG (mmol/L)# 535 0.99 (0.77,1.41) 0.12-18.9
ApoA l (mg/dL) 224 152.2 ±29.2 47-259 97-190'
ApoB (mg/dL) 224 84.2 ± 24.7 38-201 48-131'
V/HR 538 0.89 ±0.14 0.53-1.45 <0.85* women 

<0.95* men
BMI (kg/m") 537 24.5 ±3.2 16.9-38.3 20-25*
Insulin dose (U/day/kg)# 538 0.65 (0.53,0.77) 0.02-2.07 0.60
No. o f insulin injections/day 540 2.93 ±0.83 1-9
AER (pg/min)# 538 10.6 (5.6, 169.3) 1.91-5223 <20*
C-reactive protein(mg/L)# 536 1.06 (0.43,2.49) 0.02-44.36 < 2 -
sVCAM-1 (ng/mL)# 539 386.0 (329.0, 468.0) 161-1676 395-714'
sE-selectin (ng/mL)# 539 32.0 (25.0,41.0) 8.0-158.0 29-63 '
IL-6 (pg/mL)# 536 1.89 (1.23,3.23) 0.22-578 1.42-3.53'
T G F-pi/ creatinine (pg/mmol) 
(urine)#

537 3.03 (2.00,4.41) 0-156.7

Plasma TGF-pi (ng/mL) # 538 5.40 (3.50,8.60) 1.2-55.8 3.3-6.4'
TN F-a (pg/mL)# 528 2.81 (2.09,3.64) 0.82-12.10 1.36-2.53'
Homocysteine (pmol/L)# 

Men
Hypertension
Albuminuria (micro+macro) 
Retinopathy (non-prol + prol) 
Neuropathy 
Current smokers 
Ex-smokers

539

540 
540 
538 
540 
511 
540 
540

7.0 (5.6,9.2) 
%
51.1
41.7
39.0
56.1 
40.9
30.2 
7.8

2.40-40.8 5-15'

# Median, interquartile range

*Target levels in the general population according to European/ American guidelines 

~Laboratory reference ranges based on general population
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6.3 Associations between inflammatory/ endothelial markers

and other risk factors

Inflammatory/endothelial markers were moderately to highly correlated with 

most established risk factors (Table 6.3).

None of the inflammatory/endothelial markers were particularly highly 

correlated with age, except for CRP (r=0.18) and homocysteine (r=0.17).

High correlations were shown between CRP and BMI (r=0.30), glycated 

haemoglobin (r=0.17) and fasting TG (r=0.19).

For sE-selectin, the highest correlation of 0.26 was found with glycated 

haemoglobin. For the other adhesion molecule, sVCAM-1, on the other hand, 

high correlations with albuminuria were found (r=0.29).

IL-6 was highly correlated with duration of diabetes (r=0.21), glycated 

haemoglobin (r=0.23) and albuminuria (r=0.27).

Many relatively high correlations were shown with TNF-a, for duration of 

diabetes (r=0.26), glycated haemoglobin (r=0.28), total cholesterol (r=0.20), 

LDL-c (r=0.26), HDL-c (r=-0.22), apoB (r=0.37), systolic BP (r=0.24), WHR 

(r=0.21), fasting TG (r=0.42) and albuminuria (r=0.42).

No significant correlations were found with TGF-pl as measured in plasma, 

except for apoAl (r=0.13). In contrast, for TGF-pi measured in urine and 

adjusted for urinary creatinine levels, high correlations were found with glycated 

haemoglobin (r=0.34), apoB (r=0.21) and albuminuria (r=0.35).

Homocysteine was highly correlated with duration of diabetes (r=0.23), apoB 

(r=0.23), fasting TG (r=0.24), systolic BP (r=0.25), WHR (r=0.28, p<0.0001) and 

albuminuria (r=0.29).

Several inflammatory and/or endothelial markers were related to each other, such 

as CRP and IL-6 (r=0.38), s VC AM-1 and homocysteine (r=0.32), sVCAM-1 and 

urinary TGF-pi/creatinine (r=0.22) and IL-6 and urinary TGF-pl/creatinine 

(r=0.20). There was no significant correlation between sE-selectin and sVCAM-1 

(r=0.06) or between TGF-pi measured in urine or plasma (r=0.06). High 

correlations were found between TNF-a and CRP (r=0.19), sE-selectin (r=0.21), 

sVCAM-1 (r=0.44), IL-6 (r=0.31), urinary TGF-p 1 /creatinine (r=0.I9) and 

homocysteine (r=0.38).
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For the categorical variables, such as sex, hypertension, smoking and the use of 

BP-lowering drugs, ANOVA was used to estimate differences in geometric mean 

levels of inflammatory/endothelial markers. There were sex differences in 

inflammatory/ endothelial markers, mean CRP, IL-6 and TGF-pi concentrations 

were higher in women and sE-selectin, TNF-a and homocysteine were 

significantly higher in men (Table 6.4).

Those with hypertension generally had higher levels of inflammatory and 

endothelial markers, significantly so for CRP, sVCAM-1, sE-selectin, IL-6, 

TNF-a, TGF-pl and homocysteine.

Unexpectedly, lower sVCAM-1 and homocysteine levels were found in current 

smokers and higher levels in ex-smokers compared to non-smokers, however the 

other markers were not significantly related to smoking.

And those who had reported the use of BP-lowering drugs had significantly 

higher levels of CRP, sE-selectin, sVCAM-1, IL-6, TNF-a, TGF-pi and 

homocysteine.
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Table 6.3 Correlations between inflammatory/endothelial markers and other risk factors in the EURODIAB PCS cross-sectional study

Age Dur HbA.c Choi LDL HDL apoal apob INS FTG WHR BMI Homo CRP Lsel vcam 1L6 tnfa Tgfbp tgfbu dias sys aer

Age - 0.57d -0.02 0.28d 0.22d 0.07 0.23c 0.12 -0.32d 0.16b 0.15c 0.18d 0.17d 0.18d -0.12b 0.14c 0.14c 0.08 -0.02 0.06 -0.01 0.38d 0.09a

Dur - - 0.12b 0.26d 0.19c 0.09a 0.24c 0.18b -0.22d 0 .2 1 c 0.12b 0.09a 0.23d 0.17d -0.04 0.19d 0.21d 0.26d -0.01 0.18d -0.01 0.3 8d 0.35d

HbAic - - - 0.14b 0.12a -0.09a 0.003 0.34d 0.09a 0.24d 0.06 0.05 -0.04 0.17d 0.26d 0.11b 0.23d 0.28d 0.14b 0.34d 0.03 0.06 0.38d

Choi - - - - 0.93d 0.14c 0.42d 0.74d -0.12b 0.46c 0.15c O.I7d 0.15c 0.17d -0.01 0.08 0.05 0.20d 0.07 0.16c 0.17d 0.26d 0.26d

LDL - - - - - -0.13a 0.24b 0.83d -0.13a 0.44d 0.16b 0.25d 0.17b 0.16b 0.03 0.07 0.07 0.26d 0.04 0.08 0.16b 0.23d 0.26d

HDL - - - - - - 0.78d -0.34d -0.12b -0.38d -0.19d -0.22d -0.13b -0.10a -0.13b -0.07 -0.17d -0.22d 0.05 0.04 -0.05 -0.04 -0.09a

apoal - - - - - - - 0.001 -0.15a 0.04 -0.12 0.02 -0.11 0.01 -0.10 -0.06 -0.17b 0.02 0.13a 0.03 0.13 0.18b 0.02

apob - - - - - - - - 0.04 0.69d 0.33d 0.38d 0.23c 0.14a 0.03 0.08 0.17b 0.37d 0.08 0.21b 0.01 0.08 0.33d

INS - - - - - - - - - 0.05 -0.06 -0,10a -0.10a 0.07 0.05 -0.13b 0.06 -0.05 0.07 0.02 -0.08 -0.14b -0.01

FTC - - - - - - - - - - 0.16b 0.18c 0.24d 0.19c 0.11 0.12a 0.19c 0.42d -0.04 0.19c 0.27d 0.27d 0.36d

WHR - - - - - - - - - - - 0.30d 0.28d 0.02 0.14c 0.07 0.04 0.2 Id 0.06 -0.10a 0.15c 0.17d 0.14c

BMI - - - - - - - - - - - - 0.15c 0.30d 0.07 0.06 0.10a 0.12b -0.02 -0.03 0 2 0 d 0.25d 0.11b

Horn - - - - - - - - - - - - - 0.02 0.08a 0.32d 0.15c 0.38d 0.08 0.03 0.18d 0.25d 0.28d

CRP - - - - - - - - - - - - - 0.08a 0.08 0.38d 0.19d 0.06 0.19d 0.08 0.17d 0.13b

Esel - - - - - - - - - - - - - - - 0.06 0.15c 0.2 Id 0.06 0.15c 0.13b 0.08 0.11b

vcam - - - - - - - - - - - - - - - - 0.19d 0.44d 0.008 0.22d 0.15c 0.17d 0.29d

IL6 - - - - - - - - - - - - - - - - - 0.3 Id 0.10a 0.20d -0.02 0.09a 0.27d

tnfa - - - - - - - - - - - - - - - - - - 0.16c 0.19d 0.14b 0.24d 0.42d

tgfbp - - - - - - - - - - - - - - - - - - - 0.06 0.05 0.05 0.05

tgfbu - - - - - - - - - - - - - - - - - - - - 0.01 0.12b 0.35d

dias - - - - - - - - - - - - - - - - - - - - - 0.58d 0.17d

sys - - - - - - - - - - - - - - - - - - - - - - 0.34d

aer - - - - - - - - - - - - - - - - - - - - - - -

a=p<0.05, b = p ^ .O I, c= p^.O O I, d = p ^ .0 0 0 1 , r>0.20 is highlighted in gray tgfbp=TGF-P in plasma, tgfbu= TGF-p/creatinine in urine, INS: Insulin dose per hodyweight
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Table 6.4 Relationship between inflammatory/endothelial markers and sex, hypertension, BP-lowering drugs and smoking in EURODIAB PCS 

cross-sectional study

N CRP sVCAM-1 sE-selectin lL-6 TGF-P1/ creatinine (urine) Plasma TG F-P1 T N F -a Hom ocysteine

Sex Men 276 0.80 (0 .7 0 -0 .9 3 / 399.1 (386-412) 34.01 (32-36)“ 2.05 (1.84-2.27)' 2.90 (2.66-3.16)'’ 5.83 (5.35-6.35) 2.99 (2.83-3.16)'’ 8.37 (7.97-8.79)“

Women 263 1.36 (1.17-1.58) 390.9 (378-404) 29.06 (28-31) 2.37 (2.13-2.64) 3.41 (3.12-3.72) 5.96 (5.46-6.51) 2.65 (2.51-2.81) 6.53 (6.22-6.87)

Hypertension Yes 224 1.39 (1.18-1.63)** 424.3 (410-440)“ 33.37 (32-35)'’ 2.60 (2.31-2.91)' 3.57 (3.25-3.93)' 6.20 (5.64-6.82) 3.37 (3 .18-3.58)“ 8.79 (8.34-9.27)“

No 315 0.85 (0.74-0.98) 375.6 (365-387) 30.24 (29-32) 1.96 (1.78-2.16) 2.86 (2.64-3.09) 5.68 (5.24-6.16) 2.48 (2.36-2.61) 6.57 (6.28-6.87)

BP-lowering
drugs

Yes 170 1.40 (1.17-1.69)' 441.4  (424-460)“ 33.15 (31-35)' 2.68 (2.35-3.06)' 3.68 (3.30-4.10)' 5.99 (5.37-6.69) 3.60 (3 .37-3.85)“ 9.49 (8.93-10.1)“

N o 367 0.91 (0.81-1.04) 375.8 (366-386) 30.72 (30-32) 2.03 (1.85-2.22) 2.92 (2.71-3.14) 5.85 (5.43-6.31) 2.51 (2.40-2.63) 6.64 (6.37-6.91)

Smoking Current 163 1.04 (0.86-1.27) 374.4 (359-390)'’ 33.09 (31-35) 2.23 (1.94-2.55) 3.15 (2.82-3.52) 5.68 (5.07-6.35) 2.89 (2.69-3.11) 7.03 (6.58-7.51)'

Ex 42 1.01 (0.69-1.47) 409.9 (377-445) 29.67 (26-34) 2.45 (1.88-3.21) 3.33 (2.97-3.73) 7.36 (5.91-9.17) 2.94 (2.56-3.39) 8.45 (7.43-9.63)

None 335 1.04 (0.91-1.20) 4 0 3 .8 (3 9 2 -4 1 6 ) 30.99 (30-32) 2.23 (1.94-2.55) 2.99 (2.71-3.30) 5.83 (5.40-6.31) 2.77 (2.63-2.92) 7.49 (7.15-7.84)

Test fo r  heterogeneity across risk factor levels: a^p<0.05, b = p ^ .0 1 , c= p^ .001 , d=p:^.0001, Values in table: geometric mean (95%CI)
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6.4 Univariate associations between inflammatory/endothelial

markers and CHD

The relationship between inflammatory/endothelial markers, other risk factors 

and CHD was explored in those with CHD (n=120) and controls (n=174) without 

any complication from CVD, CHD, neuropathy, albuminuria and retinopathy 

(Table 6.5).

Since the numbers were reduced in these analyses, there was not enough power 

to present the analyses for men and women separately.

Similar established risk factors, though not all, as in the prospective study 

(chapter 5) were found to be related to CHD; age, duration of diabetes, glycated 

haemoglobin, systolic BP, total cholesterol, non-HDL-c, TG, apoB, BMI, 

albuminuria, hypertension and smoking (data not shown in Table 6.5).

Of the inflammatory and/or endothelial markers, increased levels of CRP, 

sVCAM-1, sE-selectin, urinary TGF-pl/creatinine, IL-6, TNF-a and 

homocysteine were found to be related to CHD (Table 6.5). Significantly 

increased urinary TGF-pl/creatinine concentrations were found in those with 

CHD, whereas decreased plasma TGF-P 1 concentrations were found compared 

to subjects without CHD and other complications, although the latter was not 

statistically significant. Major differences between CHD cases compared to 

controls were found for sVCAM-1 and even more so for TNF-a.
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Table 6.5 Relationship between inflammatory/endothelial markers and CHD in

the EURODIAB PCS cross-sectional study (men+women)

N CHD

(n=120)

Controls with no
complications
(n=174)

Median (IQT) Median (IQT)
C-reactive protein (mg/L) 292 1.47 (0.42, 3.38)' 0.69 (0.35, 1.75)
sVCAM-1 (ng/mL) 294 424.5 (343.5,515.0)“ 364.0 (312.0,418.0)
sE-selectin (ng/mL) 294 31.0 (24.5, 39.5)' 30.5 (22.0, 38.0)
IL-6 (pg/mL) 292 2.10(1.27, 4.04)“ 1.59(1.06, 2.49)
TGF-P 1/creatinine (pg/mmol) ) 292 3.31(2.12,5.02)“ 2.27(1.52,3.33)
Plasma TGF-P 1 (ng/mL) 293 4.80 (3.50, 8.40) 5.20 (3.30, 8.40)
TN F-a (pg/mL) 288 3.16(2.23,4.36)“ 2.20(1.64, 2.77)
Homocysteine (pmoFL) 294 7.35 (5.85, 10.2)^ 6.70 (5.50, 8.10)

a=p<0.05, b= p^ .O I, c= p^ .001 , d= p^ .0001
*Controls with no complications (CVD, neuropathy, albuminuria, retinopathy) 
IQT: Interquartile range
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6.5 Logistic regression models for inflammatory/endothelial

markers, adjusted for other risk factors

Stepwise logistic regression modelling was used to assess which of the 

inflammatory/endothelial markers were independently related to CHD 

(Table 6.6).

After adjustment for age and duration, CRP and homocysteine were no longer 

significantly related to CHD, therefore, further adjustments for other risk factors 

were not presented any more.

For the relationship between each of the markers: sVCAM-1, sE-selectin, TNF- 

a , IL-6, urinary TGF-P 1/creatinine and CHD, further stepwise modelling was 

conducted. Adjustment for fasting TG reduced the numbers in the analysis 

significantly and therefore the estimates were less reliable for this variable and 

total TG was used.

There was a significant relationship between sVCAM-1 and CHD, which was 

independent of all established risk factors, except for albuminuria, with an odds 

ratio around 1.4-1.5 and a borderline significant p-value. The relationship 

between sVCAM-1 and CHD was mostly reduced due to adjustment for 

albuminuria.

sE-selectin was related to CHD with an odds ratio of 1.5, independently of all 

established risk factors, except for HbAic and BP-lowering drugs (data not shown 

in table).

IL-6 was related to CHD with an odds ratio of 1.4, independent of all other risk 

factors, except for HbAic and albuminuria.

TNF-a was significantly related to CHD, with a 2-fold increased risk, and this 

association was independent of all other risk factors. And urinary TGF- 

pi/creatinine was independently related to CHD, but this relationship was partly 

explained by glycated haemoglobin and albuminuria.
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Table 6.6 Multivariate logistic regression models between inflammatory/

endothelial markers and CHD in the EURODIAB PCS cross-sectional study

Standardized Odds ratios (95%CI)* Total (n-294, 120 with CHD, 174 no 
complications)

C R P (mg/L)# 1.49(1.17-1.90)'
Adjusted for age 1.31 (0.99-1.71)^=°°^^
Adjusted for age, duration 1.32 (0.99-1.75)(P^°^
sVCAM-1 (ng/mL)# 2.02(1.52-2.68)“
Adjusted for age 1.84 (1.35-2.50)“
Adjusted for age, duration 1.62 (1.18-2.23)'’
Adjusted for age, duration, sex 1.62(1.17-2.23)'’
Adjusted for age, duration, systolic BP, 1.39 (0.99-1.96)^“° °“̂
HbAic, WHR, total TG
Adjusted for age, duration, systolic BP, 1.42 (0.97-2.08)^=° °®̂
HbAic, WHR, total TG, smoking, AER
sE-selectin (ng/mL)# 1.28 (0.99-1.64)^^" "')
Adjusted for age 1.46(1.10-1.94)'’
Adjusted for age, duration 1.58(1.15-2.18)'’
Adjusted for age, duration, sex 1.57(1.14-2.18)'’
Adjusted for age, duration, systolic BP, 1.50(1.05-2.15)'
WHR, total TG, smoking, AER
Adjusted for age, duration, systolic BP, 1.28 (0.88-1.85)
WHR, total TG, smoking, AER, HbAic
IL-6 (pg/mL)# 1.77(1.34-2.34)“
Adjusted for age 1.56(1.16-2.10)'’
Adjusted for age, duration 1.55(1.14-2.11)'’
Adjusted for age, duration, sex 1.57(1.15-2.14)'’
Adjusted for age, duration, systolic BP, 1.40(1.02-3.47)'
WHR, total TG, smoking
Adjusted for age, duration, systolic BP, 1.00 (0.69-1.44)
WHR, total TG, smoking, HbAic, AER
T N F -a (pg/mL)# 3.27 (2.31-4.63)“
Adjusted for age 2.91 (2.02-4.18)“
Adjusted for age, duration 2.77(1.87-4.09)“
Adjusted for age, duration, sex 2.79(1.88-4.15)“
Adjusted for age, duration, systolic BP, 2.07 (1.29-3.33)'’
HbAic, WHR, total TG, smoking, AER
U rinary  T G F -pi/creatin ine (pg/mmol)# 1.90(1.42-2.54)“
Adjusted for age 1.77(1.31-2.40)'
Adjusted for age, duration 1.79(1.29-2.46)'
Adjusted for age, duration, sex 1.86(1.33-2.60)'
Adjusted for age, duration, systolic BP, 1.89(1.19-3.00)'’
WHR, fasting TG, smoking
Adjusted for age, duration, systolic BP, 1.27 (0.75-2.14)
WHR, fasting TG, smoking, HbAic, AER
Homocysteine (pmol/L)# 1.44(1.13-1.84)“
Adjusted for age 1.27 (0.98-1.66)(P^ °̂ )
Adjusted for age, duration 1.18 (0.89-1.55)

*Standardized odds ratio (Exp(/3*SD): represents the odds ratio associated with a SD unit increase in the 
marker , #. Log-transformed, a=p<0.05, b = p ^ .0 1 , c=p^.OOJ, d= p ^ .0 0 0 1

156



6.6 Checking adequacy of linear relationships between 

inflammatory/endothelial markers and CHD

Since sVCAM-1, sE-selectin, TNF-a, IL-6 and TGF-pl were related to CHD, 

further analyses were carried out to investigate whether the relationship was 

linear (Figure 6.1-6.5). All markers were divided into quintiles and each quintile 

was examined in relation to CHD risk, with the lowest quintile as the reference 

group. All analyses were adjusted for age. For all of these markers the results 

were consistent with there being a linear relationship, which was formally tested 

using likelihood ratio statistics (p-values>0.05).

Figure 6.1 Risk o f CHD by quintiles o f  sVCAM-1, adjusted for age, 

EURODIAB PCS cross-sectional study
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Figure 6.2 Risk o f CHD by quintiles o f sE-selectin, adjusted for age, 

EURODIAB PCS cross-sectional study
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Figure 6.3 Risk o f CHD by quintiles o f IL-6, adjusted for age, EURODIAB 

PCS cross-sectional study

12 T

10 - -U

o 6 - -

0 - 1.11 1.63-2.25 2.25-3.91

IL-6 quintiles (j^/mL)

>3.91

Figure 6.4 Risk o f CHD by quintiles o f TNF-a, adjusted for age, EURODIAB 

PCS cross-sectional study
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Figure 6.5 Risk o f CHD by quintiles o f urinary TGF-fil/creatinine, adjusted 

for age, EURODIAB PCS cross-sectional study
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6.7 Summary of the EURODIAB PCS cross-sectional study

This cross-sectional part of the EURODIAB PCS was based on 540 type 1 

diabetic patients from 13 European countries, out of which 120 had developed 

CHD and 174 had no complications. The subjects had a mean age of 40 and an 

average duration of diabetes of 22 years. Similar established risk factors 

associated with CHD were found as in the prospective study. Raised levels of 

TNF-a were found in these patients compared to reference ranges based on the 

general population. Most established risk factors were related to 

inflammatory/endothelial markers. Relatively high correlations between 

inflammatory/endothelial markers and glycated haemoglobin, fasting TG and 

albuminuria were found. In univariate analyses, significantly positive 

associations with CHD were found for CRP, sVCAM-1, sE-selectin, IL-6, TNF-

а , TGF-P 1 (measured in urine and adjusted for creatinine) and homocysteine. 

Decreased levels of plasma TGF-P 1 were found in CHD patients compared to 

controls, although not statistically significant. In contrast, significantly increased 

levels of urinary TGF-p/creatinine were found. Further adjustment for age and 

duration, diminished associations with CHD, for CRP and homocysteine.

TNF-a was the strongest risk factor and was significantly related to CHD, 

independent of all established risk factors. Of the other markers, sVCAM-1, IL-

б, urinary TGF-P 1/creatinine and sE-selectin were related to CHD, independent 

of most other risk factors, but not all. Especially glycated haemoglobin and 

albuminuria diminished the relationships between these markers and CHD.
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Chapter 7: EDC prospective study

7.1 Number of subjects

There were 658 patients recruited in this study, out of which 55 were excluded 

due to the presence of CHD (n=52) at baseline or if CHD status was unknown 

(n=3).

7.2 Description of CHD and survival time

Patients who were free of CHD at baseline and developed a first CHD events at 

follow-up were selected (n=108). In Table 7.1, the type of CHD event and the 

number of patients (and percentage) with these events are shown. The majority 

of the CHD events were due to angina and myocardial infarction.

Table 7.1 Type o f first CHD event in the EDC study

N
Angina 49 (45%)
CABG 12 (11%)
MI (symptoms+ECG+abnormal enzymes) 25 (23%)
Ischaemic ECG from Minnesota coding 17 (16%)
CHD death 5 (5%)

Total 108 (100%)

The (survival) time to first CHD event was calculated biennially and based on 

CHD endpoints as presented in Table 7.1. The mean follow-up time was 9.23 

years (SD=2.42 range 0.18-12.21 years) for all subjects. Since all subjects were 

seen in the Children’s hospital every two years, accurate information on the type 

and date of the first CHD event was collected (no missing values).

The incidence rates of CHD were calculated for men and women (Table 7.2). 

There were slightly higher incidence rates in men compared to women, but this 

was not statistically significant (log-rank p-value=0.46).

160



Table 7.2 Incidence rates o f CHD (per 1,000 person-years) in EDC men and

women

Men Women
N 304 299
Total CHD events 56 52
Mean survival time 9.06 (SD=2.51) 9.40 (SD=2.33)
Person-years 2752.9 2810.9
Incidence rate/1,000 20.3 18.5
personyears

Incidence rates were also presented by 10-year age-bands (Table 7.3) and 

showed a steep increase across the age-groups in both men and women. The 

incidence rates were higher in men than in women for those aged 0-40 years, 

however, for the oldest (>40 years) participants the incidence rates were twice as 

high in women than in men.

Table 7.3 Incidence rates (per 1,000 person-years) o f  CHD by 10-year baseline 

age-bands in the EDC study

Agegroup___________ N___________Men_________Women
0 -< 20  106 5.83 3.65
20-<30  276 12.61 7.78
30-<40 187 40.98 34.19
40- < 50 34 37.37 85.40

7.3 Description of variables

In Table 7.4 the baseline mean levels, or proportions, the ranges and the 

reference intervals or target levels are shown. A relatively high proportion of 

patients did have complications at baseline, including albuminuria, retinopathy, 

hypertension and neuropathy. The data is complete for most variables, although 

some missing values were found for fasting TG and as a result also for LDL-c. 

The inflammatory markers, fibrinogen, serum albumin and WBC acid and 

apolipoproteins were measured in nearly all 603 subjects.
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Table 7.4 Baseline levels o f risk factors in the EDC study; mean, median, 

range, reference interval or target level

Total
N

Mean ± SD Range Reference
interval

Age (years) 603 27.2 ±7.7 8-48
Duration (years) 603 19.0 ±7.4 7.7-37.4
HbAi (%) 600 10.4 ± 1.8 6.2-18.1 4.9-7.3~
Systolic BP (mmHg) 603 112.9 ± 14.8 76-188 <130*
Diastolic BP (mmHg) 603 72.5 ± 10.8 44-118 <85*
Cholesterol (mg/dL) 598 189.7 ±41.1 107-391 146-210~
LDL-c (mg/dL) 554 114.9 ±33.9 34-295 72-130~
HDL-c (mg/dL) 598 54.0 ± 12.3 26-113 46-68~
Non-HDL-c (mg/dL) 598 135.8 ±41.8 51.6-345.9 102-160*
Fasting TG (mg/dL)# 566 82.0 (60.0, 120.0) 25-836 49-145~
ApoAl (mg/dL) 594 138.0 ± 19.2 68-205 122-160~
Apo A2 (mg/dL) 592 44.9 ± 9.7 17-87 43-61~
ApoB (mg/dL) 593 101.4 ±28.9 43-251 85-153~
WHR 597 0.82 ± 0.07 0.65-1.10 <0.85* women.

<0.95* men
BMI (kg/m^) 600 23.5 ±3.2 13.9-37.6 20-25*
Insulin dose /KgBW# 578 0.77 (0.62, 0.93) 0.24-2.25 0.60
eODR (mg/kg/min) 594 7.87 ± 1.86 1.58-12.04 >6.22
Fibrinogen (mg/dL) 596 287.2 ±88.8 130-700 150-450~
Serum albumin (g/dL) 599 4.63 ± 0.64 2.78-6.73 3.5-5.0~
White blood cell count 597 6.56 ± 1.92 3.10-15.2 6-9~
(x lO ^L )
AER (pg/min)# 599 14.5 (7.2, 103.9) 0.75-9378 <20*

Men 603
/o
50

Hypertension 603 14
Albuminuria 603 45
(micro+macro)
Microalbuminuria 603 22
Macroalbuminuria 603 23
Retinopathy 593 29
(non-prol + prol)
Neuropathy 600 25
Ever smokers 587 38
(current+past)
Current smokers 587 22

# Median, interquartile range
* Target levels in general population 
~ Laboratory reference ranges based

according to European/American guidelines 
on the general population

162



In Table 7.5 is shown what type of medication was used at baseline in the whole 

study population. All patients were on insulin, but a small proportion of 

participants were on BP and lipid lowering drugs.

Table 7.5 Distribution o f major drug groups in the EDC study

Insulin 100% (n=603)

BP lowering drugs 13% (n=74)

Lipid lowering drugs 0.5% (n=3)
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7.4 Correlations between risk factors

In Table 7.6 the Spearman rank correlation coefficients are shown for the risk 

factors at baseline. Age and duration of diabetes (r=0.86), systolic and diastolic 

BP (r=0.66), LDL-c and total cholesterol (r=0.92), apoAl and HDL-c (r=0.47), 

apoB and LDL-c/total cholesterol (r=0.71) were all highly correlated with each 

other. High correlations were found for other lipid variables, such as total 

cholesterol and fasting TG (r=0.46), and fasting TG and HDL-c (r=-0.39). BMI 

was significantly correlated with WHR (r=0.29). Significant correlations were 

also found between glycated haemoglobin and total cholesterol (r=0.26), apoB 

(r=0.27), fasting TG (r=0.32), eGDR (r=-0.57) and non-HDL-c (0.28).

Of the inflammatory markers measured at baseline, moderate to high correlations 

were found for WBC with total cholesterol (r=0.22), non-HDL-c (r=0.27), LDL-c 

(r=0.21), apoB (r=0.23), fasting TG (r=0.31), eGDR (r=-0.23) and albuminuria 

(r=0.29).

Serum albumin was not very highly correlated with established risk factors, none 

of the correlation coefficients were above 0.20. There was a significantly inverse 

association between serum albumin and albuminuria (r=-0.17).

Fibrinogen was significantly correlated with fasting TG (r=0.34), albuminuria 

(r=0.32) and non-HDL-c (r=0.24).

Significant correlations between inflammatory markers were shown between 

fibrinogen and WBC (r=0.28), fibrinogen and serum albumin (r=-0.23), serum 

albumin and WBC (r=-0.17).

164



Table 7.6 Correlations between risk factors in the EDC study

Age Dur HbAl Choi LDL HDL ApoAl ApoA2 ApoB FTG WHR BMI FIB Seraib WBC AER SYS DIAS INS eGDR nonhdl

Age - 0.86d -0.15c 0.25d 0.25d -0.02 0.08 -0.03 0.15c 0.09a 0.14c 0.1 lb 0.09a -0.07 0.13b 0.27d 0.35d 0.15c -0.46d -0.13b 0.24d

Dur - - -0.13c 0.27d 0.26d -0.04 0.08 -0.02 0.20d 0.12b 0.17d 0.12b 0.12b -0.03 0.11b 0.32d 0.35d 0.17d -0.36d -0.17d 0.26d

HbAl - - - 0.26d 0.21d -0.04 0.12b 0.17d 0.27d 0.32d 0.05 -0.09a 0.17d -0.12b 0.10b 0.16d -0.03 0.06 0.02 -0.57d 0.28d

Choi - - - - 0.92d 0.13b 0.37d 0.39d 0.69d 0.46d 0.14c 0.13b 0.19d -0.12b 0.22d 0.35d 0.23d 0.21d -0.11b -0.33d 0.93d

LDL - - - - - -0.10a 0.19d 0.26d 0.71d 0.37d 0.22d 0.18d 0.15c -0.11b 0.21d 0.33d 0.25d 0.23d -0.06 -0.35d 0.96d

HDL - - - - - - 0.47d 0.33d -0.19d -0.39d -0.4 Id -0.19d -0.12b 0.06 -0.17d -0.16d -0.2 Id -0.20d -0.15c 0.29d -0.20d

ApoAl - - - - - - - 0.5 Id 0.16d 0.11b -0.08 -0.07 0.02 -0.01 0.03 0.10b 0.05 0.02 -0.13b -0.05 0.19d

ApoA2 - - - - - - - - 0.23d 0.18d 0.04 -0.02 -0.02 0.03 -0.01 0.04 -0.01 -0.01 -0.06 -0.10a 0.28d

ApoB - - - - - - - - - 0.51d 0.29d 0.14c 0.17d -0.06 0.23d 0.35d 0.24d 0.25d 0.01 -0.37d 0.75d

FTG - - - - - - - - - - 0.27d 0.13b 0.34d -0.16c 0.31d 0.32d 0.27d 0.25d 0.08 -0.44d 0.59d

WHR - - - - - - - - - - - 0.29d 0.01 0.09a 0.15c 0.2 Id 0.32d 0.32d 0.13c -0.61d 0.27d

BMI - - - - - - - - - - - - 0.10b 0.01 0.11b 0.07 0.29d 0.28d -0.02 -0.15c 0.19d

FIB - - - - - - - - - - - - - -0.23d 0.28d 0.32d 0.16d 0.10b 0.02 -0.19d 0.24d

Seraib - - - - - - - - - - - - - -0.17d -0.17d -0.03 0.02 0..004 0.08a -0.14c

WBC - - - - - - - - - - - - - - - 0.29d 0.15c 0.12b 0.10a -0.23d 0.27d

AER - - - - - - - - - - - - - - - - 0.39d 0.38d -0.08 -0.4 Id 0.39d

SYS - - - - - - - - - - - - - - - - - 0.66d -0.06 -0.39d 0.29d

DIAS - - - - - - - - - - - - - - - - - - -0.03 -0.40d 0.28d

INS - - - - - - - - - - - - - - - - - - - -0.02 -0.05

eGDR - - - - - - - - - - - - - - - - - - - - -0.43d

nonhdl - - - - - - - - - - - - - - - - - - - - -

a=p<0.05, b - p ^ .O I ,  c=p^.O O I, d=p^.OOO!, r>0.20 is highlighted in gray
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7.5 Relationship between risk factors and CHD

7.5.1 Univariate models

Univariate relationships between baseline risk factors and incident CHD were 

examined for men and women separately (Table 7.7).

In men who developed CHD, a significantly higher mean age, duration of 

diabetes, systolic and diastolic BP, total cholesterol, LDL-c, non-HDL-c, fasting 

TG, apoB, WHR and AER and significantly lower mean insulin dose, HDL-c 

and eGDR were found at baseline.

In women, similar risk factors were found, except for insulin dose which was not 

significantly related to CHD in women.

In those with CHD, the proportion of subjects with hypertension and albuminuria 

at baseline were significantly increased in both men and women. In addition, 

men and women who ever smoked had an increased risk of developing CHD.

Of the inflammatory markers, fibrinogen and WBC at baseline were positively 

related to CHD, whereas serum albumin was inversely related to CHD, in both 

men and women.

Those who developed CHD reported significantly more BP lowering drug use at 

baseline and a lower insulin dosage per bodyweight.
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Table 7.7 The relationship between baseline risk factors and CHD at follow-up in the EDC study

Total Men Women
N CHD No CHD CHD No CHD CHD No CHD

(n=108) (n=495) (n=56) (n=248) (n=52) (n=247)
Mean ±  SD Mean ±  SD Mean ± SD Mean ±  SD Mean ±  SD Mean ±  SD

Age (years) 603 33.0 ±6 .8 '' 25.9 ±7 .3 31.9 ±6.5" 26.0 ± 7 .4 34.3 ± 6.9" 25.8 ±7 .3
Duration (years) 603 25.0 ± 6 .9 '' 17.7 ± 6 .9 24.6 ±6.9" 17.9 ± 6 .9 25.4 ± 6.9" 17.5 ± 6 .9
HbA, (%) 600 10.3 ± 1.8 10.4 ± 1.8 10.3 ± 1.9 10.4 ± 1.8 10.3 ± 1.8 10.3 ± 1.8
Systolic BP (mmHg) 603 121.3 ±18.5" 111.1 ± 13.2 124.0 ± 19.4" 114.6± 13.4 118.3 ± 17.1" 107.6 ± 12.0
Diastolic BP (mmHg) 603 76.6 ± 12.9" 71.6±  10.1 79.1 ± 11.2" 74.0 ± 10.6 73.9 ± 14.1" 69.3 ± 9.0
Cholesterol (mg/dL) 598 209.1 ±47 .4 '' 185.5 ±38.4 213.9 ±54.6" 181.9±36.7 204.2 ± 38.2" 189.0 ± 39 .7
LDL-c (mg/dL) 554 132.4 ±41 .8 '' 111.1±30.8 139.9 ± 49.8" 112.4±31.3 125.3 ±31.1" 109.9 ±30 .2
HDL-c (mg/dL) 598 50.0 ± 11.8" 54.8 ± 12.2 46.9 ± 9.9" 50.1 ± 9 .7 53.2 ± 12.7" 59.6 ± 12.7
Non-HDL-c (mg/dL) 598 159.2 ±48.8 '' 130.7 ±38.3 167.0 ±55.3" 131.8 ±36 .7 150.9 ±39.5" 129.5 ±39.8
Fasting TG (mg/dL)# 566 109.5 (74.5,170.5)" 77.4 (58.0,111.0) 114.0 (81.0,161.0)" 83.0 (59.0,123.0) 99.0 (71.0,172.0)" 75.0 (56.5,100.5)
ApoAl (mg/dL) 594 138.0 ± 21 .7 138.1 ± 18.7 137.3 ± 18.7 134.4 ± 17.7 138.6 ± 24 .6 141.7 ± 18.9
Apo A2 (mg/dL) 592 44.5 ± 9.6 44.9 ± 9.8 44.0 ± 8 .4 44.1 ± 8.4 44.9 ± 10.8 45.8 ± 11.1
ApoB (mg/dL) 593 113.1 ±32.2" 98.9 ±27.5 115.0 ±35.8" 101.2 ± 27 .0 111.1 ±28.0" 96.6 ± 27.9
WHR 597 0.85 ± 0.08" 0.82 ± 0.07 0.89 ± 0.04" 0.86 ±0.05 0.80 ± 0.07" 0.77 ± 0.05
BMI (kg/m") 600 24.0 ± 3 .3 23.5 ± 3 .2 24.0 ± 3 .0 23.5 ±3.1 24.0 ± 3 .7 23.4 ± 3 .4
Insulin dose /KgBW# 578 0.69 (0.57,0.84)" 0.78 (0.63,0.94) 0.74 (0.63,0.84)" 0.81 (0.66,0.95) 0.63 (0.48, 0.86) 0.76 (0.61,0.91)
eGDR (mg/kg/min) 594 7.0 ± 2.0" 8.1 ± 1.8 6.3 ± 1.8" 7.4 ± 1.7 7.7 ± 1.9" 8.7 ± 1.6
Fibrinogen (mg/dL) 596 319.6 ±89.5" 280.1 ±87.1 316.6 ±87.9" 264.8 ± 82.7 322.7 ± 92.0" 295.7 ±88 .8
Semm albumin (g/dL) 599 4.44 ± 0.67" 4.67 ± 0.63 4.60 ± 0.70" 4.81 ±0.61 4.27 ± 0.60" 4.53 ± 0.62
White blood cell count (xlO"/pL) 597 7.47 ± 2.32" 6.37 ± 1.76 7.39 ± 2.25" 6.20 ± 1.62 7.55 ± 2.42" 6.53 ± 1.88
AER (pg/min)# 599 144.3 (12.5,1007)" 11.9 (6.9,53.0) 317.5 (33.2,1742)" 11.9 (7.6,54.3) 62.9 (7.8,590.3)" 11.7 (6.7,51.9)

% % % % % %
Hypertension (yes) 600 35" 10 38" 12 33" 8
BP-lowering drugs 603 31" 9 33" 7 30" 11
Ever smoking 587 55" 34 57" 37 53" 31
Microalbuminuria 603 23 22 23 25 23 19
Albuminuria(micro+macro) 603 71" 39 82" 41 60" 36
a=p<0.05, b=p^.O I, c = p <0.007, d=p^.0001, Median, interquartile range
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7.5.2 Adjustment for age and duration

After adjustment for age and duration nearly all risk factors were significantly 

related to CHD (Table 7.8).

Because of the very high correlation between age and duration of diabetes 

(r=0.86) it is unlikely that both of these factors would be independently related to 

CHD risk. Contradictory effects were found in men and women for the 

relationship of age and duration of diabetes and CHD. In men, duration of 

diabetes was a significant risk factor, after adjustment for age. In women, on the 

contrary, age was a significant risk factor for CHD, but not duration of diabetes.

In both men and women, similar risk factors as systolic and diastolic BP, total 

cholesterol, LDL-c, HDL-c (inverse), non-HDL-c, fasting TG, eGDR (inverse), 

AER, smoking and hypertension were found, after adjustment for age and 

duration. BMI was not related to CHD and neither was HbAi.

Univariate analyses showed that apoB was significantly positively related to 

CHD in men, whereas apoAl was significantly inversely related to CHD in 

women.

Of the inflammatory markers, fibrinogen, serum albumin (inverse) and WBC 

were significantly related to CHD, after adjustment for age and duration in both 

men and women.
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Table 7.8 Standardized Cox Proportional Hazards Models with baseline risk factors and incident CHD in the EDC study, age and duration adjusted

Standardized Hazard ratios (95%CI)* Total (n=603, Men (n=304, Women (n=299,
108 CHD, 495 No CHD) 56 CHD, 248 No CHD) 52 CHD, 247 No CHD)

Age (years)- 1.50(1.02-2.21)“ 0.99 (0.59-1.64) 2.63 (1.45-4.79)”
Duration (years)- 1.73(1.19-2.51)’’ 2.27(1.37-3.78)” 1.19(0.68-2.08)
HbA, (%) 1.06 (0.86-1.29) 1.06 (0.81-1.38) 1.06 (0.78-1.44)
WHR 1.27(1.07-1.51)” 1.24 (0.98-1.57) 1.71 (1.30-2.24)“
BMI (kg/m^) 1.08 (0.90-1.31) 0.98 (0.73-1.31) 1.23 (0.97-1.56)
Systolic BP (mmHg) 1.46(1.25-1.71)“ 1.39(1.10-1.75)” 1.56(1.27-1.92)“
Diastolic BP (mmHg) 1.44(1.21-1.72)“ 1.34(1.02-1.75)“ 1.63(1.29-2.07)“
Cholesterol (mg/dL) 1.46(1.22-1.74)“ 1.58(1.27-1.98)“ 1.35(1.02-1.79)“
LDL-c (mg/dL) 1.43(1.21-1.70)“ 1.56(1.23-1.98)" 1.37(1.06-1.78)“
HDL-c (mg/dL) 0.61 (0.49-0.75)“ 0.71 (0.54-0.94)“ 0.44 (0.31-0.64)“
Non-HDL-c (mg/dL) 1.58(1.34-1.86)“ 1.64(1.33-2.03)“ 1.61 (1.24-2.09)"
Fasting TG (mg/dL)# 1.48 (1.25-1.75)“ 1.37(1.08-1.74)” 1.88(1.45-2.45)“
ApoAl (mg/dL) 0.88(0.72-1.07) 1.09 (0.82-1.45) 0.72 (0.55-0.95)“
Apo A2 (mg/dL) 0.90 (0.73-1.11) 1.00 (0.76-1.32) 0.87 (0.64-1.19)
ApoB (mg/dL) 1.42(1.19-1.68)“ 1.38(1.08-1.75)” 1.56(1.20-2.01)"
eGDR (mg/kg/min) 0.70 (0.60-0.82)“ 0.74 (0.59-0.92)” 0.56 (0.43-0.71)“
Fibrinogen (mg/dL) 1.39(1.18-1.63)“ 1.44(1.17-1.78)" 1.35(1.07-1.70)”
Semm albumin (g/dL) 0.70 (0.57-0.87)" 0.70 (0.53-0.93)” 0.65 (0.46-0.92)”
White blood cell count (xloVpL) 1.52(1.30-1.77)“ 1.62(1.30-2.02)“ 1.56(1.25-1.95)"
AER (jig/min)# 1.71 (1.44-2.04)“ 1.93 (1.52-2.46)“ 1.50(1.14-1.97)”
Microalbuminuria 0.84 (0.54-1.32) 0.75 (0.40-1.40) 0.96 (0.50-1.85)
Macroalbuminuria 2.87(1.95-4.23)“ 4.48 (2.56-7.83)“ 1.88(1.06-3.35)“
Ever smoking vs. non 1.75 (1.19-2.58)” 1.72(1.00-2.96)^^°^^ 1.92(1.10-3.37)“
Hypertension yes vs. no 2.89(1.92-4.34)“ 2.50(1.40-4.45)” 3.68 (2.05-6.63)“

* Standardized hazards ratios (Exp(/3*SD), a=p<0.05, b = p ^ .0 1 , c= p^ .001 , d=p^ .0001, # log-transformed ~age is only adjusted fo r  duration and vice versa
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7.5.3 Multivariate models

The hazard rates for each risk factor were similar between men and women 

(Table 7.8). To conduct further multivariate analyses, there was a lack of power 

to test a difference in the estimates for men and women separately. Therefore, 

subsequent analyses were conducted among men and women combined.

All variables which were significant risk factors after adjustment for age and 

duration of diabetes, were entered stepwise in a multivariate model. The best 

model is given in Table 7.9. Duration of diabetes, hypertension, HDL-c, non- 

HDL-c, ever smoking and the inflammatory marker WBC were significant and 

independent predictors of CHD in the EDC study. Sex was entered as a covariate 

in model 1 (Table 7.9), but did not alter the results.

For the relationship between fibrinogen, serum albumin and CHD, further 

stepwise adjustment was carried out to assess which of the established risk 

factors determined these relationships (data not shown in table). Since fibrinogen 

was highly correlated with fasting triglycerides (r=0.34), adjustment for this 

factor diminished the relationship with CHD to non-significance. Fibrinogen was 

related to CHD, with a hazard ratio of 1.17 (95%CI: 0.98-1.38), adjusted for 

duration of diabetes, smoking, non-HDL-c, HDL-c, WHR and hypertension, 

however, this relationship was not statistically significant (p=0.08) (Table 7.10). 

The relationship between fibrinogen and CHD was not diminished by adjustment 

for albuminuria.

Stepwise modelling showed that serum albumin was related to CHD independent 

of most established risk factors entered one by one, except albuminuria. 

Adjustment for duration of diabetes, smoking, non-HDL-c, HDL-c, WHR and 

hypertension revealed that serum albumin is significantly related to CHD with a 

hazard ratio of 0.81 (95%CI: 0.65-1.00) (p=0.0498) (Table 7.10). When the 

relationship between serum albumin and CHD was examined in 

normoalbuminuric patients only, there was an even stronger association 

(HR=0.52, 95%CI: 0.33-0.83) (p=0.006), adjusted for above mentioned risk 

factors.

Adjusting for the use of BP lowering drugs or the insulin dosage per bodyweight 

did not alter above mentioned results (data not shown in table).
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Table 7.9 Multivariate Cox Proportional Hazards Models in the EDC study 

(model 1)

Standardized HR (95%CI)* Total (n=578, 105 events)
Duration (years) 2.16(1.73-2.70)'’
Hypertension (yes/no) 2.30(1.50-3.54)''
HDL-c (mg/dL) 0.73 (0.58-0.91)'’
Non-HDL-c (mg/dL) 1.31 (1.08-1.58)'’
Ever smoking 1.59(1.06-2.39)"
WBC (xloVuL) 1.33(1.12-2.39)'’

* Standardized hazards ratios (Exp(/^*SD) 
a=p<0.05, b=p:^.01, c=p:^.001, d=p^.0001

Further modelling was carried out adding in other variables to model 1 to 

estimate whether there were any other independent predictors (Table 7.10). 

Hypertension as well as systolic BP or diastolic BP were important predictors of 

CHD. Similarly total cholesterol, LDL-c or apoB instead of non-HDL-c, were 

important predictors of CHD. ApoB was related to CHD, adjusted for duration, 

hypertension, HDL-c, smoking and WBC with a hazard ratio of 1.24 (95%CI: 

1.07-1.59). However, apoB was not related to CHD, after adjustment for LDL-c 

(HR=1.02, 95%CI: 0.76-1.38) or non-HDL-c (HR=0.90, 95%CI: 0.69-1.19). 

Fasting TG was highly correlated with HDL-c (r=-0.39) and with non-HDL-c 

(r=0.59) and was not a significant independent predictor of CHD when these two 

lipid variables were in the models. When fasting TG was entered in the model, 

after omitting HDL-c and non-HDL-c, there was a significant relationship with 

CHD (HR=1.24, 95%CI: 1.02-1.50, p-0.03).
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Table 7.10 Further multivariate Cox Proportional Hazards Models, adding in

other risk factors to model 1 in the EDC study

Standardized HR (95%CI)* Total (n=574,104 events)

Model 1+ AER(pg/min)# 1.16 (0.93-1.44)(P^^^)
Model 1+ Microalbuminuria 1.11 (0.64-1.93)
and Macroalbuminuria together 1.47 (0.85-2.57)

Model 1+ Macroalbuminuria 1.39 (0.88-2.21)
Model 1+ Sex (men vs. women) 0.78 (0.51-1.19)
Model 1+ Age 1.41 (0.93-2.12)
Model 1+ WHR 0.94 (0.77-1.14)
Model 1+ Systolic BP (mmHg) 1.12 (0.90-1.39)
Model 1+ Diastolic BP (mmHg) 0.98 (0.79-1.24)
Model 1+ Fibrinogen (mg/dL) instead of WBC 1.17 (0.98-1.38)(P^°^)
Model 1+ Serum albumin (g/dL) instead of WBC 0.81 (0.65-1.00)'
Model 1+ ApoAl (mg/dL) 0.89 (0.70-1.14)
Model 1+ Systolic BP instead of hypertension 1.54 (1.02-2.32)^
Model 1+ Diastolic BP instead of hypertension 1.23 (1.02-1.48)'
Model 1+ Total cholesterol instead of non-HDL-c 1.30 (1.08-1.57)*’
Model 1+ LDL-c instead of non-HDL-c 1.25 (1.03-1.52)'
Model 1+ fasting TG instead of non-HDL-c# 1.10 (0.88-1.36)
Model 1+ ApoB instead of non-HDL-c 1.24 (1.01-1.51)'
Model 1+ eGDR instead of non-HDL-c 1.01 (0.78-1.31)

* Standardized hazards ratios (Exp(P*SD), Mog-transformed, 
a=p<0.05, b^p^.O l, c=p^.001, d=p:^.0001

7.5.3.1 WBC and serum Albumin

Since WBC and serum albumin were the inflanunatory markers which were 

independently predictive of CHD, further investigation was done to explore 

whether these relationships were linear. In Figure 7.1 baseline WBC 

concentrations divided into quintiles and plotted against CHD risk (hazard ratio) 

is shown after adjustment for age. This figure shows that there is a linear 

relationship between WBC and CHD, which was confirmed by formal testing 

(likelihood ratio test p-value=0.22). In Figure 7.2, the relationship between 

quintiles of serum albumin and CHD, adjusted for age, is shown. Serum albumin 

was significantly related to CHD across all quintiles. There was a linear 

relationship between serum albumin and CHD (likelihood ratio test p- 

value=0.38).
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Figure 7.1 Risk o f developing CHD by quintiles o f WBC, adjusted for age, in 

the EDC study
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Figure 7.2 Risk o f developing CHD by quintiles o f serum albumin, adjusted for 

age, in the EDC study
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7.6 Kaplan Meier Survival Curves for CHD events

Kaplan Meier survival curves were plotted for the established risk factors which 

were found to be independently predictive of CHD from the Cox Proportional 

Hazards models. These curves further illustrate the effect of the established risk 

factors on the probability of developing CHD over the follow-up period (see 

Figures 7.3-7.9 and Tables 7.11-7.17). The survival curves for duration of 

diabetes (median >18.2 years), HDL-c (median < 52.3 mg/dL), non-HDL-c 

(median >127.5 mg/dL), smoking (ever vs. non), hypertension (yes vs. no) and 

WBC (median >6.15xl0^/pl) are plotted, without any adjustment for other risk 

factors, with survival estimates on the y-axis and the follow-up time on the x- 

axis.

In each figure, the log-rank test p-value is given and the number of CHD events. 

In the table below each figure an overview is given of the number of subjects left 

at each time-point, the cumulative number of CHD events and the survival 

estimate (and standard error).

The first survival curve (Figure 7.3) shows the survival distribution in the whole 

study population.

All survival curves showed consistently that the probability of subjects surviving 

varied between 50-95%. There was a decreased survival present throughout the 

whole follow-up period. All curves were plotted with reliable estimates up to 10 

years of follow-up. After 10 years of follow-up the numbers at risk were too 

small to give reliable estimates. There was no significant difference in the 

survival between men and women (data not shown in figure, log-rank p- 

value=0.46).

All curves diverged more or less from the beginning, with the highest risk factor 

groups having the lowest survival. The actual risk factor levels were relatively 

low, for example, a risk of developing CHD is found with a non-HDL-e < 127.5 

mg/dL.
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7.6.1 Kaplan-M eier Survival Curves in the EDC study

Figure 73 Survival curve for the whole EDC study sample (u=603, 108 events)
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Table 7.11 Number o f subjects and survival estimates at 2-year time-points for 

the total EDC population

Oyrs 2 y  rs 4 y  rs 6 y  rs 8 yrs 10 yrs 12 yrs
No. of subjects left 603 586 561 531 499 339 1

Cumulative number of 
CHD events

0 11 32 49 71 95 107

KM estimate (SE) 1.000 0.982
(0.005)

0.946
(0.009)

0.917
(0.01)

0.881
(0.01)

&836
(0.02)

0.657
(0.08)

KM=Kaplan-Meier=survival estimate, SE=standard error
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Figure 7.4 Survival curve by baseline duration of diabetes (cut-off at median >

18.2 years vs. < 18.2 years) in the EDC study
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Table 7.12 Number o f subjects and survival estimates at 2-year time-points by 

duration o f diabetes in the EDC total population

Duration o f  
diabetes 
at baseline

Oyrs 2 yrs 4 yrs 6 yrs 8 yrs 10 yrs 12 yrs

No. of subjects < 18.2 yrs 301 298 296 289 283 187 5
left > 18.2 yrs 302 287 264 242 215 151 1

Cumulative < 18.2 yrs 0 2 3 5 7 12 15
number of CHD > 0 10 29 44 64 83 92
events

KM estimate < 18.2 yrs 1.000 0.993 0.990 0.983 0.976 0.959 0.927
(SE) (0.005) (0.006) (0.007) (0.009) (0.01) (0.02)

> 18.2 yrs 1.000 0.967 0.902 0.850 0.783 0.709 0.345
(0.01) (0.02) (0.02) (0.02) (0.03) (0.15)

KM=Kaplan-Meier ^survival estimate, SE=standard error
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Figure 7.5 Survival curve by baseline HDL-c levels (cut-off at median < 52.3

mg/dL vs. > 52.3 mg/dL) in the EDC study
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Table 7.13 Number o f subjects and survival estimates at 2-year time-points by 

HDL-c levels in the total EDC population

HDL-c 
at baseline

Oyrs 2 yrs 4 yrs 6 yrs 8 yrs 10 yrs 12 yrs

No. of subjects < 52.3 mg/dL 298 288 272 2554 235 162 2
left > 52.3 mg/dL 300 292 284 273 261 174 3

Cumulative < 52.3 mg/dL 0 7 20 323 49 61 70
number of CHD > 52.3 mg/dL 0 5 12 17 22 33 37
events

KM estimate < 52.3 mg/dL 1.000 0.976 0.932 0.891 0.831 0.788 0.504
(SE) (0.009) (0.02) (0.02) (0.02) (0.02) (0.13)

> 52.3 mg/dL 1.000 0.983 0.960 0.942 0.925 0.884 0.637
(0.007) (0.01) (0.01) (0.02) (0.02) (0.19)

KM=Kaplan-Meier ^survival estimate, SE=standard error
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Figure 7.6 Survival curve hy baseline non-HDL-c levels (cut-off at median >

127.5 mg/dL vs. < 127.5 mg/dL) in the EDC study
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Table 7.14 Number o f subjects and survival estimates at 2-year time-points by 

duration o f diabetes in the total EDC population

Non-HDL-c 
at baseline

Oyrs 2 yrs 4 yrs 6 yrs 8 yrs 10 yrs 12 yrs

No. of subjects < 127.5 mg/dL 297 293 283 277 271 191 3
left > 127.5 mg/dL 301 287 272 252 226 145 3

Cumulative < 127.5 mg/dL 0 2 9 13 17 25 28
number of CHD > 127.5 mg^dL 0 10 23 35 53 69 78
events

KM estimate < 127.5 mg/dL 1.000 0.993 0.970 0.956 0.942 0.913 0.822
(SE) (0.005) (0.01) (0.01) (0.01) (0.02) (0.07)

> 127.5 mg/dL 1.000 0.967 0.923 0.881 0.821 0.758 0.510
(0.01) (0.02) (0.02) (0.02) (0.03) (0.12)

KM=Kaplan-Meier ^survival estimate, SE=standard error
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Figure 7.7 Survival curve by baseline smoking status (ever smoking vs. non) in

the EDC study
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Table 7.15 Number o f subjects and survival estimates at 2-year time-points by 

smoking status in the total EDC population

Smoking 
at baseline

Oyrs 2 yrs 4 yrs 6 yrs 8 yrs 10 yrs 12 yrs

No. of subjects No smoking 365 360 351 337 321 223 5
left Smoking 222 209 194 179 162 103 1

Cumulative No smoking 0 4 11 19 32 42 48
number of CHD Smoking 0 8 21 30 40 53 58
events

KM estimate No smoking 1.000 0.989 0.970 0.947 0.911 0.881 0.709
(SE) (0.005) (0.009) (0.01) (0.02) (0.02) (0.11)

Smoking 1.000 0.964 0.903 0.861 0.812 0.745 0.615
(0.01) (0.02) (0.02) (0.03) (0.03) (0.07)

KM=Kaplan-Meier =survival estimate, SE=standard error
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Figure 7.8 Survival curve by baseline hypertension status (defined as

Systolic/Diastolic BP >140/90 or on BP lowering medication) in the EDC study
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Table 7.16 Number o f subjects and survival estimates at 2-year time-points by 

hypertensive status in the total EDC population

Hypertension 
at baseline

Oyrs 2 yrs 4 yrs 6 yrs 8 yrs 10 yrs 12 yrs

No. of subjects No hypertension 517 507 494 473 451 311 7
left Hypertension 86 78 66 58 47 27 0

Cumulative No hypertension 0 6 15 27 41 58 69
number of Hypertension 0 6 17 22 31 37 38
CHD events

KM estimate No hypertension 1.000 0.988 0.971 0.947 0.919 0.883 0.692
(SE) (0.005) (0.007) (0.01) (0.01) (0.01) (0.08)

Hypertension 1.000 0.929 0.797 0.734 0.618 0.539 0.512
(0.03) (0.04) (0.05) (0.05) (0.06) (0.06)

KM=Kaplan-Meier =survival estimate, SE=standard error
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Figure 7.9 Survival curve hy baseline WBC (cut-off at median > 6.15xl(f/jjL

vs. < 6.15xl(f//jL) in the EDC study
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Table 7.17 Number o f subjects and survival estimates at 2-year time-points by 

WBC levels in the total EDC population

WBC at baseline Oyrs 2 yrs 4 yrs 6 yrs 8 yrs 10 yrs 12 yrs
No. of WBC < 6.15xl(T/pL 288 287 276 271 260 186 5
subjects left WBC > 6.15xl(T/pL 309 292 278 255 234 150 3

Cumulative WBC < 6.15xl(f/pL 0 1 10 11 19 26 32
number of WBC > 6.15xlO^/pL 0 11 22 36 51 67 73
CHD events

KM estimate WBC < 6.15xl(f/fjL 1.000 0.997 0.965 0.962 0.933 0.907 0.693
(SE) (0.004) (0.01) (0.01) (0.01) (0.02) (0.13)

WBC > 6.15xl0VpL 1.000 0.964 0.927 0.880 0.828 0.770 0.643
(0.01) (0.02) (0.02) (0.02) (0.03) (0.07)

KM=Kaplan-Meier =survival estimate, SE=standard error
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7.7 Summary of the EDC prospective study

These prospective analyses were based on 658 type 1 diabetic patients from 

Pittsburgh, out of which 108 developed CHD over a mean follow-up time of 9 

years. CHD incidence rates were similar in men and women, 18.5 and 20.3 per 

1,000 person-years in women and men respectively (about 2%).

The data on risk factors was complete, with very few missing values. Several risk 

factors were significantly related to CHD. After adjustment for age and duration, 

systolic and diastolic BP, total cholesterol, LDL-c, HDL-c, non-HDL-c, fasting 

TG, eODR, AER, smoking and hypertension were found to be related to CHD. 

Of the apolipoproteins, apoB was related to CHD in men and apoAl was related 

to CHD in women. Of the inflammatory markers, fibrinogen, serum albumin and 

WBC were all significantly related to CHD in both men and women. There was 

no significant relationship between BMI or glycated haemoglobin and CHD. 

Further adjustment for established risk factors reduced the association between 

fibrinogen and CHD to non-significance, but there was a significant relationship 

between serum albumin and CHD, even when the analyses were restricted to 

normoalbuminuric patients only.

Due to small numbers, the final models were presented for men and women 

combined. Duration of diabetes, hypertension, HDL-c, non-HDL-c and ever 

smoking were significant and independent established risk factors of CHD in this 

population. In addition strong associations between the inflammatory markers, 

WBC and serum albumin and CHD, were found.

There were no significant independent associations between eODR and CHD.
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Chapter 8: EDC (prospective) matched nested case- 

control study: Inflammatory\endothelial

markers in relation to CHD

8.1 Number of subjects

The nested case-control study of the EDC included 142 subjects, 71 CHD cases 

and 71 controls.

8.2 Description of variables

All inflammatory/ endothelial marker measurements and risk factor data were 

measured 4-6 years before the CHD event occurred.

There was a more atherogenic risk factor profile in comparison with the baseline 

sample (compared Table 8.1 with Table 7.4): older age, increased duration of 

diabetes, blood pressure, total cholesterol, LDL-c and non-HDL-c 

concentrations, higher BMI, lower insulin dose, more hypertension, albuminuria 

and other complications. Most missing values were found for LDL-c, insulin 

dose and TG.

There was complete data for CRP, but not for the adhesion molecules (n=112) 

and homocysteine (n=106). The median levels of sVCAM-1 were high and at the 

upper limit of the reference range in the general population.
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Table 8.1 Mean or median levels o f risk factors, range and reference interval 

or target level in the EDC nested case-control study

Total
N

Mean ± SD Range Reference 
interval/ 
Target level

Age (years) 
Duration (years) 
HbAi (%)

142
142
142

34.5 ± 6.4
26.5 ±7.1
10.6 ±1.7

14.9-48.2
9.7-39.0
7.4-16.4 4.9-7.3~

Systolic BP (mmHg) 142 121.3 ±20.8 80-191 <130*
Diastolic BP (mmHg) 141 74.4 ± 12.6 50-113 <85*
Cholesterol (mg/dL) 141 196.3 ±43.9 122.0-391.0 146-210~
LDL-c (mg/dL) 132 121.9 ±37.0 59.9-295.3 72-130~
HDL-c (mg/dL) 141 53.1 ± 13.2 28.7-87.6 46-68~
Non-HDL-c (mg/dL) 141 143.2 ±46.2 58.8-345.9 102-160*
Fasting TG (mg/dL)# 133 79.0 (57.0,119.0) 34.0-457.0 49-145~
ApoAl (mg/dL) 140 138.0 ±20.8 63-188 122-160-
ApoB (mg/dL) 140 104.0 ±29.8 50-220 85-153-
WHR 142 0.82 ±0.08 0.66-1.10 <0.85*/

BMI (kg/m^) 142 24.2 ±3.5 17.3-37.7
<0.95*
20-25*

Insulin dose (U/day/kg)# 138 0.64 (0.54,0.80) 0.24-1.45 0.60
eODR (mg/kg/min) 142 7.20 ±2.37 1.18-11.63 >6.22
AER (pg/min)# 140 27.4 (8.0,292.3) 1.17-9030 <20
C-reactive protein(mg/L)# 141 1.25 (0.89,2.09) 0.23-30.58 <2~
sVCAM-1 (ng/mL)# 111 666.3 (493.4, 996.3) 81.7-3714.9 395-714-
sic  AM-1 (ng/mL)# 112 272.0 (220.4, 334.1) 94.9-659.8 115-306-
sB-selectin (ng/mL)# 112 53.5 (37.8,72.8) 16.8-159.3 29-63-
Homocysteine (pmol/L)# 106 9.9 (8.0, 12.1) 

%
52
33
58
28
30
55
41
43
23

4.9-19.1 5-15-

Men
Hypertension 
Albuminuria 
Microalbuminuria 
Macroalbuminuria 
Retinopathy 
Neuropathy 
Ever smokers 
Current smokers

142
142
142
142
142
141
142 
141 
141

# Median, interquartile range
* Target levels in general population according to European/American guidelines 
~ Laboratory reference ranges based on the general population
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8.3 Correlations between inflammatory/ endothelial markers

and other risk factors

Spearman rank correlations between inflammatory/ endothelial markers and 

established risk factors were shown in Table 8.2. The highest correlations for 

CRP were shown with BMI (r=0.24, p<0.01). For VC AM, with BMI (r=-0.27, 

p<0.01) and AER (r=0.20, p<0.05). For ICAM, with HDL-c (r=-0.23, p<0.01), 

non-HDL-c (r=0.20, p<0.05), WHR (r=0.21, p<0.05) and eGDR (r=-0.30, 

p<0.001). For B-selectin with HDL-c (r=-0.20, p<0.05), WHR (r=0.23, p<0.05), 

systolic (r=0.23, p<0.05) and diastolic BP (r=0.24, p<0.01), eGDR (r=-0.23, 

p<0.05), insulin per bodyweight (r=0.32, p<0.001). Homocysteine was 

moderately to highly correlated with albuminuria (r=0.23, p<0.05).

Between inflammatory/ endothelial markers, VC AM and ICAM were 

significantly positively correlated (r=0.29, p<0.01) and E-selectin and ICAM 

were highly correlated (r=0.53, p<0.0001). The correlation coefficients between 

CRP and adhesion molecules were quite small (<0.07) and non-significant.
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Table 8.2 Correlations between risk factors in the EDC nested case-control study (n=142)

Age Dur HbAl LDL HDL Nonhdl ApoAl ApoB FTG WHR BMI AER SYS DIAS INS eGDR CRP VCAM ICAM Esel Homoc

Age - 0.78d 0.18a 0.04 0.11 0.01 0.06 -0.03 -0.02 -0.04 -0.03 0.08 0.15 -0.11 -0.33d -0.12 0.02 0.05 0.09 -0.14 0.06

Dur - - 0.10 0.07 0.12 0.03 0.11 0.09 0.01 0.02 0.03 0.16 0.12 -0.13 -0.24b -0.12 0.01 -0.03 0.08 -0.14 0.03

HbAl - - - 0.36d -0.08 0.34d 0.12 0.27c 0.23b 0.02 -0.11 0.27c 0.13 0.11 -0.06 -0.44d 0.10 0.02 0.13 0.06 0.01

LDL - - - - -0.22b 0.95d 0.12 0.48d 0.39d 0.24b 0.14 0.34d 0.22b 0.28c -0.01 -0.36d 0.01 -0.11 0.18 0.11 0.09

HDL - - - - - -0.34d 0.35d -0.20b -0.55d -0.53d -0.12 -0.21b -0.25b -0.34d -0.18a 0.45d -0.09 -0.01 -0.23b -0.20a -0.13

nonhdl - - - - - - 0.12 0.57d 0.61d 0.31c 0.20a 0.38d 0.25b 0.31c 0.08 -0.44d 0.08 -0.09 0.20a 0.14 0.11

ApoAl - - - - - - - 0.25b 0.01 -0.13 0.05 0.23b 0.03 -0.03 -0.27b -0.08 -0.11 0.08 -0.08 -0.11 0.12

ApoB - - - - - - - - 0.47d 0.18a 0.10 0.38d 0.17a 0.24b 0.05 -0.33d 0.11 -0.01 0.04 0.09 -0.02

FTG - - - - - - - - - 0.29c 0.17 0.28c 0.17 0.18a 0.22b -0.4 Id 0.18a 0.02 0.16 0.16 0.003

WHR - - - - - - - - - - 0.34d 0.24b 0.30c 0.42d 0.28c -0.60d 0.01 0.02 0.21a 0.23b 0.09

BMI - - - - - - - - - - - 0.08 0.27c 0.24b 0.15 -0.24b 0.24b -0.27b -0.13 0.01 0.02

AER - - - - - - - - - - - - 0.53d 0.52d -0.01 -0.61d 0.09 0.20a 0.12 0.08 0.23a

SYS - - - - - - - - - - - - - 0.68d 0.004 -0.59d 0.08 0.11 0.11 0.23a 0.06

DIAS - - - - - - - - - - - - - - 0.03 -0.59d 0.04 0.13 0.05 0.24b 0.11

INS - - - - - - - - - - - - - - - -0.05 0.05 -0.11 0.09 0.32c -0.14

eGDR - - - - - - - - - - - - - - - - -0.08 -0.13 -0.30c -0.23a -0.19

CRP - - - - - - - - - - - - - - - - - -0.07 0.03 0.05 -0.04

VCAM - - - - - - - - - - - - - - - - - - 0.29b 0.14 -0.05

ICAM - - - - - - - - - - - - - - - - - - - 0.53d 0.11

Esel - - - - - - - - - - - - - - - - - - - - 0.10

Homo - - - - - - - - - - - - - - - - - - - - -

a=p<0.05, b= p ^ .O I, c=p<D. 00/. d=p^.OOOI, r>0.20 is highlighted in gray
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8.4 Univariate associations between risk factors and CHD

In Table 8.3 the main results of this chapter are shown, with median levels of 

inflammatory/ endothelial markers between CHD cases and controls.

Similar established risk factors were found to be significantly related to CHD, as 

in Table 7.7.

Increased concentrations of CRP, sVCAM-1 and homocysteine concentrations 

were found in those who had CHD compared to controls, although not 

statistically significant. Significantly increased levels of sICAM-1 and sE- 

selectin were found in the CHD cases compared to the controls.

Table 8.3 Inflammatory and endothelial markers in relation to CHD in the 

EDC nested case-control study

N CHD n=71 No CHD n=71
Median (IQT) Median (IQT)

CRP (mg/L) 141 1.40 (0.89,2.23) 1.16(0.89, 2.09)
sVCAM-1 (ng/mL) 111 705.7 (447.5, 996.3) 634.7 (501.5, 933.7)
sic AM-1 (ng/mL) 112 298.3 (231.9, 344.6)" 247.7 (215.3, 324.0)
sE-selectin (ng/mL) 112 62.2 (43.3, 50.9 (35.9, 58.7)
Homocysteine (pmol/L) 106 10.4 (8.1, 12.2) 9.4 (8.0, 12.1)

a=p<0.05, b = p^ .01 , c^p^.O O l, d= p^ .0001, IQT: interquartile range
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Further analyses with conditional logistic regression models were carried out to 

explore relationships of ICAM and sE-selectin and CHD. Since a matched nested 

case-control design was used, all variables with missing data had to be omitted. 

Of the 71 cases and controls, with plasma available prior to the event, 15 had 

missing data in adhesion molecules, a further 8 did not have enzymatically 

assessed fasting TG levels below 400 mg/dL, not permitting LDL-cholesterol 

calculations. And a further 4 had missing data on other risk factors. As a result, 

44 cases and 44 controls, matched for age, sex and duration, were included in the 

final models for these analyses.

The standardized odds ratio was 1.57 (95%CI: 0.99-2.48) (p=0.06) for (log- 

transformed) sic AM-1 and 1.68 (95%CI: 1.01-2.80) (p=0.04) for (log- 

transformed) sE-selectin. Both markers were borderline significantly related to 

CHD and further adjustment for other co-variates as smoking, triglycerides and 

systolic BP increased the odds ratios slightly but diminished these associations to 

non-significant levels for sICAM-1 to 1.77 (95%CI: 0.89-3.53) (p=0.10) and for 

sE-selectin to 1.78 (95%CI: 0.90-3.53) (p=0.10).
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8.5 Summary of the EDC nested case-control study;

inflammatory/ endothelial markers

This nested case-control study was based on 71 CHD cases and 71 controls. The 

mean age of the patients was 34 years and they had an average duration of 

diabetes of 26 years.

Inflammatory and endothelial markers were measured on this subset of patients 

in the EDC study, around 4-6 years before the event occurred. There was 

incomplete data for homocysteine. High levels of sVCAM-1 were found 

compared to the general population reference ranges.

For CRP, sVCAM-1, homocysteine increased concentrations were found in CHD 

patients compared to controls, although these differences were not statistically 

significant in univariate analyses.

A significantly increased concentration of sICAM-1 and sE-selectin was found in 

those who had CHD compared to controls. The risk of CHD was 1.6-1.7 for a 

standard deviation unit increase in either of these markers. Further multivariate 

modelling with small numbers, increased the odds ratio’s to 1.8, but the 

relationship between sICAM-1 and/or sE-selectin and CHD was not statistically 

significant.
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Chapter 9: EDC (prospective) matched nested case-

control study: NMR spectroscopy measured 

lipoproteins in relation to CHD

9.1 Number of subjects

Of the 71 cases and controls, with plasma available prior to the event and 

selected for the nested case-control study, 4 had missing risk factor data, and a 

further 8 did not have enzymatically assessed fasting TG levels below 400 

mg/dL, not permitting LDL-cholesterol calculations. As a result, 59 cases and 59 

controls, matched for age, sex and duration, were included in the NMR 

spectroscopy analyses.

9.2 Distribution of NMR spectroscopy lipoprotein subclasses 

and other risk factors

An overview of the risk factor levels for the total population (n=l 18) is given in 

Table 9.1. Lipid and lipoprotein measured by standard methods are shown in 

Table 9.1 and lipoprotein subclasses (particle numbers, average size and lipid 

mass data) measured by NMR spectroscopy are presented in Table 9.2. There 

was a slightly more atherogenic risk factor profile in this population (n=118) 

compared to the baseline cohort (n=603) (compare Table 7.4 with 9.1); older age, 

longer duration of diabetes, increased lipid and lipoprotein levels, lower insulin 

dose, higher BMI, increased numbers of albuminuric and hypertensive patients. 

The subjects were 35 years old and had a duration of diabetes of 27 years.

There were no missing values in the data (n=118) for all risk factors and NMR 

spectroscopy measured lipoprotein subclasses.
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Table 9.1 Risk factor levels in the EDC nested case-control study (n=118): 

Mean, median, range, reference interval or target level

Mean ± SD Range Reference 
interval/ 
Target level

Age (years) 34.7 ±6.0 14.9-47.0
Duration (years) 27.1 ±6.9 9.7-39.0
HbAl (%) 10.6 ±1.6 7.4-14.6 4.9-7.3~
Systolic BP (mmHg) 120.8 ±20.7 80-191 <130*
Diastolic BP (mmHg) 73.3 ± 11.8 51-107 <85*
Cholesterol (mg/dL) 194.2 ±39.6 122.0-391.0 146-210~
LDL-c (mg/dL) 120.1 ±35.7 59.9-295.3 72-130~
HDL-c (mg/dL) 53.7 ± 13.4 28.7-87.6 46-68^
Non-HDL-c (mg/dL) 140.5 ± 42.5 68.5-345.9 102-160~
Fasting TG (mg/dL)# 78.5 (56.0, 114.0) 34.0-457.0 49-145~
ApoAl (mg/dL) 137.9 ±20.9 63.0-188.0 122-160~
ApoB (mg/dL) 103.3 ±27.1 50.0-220.0 85-153"
WHR 0.82 ± 0.08 0.66-1.10 <0.85*/<0.95*
BMI (kg/m^) 24.3 ± 3.4 17.3-33.3 20-25*
Insulin dose (U/day/kg)# 0.64 (0.54, 0.80) 0.24-1.45 0.60
eGDR (mg/kg/min) 7.32 ±2.31 1.18-11.63 >6.22
AER (pg/min)# 28.2 (8.0, 230.1) 2.46-9030 <20*

%
Men 48
Hypertension 31
Microalbuminuria 30
Macroalbuminuria 29
Ever smokers 41

# Median, interquartile range
* Target levels in general population according to European/American guidelines 
~ Laboratory reference ranges based on the general population
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Table 9.2 NMR spectroscopy measured lipoprotein subclasses, lipid mass, 

average size and particle number data in the EDC nested case-control study 

(n=118): mean, range, reference interval

Mean ± SD Range Reference
range~

Lipid mass Small VLDL (mg/dL TG) 32.8 ± 15.9 0-78.2 5.1-45.5
Medium VLDL (mg/dL TG) 24.3 ±23.5 0-111.9 9.2-105.8
Large VLDL (mg/dL TG) 10.7 ±21.0 0-138.7 1.2-116.0
Total VLDL-TG (mg/dL TG) 67.6 ± 47.9 0-280.2 31.8-239.3
Small LDL (mg/dL CHOL) 44.2 ± 30.8 0-194.3 0-88.6
Medium LDL (mg/dL CHOL) 10.9 ±19.5 0-73.7 0-100.2
Large LDL (mg/dL CHOL) 65.2 ±34.7 0-212.6 0-119.2
Total LDL-c (mg/dL CHOL) 122.2 ±35.0 58.3-284.6 84.7-180.1
Small HDL (mg/dL CHOL) 16.3 ± 6.1 0-28.6 14.6-30.0
Medium HDL (mg/dL CHOL) 5.9 ±7.0 0-30.3 0-13.3
Large HDL (mg/dL CHOL) 25.1 ± 16.4 0.2-74.7 4.7-36.0
Total HDL-c (mg/dL CHOL) 47.3 ± 15.5 20.5-103.5 29.4-66.0

Size Total VLDL size (nm) 40.3 ± 10.2 0-100.0 39.9-62.6
Total LDL size (nm) 20.8 ± 0.6 19-22 19.7-21.7

>20.5
Total HDL size (nm) 9.0 ±0.5 8.0-10.1 8.2-9.2

Particle no. Small VLDL (nmol/L) 81.2 ±43.2 0-230.2 14.1-133.4
Medium VLDL (nmol/L) 12.6 ± 13.7 0-72.1 5.8-69.6
Large VLDL (nmol/L) 1.3 ±2.3 0-13.3 0-13.2
Total VLDL (nmol/L) 95.0 ±47.3 0-252.1 33.5-192.5
Small LDL (nmol/L) 662.6 ± 461.9 0-2913.6 0-1377
Medium LDL (nmol/L) 115.3 ±206.7 0-779.9 0-1160
Large LDL (nmol/L) 645.1 ± 343.4 0-2105.8 0-1056
Total LDL (nmol/L) 1440.5 ± 

439.6
598.5-
3068.8

952-2046

Small HDL (pmol/L) 17.2 ±6.4 0-31.9 15.4-34.7
Medium HDL (pmol/L) 4.2 ± 4.9 0-21.1 0-9.4
Large HDL (pmol/L) 7.3 ±4.0 0.1-19.7 1.8-10.9
Total HDL (jUmol/L) 28.8 ±4.9 

%
21

17.9-45.5 25.8-47.7

IDL (mg/dL CHOL) 0-26.1 0-4.3
IDL (nmol/L) 21 0-234.3 0-37.8

''Reference range given by laboratory o f Jim Otvos, based on general population
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9.3 Correlations between risk factors

Associations between risk factors are presented in 2 separate tables (Table 9.3 

and 9. 4).

In Table 9.3 the Spearman rank correlation coefficients are shown for lipids and 

lipoproteins measured by standard methods and NMR spectroscopy measured 

lipoprotein subclasses. The important points to note are:

1) All standard measured lipids and lipoproteins were highly correlated with 

NMR spectroscopy measured lipoprotein subclasses, e.g. TG with NMR-derived 

total VLDL (r=0.85, p< 0.0001), LDL-cholesterol with NMR-derived total LDL 

mass (r=0.72, p< 0.0001) and HDL-cholesterol with NMR-derived total HDL 

mass (r=0.88, p< 0.0001).

2) Higher standard measured TG was associated with more small LDL and less 

large LDL, large HDL and total HDL. Furthermore, increased TG was associated 

with smaller LDL size and HDL size.

3) Enzymatically measured TG levels were positively correlated with NMR- 

derived medium HDL (r=0.30, p< 0.001). In contrast, standard measured HDL- 

cholesterol did not correlate with NMR-derived small or medium HDL.
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Table 9.3 Spearman rank correlations o f lipids and lipoproteins measured by standard methods and NMR-measured lipoprotein 

levels in the EDC nested case-control study (n=118)

Triglycerides
(mg/dL)

LDL-cholesterol
(mg/dL)

HDL-cholesterol
(mg/dL)

Non-HDL-cholesterol
(mg/dL)

Small VLDL (mg/dL triglyceride) 0.44“ 0.53̂ " -0.38“ 0.53“
Medium VLDL (mg/dL triglyceride) 0.82“ 0.36^ -0.62“ 0.54“
Large VLDL (mg/dL triglyceride) 0.68“ 0.14 -0.50“ 0.34“
Total VLDL (mg/dL triglyceride) 0.85“ 0.49'' -0.67“ 0.66“
VLDL size (nm) 0.64“ 0.06 -0.44“ 0.26"

Small LDL (mg/dL cholesterol) 0.53“ 0.37" -0.37“ 0.49“
Medium LDL (mg/dL cholesterol) 0.09 0.04 -0.25" 0.03
Large LDL (mg/dL cholesterol) -0.36“ 0.33" 0.42“ 0.16
Total LDL (mg/dL cholesterol) 0.19“ 0.72" -0.06 0.69“
LDL size (nm) -0.59“ -0.09 0.52“ -0.25"

Small HDL (mg/dL cholesterol) -0.13 0.22^ -0.11 0.13
Medium HDL (mg/dL cholesterol) 0.30“ 0.05 0.04 0.16
Large HDL (mg/dL cholesterol) -0.70“ -0.36" 0.87“ -0.50“
Total HDL (mg/dL cholesterol) -0.63“ -0.28" 0.88“ -0.40“
HDL size (nm) -0.63“ -0.34" 0.80“ -0.45“
a=p<0.05, b=p:^.01, c= p^ .001 , d^p^.OOOl
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In Table 9.4 the correlation coefficients for established risk factors and NMR 

spectroscopy measured lipoproteins are given. NMR-spectroscopy measured 

lipoproteins, expressed in lipid mass or particle number, are combined in single 

cells in the table (indicated with the letter “p” for particle number data). A quick 

comparison can be made between the 2 ways of expressing NMR data in relation 

to each other and with established risk factors.

The main points to note are:

1) Several important established risk factors were strongly correlated with 

lipoprotein subclass variables. For example, WHR and eGDR.

2) Similar correlations were generally found between established risk 

factors and NMR variables, whether expressed as mass or particle 

numbers. This was not the case for total HDL particle number or total 

HDL lipid mass, e.g. apoB with total HDL particle number (r=-0.09) or 

HDL mass (r=-0.27, p<0.01).

3) Subclasses measured as lipid mass showed a high correlation with 

subclasses measured as particle numbers (>0.90), except for total VLDL 

lipid mass with VLDL particle number (r=0.73, p<0.0001) and for total 

HDL lipid mass and HDL particle number (r=0.67, p<0.0001).
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Table 9.4 Spearman rank Correlations between risk factors in the EDC nested case-control study (n=118)

Age Dur HbAl ApoAl ApoB WHR BMI SYS eGDR VlV2p

V1V2

V3V4p

V3V4

V5V6p

V5V6

Lip

LI

L2p

L2

L3p

L3

H lH2p

H1H2

H3p

H3

H4H5p

H4H5

VLDLp

VLDL

LDLp

LDL

HDLp

HDL

Age 0.77d 0.21a 0.04 0.005 -0.02 -0.06 0.17 -0.14 0.02

-0.004

-0.06

-0.03

-0.12

-0.14

-0.002

-0.002

-0.06

-0.06

-0.0002

-0.0001

-0.10

-0.10

-0.002

-0.002

0.06

0.10

0.01

-0.01

-0.05

-0.06

-0.08

0.04

Dur 0.10 0.08 0.09 0.05 -0.005 0.12 -0.15 0.01

0.002

-0.05

-0.03

-0.08

-0.12

0.06

0.06

-0.08

-0.08

0.002

0.002

-0.25b

-0.26b

0.08

0.08

0.06

0.09

0.02

-0.001

0.003

0.004

-0.10

0.05

llbAI 0.04 0.19a -0.04 -0.16 0.11 -0.4 Id 0.20a

0.24b

0.13

0.12

0.10

0.12

0.11

0.11

0.23b

0.23b

0.06

0.06

0.14

0.15

-0.03

-0.01

-0.13

-0.12

0.23b

0.21a

0.23b

0.24b

0.01

-0.11

ApoAl 0.17 -0.15 0.01 -0.003 -0.03 -0.09

-0.10

-0.10

-0.10

-0.04

-0.04

-0.10

-0.10

0.01

0.01

0.12

0.12

0.05

0.06

0.18a

0.19a

0.24b

0.25b

-0.08

-0.09

0.09

0.13

0.27b

0.34c

ApoB 0.12 0.05 0.12 -0.27b 0.33c

0.36d

0.35d

0.35d

0.16

0.18

0.38d

0.38d

0.03

0.03

0.05

0.05

0.01

-0.003

0.12

0.15

-0.28b

-0.34c

0.42d

0.42d

0.53d

0.48d

-0.09

-0.27b

WHR 0.30c 0.27b -0.58d 0.08

0.13

0.34d

0.34c

0.26b

0.26b

0.14

0.14

0.18

0.18

-0.19a

-0.19a

0.20a

0.22a

-0.001

-0.01

-0.56d

-0.56d

0.15

0.34c

0.09

0.01

-0.24b

-0.53d

BMI 0.18a -0.17 0.09

0.08

0.10

0.11

-0.04

-0.01

0.14

0.14

0.03

0.03

0.07

0.07

0.25b

0.26b

-0.06

-0.08

-0.11

-0.18a

0.10

0.13

0.23b

0.21a

0.16

-0.13

SYS -0.56d 0.06

0.07

0.16

0.15

0.12

0.10

0.18

0.18

0.07

0.07

-0.14

-0.14

0.13

0.11

-0.04

-0.04

-0.23b

-0.24b

0.14

0.18

0.11

0.06

-0.09

-0.26b

eGDR -0.25b

-0.32c

-0.40d

-0.39d

-0.30c

-0.27b

-0.34d

-0.34d

-0.14

-0.14

0.20a

0.20a

-0.16

-0.18

0.001

0.01

0.47d

0.50d

-0.35d

-0.45d

-0.27b

-0.17

0.24b

0.51d

V!V2p

VIV2

0.92d 0.33c 0.03 0.27b 0.08 0.09 0.07 0.12 -0.34d 0.52d 0.35d -0.33c

a=p<0.05, b = p ^ .O I, c=p^.O O I, d=p^.OOOI
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Age Dur HbAl ApoAl ApoB WHR BMI SYS eGDR V lV2p

V1V2

V3V4p

V3V4

V5V6p

V5V6

Lip

LI

L2p

12

L3p

L3

H lH2p

H1H2

H3p

H3

H4H5p

H4H5

VLDLp

VLDL

LDLp

LDL

HDLp

HDL

V3V4p

V3V4

0.996d O.VOd 0.46d 0.09 -0.39d -0.01 0.28b -0.73d 0.93d 0.12 -0.63d

V5V6p

V5V6

0.96d 0.43d 0.04 -0.4 Id -0.18a 0.37d -0.58d 0.73d 0.01 -0.48d

I.Ip 

1.1

0.999d -0.45d -0.16 -0.06 0,15 -0.48d 0.54d 0.40d -0.42d

L2p

L2

l.OOd -0.30c 0.21a -0.01 -0.15 0.08 -0.11 -0.12

L3p

L3

0.999d 0.23b -0.16 0.34c -0.29c 0.59d 0.36d

H!H2p

H1H2

0.99d -0.57d -0.16 -0.05 0.21a -0.10

H3p

H3

0.98d -0.06 0.32c 0.06 0.10

H4H5p

114115

0.96d -0.76d -0.08 0.89d

VLDLp

VLDL

0.73d 0.38d -0.48d

LDLp

LDL

0.94d -0.16

HDLp

HDL

0.67d

(i=p<0.05, b=p^.OI, c=p^.OOI, d=p^.OOO! CONTINUA TION OF TABLE 9.4
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9.4 Relationship between risk factors and CHD

Univariate relationships between risk factors and incident CHD were examined 

in Table 9.5 for established risk factors and Table 9.6 and Table 9.7 for NMR 

spectroscopy measured lipoprotein subclasses.

Age, sex and duration of diabetes (matching variables) were equally distributed 

between the 59 CHD cases and controls.

Subjects with subsequent CHD were significantly more likely to be an ever 

smoker, had macroalbuminuria, a higher WHR and a lower eGDR. Of the 

standard measured lipids, significantly lower HDL-cholesterol levels and higher 

mean levels of non-HDL-cholesterol, TG and apoB were found in CHD cases 

compared to controls.

In Table 9.6 unadjusted relationships for incident CHD with mean levels of 

NMR-measured lipoprotein subclasses, expressed in lipid mass concentration 

units are shown, while in Table 9.7 similar data for NMR particle number 

concentration is shown. Also given in Table 9.6 are values for average VLDL, 

LDL and HDL particle sizes in the CHD case and control groups.

Levels of total VLDL and all three VLDL subclasses were significantly higher 

for CHD cases compared to the controls, using either measure (mass or particle 

number). However, mean VLDL size did not differ between the two groups. 

Among the LDL subclasses, small and medium LDL levels were significantly 

increased in CHD cases compared to controls, with total LDL expressed as lipid 

mass being borderline significant (p=0.049), but significant when expressed as 

particle concentration (p<0.01). Average LDL size was also significantly smaller 

in cases versus controls (20.6 versus 21.0 nm).

Results for IDL subclass mass or particle concentrations are not shown in Table 

9.6 or 9.7. The data is presented as a proportion of detectable IDL, rather than 

mean levels because of small detectable levels. A higher proportion of detectable 

levels of IDL subclasses were found in CHD cases compared to the control group 

(29% vs. 14%, p=0.05), which was of borderline significance.

198



Levels of the large HDL subclasses and total HDL were significantly lower in 

those with CHD compared to controls, either expressed in lipid mass or in 

particle concentrations, while levels of small HDL did not differ significantly. In 

contrast, levels of the medium sized HDL subclass were found to be significantly 

higher in those with CHD (p<0.01).

Since most NMR lipoproteins have a skewed distribution, analyses were repeated 

using Wilcoxon tests (data not shown). Similar results were obtained as with the 

paired t-tests.

Table 9.5 Risk factors in relation to CHD in the EDC nested case-control study 

(n=118)

CHD (n=59) No CHD (n=59)
Mean ± SD Mean ± SD

Age (years) 34.5 ±6.0 35.0 ±6.0
Duration (years) 27.1 ±7.0 27.0 ±6.9
HbAl (%) 10.7 ± 1.8 10.5 ± 1.5
Systolic BP (mmHg) 121.5 ±18.5 120.0 ±22.8
Diastolic BP (mmHg) 74.4 ± 12.0 72.1 ± 11.6
Cholesterol (mg/dL) 200.1 ±45. 188.4 ±32.1
LDL-c (mg/dL) 125.9 ± 40.0(P^°^) 114.4 ±30.2
HDL-c (mg/dL) 49.0 ± 12.3"̂ 58.4 ±12.9
Non-HDL-c (mg/dL) 151.0±47.1^ 129.9 ±34.5
TG (mg/dL)# 104.0 (72.0, 140.0)"̂ 64.0 (45.0,81.0)
ApoAl (mg/dL) 136.5 ±22.8 139.3 ±19.0
ApoB (mg/dL) 111.8±31.0" 94.7 ± 19.3
WHR 0.83 ±0.08^ 0.81 ±0.08
BMI (kg/m^) 24.0 ± 3.7 24.5 ±3.1
Insulin dose /KgBW# 0.67 (0.56, 0.81) 0.60 (0.53, 0.78)
eGDR (mg/kg/min) 6.85 ±2.11" 7.78 ± 2.42
Albumin excretion rate (pg/min)# 71.0(13.9, 684.4)' 14.6 (7.1,79.1)

% (/V
Sex (men) 48 (28) 48 (28)
Hypertension 36 (21) 27 (16)
Ever smoker 53 (31)^ 29 (17)
Macroalbuminuria 41 (24)^ 17 (10)
Microalbuminuria 32 (19)^ 27 (16)

a=p<0.05, b = p ^ .0 1 , c^p^.OOl, d= p^ .0001  # Median, interquartile range
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Table 9.6 NMR measured lipoprotein subclasses, in lipid mass concentration 

units, and average lipoprotein particle size in relation to CHD in the EDC 

nested case-control study

CHD (n=59) No CHD (n=59)
Mean (IQT) Mean (IQT)

Small VLDL (mg/dL triglyceride) 37.8 (25.7,48.6)" 27.7 (19.5, 36.7)
Medium VLDL (mg/dL triglyceride) 33.4 (15.3,46.3)'* 15.1 (4.0, 24.1)
Large VLDL (mg/dL triglyceride) 16.6 (0.1,26.1)' 4.8 (0, 5.7)
Total VLDL (mg/dL triglyceride) 87.7 (51.7,115.7)'* 47.5 (24.9, 65.7)
VLDL size (nm) 41.3 (36.7, 46.2) 39.2 (33.8,41.6)

Small LDL (mg/dL cholesterol) 533 (26.6, 66.2)' 35.1 (19.8, 47.1)
Medium LDL (mg/dL cholesterol) 11.3 (0, 19.5)'’ 10.5 (0, 16.8)
Large LDL (mg/dL cholesterol) 60.9 (37.9, 80.1) 69.4 (54.8, 85.1)
Total LDL (mg/dL cholesterol) 128.:Î (96.9,152)""° '**) 116.0(101.5, 132.3)
LDL size (nm) 20.6 (20.3,21.1)° 21.0 (20.8,21.3)

Small HDL (mg/dL cholesterol) 15.4 (12.4, 18.7) 17.1 (13.3,21.0)
Medium HDL (mg/dL cholesterol) 7.9 (0, 12.6)“' 4.0 (0,6.0)
Large HDL (mg/dL cholesterol) 19.0 (9.5, 24.1)'* 31.2 (19.5, 42.9)
Total HDL (mg/dL cholesterol) 42.2 (32.9, 47.7)' 52.3 (39.7,62.6)
HDL size (nm) 8.9 (8.5, 9.1)' 9.2 (8.8,9.7)

a=p<0.05, b=p:^.01, c=p^ .001 , d = p ^ .0 0 0 1 , IQT: interquartile range

Table 9.7 NMR-measured lipoprotein subclasses, in particle concentration 

units, in relation to CHD in the EDC nested case-control study

CHD (n=59) No CHD (n=59)
Mean (IQT) Mean (IQT)

Small VLDL (nmol/L) 96.6 (59.6, 128.5/ 65.8 (45.2, 81.2)
Medium VLDL (nmol/L) 17.4 (7.3,21.7/ 7.7 (1.9,11.8)
Large VLDL (nmol/L) 1.9 (0 ,2 .8 / 0.6 (0,0.7)
Total VLDL (nmol/L) 115.9(76.0,147.9/ 74.0 (50.0, 93.9)

Small LDL (nmol/L) 800 (398,992/ 526 (298,706)
Medium LDL (nmol/L) 120 (0 ,207 / 111 (0,178)
Large LDL (nmol/L) 603 (376,793) 688 (542,842)
Total LDL (nmol/L) 1547(1163, 1844/ 1334(1147, 1543)

Small HDL (nmol/L) 16261 (12800, 20300) 18176(15000, 22000)
Medium HDL (nmol/L) 5556 (100,8800/ 2846 (0,3900)
Large HDL (nmol/L) 5747 (3300,7200/ 8924 (6000,11500)
Total HDL (nmol/L) 27564(23700,31100/ 29946 (27100, 32700)

a^p<0.05, b = p ^ .0 1 , c= p^ .001 , d= p^ .0001, IQT: interquartile range
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9.4.1 Multivariate models

Multivariate models (Table 9.8) were used to examine whether NMR measured 

lipoprotein subclasses are related to CHD and whether this relationship is 

independent of established risk factors and standard measured lipids and 

lipoproteins (eg. Triglycerides and HDL-cholesterol). A second aim was to 

establish which of the 3 ways of presenting NMR data (average size, particle 

number and lipid mass) was more useful in predicting CHD.

The independent predictive effect was assessed, limited by the high correlations 

between these risk factors. The first two models in Table 9.8 assessed the 

independent predictive value of established risk factors on CHD, separating out 

standard measured lipids. Models 3-5 assessed the independent predictive effect 

of each NMR set of variables adjusted for established risk factors. Finally all 

variables which were significantly and independently predictive of CHD in 

models 1-5 were entered in model 6 to establish which risk factors remained 

related to CHD. Multivariate conditional logistic regression analyses were used 

in Table 9.8. Only those risk factors which were significantly related to CHD in 

univariate models (Table 9.1 and 9.2) were entered in these models in Table 9.8.
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Macroalbuminuria (model 1) was the strongest established risk factor that was 

independently related to CHD. On making standard measured lipids available to 

the model, triglycerides replaced macroalbuminuria and improved the prediction 

(model 2). If NMR spectroscopy measured lipoprotein mass concentrations were 

made available (model 3), prediction was further improved by the replacement of 

triglycerides with medium HDL cholesterol mass and total VLDL triglyceride 

mass. Use of NMR-derived average lipoprotein particle sizes in place of NMR 

subclass concentrations did not improve the model (model 4), and the model 

remained similar as in model 2. However, availability of NMR particle 

concentration information (model 5) instead of NMR lipid mass concentration 

information (model 3) resulted in an improved prediction (lower AIC), with large 

HDL, medium HDL, total VLDL particle numbers, together with 

macroalbuminuria being independent risk factors for CHD. This final model 

(model 6) confirmed that particle number data (total VLDL and large HDL), and 

lipid mass data (medium HDL) predicted CHD.

Further analyses using only individual subclasses and average size data in the 

multivariate models, excluding the highly correlated total VLDL, LDL and HDL, 

showed similar results (small and medium VLDL, medium HDL and large HDL 

subclasses).
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Table 9.8 Multivariate models for CHD associated with NMR lipoprotein concentrations (n=59 CHD cases and 59 controls)

Risk factors p(SE) OR (95%CI)* p-value -21ogL AIC
Model 1 : Non-lipid established risk factors Macroalbuminuria 1.50 (0.55) 4.50(1.52-13.30) 0.007 72.16 74.16
Model 2: Model 1 + standard lipid risk factors TG 2.09 (0.57) 3.17(1.71-5.87) 0.0002 58.12 60.12
Model 3: Model 2 + NMR lipoprotein mass levels Medium HDL 

VLDLTG
0.14(0.06) 
0.03 (0.01)

2.73 (1.14-6.54)
5.09(1.90-13.62)

0.02
0.001

46.91 50.91

Model 4: Model 2 + NMR lipoprotein particle sizes TG 2.09 (0.57) 3.17(1.71-5.87) 0.0002 58.12 60.12
Model 5 : Model 2 + NMR lipoprotein particle 
levels

Macroalbuminuria 
Medium HDLpno 
Large HDLpno 
VLDLpno

2.44(1.05) 
0.27 (0.12) 
-0.22 (0.10) 
0.02 (0.01)

11.44 (1.46-89.84) 
3.69 (1.20-11.34) 
0.41 (0.19-0.86) 
2.37 (1.07-5.28)

0.020
0.023
0.018
0.034

34.72 42.72

Model 6: Only significant variables from model 1-5 Macroalbuminuria 
Medium HDL 
Large HDLpno 
VLDLpno

2.38 (1.05) 
0.19(0.08) 
-0.23 (0.10) 
0.02 (0.01)

10.86(1.39-84.53) 
3.80 (1.23-11.70) 
0.39 (0.18-0.83) 
2.35 (1.06-5.25)

0.023
0.020
0.014
0.037

34.29 42.29

Variables that are considered in each model:
Model 1: Non-lipid risk factors:
Model 2: Lipid risk factors:
Model 2: NMR lipoprotein mass concentration:

Model 4: NMR lipoprotein particle size:
Model 5: NMR lipoprotein particle numbers(pno):

"^standardized odds ratio

eGDR, smoking, macroalbuminuria
HDL-c, TG (log-transformed), Non-HDL-c, Apo B, Apo Al/HDL-c ratio 
Large VLDL, Medium VLDL, Small VLDL, Total VLDL(VLDLTG), Small LDL, IDL, 
Total LDL, Large HDL, Medium HDL (H3), Total HDL 
VLDL size, LDL size, HDL size
Large VLDL, Medium VLDL, Small VLDL, Total VLDL (VLDLpno), Small LDL, 
Total LDL, Large HDL (H4+H5pno), Medium HDL, Total HDL
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9.5 Summary of the EDC NMR spectroscopy analyses

In this part of the nested case-control study, of the 71 cases and controls, 59 were 

analysed for NMR spectroscopy measured lipoproteins.

All NMR spectroscopy measured lipoprotein subclasses were within the normal 

ranges of a random sample of the US general population (given by Jim Otvos). 

Lipids and lipoproteins measured by standard methods and NMR-measured 

lipoproteins were highly correlated. A high correlation was found between 

enzymatically measured triglycerides and NMR-measured medium HDL 

(r=0.30), whereas a low correlation between medium HDL and standard 

measured HDL-cholesterol was found (r=0.04).

The correlation between NMR measured lipoprotein subclasses expressed in 

lipid mass and particle number were highly correlated (r=1.00) with each other, 

except for total VLDL particle number and VLDL mass (r=0.73), and HDL 

particle number and HDL mass (r=0.67).

All VLDL subclasses, whether measured in lipid mass or particle number, were 

significantly positively related to CHD in this nested case-control study. Small 

LDL, medium LDL and medium HDL subclass (lipid mass and particle number) 

were significantly positively and large HDL and total HDL concentration were 

significantly negatively related to CHD. A smaller average LDL and HDL size 

was found in those who developed CHD.

Further multivariate modeling showed that NMR spectroscopy measured 

lipoproteins improve prediction of CHD with large HDL particle number, 

medium HDL mass concentration and total VLDL particle number. This 

relationship was independent of enzymatically measured triglycerides, standard 

measured HDL-cholesterol, apoB, non-HDL-cholesterol and established risk 

factors. In addition, macroalbuminuria was independently related to CHD. 

Furthermore, it was shown that NMR spectroscopy measured lipoprotein particle 

size did not have any predictive value beyond established risk factors, whereas 

particle numbers seemed more important in predicting CHD.
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Chapter 10: Final summary of Results

This chapter links the results on established risk factors and inflammatory and 

endothelial markers between EURODIAB PCS and EDC. The results on NMR 

spectroscopy measured lipoprotein subclasses in relation to CHD are described in 

chapter 9.

10.1 Characteristics of the EURODIAB PCS and the EDC study

An overview of the characteristics of the studies, data and population is given in 

Table 10.1.

Both studies were conducted in different populations in different parts of the 

world. A smaller number of type 1 diabetic patients was examined in the EDC 

study and therefore the power to do risk factor analyses was lower than in the 

EURODIAB PCS. Generally, the data on risk factors was good in both studies, 

with few missing values.

Similar criteria were used to define CHD in both studies, for example to define 

ischaemic ECG’s. There were more angina cases in the EDC study than in 

EURODIAB PCS and there were more CHD cases defined on the basis of 

ischaemic ECG’s in the EURODIAB PCS than in the EDC study. Furthermore, 

the assessment of CHD and survival time was more accurate in the EDC study 

with biennial examinations, than in EURODIAB PCS with a 7-year gap between 

baseline and follow-up.

The risk factors were largely similar between EURODIAB PCS and the EDC 

study, with similar blood pressure levels, lipid levels and WHR and BMI. 

Slightly more smokers were found in EURODIAB PCS and a higher rate of 

retinopathy than in EDC. Even though the subjects in the EDC study were 

slightly younger, they did have a longer duration of diabetes and had incidence 

rates of CHD which were twice as high as the EURODIAB population, which 

could be explained partly by the higher proportion of albuminuria and worse 

glycaemic control of the EDC patients.
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Table 10.1 Overview o f similarities and differences between the
EURODIAB PCS and EDC study

EURODIAB PCS EDC
Source o f patients Multicentre study Single centre
Number of patients Higher

N=2329, 151 CHD events 
More lost-to-follow-up

Lower
N=603, 108 CHD events 
Less lost-to-follow-up

Follow-up assessments Assessment 7 years after baseline, with Biennial assessments o f patients.
Validity o f outcome retrospective use o f hospital records 

for CHD assessment
more precise assessment o f date of 
CHD events

Data on risk factors Good data, slightly more missing 
values in fasting TG, LDL-cholesterol, 
apolipoproteins

Good data, with fewer missing values

CHD incidence rate (per Lower rates Higher rates
1,000 personyears) Slightly higher in women than in men 

(10.2 vs. 8.0)
Slightly higher in men than in 
women (20.3 vs. 18.5)

Age (years) Older
(mean 32, range 15-60)

Younger
(mean 27, range 8-48)

Sex Similar 
52% men

Similar 
50% men

Duration o f diabetes Shorter Longer
(years) (mean 14, range 1-56) (mean 19, range 8-37)
Glycated haemoglobin Better control

Mean HbA,c=6.65% (reference range 
<6%)

Worse control
Mean HbA|=10.4% (reference range 
<7%)

Blood pressure Slightly higher
(Mean SBP/DBP 120/75 mmHg) 
Less on BP lowering drugs (8%)

Slightly lower
(Mean SBP/DBP 113/73 mmHg) 
More on BP lowering drugs (12%)

Lipids Slightly higher cholesterol, but lower 
TG:
Mean Cholesterol 5.31 mmol/L 
Mean LDL-cholesterol 3.33 mmol/L 
Mean HDL-cholesterol 1.50 mmol/L 
Mean TG 0.89 mmol/L

Slighly lower cholesterol, but higher 
TG:
Mean Cholesterol 4.91 mmol/L 
Mean LDL-cholesterol 2.97 mmol/L 
Mean HDL-cholesterol 1.40 mmol/L 
Mean TG 0.93 mmol/L

Obesity Similar (mean) WHR 0.84, BMI 23.5
kg/m^

Similar (mean) WHR 0.82, BMI 23.5 
kg/m^

Insulin dose Slightly lower (mean 0.67 U/day/kg) Slightly higher (mean 0.77 U/day/kg)
Albuminuria Lower Higher
(micro+macro) 29% 45%
Hypertension (SBP/DBP Higher Lower
>140/>90 mmHg or on 
blood pressure lowering 
drugs)

22% 14%

Retinopathy Higher Lower
(preprol+proliferative) 45% 29%
Ever smokers Higher Lower
(current+ex) 49% 38%
Inflammatory/endothelial Median Median
markers Fibrinogen 321 mg/dL 

CRP 1.06 mg/L 
sVCAM-1 386 ng/mL 
sE-selectin 32 ng/mL 
Homocysteine 7.0 pmol/L

Fibrinogen 287.2 mg/dL 
CRP 1.25 mg/dL 
sVCAM-1 666 ng/mL 
sE-selectin 54 ng/mL 
Homocysteine 9.9 pmol/L
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10.2 Linking EURODIAB PCS and EDC results regarding 

established risk factors for CHD

Both studies have shown that both age and duration of diabetes, lipids (fasting 

TG, HDL-cholesterol or non-HDL-cholesterol), smoking (current smoking and 

ever smoking) and blood pressure (Systolic BP in EURODIAB PCS and systolic 

BP, diastolic BP or hypertension in EDC) were important independent risk 

factors for CHD. Albuminuria and WHR were also independent risk factors in 

EURODIAB PCS, but not in EDC. In addition to these established risk factors, 

apoB was a predictor of CHD in the EDC study, although not independent of 

LDL-cholesterol. Similar risk factors and similar hazard ratios were found in 

both studies. There was no independent relationship between BMI and/or 

glycated haemoglobin and CHD in both studies.

10.2.1 Univariate analyses and adjustment for age and duration of  

diabetes

In general, similar risk factors were found to be independently related to CHD in 

EURODIAB PCS and in the EDC study. There were however some differences 

between EURODIAB PCS and the EDC study in risk factors which were found 

to be related to CHD in univariate analyses.

In univariate analyses, age, duration of diabetes, systolic BP, total cholesterol, 

LDL-cholesterol, non-HDL-cholesterol, fasting TG, and possibly HDL- 

cholesterol, apoAl, A2 and B, WHR, BMI, smoking, hypertension and 

albuminuria were related to CHD in the EURODIAB PCS population. In the 

EDC study: age, duration of diabetes, systolic and also diastolic BP, total 

cholesterol, LDL-cholesterol, HDL-cholesterol, non-HDL-cholesterol, fasting 

TG, apoB, WHR, smoking, hypertension and albuminuria were significantly 

related to CHD. The main differences in risk factors between the studies were 

found for diastolic blood pressure, BMI, and apoAl and A2. Furthermore, in the 

EDC study, estimated glucose disposal rate (a measure of insulin sensitivity, 

which was not measured in EURODIAB PCS) was also found to be related to
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CHD. There was a much stronger relationship between the lipids and CHD in the

EDC study than in EURODIAB PCS.

After adjustment for age and duration, in EURODIAB PCS, age, glycated 

haemoglobin, systolic BP, HDL-cholesterol, fasting TG, apoAl, apoA2, apoB, 

WHR, smoking and albuminuria (micro and macro and AER) were related to 

CHD. In EDC, both age and duration of diabetes, systolic and diastolic BP, 

cholesterol, LDL-cholesterol, HDL-cholesterol, non-HDL-cholesterol, fasting 

TG, apoB, WHR, eGDR, smoking, hypertension and albuminuria were 

associated with CHD. The main differences in risk factors between the two 

studies were found for diastolic blood pressure, cholesterol, LDL-cholesterol, 

non-HDL-cholesterol, eGDR, hypertension, glycated haemoglobin and apoAl 

and A2.

10.2.2 Possible explanations for discrepancies in results for established 

risk factors between the two studies

Possible explanations for some of the differences in the multivariate models are 

the difficulty in separating the effects of highly correlated variables. For 

example, separating the effect of age and duration of diabetes, albuminuria from 

hypertension, between several lipids and lipoproteins and WHR from BMI.

WHR was an independent risk factor for CHD in EURODIAB PCS, but not in 

the EDC study. WHR was correlated with HDL-cholesterol in both studies, as 

well as with BMI, non-HDL and systolic BP. The correlations with WHR were 

much stronger in the EDC study, for example the correlation coefficient was 

-0.22 for HDL-cholesterol in EURODIAB PCS and -0.41 in EDC, and 

adjustment for HDL-cholesterol in the same model could have led to the 

disappearance of WHR as a risk factor in EDC.

10.3 Linking results on inflammatory/endothelial markers in 

relation to CHD

Both studies showed that inflammatory and endothelial markers were related to 

CHD, independently of established risk factors. Similar inflammatory and
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endothelial markers were found to be related to CHD, although not all markers 

were measured in both studies. The following sections summarise the results on 

inflammatory and endothelial markers in each study design.

10.3.1 EURODIAB PCS prospective study

In the EURODIAB PCS prospective study, sialic acid, vWF and fibrinogen were 

examined in relation to CHD. There was no significant relationship between 

vWF and CHD, even not in univariate analyses.

Sialic acid and fibrinogen were related to CHD in men only, in univariate 

analysis and after adjustment for age and duration of diabetes. Further adjustment 

for established risk factors showed that sialic acid alone was an independent 

predictor of CHD. Sialic acid was a very strong predictor, and a standard 

deviation unit increase in the marker resulted in a 1.47 (95%CI: 1.06-2.03) CHD 

risk, which was independent of all established risk factors, including 

albuminuria. Fibrinogen was related to CHD, although not independent of 

albuminuria, with a standardized hazard ratio of 1.17.

10.3.2 EDC prospective study

In the EDC prospective study, fibrinogen, serum albumin and WBC were 

examined, which were all related to CHD, after adjustment for age and duration, 

in both men and women. Further adjustment for multiple risk factors, 

demonstrated WBC to be a strong independent predictor of CHD, with a 

standardized hazard ratio of 1.33 (95%CI: 1.12-2.39). The relationship between 

serum albumin and CHD was significant and independent of duration of diabetes, 

smoking, non-HDL-cholesterol, HDL-cholesterol, WHR and hypertension, with 

a (standardized) hazard ratio of 0.81 (95%CI: 0.65-1.00). An even stronger 

relationship was found between serum albumin and CHD in those without micro- 

and/or macroalbuminuria at baseline. Increased fibrinogen concentrations were 

related to a 1.17 fold increased CHD risk, which was independent of above 

mentioned risk factors, but not statistically significant (p=0.08).
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10.3.3 EURODIAB PCS cross-sectional study

In the EURODIAB PCS cross-sectional analysis, (log) CRP, sVCAM-1, sE- 

selectin, IL-6, urinary TGF-(11/creatinine, TNF-a and homocysteine were 

examined in relation to CHD. The relationship between inflammatory/endothelial 

markers and CHD was strongest for sVCAM-1 and TNF-a. Univariate analysis 

showed that sVCAM-1, TNF-a, IL-6, urinary TGF-p 1/creatinine, CRP, 

homocysteine and sE-selectin were significantly increased in the CHD patients 

compared to controls. After adjustment for age and/or duration of diabetes, CRP 

and homocysteine were no longer significant risk factors. Adjustment for 

multiple risk factors showed that sVCAM-1, TNF-a, urinary TGF-pi/creatinine, 

sE-selectin and IL-6 were all significant risk factors for CHD. The relationships 

between sVCAM-1, sE-selectin, IL-6, urinary TGF-pi/creatinine and CHD were 

mostly confounded by either glycaemic control and/or albumin excretion rate. 

An increased CHD risk of 1.4 to 1.5 fold for (log) IL-6, (log) sE-selectin and 

(log) sVCAM-1 and around 2 for (log urinary) TGF-P 1/creatinine and (log) 

TNF-a were demonstrated for a standard deviation unit increase in the markers, 

adjusted for many established risk factors.

10.3.4 EDC nested case-control study

The EDC nested case-control study was examined for (log) CRP, sVCAM-1, 

sICAM-1, sE-selectin and homocysteine in relation to CHD. In comparison with 

EURODIAB PCS, higher levels of CRP, sVCAM-1, sE-selectin and 

homocysteine were found (see Table 10.1). For the relationship with CHD, a 

significantly positive association was found for sICAM-1 and sE-selectin. 

Univariate analysis showed that (log)sICAM-l and (log)sE-selectin were related 

to CHD with standardized odds ratios of 1.6 and 1.7 respectively. The odds ratios 

were still fairly strong (1.8), but not significant, after adjustment for other risk 

factors. There were increased concentrations of CRP, sVCAM-1 and 

homocysteine in CHD cases compared to controls, but these were not significant.
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10.3.5 Possible explanations for discrepancies in results for

inflammatory/endothelial markers between the two studies

In the cross-sectional analyses of the EURODIAB PCS and the (prospective) 

nested case-control design within the EDC study, CRP, adhesion molecules and 

homocysteine were examined. Possibly due to small numbers, missing data and 

the timing of the measurements of the markers prior to the development of CHD 

the associations in the EDC study were weaker than in the EURODIAB PCS. 

However, both studies showed that CRP and homocysteine were not strong risk 

factors for CHD in type 1 diabetes, whereas adhesion molecules seemed more 

independently related to CHD.

211



Chapter 11: Discussion
The discussion is divided into 3 main sections according to the aims of the study, 

i.e.: established risk factors (section 11.2), inflammatory/endothelial markers 

(section 11.3) and lipoprotein subclasses (section 11.4).

Each main section starts with the main aim, a general overview of the relevant 

literature and the main findings of the EURODIAB PCS and the EDC study. Sub

sections of specific risk factors give more detail of previous literature and how my 

findings compare with this.

Section 11.5 and 11.6 discuss the major strengths and limitations of the EURODIAB 

PCS and the EDC study and the final conclusions are given in section 11.7. Further 

research and future implications are discussed in section 11.8 and 11.9.

11.1 Incidence o f CHD in Type 1 diabetes

The incidence rates of CHD in the general population are approximately 0.1-0.5% 

per year in those aged 25-74 years'^^ '̂^ \̂ In type 1 diabetic patients there is an 

increased risk of developing CHD compared to the general population. In the WHO 

Multinational study of vascular disease, high incidence rates were found in 1,260 

type 1 diabetic patients followed for about 12 years, 1.6% and 1.2% (per year) in 

men and women respectively'^^. In both the EURODIAB PCS and EDC population, 

similarly high incidence rates were found compared to the general population, 1% 

and 2% respectively. The risk was twice as high in the EDC study, which could 

possibly be explained by the poorer glycaemic control, higher albuminuria rates at 

baseline or the relatively high proportions of angina (45% of CHD cases). The 

detection rate of angina was higher in the EDC study, probably due to more frequent 

follow-up assessments than in EURODIAB PCS.

More general explanations for these high CHD incidence rates could be attributed to 

the poorer health care system in the United States, for example, inaccessible health 

care due to expensive health insurance and low household incomes'^^^’'̂ ^̂ .

This emphasizes the need to study what factors are responsible for this increased 

CHD risk in type 1 diabetic patients.
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11.2 Discussion of the role of established risk factors in CHD

The first aim of this thesis was to examine which of the established risk factors 

independently predict CHD in type 1 diabetic patients.

As previously discussed in Chapter 2, there is a 4-8 fold increased risk of CHD in 

type 1 diabetic patientscom pared to the general population. The reason for this 

increased risk is largely unexplained. There is a lack of prospective studies in type 1 

diabetic patients which have examined a wide range of established risk factors in 

relation to CHD. Furthermore, there are no studies with sufficient numbers of 

coronary events (number of CHD events range from to do

powerful risk factor analysis, except for the WHO Multinational Study with 1260 

type 1 diabetic patients and 113 CHD events"̂ "̂ . In addition, previous publications on 

the cross-sectional comparison between an age-and duration of diabetes restricted 

subset of the EDC and the EURODIAB PCS showed conflicting results'^ .̂ Of the 

risk factors studied so far, there is no consensus about the relationship between CHD 

and WHR, BMI, smoking, hyperglycaemia, and lipids and lipoproteins.

The EURODIAB PCS and EDC study are the largest prospective studies with a 

relatively long follow-up period which have examined the relationship between 

established risk factors and CHD. Previously published papers on risk factors for 

CHD included one paper using (baseline) cross-sectional data from the EURODIAB 

study"̂ *̂ and 3 papers using baseline, 4 and 6 year follow-up data from the EDC 

study""'"":" \̂

Analysis of the 7-year follow-up EURODIAB PCS and 9-year follow-up EDC study 

studies revealed similar risk factors to be predictive of CHD and similar hazard 

ratios were found. These results will enable us to improve current risk prediction 

models and to get a better understanding of the pathogenesis of CHD in type 1 

diabetic patients.

The risk factors found in both studies to be related to CHD were age or duration of 

diabetes, smoking (current smoking and ever smoking), blood pressure (diastolic, 

systolic BP or hypertension) and lipids and lipoproteins (fasting TG, HDL- 

cholesterol or non-HDL-cholesterol, apoB). WHR and albuminuria were

213



independently related to CHD in the EURODIAB PCS, but not in EDC. These 

findings will be discussed further in the following sections.

11.2.1 Age and duration of diabetes

Most previous studies in type 1 diabetes found that duration of diabetes and age 

were important risk factors of The EDC and EURODIAB PCS which

were larger in sample size than most previously published studies in type 1 diabetes, 

showed that both age and duration of diabetes are important risk factors for CHD. 

High correlations between age and duration (r=0.51 in the EURODIAB PCS, and 

r=0.86 in EDC) made it difficult to separate the effects of these two variables, which 

sometimes led to age being more significantly related to CHD than duration, or visa 

versa. Given evidence from previous literature and the current findings, both age and 

duration of diabetes are taken into account in risk factor prediction models.

11.2.2 Waist-hip ratio and BMI

There is limited data on the relationship between WHR and BMI in relation to CHD 

in type 1 diabetic patients. Previously published prospective studies in type 1 

diabetes, did not measure or did not show independent associations between BMI 

and/or WHR and One previous publication of the EDC found WHR to

be an independent predictor of CHD '̂ ,̂ and several prospective studies did not find a 

significant relationship between BMI and CHD, even with univariate analyses^^’̂ ’̂"̂ .̂ 

In both EURODIAB PCS and EDC univariate associations were found between 

WHR and CHD, but no significant associations between BMI and CHD. In the 

EURODIAB PCS, WHR, was found to be predictor of CHD, but only in the men, 

with a standardised hazard ratio around 1.3. A cross-sectional analysis of the 

EURODIAB baseline data also demonstrated that WHR was a risk factor for CVD 

in men only"̂ '̂. In the 9-year follow-up analyses of the EDC study, there was no 

independent relationship between WHR and CHD. Earlier publications of the EDC 

study showed conflicting findings. In the 4-year follow-up of the EDC study WHR 

predicted CHD, independently of established risk factors^^. In contrast, the 6-year

214



follow-up of the EDC study did not show WHR as an independent risk factor. The 

discrepancy could be explained by the difference in risk factors which have been 

included in the statistical models, more specifically, HDL-cholesterol which was 

included in the models of the 6-year study, but not the 4-year.

In summary, the large EURODIAB PCS and the EDC study confirm that there is no 

association between BMI and CHD. A relationship between WHR and CHD was 

shown in both studies, although independence from other risk factors was only 

confirmed in EURODIAB PCS men. A possible reason for a lack of a relationship 

between BMI and CHD in type 1 diabetic patients is that BMI is generally within the 

normal range (mean 23.5 in EURODIAB PCS, EDC, and in a Danish study'^ )̂. 

Furthermore, BMI is more of a general marker of obesity, taking body weight and 

height into account, whereas WHR measures, more specifically, central obesity. 

Therefore, WHR could be a better predictor of CHD in type 1 diabetes. In addition 

WHR has been suggested to be associated with increased CHD risk in the general 

population and in type 2 diabetic patients, due to its role in insulin resistance 

syndrome^

Reasons for the absence of an independent predictive value for WHR in previously 

published prospective studies might be due to the limited number of patients, the fact 

that most type 1 diabetic patients are lean or because of difficulty in separating the 

effect of WHR from other correlated risk factors such as lipids and blood pressure. 

Another factor that could make it difficult to assess obesity measures in type 1 

diabetes, is that weight gain is associated with intensive glycaemic control, which 

could lead to varying the use of insulin as a method to lose or gain weight^^’̂ ’̂"̂ ^̂ . 

Further studies are needed to explore the role of WHR in the prediction of CHD in 

type 1 diabetic patients, perhaps dividing the analysis into those with poor and good 

glycaemic control.

11.2.3 Smoking

Conflicting findings have been reported so far on the relationship between smoking 

and CHD in type 1 diabetic patients. Many previous studies in type 1 diabetic
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patients did not find a significant independent association between smoking and 

Previous cross-sectional^^publications of the EURODIAB and 

EDC study also reported negative findings. Prospective publications of the EDC 

study, on the other hand, reported conflicting findings. At 4-years of follow-up 

smoking predicted CHD in men onlŷ "̂ , whereas the more recent 6 years follow-up 

study"̂  ̂ did not confirm smoking to be an independent predictor of CHD. Possible 

reasons for this discrepancy are that the statistical models included different 

variables in both studies, and the analyses were conducted separately for men and 

women in the 4-year study, but not in the 6-year study, since the power was 

insufficient to split the analyses by sex.

These negative findings in previous type 1 diabetic studies could be due to lack of 

power (small sample sizes, not enough CHD events) and underestimations in the 

measurement of smoking due to self reporting (information-bias).

Some prospective studies, on the other hand, did find that smoking is an important 

CHD risk factor in type 1 diabetic patients, with relative risks around 1.5̂ '̂"̂ .̂ 

Similarly, analyses of the EDC and EURODIAB PCS did show that smoking is an 

important factor in the prediction of CHD in type 1 diabetes, with a standardised 

hazard ratio of 1.5. Thus, smoking is important in the prediction of CHD in type 1 

diabetic patients, as it is in the general population. The prevalence of smoking is not 

any different from that in the general population and therefore it cannot explain the 

excess CHD risk in type 1 diabetes.

It has to be mentioned that the measurement of smoking in both studies was based 

on questionnaires, possibly leading to information-bias. More precise measurement 

of smoking exposure, taking into account biochemical measures and duration of 

smoking could improve the prediction of smoking as a risk factor for CHD. 

Therefore, further studies should be done to examine more precisely pack-years of 

exposure and biochemical markers (plasma cotinine) of smoking.
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11.2.4 Blood pressure

Raised blood pressure is an important risk factor for CHD in type 1 diabetes, as in 

the general population and in type 2 diabetes. Prior prospective studies in type 1 

diabetic patients showed strong independent associations between elevated blood 

pressure and

The largest studies in type 1 diabetes, the EURODIAB PCS and the EDC study, both 

demonstrated that systolic blood pressure was independently related to CHD with 

standardised hazard ratios of 1.3 and 1.5 respectively. Adjustments for blood- 

pressure lowering drugs did not alter the results in either of these studies. 

Hypertension guidelines in diabetic patients, generally refer to type 2 diabetes and 

there is a lack of specific recommendations in type 1 diabetic patients^^ (see Table 1, 

Appendix 4). Analysis of the EURODIAB PCS data demonstrated that subjects with 

systolic blood pressure levels with levels as low as 122 mmHg were at increased risk 

of developing CHD across the entire follow-up. A recent report of the EDC 

recommended blood pressure goal levels at relatively low levels (120/80 mmHg/^^. 

Making any specific blood pressure recommendations from these epidemiological 

studies pose an additional problem in that determinations in both studies were based 

on random zero sphygmomanometer readings, which are not generally used in 

clinical practice and tend to underestimate blood pressure. Therefore, the general 

view that type 1 diabetic patients, especially those with albuminuria should have 

lower target blood pressure levels , <130/85 mmHg"^^ ’̂"̂^̂ or <130/80 mmHg''®’"̂ ^̂ , 

seems to be reasonable.

Beneficial effects have been reported on micro-and macrovascular complications in 

type 2 diabetic patients by interventions with blood pressure lowering drugs*^’̂ .̂ 

There is, however, a lack of blood pressure lowering clinical trials, which have 

examined CHD outcomes in type 1 diabetic patients. Given the evidence for 

beneficial effects of blood pressure lowering drugs in type 2 diabetic patients and in 

the general population, it seems unlikely that definitive trials will be conducted in 

type 1 diabetes. Some small trials in normotensive type 1 diabetic patients have 

reported reductions in the progression of retinopathy^^and nephropathy^^’̂ ’.
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In summary, elevated blood pressure is an important risk factor for CHD in type 1 

diabetic patients, as is clear from the literature and from the analyses of the 

EURODIAB PCS and EDC study. Some other issues concerning the management of 

blood pressure by drugs, intervention thresholds and target blood pressure levels 

need to be addressed in the future.

11.2.5 Lipids and lipoproteins

There is limited prospective information available on the relationship between lipids 

and lipoproteins and CHD in type 1 diabetic patients. Some studies did not examine 

or report the relationship between lipids and lipoproteins in relation to incident 

CHD^^’̂ ’̂̂ ,̂ or reported negative findings^^’̂ '̂ , while other small studies showed that 

total cholesterol, HDL-cholesterol and/or LDL-cholesterol were significantly related 

to CHD"*̂ '̂ .̂ For apolipoproteins in relation to CHD in type 1 diabetic patients there 

is even more limited research, with only one study finding a positive independent 

association between apoB and CHD"̂ .̂

Both EURODIAB PCS and the EDC study, found that several lipids and 

lipoproteins, although not raised compared to general population levels, were risk 

factors for CHD. Especially, baseline fasting triglycerides (women in EURODIAB 

PCS), HDL-cholesterol (women in EURODIAB PCS, EDC study) and non-HDL- 

cholesterol (EDC study) concentrations, which predicted CHD in multivariate 

analyses with standardised hazard ratios of 1.3, 0.7 and 1.3 respectively. As HDL- 

cholesterol and fasting triglycerides were highly correlated with each other in both 

studies (r=-0.34 in EURODIAB PCS and -0.39 in EDC), their effects were difficult 

to separate. Previous publications of the cross-sectional analyses of the EURODIAB 

study"̂ ^̂  and the 4 and 6-year prospective analyses of the EDC study'^ ’̂̂ '̂  showed 

similar results.

General population studies have shown that apoA 1 and apoB are better predictors of 

CHD than LDL and HDL-cholesterof^'^^, however, this is not confirmed by all 

studies^^’̂ .̂ In both the EURODIAB PCS and the EDC study, apolipoproteins (A1 

and A2 negatively and B positively) were related to CHD. Further analyses of the
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EDC study, showed that apoB was independently related to CHD, after adjustment 

for duration of diabetes, hypertension, HDL-cholesterol, smoking and WBC, 

although not independent of LDL-cholesterol. Further multivariate analyses could 

not be conducted in EURODIAB PCS due to lack of power. It needs to be 

established whether these apolipoproteins are more important predictors of CHD 

than conventional lipids and lipoproteins in type 1 diabetic patients.

Lipids and lipoproteins, triglycerides, HDL-cholesterol and non-HDL-cholesterol 

and apolipoprotein B, although not raised in type 1 diabetic patients, are important 

predictors of CHD, however, these findings need to be explored further.

11.2.6 Hyperglycaemia

Conflicting results have been reported regarding the relationship between 

hyperglycaemia and CHD in TID, with some studies not finding an independent 

a s s o c i a t i o n ^ w h i l e  other studies did"̂ ’̂̂ ^̂ .

The largest epidemiological studies so far, EURODIAB PCS and the EDC did not 

demonstrate strong relationships between glycated haemoglobin and incident CHD. 

Similarly, in previous reports of the EURODIAB study (cross-sectional) and the 

EDC study (prospective), no strong relationships between hyperglycaemia and CHD 

were found"̂ ’̂̂ ’̂̂ ^\ although the EDC study did demonstrate a strong association 

with lower-extremity arterial disease''^^. The relationship between glycated 

haemoglobin as a predictor of CHD is not clear, although prospective relationships 

between hyperglycaemia and albuminuria were consistently found in type 1 diabetic

The negative findings reported here on EURODIAB PCS and the EDC study do not 

imply that optimal glycaemic control is not important in the prevention of vascular 

complications in type 1 diabetes. The Diabetes Control and Complications Trial has 

convincingly demonstrated significant reductions in microvascular disease by 

intensive glycaemic control and borderline significant reductions in 

macrovascular complications in type 1 diabetic patients '̂^ .̂ A smaller trial, the 

Stockholm Diabetes Intervention Study demonstrated further that intensive
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glycaemic control could delay the development of CHD, by showing improvements

in endothelial function and arterial stiffhess^^ .̂

11.2.7 Hyperinsulinaemia
164-Insulin resistance is thought to play a role in the natural history of type 1 diabetes 

The role of insulin resistance in the development of type 1 diabetes and CHD is 

far from understood. Previous publications of the EDC study’ calculated an insulin 

resistance score on the basis of risk factors such as hypertension, WHR, 

triglycerides, HDL-cholesterol, family history of diabetes and glycaemic control and 

found that the estimated glucose disposal rate (which is a marker for insulin 

resistance) was prospectively related to lower extremity arterial disease’"’̂ .

Analysis of the 9-year data of the EDC study did find inverse associations between 

eGDR and CHD after adjustment for age and duration of diabetes, however, no 

significant associations were shown in multivariate analyses. It could be argued that 

the use of this eGDR is only a statistical computation using other risk factors and no 

other studies in type 1 diabetic patients have used this estimated glucose disposal 

rate previously. It is more common to use the insulin dose per body weight as a 

marker for insulin resistance, however, it is not clear what this exactly measures. 

Studying insulin resistance in type 1 diabetic patients is restricted by the difficulty of 

measuring insulin resistance by the clamp technique in large numbers of type 1 

diabetic patients with long periods of follow-up.

11.2.8 Albuminuria

Previous studies in type 1 diabetic patients have convincingly shown that 

macroalbuminuria^^'’̂ ' '̂ '̂’ and microalbuminuria’̂ '” ''*'’''’̂  are important risk 

markers for CHD and the EURODIAB PCS, with a larger sample size, adds to the 

evidence.

In the EDC study, similar strong associations were found for albuminuria, after 

adjustment for age and duration of diabetes. However, further adjustments for 

established risk factors diminished the associations between albuminuria and CHD
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to non-significance, partly due to the high prevalence of albuminuria at baseline and 

strong associations with other established risk factors such as, lipids, 

hyperglycaemia, obesity, blood pressure.

11.3 D iscussion o f the role o f inflam m atory/endothelial m arkers in 

CHD

The second aim of this thesis was to determine whether raised levels of 

inflammatory or endothelial markers increase the risk of developing CHD in type 1 

diabetic patients and whether this association is independent of established risk 

factors.

As previously discussed in Chapter 2, evidence for a role of inflammation in the 

development of all stages of atherosclerosis is mainly from animal and experimental 

models. In general population epidemiological studies, many inflammatory and 

endothelial markers have been shown to predict CHD, although no causality has 

been proven. Some markers have been studied more extensively in relation to CHD 

in the general population than others. For example, CRP, fibrinogen, homocysteine, 

and the more general markers of disease, WBC and serum albumin, have been 

examined in many studies, whereas, there are fewer studies on sialic acid, cytokines 

(IL-6, TNF-a, TGF-(31), adhesion molecules (sVCAM-1, sICAM-1, sE-selectin) and 

vWF.

In diabetic patients, elevated levels of several inflammatory and endothelial markers 

have been repeatedly found compared to non-diabetic controlŝ ^̂ '̂ ^̂ '̂ ^̂ '̂ ^̂ '̂ ^̂ '̂ ^̂ '̂ ^̂ . 

The role of inflammatory and endothelial markers in diabetes has been further 

emphasized in the literature by its role in insulin resistance^^ '̂^^*. Several studies 

have found increased expression of CRP and cytokines by adipose tissue^^^’̂ ^̂  and a 

positive relationship between inflammatory markers and o b e s i t y ^ I n  addition, 

increased levels of inflammatory markers have been shown to predict type 2 

diabetes^^ '̂^^ .̂ Furthermore, possible pathways have been suggested linking 

modified lipoproteins to inflammation (see section 11.3.10).
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There is limited research on the role of inflammatory and endothelial markers in the 

prediction of CHD, especially in type 1 diabetes. In type 2 diabetic patients, on the 

other hand, some studies, such as ARIC and the Hoorn Study found that increased 

levels of fibrinogen, WBC, sVCAM-1, sICAM-1, vWF, homocysteine and CRP and 

decreased levels of serum albumin were related to incident cardiovascular

The increased CHD risk in type 1 diabetic patients could possibly be explained by 

inflammatory and endothelial markers, more so than by established risk factors. The 

role of inflammatory and endothelial markers in the prediction of CHD was 

examined in the EURODIAB PCS and EDC study, cross-sectionally and 

prospectively. Raised levels of inflammatory and endothelial markers were shown 

compared to reference ranges in non-diabetic populations. Both the EURODIAB 

PCS and the EDC study showed that adhesion molecules (sVCAM-1, sICAM-1 and 

sE-selectin), cytokines (TNF-a, IL-6 and urinary TGF-p 1/creatinine), and more 

general markers of disease, such as WBC, serum albumin and the acute phase 

protein sialic acid were important risk factors for CHD. Furthermore, it was shown 

that sVCAM-1, sialic acid, serum albumin, WBC and TNF-a play an important role 

beyond the effect of the major established risk factors. It could not be assessed how 

much of the increased CHD risk was explained by these markers, since there was not 

enough power in the nested case-control EDC study and there was limited 

prospective data on many of the markers.

In contrast with general population studies, these studies showed that there was no 

significant relationship between CRP and homocysteine and CHD.

These findings demonstrated for the first time in type 1 diabetes, the important role 

of inflammatory and endothelial markers in the development of CHD in type 1 

diabetes. This stresses the importance of examining these relationships separately in 

type 1 diabetic patients rather than extrapolating findings from healthy populations 

or type 2 diabetic patients.

In the following sections the main findings for each inflammatory/endothelial 

marker will be discussed.
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11.3.1 C-reactive protein and CHD

Numerous general population studies have shown independent associations between 
CRP and the future development of cfjp)248,252,282,283,285,286 ^  contrast, some

prospective studies in diabetic and non-diabetic populations, the Hoorn Studŷ "̂̂  and 

the Caerphilly Prospective Heart Disease Study^^  ̂ did not show that CRP was 

significantly and independently related to coronary disease. In type 1 diabetes, 

elevated CRP levels were found in diabetic women compared to non-diabetic 

women, which may be attributed to a particular sensitivity to insulin levels or insulin 

resistance (correlation of 0.36 between insulin dose per day and CRP)^^ .̂ This study 

also found that elevated CRP levels were associated with coronary calcification in 

men, but not in women^^ .̂ Another small cross-sectional study in 167 type 1 diabetic 

patients found elevated CRP concentrations in 6 patients who had CHD compared to 

those without CHD̂ "̂̂ .

Both the EURODIAB and EDC study showed that CRP was not independently 

related to CHD in type 1 diabetes. The lack of a strong relationship between CRP 

and CHD in type 1 diabetic patients compared to the general population, has been 

demonstrated before with coronary artery calcification in type 1 diabetic women, 

and it is not clear how this can be explained^^ .̂ Possible reasons for this discrepancy 

could be the relatively low CRP concentrations compared to the general population, 

the lack of power in the EDC study and the relatively young age of these diabetic 

patients compared to general population studies.

There is no clear evidence for an independent relationship between CRP and CHD in 

type 1 diabetic patients, in the EURODIAB and EDC study, which has been 

previously shown in some small studies. This is in contradiction to the positive 

findings in the general population. More prospective studies are needed to clarify 

this finding.
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11.3.2 Serum albumin and CHD

Previously, it has been shown that serum albumin is inversely related to CHD in the 

general population, summarised in a meta-analysis of eight prospective studieŝ "̂ .̂ 

There is a lack of studies which have examined serum albumin concentrations in 

diabetic patients. An independent relationship between serum albumin and CHD has 

been reported in type 2 diabetic patients, with a relative risk of 0.64 (95%CI: 0.44- 

0.92)“ .

Serum albumin, was prospectively (and inversely) related to CHD in both univariate 

and multivariate analyses of the EDC study. Since serum albumin is a general 

marker of illness, the analyses were repeated, excluding those subjects with any 

micro-or macroalbuminuria at baseline, and even stronger associations were shown 

between serum albumin and CHD. Similar strong associations between serum 

albumin and CHD have been reported in the general population, even after 

controlling for pre-existing diseasê "̂ .̂

The function of albumin in disease is not fully understood. It is not clear how 

specific serum albumin is as a marker of illness^^ .̂ The levels of serum albumin 

could be altered by a number of factors, such as infections and inflammation. Serum 

albumin concentrations have been described to decrease as a consequence of the 

acute phase reaction, induced by cytokines^^ .̂

In summary, strong inverse associations were shown between serum albumin and 

incident CHD in type 1 diabetic patients, as previously in the general population. 

This finding has been demonstrated for the first time in type 1 diabetic patients and 

future studies are needed to explore this finding.

11.3.3 Sialic acid and CHD

A large 20-year follow-up Swedish study reported 1.8-2.0 fold increased CHD 

mortality risks in non-diabetic men and women with increased concentrations of 

sialic acid̂ "̂*. Previous cross-sectional studies in type 2 diabetic patients have also 

shown elevated sialic acid concentrations compared to non-diabetic
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Whether the levels of sialic acid are increased in type 1 diabetic 

patients is not clear from the literature^ "̂ .̂

In type 2 diabetic patients, significant associations between sialic acid and CHD 

have been shown^^^’̂ '®. In type 1 diabetes, a previous cross-sectional analysis of the 

EURODIAB study showed no significant associations between sialic acid and 

Chd^®^. In contrast, previous prospective and cross-sectional studies in type 1 

diabetic patients have found significant associations between raised sialic acid levels 

and microalbuminuria^^^’̂  n - 3 13

In the 7-year EURODIAB PCS, sialic acid was prospectively associated with a 1.5 

fold CHD risk, independently of age, duration of diabetes, glycated haemoglobin, 

triglycerides, systolic BP, WHR, smoking and albuminuria.

The biological mechanism underlying the strong relationship between sialic acid and 

CHD is unknown, but could possibly be explained by the acute phase reaction. 

Serum or plasma sialic acid concentration is seen as a marker of the acute phase 

response, since most of the acute phase proteins are glycoproteins with sialic acid as 

the terminal sugar of the oligosaccharide chain̂ ®*’̂ ^̂ .

In conclusion, strong positive associations were shown between sialic acid and CHD 

in type 1 diabetic patients. To date, there have been no other prospective studies that 

have examined sialic acid in relation to CHD in type 1 diabetic patients, therefore, 

further study is needed to support these findings.

11.3.4 White blood Cell (WBC) count and CHD

More than twenty previous prospective studies in non-diabetic populations have 

convincingly shown that WBC is an independent predictor of CHD, with a 

standardised hazard ratio of j 4 2 4 7 ,3 1 4 - 3 1 6  ^ | |  t^gge studies adjusted for the most 

important established risk factors and used the standard Coulter Counter technique.

In diabetic patients, the ARIC study investigators reported a 1.9 fold increase in 

CHD risk in subjects with baseline WBC levels >7.2 (xlO^/pl)^^. In type 1 diabetes, 

a previous publication of the EDC study, using the 6 -year follow-up data already had 

shown that increased WBC concentrations at baseline predicted the onset of CHD.
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The relationship was independent of duration of diabetes, lipids and hypertensive 

status, but no adjustment for smoking was done"̂ .̂

Analyses of the 9-year EDC study also showed that WBC was a strong independent 

predictor of CHD with a standardised hazard ratio of 1.33 (95%CI: 1.12-2.39), 

independent of duration of diabetes, hypertension, HDL-cholesterol, non-HDL- 

cholesterol and smoking.

The mechanisms to explain a possible “causal” relationship between increased WBC 

and CHD are not clear form the literature. WBC might serve as a marker for one or 

more disease processes (recognized and unrecognized) leading to vascular injury and 

ultimately to CHD^’'̂ . No causal relationship between WBC and CHD has been 

established yet and this will be difficult to establish because of the variability and the 

non-specificity of white blood cell counts^

In summary, there was a strong positive relationship between WBC and CHD in 

type 1 diabetic patients. There are no other studies which have examined this 

relationship in type 1 diabetic patients and further studies are warranted.

11.3.5 Cytokines and CHD

Cytokines are the main regulators of the acute phase reaction and they induce 

several inflammatory or endothelial markers. Several studies in the general 

population indicated a role for cytokines in the prediction of CHD. Elevated 

concentrations were found in diabetic patients compared to non-diabetic patients. 

The role of the main cytokines in the prediction of CHD in type 1 diabetic patients 

will be discussed in the following paragraphs.

11.3.5.1 Interleukin-6

A significant independent relationship between IL- 6  and CHD has been shown 

previously in non-diabetic subjects^ '̂^’̂ '̂̂ ’̂ ^̂ . There have been no studies which have 

examined this relationship in type 1 diabetic patients, although elevated levels have 

been reported^^^’̂ ^̂ .
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In the EURODIAB PCS, strong cross-sectional associations between IL- 6  and CHD 

have been demonstrated, with a standardized odds ratio around 1.4. This relationship 

was partly explained by glycated haemoglobin and albuminuria, which is not 

surprising since both of these risk factors were strongly correlated with lL-6 .

Some experimental studies, incubating human monocytes with glucose or advanced 

glycation endproduct proteins, have shown that hyperglycaemia and advanced 

glycation end products might increase cytokine (lL-1, lL-6 , TNF-a) production, but 

the exact mechanism remains unclear^^^’̂ ^̂ . The relationship between lL- 6  and 

albuminuria has been supported by previous cross-sectional studies in type 1 

diabetic patients^^^’̂ *̂. Both hyperglycemia and albuminuria leading to increased IL- 

6  concentrations are possibly part of the causal pathway leading to atherosclerosis, 

which makes it difficult to adjust for these effects.

Several mechanisms have been proposed to explain the relationship between lL- 6  

and CHD. For example, increased expression of lL- 6  by hyperglycaemia and by 

adipose tissue^^^’̂ ^̂ . It is not clear which mechanism is responsible. lL- 6  is a 

circulating cytokine and its expression is induced by other cytokines (lL-1 and TNF- 

a). It is a pleiotropic cytokine, which acts as the chief mediator of the acute phase 

response and stimulates the hepatic production of CRP, fibrinogen and other acute 

phase reactants, which could subsequently promote atherogenesis^^’̂ ^̂ .

In conclusion, there was a cross-sectional relationship between lL- 6  and CHD in 

type 1 diabetic patients in EURODIAB PCS, but further studies are needed to 

examine whether there is a prospective relationship.

11.3.5.2 Tumour Necrosis Factor-a

Although elevated levels of TNF-a have been found in CHD patients compared to 

controls^^^’̂ "̂̂ , there is a lack of studies which have examined its relationship to 

incident CHD. Some of these studies found that TNF-a predicted recurrent CHD 

events^and mortality^ "̂ .̂ In healthy middle-aged men, plasma TNF-a was shown to 

correlate significantly with carotid intima media thickness in univariate analysis^^ .̂
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In type and type diabetic patients, increased levels of TNF-a have

been found compared to non-diabetic controls. The relationship between TNF-a 

and CHD has been examined for the first time in type 1 diabetic patients, using the 

EURODIAB PCS data. A strong relationship was found between this cytokine and 

CHD, with a standardised odds ratio of 2. In this cross-sectional study, higher levels 

were found in type 1 diabetic patients compared to the reference ranges in the 

general population. Furthermore, TNF-a was strongly correlated with nearly all 

established risk factors (especially, fasting TG, glycated haemoglobin, and 

albuminuria), consistent with previous reports in type 1 diabetic patientŝ "^  ̂ and the 

general population^ However, none of these risk factors explained the relationship 

between TNF-a and CHD.

The role of TNF-a in atherosclerotic lesions is unclear, but TNF-a is known to 

stimulate other cytokines (IL-b)̂ "̂ ,̂ which could possible lead to an increased 

production of acute phase proteins. TNF-a has recently been proposed as the 

possible link between metabolic alterations (lipid and glucose metabolism) and 

vascular disease in diabetes^^ .̂ It was suggested that lipid accumulation in the 

vascular wall could cause increased expression of TNF-a and other cytokines, 

causing inflammatory reactions and subsequently atherosclerosis^^^.

In summary, a strong cross-sectional relationship was shown between TNF-a and 

CHD in type 1 diabetic patients, but this finding needs to be explored in prospective 

settings.

11.3.5.3 Transforming growth factor-pi

Previous cross-sectional studies in non-diabetic individuals showed conflicting 

findings regarding a positive or negative relationship between TGF-pi and CHD. 

All of these studies measured total TGF-pi and/or active TGF-pl in serum or 

plasma (expressed in ng/mL), and none of these studies have measured 

concentrations in urine. An increase in active TGF-pl was shown in 303 patients 

with angiographically determined CHD compared to 6 8  controls, but no significant 

difference was found for total TGF-pi^"^ .̂ This study examined older subjects, with a
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mean age of 56, and the actual total TGF-pi concentrations were very high and not 

comparable with other studieŝ "̂ .̂ In contrast, decreased plasma levels of active 

TGF-pi were found in 107 acute MI patients compared to 103 matched controls, but 

this was only significant for men and total TGF-pl was not measured in this 

studŷ ^®. Similar to this study, Grainger et al. demonstrated significantly decreased 

serum levels of active TGF-p in humans with angina pectoris compared to patients 

with normal coronary angiograms, but there was no significant change in total TGF- 

It is generally thought that TGF-pl inhibits the proliferation and migration of 

smooth muscle and endothelial cells and is therefore protective against 

atherosclerosiŝ "̂ ’̂̂ ’ ’.

In diabetic patients, elevated levels of TGF-pl were shown in some small studies, of 

type 2̂ ^̂  and type 1 diabetic patients^^ .̂ The relationship between TGF-P 1 and CHD 

has not been examined in type 1 diabetic patients.

The EURODIAB PCS data analysis revealed that plasma total TGF-pl was slightly 

decreased in the CHD cases compared to controls, but not significantly. This finding 

agrees with the theory that TGF-pi could be protective against atherosclerosis^^^’̂ ’^ 

Furthermore, the urinary measurement of TGF-pl adjusted for creatinine, was 

significantly positively associated with CHD, although partly explained by 

adjustment for glycated haemoglobin and albuminuria, which were both highly 

correlated with TGF-P 1/creatinine. There was no significant correlation between 

plasma TGF-pi and urinary TGF-p 1 /creatinine. It could be that the majority of 

TGF-pl is excreted in the urine^^ ,̂ but no clear relationship has been established. 

TGF-pi has been proposed as a key mediator between hyperglycemia and 

albuminuria. This is based mainly on in vitro and in vivo experiments, showing an 

increased expression of TGF-pl in glucose incubated cells of the kidney, although 

this hypothesis needs to be explored further in humanŝ "̂ ’̂̂ ' .̂ In humans, an 

increased secretion of TGF-P 1 has been shown in type 1 diabetic nephropathy 

compared to patients with normoalbuminuria, using blood cells of typel diabetic 

patients^’
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In conclusion, cross-sectional data analyses of EURODIAB PCS suggested a 

positive association between urinary TGF-pl/creatinine and CHD, although part of 

the relationship seems mediated by glycated haemoglobin and albuminuria. There is 

very limited evidence in humans for a role of TGF-pl in the pathogenesis of 

atherosclerosis, and its role in type 1 diabetes and this needs to be examined in 

future studies.

11.3.6 Adhesion molecules and CHD

Adhesion molecules promote leukocyte binding to the endothelium and 

transendothelial migration, an important step in atherosclerosis, in response to 

inflammatory cytokines. There is no strong independent relationship between 

adhesion molecules and CHD in the general population.

In diabetic patients, many studies have shown elevated sVCAM-1, sICAM-1 and sE- 

selectin concentrations compared to non-diabetic subjects. Previous studies and 

analysis of EURODIAB PCS and the EDC study showed that there is a strong 

relationship between adhesion molecules and CHD, which is perhaps stronger in 

diabetic patients than in the general population. This could be due to the 

hyperglycaemic environment, where lipids and proteins undergo non-enzymatic 

glycation and oxidation, resulting in the formation of advanced glycated end- 

products^’"̂. Another mechanism for the association between adhesion molecules and 

CHD is that increased plasma levels of adhesion molecules indicate for example, 

increased expression of membrane-bound VCAM-1 on endothelial cells, smooth 

muscle cells and macrophages, reflecting progressive formation of atherosclerotic 

lesions^^^’̂ ^̂ . Increased levels of adhesion molecules might also be a marker of an 

acute phase response, reflecting inflammation in the vessel wall that plays a role in 

the pathogenesis of atherosclerosis^’ .̂

In the following sections, the main findings for each adhesion molecule will be 

discussed with evidence from previous studies.
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11.3.6.1 Soluble Vascular Cell Adhesion Molecule

There is no clear evidence for a role of sVCAM-1 in the prediction of CHD in the 

general population and conflicting findings have been reported. A meta-analysis of 4 

prospective studies showed no association between sVCAM-1 and incident CHD^^ .̂ 

In addition to this, the Physician’s Health Study investigators examined 14,916 

middle-aged men without prior history of CVD and found no significant associations 

between sVCAM-1 and peripheral arterial disease, but did not investigate the 

relationship with coronary heart di sease^In  contrast, a prospective study reported 

a positive independent association between sVCAM-1 and CVD mortality in non

diabetic subjects^^ .̂ Another prospective study demonstrated a positive relationship 

between s VC AM-1 and CVD in subjects with prior CVD, but this study included 

only 91 patients and followed them for only 6  months^^ .̂

In type 2 diabetes, the Hoom Study investigators have shown a strong independent 

relationship between baseline sVCAM-1 levels and 7 year CVD mortality, with a 

standardized relative risk of 1.13̂ ^̂ . In contrast no relationship between sVCAM-1 

and macrovascular disease was found in a 5-year follow-up study, but this study had 

a very small number of diabetic patients (n=28, combination of type 1 and type 2  

diabetes) and did not investigate CHD separately^

In EURODIAB PCS, there was a strong positive relationship between sVCAM-1 

and CHD, with a standardised odds ratio of 1.4, which was independent of most 

major established risk factors, except albuminuria. In the EDC study, on the other 

hand, although increased sVCAM-1 concentrations were found in those who 

developed CHD compared to controls, this was not statistically significant. This 

discrepancy in findings could be due the sample selection, number of subjects, or the 

much higher concentrations of sVCAM-1 which were found in the EDC study 

compared to EURODIAB PCS (median of 6 6 6  compared to 386 ng/mL 

respectively).

In summary, there was a positive relationship between sVCAM-1 and CHD in type 1 

diabetic patients, cross-sectionally and prospectively, although not significant in the 

EDC study. Further prospective studies are needed to elaborate these findings.
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11.3.6.2 Soluble Intercellular Cell Adhesion Molecule

Several studies in non-diabetic populations, including the Hoom Study and a meta

analysis of 5 prospective studies, have confirmed a relationship between sICAM-1 

and CHD, which was stronger than for sVCAM-1, although not statistically 

significant̂ ^ ’̂̂ ^̂ .

There is no prospective evidence for an association between sICAM-1 and CHD in a 

large population of type 1 diabetic subjects. In type 2 diabetes, the Hoom study 

investigators reported a significantly higher sICAM-1 level compared to non

diabetic controls and a positive relationship between sICAM-1 and CHD, although 

this was not statistically significant due to small numbers^^^. Another small 

prospective study of 28 diabetic patients (combination of type 1 and type 2  diabetes) 

did find a significant association between sICAM-1 and macrovascular disease, 

independent of age, sex and glycated heamoglobin^’̂ .

In the EDC study, there was a significant univariate relationship between raised 

sic AM-1 and subsequent CHD. Further adjustments for other risk factors, increased 

the standardized odds ratios to 1 .8 , but due to small numbers, this was not 

statistically significant.

In conclusion, there was a positive relationship between sICAM-1 and incident CHD 

in type 1 diabetes, high odds ratios were shown, but not statistically significant after 

adjustments for established risk factors. This was examined for the first time in type 

1 diabetic patients and more studies are needed to elaborate this finding.

11.3.6.3 sE-selectin

A previous meta-analysis of 2 prospective studies in the general population found 

that increased sE-selectin concentrations were associated with the development of 

CHD, although not statistically significant^^^.

Increased levels of sE-selectin have been shown in many previous studies of type 2 

and type 1 diabetic patients compared to non-diabetic controls^^ '̂^ '̂ ’̂̂ ’̂, but there are 

no studies linking increased sE-selectin concentration to the development of CHD.
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Both the EURODIAB PCS and the EDC study showed that sE-selectin is a risk 

factor for CHD, although not statistically significant in multivariate models in the 

EDC study. The association between sE-selectin and CHD was partly explained by 

glycated haemoglobin in EURODIAB PCS, which was highly correlated with sE- 

selectin. This high correlation with glycated haemoglobin has also been shown in 

previous studies^^^’̂ ^̂ . Furthermore, reductions in sE-selectin levels have been 

shown by improvements in glycaemic control in some studies^^’. A possible 

mechanism could be that sE-selectin is raised with poor glycaemic control in type 1 

diabetic subjects, which may affect endothelial cell activity and subsequently the 

development of coronary heart disease.

In summary, there was a positive relationship between sE-selectin and CHD, cross- 

sectionally and prospectively, although not significant in the EDC study due to small 

numbers. More studies are needed to explore the role of sE-selectin in the 

development of CHD in diabetic and in non-diabetic populations.

11.3.7 Fibrinogen and CHD

Several prospective studies, including 3 meta-analyses^"^^’̂ ^̂ ’̂ ^̂ , in the general 

population have found that fibrinogen predicts CHD in subjects with and without 

prior vascular disease, with risk ratio’s as high as 2. Elevated fibrinogen 

concentrations have repeatedly been demonstrated in diabetic patients compared to 

non-diabetic controls^^^’̂ "̂̂ '̂ ^̂ . The relationship between fibrinogen and CVD has 

been explored in cross-sectional^^^ and prospective studies in diabetic patients^^’̂ ^̂ , 

but further risk factor adjustments seemed to diminish the findings.

Similarly, in EURODIAB PCS and the EDC study, fibrinogen was univariately and 

after age and duration adjustment associated with incident CHD, however further 

adjustment for other covariâtes reduced these associations to non-significant p- 

values. In both studies, standardized hazard ratios of 1.17 were found.

A previous cross-sectional analysis of the EURODIAB PCS also did not report a 

significant association between fibrinogen and CVD^^ .̂ Contradictory findings were 

reported so far about the relationship between fibrinogen and CHD in previous
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publications of the EDC study, which showed that fibrinogen was independently 

related to CHD after 4 years of fbllow-up^^, but not at 6  years of follow-up"^ .̂ This 

discrepancy is possibly due to adjustment for WBC, which was not included in the 

4-year publication '̂^, but was included in the 6 -year publication'^^. WBC is highly 

correlated with fibrinogen (r=0.28). Simultaneous inclusion of WBC and fibrinogen 

in the statistical models in the 6 -year publication, led to a more significant 

association with CHD for WBC than fibrinogen.

In conclusion, there was no significant independent relationship between fibrinogen 

and CHD in type 1 diabetic patients in both prospective cohort designs. Further 

study is needed to elucidate this finding.

11.3.8 Von Willebrand Factor and CHD

In general population studies, increased concentrations of vWF have not been shown 

to be independently related to CHD in patients without any prior CHD'^^’"'̂ '̂̂ . In 

contrast, in patients with prior CHD, vWF is related to recurrent CHD and 

mortality'̂ ^̂ "'̂ ^̂ . Raised levels of vWF have been documented in type 2 and type 1 

diabetic patients compared to non-diabetic controls^^^’̂ ^̂ ’̂ ^̂ .

The positive relationship between vWF and CHD in type 2 diabetic patients has 

been consistently found in several studies^^’̂ '̂̂ ’'̂ '̂ .

In EURODIAB PCS prospective analyses, there was no significant relationship 

between vWF and CHD, not even in univariate analyses. Both the Hoom Study and 

EURODIAB PCS expressed vWF in similar units (U/mL) and it has to be noted that 

the concentration of vWF was quite low in the EURODIAB PCŜ "̂̂ . All other 

studies in type and type 1 diabetes^^^’̂ ’̂ , used enzyme-linked

immunosorbent assay technique (ELISA) to measure vWF, but expressed it in terms 

of percentage activity, which makes it difficult to compare actual concentrations 

with the EURODIAB PCS. Two cross-sectional studies in type 1 diabetic patients 

which have been published did not assess the relationship between vWF and
C h d 292;518^
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The predictive value of vWF may perhaps become more important in later stages 

when people are older and already have vascular disease. This would be supported 

by studies where vWF has predicted reinfarction and mortality in patients with prior
C h d 405-407^

In conclusion, there was no significant relationship between vWF and CHD in the 

large prospective sample of the EURODIAB PCS. There are no other studies in type 

1 diabetes so far, which have examined the relationship between vWF and CHD and 

the lack of any association in this study needs to be explored further.

11.3.9 Homocysteine and CHD

Conflicting findings have been reported in the general population regarding the 

relationship between homocysteine and CHD, with some studies finding positive 

420;423-427̂  while others reported negative results"̂ ^̂ ^̂ .̂ The reasons for these 

conflicting findings are not clear. Inconsistencies have been reported as to whether 

homocysteine concentrations are raised in diabetic patients compared to non-diabetic 

controls or not, some studies have found raised levels'^^^^^ ’̂'̂ ^̂ , or decreased 

levels"̂ ^̂ ’"̂ ^̂ , or no difference'^^^’"*'*̂'̂ '̂ '̂ .

Consistent findings have been reported in type 2 diabetic patients regarding a 

positive relationship between homocysteine and CHD, from mainly cross-sectional 

studies'̂ '^ ’̂"̂'̂ '̂ ’'̂ ^̂ ’'̂ '̂  ̂and one prospective study^^ .̂

There are only cross-sectional studies in type 1 diabetic patients which have 

examined the relationship between homocysteine and CHD. One study of 71 type 1 

diabetic patients did not show an independent relationship between homocysteine 

and macroangiopathy, which included CHD and peripheral vascular di sease^In 

contrast, a larger cross-sectional study of 273 Danish normotensive type 1 diabetic 

patients with normal renal function (defined as glomerular filtration rate > 75 

mL/min) showed a positive independent association between homocysteine and 

CHD^^°.

In both EURODIAB PCS and the EDC study, increased homocysteine 

concentrations were found in those with CHD compared to those without, although
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not statistically significant in univariate analysis of the EDC study, nor after age 

adjustment in EURODIAB PCS. Possible reasons for a lack of a significant 

association in EURODIAB PCS and EDC compared to the positive findings in the 

larger Danish study^^  ̂ might be the smaller numbers, the difference in assay 

methods (immunoassay in EURODIAB PCS, but high-performance liquid 

chromatography in EDC), the sample selection, and the reliability of the 

measurements in the EDC study, with many missing values.

In none of these studies, there was data on intake and serum levels of folate, vitamin 

Bi2 and vitamin Be, which influence homocysteine concentrations and need to be 

taken into account.

In conclusion, there was no significant relationship between homocysteine and CHD 

in both the EURODIAB PCS and EDC study, although the latter study had lots of 

missing values in the data. There are contradicting findings in the general population 

and in diabetic patients regarding a relationship between homocysteine and CHD.

11.3.10 Possible pathways linking inflammation to CHD

Acute phase proteins such as sialic acid, adhesion molecules (sVCAM-1, sICAM-1 

and sE-selectin), cytokines (IL-6 , TNF-a, urinary TGF-P /creatinine), and more 

general markers of illness such as white blood cell count and serum albumin were 

important predictors of CHD, both in EURODIAB PCS and in EDC. Thus, the 

current data support the hypothesis that atherosclerosis is, in part, an inflammatory 

disease^^.

More and more research suggests that that atherosclerosis results from a 

combination of modified lipoproteins (oxidised LDL) and infIammation^^^'^^\ 

Possible pathways which have been suggested are that increased levels of LDL 

modified by advanced glycation endproducts could lead to inflammation and 

subsequently CHD. The modified lipoproteins could play a more important role in 

the prediction of CHD in diabetic patients than in the general population, since a 

greater proportion of LDL is glycated and oxidized in diabetic patientŝ ^̂ '^̂ "̂ .
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A possible pathway might be that these modified lipoproteins, other established risk 

factors and possibly diabetes itself could lead to inflammation, causing raised levels 

of cytokines, which increase secretion of acute phase proteins and adhesion 

molecules, which could cause the atherosclerotic plaque to rupture and subsequent 

development of CHD, but this needs further investigation^^\ In support of this 

theory, diabetes has been suggested to be a cytokine-associated acute-phase 

reaction̂ ^̂ .

There are numerous underlying theories to explain the inflammatory process in 

atherosclerosis^^’̂ ^̂ . During early stages of atherosclerosis, monocytes and T cells 

infiltrate the arterial intima to remove aggregated and oxidized lipoproteins that have 

become trapped in the arterial wall. When this defence mechanism becomes 

challenged over a period of many years and the removal of toxic oxidized 

lipoproteins fail, then the vessel wall will become subject to chronic inflammation, 

leading to vascular injury. During later stages of atherosclerosis the accumulation of 

lipids and increased rate of cell death in the core region of the plaque will lead to 

increased inflammatory activity possibly leading to plaque rupture^^ .̂ There seems 

to be a very complex interaction between lipoprotein lipids, inflammation and 

atherosclerosis which has not been fully elucidated yet.

The cytokine TNF-a was suggested as the possible link between metabolic 

alterations (lipid and glucose) and vascular disease in diabetes^^ .̂ However, other 

studies proposed or TGF-(3 to be important predictors of vascular disease

in diabetic p a t i e n t s ^ A l l  these studies apply more to type 2 diabetes and perhaps 

other pathways are more important in type 1 diabetes.

Analysis of the EURODIAB PCS showed that adjustments for glycated 

haemoglobin and albuminuria weakened the relationships with CHD for many of the 

cytokines and adhesion molecules. There were relatively high correlations between 

glycated haemoglobin, albuminuria and these inflammatory and endothelial markers, 

leading to the idea that these two risk factors could be on the causal pathway leading 

to CHD in type 1 diabetic patients; from hyperglycaemia to albuminuria to 

inflammation to CHD.
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This hypothesis, regarding the pathway leading from type 1 diabetes to CHD, which 

has been generated from these findings, needs further investigation.

11.3.11 Should inflammatory and/or endothelial markers be routinely 

measured in clinical practice

Inflammatory and endothelial markers may play an additional role in the prediction 

of CHD, with established risk factors such as smoking, lipids, blood pressure, 

albuminuria.

Until further studies are available, high costs, limited availability, short plasma half- 

lives, absence of standardisation of measurements, variability, non-specificity and 

independence from related established risk factors argue against the measurement of 

the majority of these markers in clinical practice.

There are many unanswered questions such as are inflammatory markers a sign of 

the disease activity or do they play an active pathophysiological role, is 

inflammation causing atherosclerosis or a result of atherosclerosis, is the process 

acute or chronic or a combination of the two, what is the relationship between 

inflammation and plaque rupture? Further research is needed.

So far, there is only a WHO standardised high-sensitivity assay available for the 

measurement of CRP, which has also been indicated as the most stable inflammatory 

marker. For the measurement of other inflammatory markers there are no 

standardized methods.

Cytokines are more expensive and time consuming to measure and the measurement 

itself is less reliable, and many cytokines circulate at very low concentrations in the 

peripheral blood, so that stimulation of isolated monocytes or of whole blood may be 

necessary to assess their levels. In addition, the half-life of for example TNF-a is so 

short that it is very difficult to detect it in plasma or serum. However, IL- 6  has a 

much longer half-life ( 6  hours).

Similarly for adhesion molecules there are limitations in their usefulness in clinical 

practice. The adhesion molecules sVCAM-1, sICAM-1 and sE-selectin are 

expressed by endothelial cells and seen more as markers of endothelial dysfunction.
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Adhesion molecules are expressed under inflammatory stimulation on the 

endothelial cell surface, they mediate adhesion and activation of circulating cells to 

the endothelium and may be part of the process that initiates or amplifies 

inflammatory events in CHD. However, their clinical role is not yet well defined and 

these measurements may suffer from similar methodological limitations as 

cytokines^^®.

11.3.12 Treatment to reduce inflammatory/endothelial markers

Several drugs, such as aspirin, ACE-inhibitors, statins have been shown to reduce 

levels of inflammatory markers and to prevent the occurrence of cardiovascular 

complications^^^.

Several studies found significant reductions in inflammatory/endothelial markers by 

statin treatment, mainly in The CARE investigators followed 472 post-

MI patients over a 5 years period of follow-up and found mean CRP concentrations 

to be 38% lower in the pravastatin group compared to placebo, independent of LDL- 

cholesterol and other risk factors^^ .̂ More research is needed to establish the 

pleiotropic effects of statins, to examine the effect of statins on other inflammatory 

and endothelial markers, and to study the effect of statins on reducing CHD events 

in specific patient groups, such as diabetic patients.

Three small randomized placebo-controlled trials of antibiotics (oral macrolides 

such as roxithromycin with anti-chlamydial and possibly anti-inflammatory effects) 

in the prevention of CHD events have been published with non-significant 

reductions in CHD events. Currently larger trials are on the way investigating the 

role of anti-infective strategies on CHD events^^ .̂

A recent editorial by Hansson discussed whether we can vaccinate against 

atherosclerosis in the future, based on experiments in susceptible mice vaccinated 

with different autoantigens^^^. There are too many complex issues which are 

unresolved and there is still a long way to go before we can prevent atherosclerosis.
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11.4 Discussion of the role of lipoprotein subclasses in CHD

The third aim of this thesis was to determine whether abnormal lipoprotein subclass 

levels as measured by NMR spectroscopy increase the risk of developing CHD in 

type 1 diabetic patients, independently of established risk factors.

As discussed previously, subjects with the same total cholesterol and total 

triglyceride concentrations are likely to have different underlying subclass 

distributions or compositional changes. Subsequently, lipoprotein subclasses may 

predict CHD better than total lipid concentrations. In the general population, using 

standard laboratory techniques, strong associations were shown with small dense 

LDL and However, differing associations were shown for different

HDL subclasses and CHD̂ "̂̂ '̂ ^̂  and there are not many studies which have 

examined the relationship between VLDL and CHD. Examining lipoprotein 

subclasses could further improve prediction of CHD in the general population, but 

also perhaps in type 1 diabetic patients.

Well-controlled type 1 diabetic patients tend to have relatively normal lipid and 

lipoprotein concentrations. Lipoprotein compositional abnormalities have, however, 

been reported in small cross-sectional studies of type 1 diabetic patients^ 

Ultracentrifugation is the “gold standard” for analysis of plasma lipoproteins, 

however the method is time-consuming and technically difficult. The new NMR 

spectroscopy technique simultaneously assesses lipoprotein subclasses, without 

requiring a separate separation and quantification step. According to the size of the 

lipoprotein particle, calculations are made regarding the average size, number of 

particles and lipid mass of lipoprotein subclasses.

A previous cross-sectional study in type 1 diabetic patients used NMR spectroscopy 

and found differing VLDL, LDL and HDL subclass distributions in type 1 diabetic 

patients compared to non-diabetic cont rol s^Thi s  study did not find strong 

associations between NMR lipoprotein measures and coronary calcification in the 

diabetic patients and did not assess CHD events.

The relationship between NMR spectroscopy measured lipoprotein subclasses and 

incident CHD events was examined in type 1 diabetic patients, for the first time, 

using EDC data. The main conclusion was that NMR spectroscopy measured
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lipoprotein subclasses did improve the prediction of CHD, beyond established risk 

factors. This prospective study suggests that NMR-derived lipoprotein measures, ie. 

total VLDL particle number and large and medium HDL subclasses predict CHD in 

type 1 diabetic patients. It is difficult to make definite conclusions about which 

particular subclasses are independent predictors of CHD, due to multiple testing and 

small p-values, however, from univariate analyses, small, medium and large VLDL, 

small and medium LDL and medium HDL subclasses were significantly positively 

related to CHD, whereas large HDL subclass was significantly inversely related to 

CHD. In summary, mainly triglyceride-related lipoprotein subclasses seem to be 

associated with increased CHD risk in type 1 diabetic patients.

11.4.1 Triglyceride-rich lipoproteins

Several mechanisms have been suggested why triglyceride-rich lipoproteins could 

be more atherogenic in type 1 diabetic patients; the decreased clearance of post

prandial triglyceride-rich lipoprotein particles, compositional changes in TG-rich 

particles (cholesterol enrichment and phospholipids depletion) leading to a lesser 

susceptibility for binding to hepatic receptors, increased cholesteryl ester 

accumulation in macrophages and increased cholesteryl ester transfer between HDL 

particles and TG-rich particles^^^. A recent cross-sectional study showed that an 

increase in cholesteryl ester transfer between HDL particles and triglyceride-rich 

particles was related to calcification and that this could play a role in the elevated 

CHD risk in type I diabetes^^ .̂ The exact mechanism is not clear and due to minute 

changes and numerous interrelationships between lipoprotein subclasses, it is not 

easy to simplify the relationship between triglycerides and CHD.

In the following sections the relationship of the main lipoproteins and CHD will be 

discussed, followed by a section on the NMR method.

11.4.2 Very low-density lipoprotein subclasses

Prior cross-sectional^^^’̂ *̂̂ and prospective^'^ studies in non-diabetic subjects using 

the NMR technique support a relationship between VLDL and CHD. In contrast,
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smaller chylomicron and VLDL “remnant” particles and post-prandial 

hyperlipidemia have classically been viewed as atherogenic^^^'^^\ Although elevated 

levels of triglycerides have been correlated with other atherogenic and 

prothrombotic changes such as increases in small dense LDL and decreases in HDL 

c h o l e s t e r o l t h e  availability of these latter variables in these analyses suggest 

that the total VLDL particles are of primary importance. This is further supported by 

a meta-analysis in the general population which showed that an increase in plasma 

triglycerides was associated with both a 32% increase in cardiovascular risk in men 

and a 76% increase in women, independent of HDL-cholesterol and other risk 

factors

In univariate analysis of the EDC study, all three NMR-derived VLDL subclasses 

were related to CHD, whether levels were expressed as particle or triglyceride mass 

concentrations. Enzymatically measured triglyceride was also an important 

univariate predictor. In multivariate analysis, total VLDL particle number was an 

independent predictor of CHD. These findings are consistent with the current 

literature in the general population.

11.4.3 Low-density lipoprotein subclasses

Small LDL has been shown to be associated with up to a threefold increased risk of 

CHD in the general p o p u l a t i o n I n  addition to this, studies using the NMR 

spectroscopy technique, confirmed significant associations with LDL size and/or 

particle numbers in non-diabetic subjects^^^’̂ ^̂ . Further adjustment for triglycerides 

and/or HDL-cholesterol greatly reduced the relation of LDL particles and CHD in 

most^^^"^ \̂ but not in all studies^*^’̂ *̂ .

In type 1 diabetic patients, the EDC (8 -years follow-up) study has shown previously 

that small dense LDL (measured by ultracentrifugation) was associated with CHD, 

but only of borderline significance and statistically explained by triglycerides^^'.

In the 9-year follow-up analyses of the EDC study, total LDL-cholesterol 

concentrations, calculated by Friedewald or estimated by NMR, were borderline 

significantly associated with CHD. However, LDL particle concentrations measured
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by NMR or estimated by apolipoprotein B levels were strongly related to CHD. In 

addition to this, small and medium LDL subfractions were associated with CHD, 

although not independently of enzymatically measured triglycerides and established 

risk factors. Since small LDL particles contain considerably less cholesterol than 

larger LDL, they make a relatively smaller contribution to total LDL-cholesterol 

mass than they do to the total LDL particle number. Thus, total LDL particle 

concentration shows a stronger univariate disease association than does LDL- 

cholesterol mass. A probable reason for the failure of small LDL and total LDL 

particle number to predict CHD independently in multivariate analyses is the high 

correlation of these variables with other lipids and lipoproteins, making it difficult to 

assess independence.

11.4.4 High-density lipoprotein subclasses

HDL has been proposed to protect against the development of cardiovascular disease 

by facilitating transport of cholesterol from peripheral cells to the liver by reverse 

cholesterol transport^^. For HDL subclasses, there is some confusion in the literature 

as to the nature and relative importance of different subclasses in terms of their 

effect on cardiovascular disease. Some studies, using NMR spectroscopy or standard 

methods, observed a “protective” effect for large HDL sub fractions (HDLib)̂ "̂̂ ’̂ '̂  

while others focused on an increased risk of CVD for subjects with higher levels of 

small HDL particles (HDLjb and 3 y “ “̂ 9;2i2

The current study extends the knowledge concerning the roles of subffactions in 

TID and suggests the well-known protective effect on CHD is a result of large HDL 

particles, while an increased CHD risk exists for more medium HDL, which, unlike 

the protective effect of the other HDL subclasses, was independent of other risk 

factors including triglycerides. Another cross-sectional study, dividing three LpA-I 

subclasses by gradient gel electrophoresis reported similar findings in 

normotriglyceridemic and hypertriglyceridemic CHD patients.^^^ Inverse 

associations were found with CHD for the large subclass and positive associations 

for the intermediate subclass^^ .̂ Further study is needed to determine the
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mechanistic role of medium HDL (if any) in terms of cholesterol efflux. The solitary 

positive association between medium HDL and triglycerides suggests it may reflect 

disordered VLDL catabolism.

There are a number of important clinical inferences from these data. These include 

recognition that as HDL-cholesterol levels generally are higher in TID, it would, 

given the current results, be unwise to attribute any benefit, thereby, as some of the 

increase may reflect the possibly atherogenic medium HDL subclass.

11.4.5 Intermediate-density lipoprotein

There are not many studies which have examined the relationship between 

intermediate-density lipoprotein and CHD. Some studies in non-diabetic subjects 

found that IDL (measured by ultracentrifugation) played an important role in the 

progression of CHD^^^’̂ ^̂ .

A previous study, using NMR spectroscopy, in type 1 diabetic patients did not 

confirm a significant relationship between IDL and coronary calcification^*^. 

Analyses of EDC data showed that while IDL did not enter the final multivariate 

models, the increased proportion of detectable IDL in those with CHD does suggest 

that IDL may play a role, albeit small, in the development of CHD in type 1 diabetic 

patients. It has to be noted that the IDL levels were very low in the EDC study.

11.4.6 NMR method

It was shown that NMR spectroscopy measurement of lipoprotein subclasses was 

useful in improving the prediction of CHD risk in type I diabetic patients.

However, I would not advice at this stage to use NMR spectroscopy to measure 

lipoprotein subclasses routinely in clinical settings. There are many issues using this 

method which need to be resolved. The method has not been validated sufficiently, 

especially not for VLDL. A causal relationship has not been established between 

lipoprotein subclasses and CHD in type 1 diabetic patients. Skewed distributions of 

the NMR measures as well as high correlations between the different subclasses 

make statistical modelling difficult and therefore conclusions about which measures
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are more predictive of CHD have to be drawn from these results with caution. 

However, similar issues play a role in the separation of standard measured HDL- 

cholesterol from triglycerides in the prediction of CHD.

An important issue is whether NMR measured subclasses should be reported in lipid 

mass units or in particle concentration. By comparing the models (Table 9.8) it was 

shown that particle number data seemed more predictive of CHD then lipid mass 

data. Clinicians find it easier to think in terms of cholesterol and triglycerides, and 

that is the reason why NMR data has been presented also in terms of cholesterol and 

triglycerides mass. Lipid mass data has been derived by adding an extra conversion 

step compared to the use of particle number data.

These data also suggest that use of individual lipoprotein subclass levels are more 

useful than overall mean particle sizes. Indeed, mean particle sizes, which are a 

summary measure rather than subclass measure, did not improve the prediction of 

CHD compared to standard measured lipids and conventional risk factors. Mean 

particle size is a summary measure of subclass concentration and one always would 

expect the actual subclass levels to predict better then a summary measure.

A potential limitation of the NMR spectroscopy method is that the conversion 

factors were used to convert subclass signal amplitudes to units of concentration 

(Cholesterol or Triglyceride mass) are not revealed publicly for commercial reasons. 

Furthermore, the conversion from “particle” mass to “lipid” mass has been derived 

from non-diabetic subjects and is not based on diabetic populations.

The findings in the EDC study that total VLDL particle number and VLDL lipid 

mass were correlated by 0.73, and total HDL particle number and HDL lipid mass 

by 0.67, and not closer to 1, is surprising and raises doubt on the use of “lipid mass” 

data (converted from particle number data). A possible reason for the discrepancy 

between particle number and lipid mass data could be due the wide range of 

diameters (size of particles) for VLDL and HDL in particular. The conversion 

factors used are based on constant proportionalities between particle number and 

lipid mass. In the case of wide ranges in diameters, there may not be direct 

proportionality between particle number and lipid mass data because relatively few
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large subclass particles carry the same lipid mass compared to a larger proportion of 

the smaller subclass particles.

This discrepancy was not found for total LDL particle number and LDL lipid mass 

(r=0,94) and particle number data and average size of the particles were not affected 

by these conversions.

11.4.7 Treatment to reduce lipoprotein subclass concentrations

In many studies of non-diabetic subjects (Appendix 5), reductions (although not all 

statistically significant) in small or large LDL subclasses were found by treatment 

with statins. More recently, similar findings were reported in a study using NMR 

spectroscopy^^^. Other studies reported an increase in large HDL with little changes 

in small HDL by statin treatment. All of these studies were small, mostly 

comparative dose studies and lacked a placebo-group (Appendix 5̂ .

In type 2 diabetic patients with a history of myocardial infarction, treatment with 

atorvastatin therapy significantly reduced NMR spectroscopy-measured lipoproteins, 

with reductions in VLDL subclasses, medium and large LDL and increases in large 

HDL subclasses {Soedamah-Muthu, Colhoun et al in press 2002).

Whether statin or perhaps fibrate therapy will have a beneficial impact on NMR- 

measured lipoproteins in type 1 diabetic patients remains to be established.
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11.5 Strengths of EURODIAB PCS and the EDC study

• Epidemiology in general is a useful tool to examine associations between 

risk factors and CHD, but no definitive conclusions can be made regarding 

patho-physiological pathways, for which experimental studies are more 

appropriate.

• Major strengths of the study are the large numbers of type 1 diabetic patients, 

which resulted in better risk factor estimates than previously obtained in type 

1 diabetic populations.

• Mostly prospective designs were analysed, with long follow-up periods, 7 

years in EURODIAB PCS and 9 years in EDC, with relatively few drop-outs, 

which resulted in larger numbers of CHD events and more power.

• Careful statistical modelling was carried out, using various strategies 

(univariate, adjustment for age and duration of diabetes, forward, backward 

and simultaneous modelling) resulting in a similar set of risk factors being 

associated with CHD.

• A wide variety of established risk factors and inflammatory/endothelial 

markers and NMR lipoprotein subclasses were measured.

• Standard laboratory methods were used with relatively low coefficients of 

variation.

• The major aims of the study were tested in several study designs 

(prospective, nested-case control, cross-sectional), and results were 

confirmed across these designs, increasing the reliability of the findings.

• Good internal validity:

o Both studies used standardised and widely accepted methods to 

measure risk factors and complications, 

o Most measurements were performed in duplicate, 

o The selection of the source population from hospital based settings is 

valid, since population-based sampling frames from which type 1 

diabetic patients can be identified are rare.
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o The role of potential biases (selection-bias, information-bias and 

confounding bias) is small.

Confounding-bias: Many confounders could have diluted the strong 

associations between risk factors and CHD found in univariate 

analysis. Although not all possible confounders (such as diet, socio

economic factors, physical activity) were measured, the most 

important confounders (from different groups of risk factors) were 

taken into account.

There is a possibility that some selection-bias may have taken place 

since the comparison of those included and those lost-to-follow-up, 

showed that the drop-outs had a slightly more atherogenic risk factor 

profile than those included in both studies. Subsets of the cohorts 

were chosen to measure specific risk factors 

(inflammatory/endothelial markers, lipoproteins) on the basis of 

complications. The selection of controls, however, was done 

randomly in the EURODIAB PCS and matched (for age, sex, 

duration of diabetes) in the EDC study, thus reducing this potential 

bias.

Information-bias may be present, for example, for those variables 

which were ascertained from a questionnaire, such as smoking, 

duration of diabetes, and the CHD events.

The risk factor analyses in both studies were adjusted for drug treatments, 

such as insulin dose, BP-lowering and lipid-lowering drugs, and none of 

these factors altered the results significantly.

The EURODIAB PCS is a multi-centre study. The multi-centre character of 

this study could have led to different results in the various countries. There 

are 2 issues here, confounding and/or effect modification by centre. There 

was no confounding by centre, because adjustment for centre in the main 

analysis did not alter the results. It was not possible to stratify the analyses 

by centre, due to the limited number of subjects per centre and any possible 

effect modification by centre could not be assessed.
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• Blood samples were obtained at a uniform time of day (after overnight 

fasting), avoiding any diurnal variation in inflammatory/endothelial markers 

that might exist, for example the increase in inflammatory markers caused by 

hormone levels (glucocorticoids and catecholamines)

• Not many missing values in the data, especially, in the EDC study. 

Established risk factors and CHD events were assessed biennially in the EDC 

study with very few missing values.

• The data on risk factors (units and levels) corresponded with previous studies 

in type 1 diabetic patients and were within general population reference 

ranges, with no extreme outlying values.

11.6 Limitations of EURODIAB PCS and the EDC study

• The EURODIAB PCS and EDC study are both clinic-based studies and not 

population-based and there is, therefore, a lack of generalisability (external 

validity) to the general population. Clinic attenders may have more 

complications than the general population from which these were drawn. 

However the relationship between exposure and outcome is unlikely to be 

different in the clinic from that in the general population. Furthermore, the 

EDC study investigators published a validation study in which they found 

that the type 1 diabetic population did not differ from the general population 

(Allegheny County)"̂ ^̂ . Selection-bias is, therefore, not thought to play a 

major role.

• There was no non-diabetic control group to compare the role of risk factors 

directly with the type 1 populations. There has not been any publication so 

far of a large type 1 diabetic population compared with a non-diabetic control 

group.

• The differences between the two studies, different populations in different 

countries, made combined analysis very difficult.

• The samples taken for measurement of inflammatory/endothelial markers in 

both studies were selected on the basis of complication status and sample
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availability (frozen samples, sufficient volume, storage conditions), possibly 

leading to selection-bias, although this type of nested case-control design is 

conventional.

Hypotheses relating to inflammatory/endothelial markers and lipoprotein 

subclasses were not predefined when the studies were initially designed. 

Regression dilution bias could have played a role in both studies, when risk 

factors were only measured once and no repeated measurements were carried 

out. For example, albumin excretion rate was measured once at baseline in 

EURODIAB PCS.

The relationship between inflammatory or endothelial markers and CHD is 

limited by general non-specificity of inflammatory markers. As a result, there 

is a limited diagnostic value of inflammatory and endothelial markers. 

Inflammatory\endothelial markers are elevated in several autoimmune 

disorders, including arthritis, psoriasis, inflammatory bowel disease, 

glomerulonephritis. Therefore, a case-control design, selecting only CHD, 

may not be the best design to study the effects of these markers on disease 

outcomes.

Incomplete adjustment for some cardiovascular risk factors might have 

resulted in residual confounding.

Multiple testing could have led to finding more significant results than there 

actually are. The problem of multiple comparisons has been dealt with 

throughout the study, by describing the statistical tests which were used and 

assuring that the p-values are interpreted carefully.

Survival-bias played a role in both studies, as in many epidemiological 

studies. For example, in the cross-sectional analysis of the EURODIAB PCS 

no patients were selected with fatal CHD because only measurements could 

be taken of patients who were alive.

A general limitation is that many other risk factors, such as other 

inflammatory and endothelial markers, P-selectin (platelets), IL-10 (anti

inflammatory) and IE-18 (pro-inflammatory), advanced glycation
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endproducts (pentosidine), oxidised lipoproteins (oxidised LDL), acting on 

different pathways leading to CHD, were not examined in the models.

11.6.1 Further limitations of EURODIAB PCS

• There was a 7-year gap between the baseline and follow-up assessments in 

EURODIAB PCS, making the assessment of first CHD event during follow- 

up difficult. The data on CHD events was collected from questionnaires, 

morbidity and mortality forms in a retrospective manner and assumptions 

had to be made regarding the date of events and the order of the events. This 

could partly explain the flattening of the survival curves in the EURODIAB 

PCS after 4 years of follow-up (50% of survival time was based on midpoint 

taken for Minnesota coded ECG’s).

• There was a major drop-out bias (921 subjects dropped out from the study). 

These subjects which were lost-to-follow-up had generally a more 

atherogenic risk factor profile.

• Although a central laboratory was used for all centres in EURODIAB PCS 

for the main lipids, different laboratories were used for specific NMR 

spectroscopy measurements, inflammatory markers and apolipoproteins, 

sometimes in different locations at baseline and follow-up. Transport of the 

samples to different laboratories could have led to problems in sample 

measurements.

• The apolipoproteins were measured on a selected subset in the EURODIAB 

PCS, which could have led to selection-bias.

• The cross-sectional character of the examination of inflammatory markers in 

relation to CHD in EURODIAB PCS limited the ability to assess temporal 

relationships and cause and effect. CHD might have caused raised 

inflammatory marker levels (reverse causation).

• Despite storage at -80°C, the possibility of protein degradation cannot be 

excluded, however the distribution of the inflammatory\endothelial markers 

was quite similar to studies which used fresh blood samples. If such an effect
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was present, it would not affect the validity of the results, because both cases 

and controls were handled identically/^^

11.6.2 Further limitations of the EDC study

• Inflammatory/endothelial markers were measured 4-6 years before CHD 

developed in EDC and not at one time-point, possibly leading to variation in 

concentrations over time. In addition to this, there were many missing values 

in the data, reducing the power to detect significant associations

• The samples taken to measure NMR lipoprotein subclasses in the EDC study 

were selected on the basis of complication status and measured in a small 

subset.

• A single blood sample was taken to measure inflammatory/endothelial 

markers, which cannot take into account any variation in the markers that 

may occur over time.

• Highly inter-correlated NMR spectroscopy measured lipoproteins make 

statistical modelling difficult.

• Freezing conditions could have affected NMR-spectroscopy measured 

particles.

• Discrepancies found in particle number and mass data raises doubt on the use 

of the conversion factors.

• The NMR method is not fully validated and compared with conventional 

methods, especially not for VLDL.
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11.7 Conclusions

All three aims and objectives have been addressed in this thesis regarding 

relationships between established risk factors (aim 1), inflammatory and endothelial 

markers (aim 2) and lipoprotein subclasses (aim 3) and CHD in type 1 diabetic 

patients, using the largest studies, the EURODIAB PCS and the EDC study.

Several risk factors, already established in the general population and in type 2 

diabetic populations were found to be predictive of CHD in type 1 diabetic patients. 

Similar risk factors were found in EURODIAB PCS and in the EDC study and 

similar hazard ratios were estimated. Age or duration of diabetes, smoking (current 

smoking and ever smoking), blood pressure (diastolic, systolic BP or hypertension) 

and lipids and lipoproteins (fasting TG, HDL-cholesterol or non-HDL-cholesterol, 

apoB) were all independently related to CHD in both studies. Furthermore, WHR 

and albuminuria were independently related to CHD in the EURODIAB PCS only. 

Across several study designs, inflammatory and endothelial markers were 

established as important predictors of CHD. Adhesion molecules, sVCAM-1, 

sICAM-1 and sE-selectin, cytokines TNF-a, IL-6 and (urinary)TGF-(31/creatinine, 

WBC, serum albumin and sialic acid, being the most important. The importance in 

atherosclerosis of cytokines and adhesion molecules, which are closely related, has 

been further supported in this study. However, none of inflammatory markers have 

been proven to be causal factors. Possible new pathways in the development of 

CHD, including relationships between inflammatory/endothelial markers and 

hyperglycaemia and albuminuria, have been suggested.

For the first time, a wide range of lipoprotein subclasses (measured by NMR 

spectroscopy) were investigated in relation to incident CHD in type 1 diabetic 

patients. The main conclusion was that NMR spectroscopy measured lipoprotein 

subclasses did improve the prediction of CHD, beyond established risk factors, 

especially triglyceride-related lipoprotein subclasses. This prospective study 

suggests that NMR-derived lipoprotein measures, ie. total VLDL particle number 

and large and medium HDL subclasses predict CHD in type 1 diabetic patients. It is 

difficult to make definite conclusions about which particular subclasses are
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independent predictors of CHD, due to multiple testing and small p-values, however, 

from univariate analyses, small, medium and large VLDL, small and medium LDL 

and medium HDL subclasses were significantly positively related to CHD, whereas 

large HDL subclass was significantly inversely related to CHD.

In conclusion, established risk factors (as in the general population and in type 2 

diabetic patients) are important in the development of CHD in type 1 diabetic 

populations, however, newer risk factors, such as inflammatory and endothelial 

markers and lipoprotein subclasses could play an additional role in the prediction of 

CHD, but need to be examined further in prospective designs.

11.8 Further research planned

Initial papers which have been planned to be written from this thesis:

The role of established risk factors in the prediction of CHD in EURODIAB 

PCS.

A combination paper on the prospective associations between established 

risk factors and CHD in EDC and EURODIAB PCS.

The relationship between adhesion molecules and micro-and macrovascular 

complications in EURODIAB PCS.

The relationship between homocysteine and micro-and macrovascular 

complications in EURODIAB PCS.

11.9 Implications for future research

• Further prospective study is needed in the role of established risk factors for 

CHD in type 1 diabetic patients, directly compared with a non-diabetic 

control group.

• Further study is needed into risk factor prediction models specifically for 

type 1 diabetic patients.
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Further study is needed in type 1 diabetic patients to improve guidelines. 

Target levels and intervention thresholds need to be defined more precisely 

in type 1 diabetic patients.

Since the measurements of inflammatory/endothelial markers and the 

lipoprotein subclasses were carried out in nested case-control and cross- 

sectional analyses, further prospective studies are needed to examine these 

associations further. Cross-sectional and nested case-control studies are 

cheaper than prospective studies and useful to study associations between the 

exposures and outcome. The idea to measure these markers and lipoprotein 

subclasses was not present right at the setup of the studies and these designs 

were therefore constrained within the original studies.

Further analyses, also need to be done, to examine the effect of therapies on 

inflammatory/endothelial markers and on lipoprotein subclasses, in order to 

reduce these concentrations and prevent cardiovascular complications. 

Recently, I have written a grant proposal, which was approved for funding to 

analyse the effect of atorvastatin on a wide range of inflammatory and 

endothelial markers in the Collaborative Atorvastatin Diabetes Study.

Further investigation needs to be carried out to characterise the population 

with high levels of inflammatory/endothelial markers. To examine the risk 

factors in those with high and low levels of inflammatory/endothelial 

markers, in order to screen subgroups.

Further validation is needed of the NMR method, comparing this method 

with conventional methods, especially for VLDL.

Further study is advised to examine the relationship between lipoprotein 

subclasses, using the NMR spectroscopy technique, and coronary events. 

Further study is needed to understand pathophysiological mechanisms of 

how inflammation could lead to atherosclerosis.

Further study is needed to explore the role of other inflammatory/endothelial 

markers, modified lipoproteins and advanced glycation endproducts in CHD.
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Table 1. Prospective studies assessing standardised mortality rates in Caucasian type 1 diabetic subjects compared with the general population

A uthor Publ.
year

Study location Fu
(yrs)

D iagnosis o f diabetes N D M Age
(yrs)

N events 
in DM

A ge-adjusted SM Rs (95%  C l)  
M ales Fem ales

Dorman (Dorman et 
al. 1984)

1984 Children’s Hospital o f 
Pittsburgh (CHP), USA

21.2 Insulin therapy, <17 yrs, 
diagnosis o f T ID  made at 
CHP

1966 0-17 15CVD 11.4 15.9

Moss (Moss, Klein, 
& Klein 1991)

1991 WESDR, Wisconsin, 
USA

8 Diagnosed <30 yrs o f age 
and taking insulin

1210 <30 36CH D 9.1 (5.9-13.4) 13.5 (6.7-24.2)

Sartor (Sartor, 
Nystrom, & 
Dahlquist 1991)

1991 Swedish Childhood 
Diabetes Study, 
Sweden

8.5 Pediatric central register 
was used to select newly 
diagnosed TID.
All children with 
suspected diabetes are 
referred, hospitalized and 
treated by paediatric 
clinics

3228 0-14 10 deaths 2 .6 (1 .3 -5 .3 ) 1.8(0.6-5.5)

Jo n er{Jo n er1991 
235)

1991 Norway 9 New-onset T ID  recruited 
from paediatric and 
medical hospital 
departments.

1908 0-14 20 deaths 2 .2 (1 .2 -3 .6 ) 1.9 (0.6-4.3)

Walters (Walters et 
al. 1994)

1994 GPs in England, UK 11 Insulin-treated, WHO 
1980 (relatively old)

241 15-80 31 CHD 1.7(1.2-2.4)^

Swerdlow (Swerdlow 
& Jones 1996)

1996 United Kingdom 26 Aged <40, British 
Diabetes Association 
register

1953 <40 58CH D 2.7 6.5

Warner (Warner et al. 
1998)

1998 Yorkshire Children’s 
Diabetes Register, 
United Kingdom

9 Type 1 diabetes <17 yrs, 
resident in Yorkshire 
Regional Health 
Authority

1854 0-16 15 deaths 
related to 
diabetes or 
vascular 
complicat.

2.5 (1.6-3.6)
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Author Publ.
Y ear

Study location Fu
(yrs)

D iagnosis o f diabetes N D M Age
(yrs)

N  events 
in DM

A ge-adjusted SM Rs (95%  C l) 
M ales Fem ales

Laing (Laing et al. 
1999)

1999 Registers in England, 
Wales, Scotland and 
Northern Ireland, 
United Kingdom

13 Insulin-treated diabetes, 
diagnosed <30 years

23752 1-60 43C V D
(age<30)

1-19 yrs: 3.9(1.8-8.7) 
20-39 yrs: 5.7 (4.1-7.9) 
40-59 yrs: 4.7 (3.9-5.8)

7.0 (3.4-14.8) 
11.3 (8.0-16.0) 
7.8 (5.9-10.4)

Nishimura 
(Nishimura et al. 
2001)

2001 Allegheny County, 
Penssylvania, USA

25 Diagnosed <18 yrs, on 
insulin therapy

1075 11 170 deaths 3.3 (2.6-4.0) 10.4 (8.3-12.8)

M onish (M onish et 
al. 2001)

2001 WHO Multinational 
Study o f Vascular 
Disease in Diabetes

9 Started insulin<lyr o f 
diagnosis

1188 35-54 355 deaths L 0 :1 .9 ( l .1-2.9) 
SW:3.9 (2.5-5.8) 
WS:4.3 (3.2-5.6) 
BL: 6.8 (5.0-9.2) 
ZA: 3.5 (2.1-5.3) 
HK:3.4(1.7-6.3) 
HA:6.9 (4.1-10.8)

3.4 (2.1-5.1)
7.4 (4.9-10.8) 
7.0 (4.9-9.6) 
6.6 (4.4-9.5) 
3.4(1.1-7.8)
6.4 (2.8-12.6) 
7.9 (3.8-14.5)

Wibell (Wibell et al. 
2001)

2001 Diabetes Incidence 
Study (DISS), Sweden

5 WHO 1985, symptomatic 
diabetes and need for 
insulin therapy

3009 15-34 26 deaths 2.1 (1.3-3.1) 1.5 (0.7-3.6)

* Not age-adjusted Multivariate adjusted risk
FPG: Fasting Plasma Glucose, BG: Blood glucose, RR: relative risk compared to non-diabetic subjects, T2D: Type 2 Diabetes, CHD 
up, Publ: publication, N: number, DM: diabetic patients, non-DM: non-diabetic subjects. Cl: Confidence interval, info: information, 
WS: Warsaw, BL:Berlin, ZA:Zagreb, HK:Hong Kong, HA:Havana

: Coronary Heart Disease, Fu: Follow- 
LO: London, SW:Switzerland,
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Table 2. Prospective studies assessing CHD incidence rates in Caucasian type 2 diabetic subjects directly compared with non-diabetic subjects

Author Publ.
year

Study location Fu
(yrs)

D iagnosis o f diabetes N DM /non- 
DM

Age
(yrs)

N C H D  
D M / non- 
DM

A ge-adjusted R R  o f CHD  
(95%  C l)
M ales Fem ales

Kannel (Kannel & 
McGee 1979b) 
(Kannel & McGee 
1979a)

1979 Framingham, USA 20 Casual BG>150 mg/dl on 
2 occasions, history, 
medication

239/4970 30-62 957 1.7^ 2.C

Barrett-Connor 
(Barrett-Connor EL 
et al. 1991)

1991 Rancho Bernardo 
Study, USA

14 FPG ̂ .8  mmoFl, history 334/2117 40-79 55/149 1.9(1.3-2.8)^ 3.3(2.0-5.6)^

Manson (Manson et 
al. 1991)

1991 Nurses Health Study, 
USA

8 Self-report, medical 
records from random 
sample, FPG ̂ .8  mmol/1, 
questionnaire info about 
drugs

1483/114694 30-55 68/381 6.7 (5.3-8.4)

Seeman (Seeman et 
al. 1993)

1993 New Haven, USA 6 Self-report, medical 
records from hospitalised 
patients

386/2382 >65 47/180 1.6 (0.7-3.5)^ 4.5 (1.9-10.8)^

Stamler (Stamler et 
al. 1993)

1993 MRFIT, USA 12 Self-report, medication 5163/342815 35-57 469/6681 3.2 (2.9-3.5)+
■

Kannel (Kannel & 
Wilson 1995)

1995 Framingham, USA 36 Casual BG>150 mg/dl on 
2 occasions, history, 
medication

239/4970 30-62 1496 1.5^ 3.7+

Simons (Simons et 
al. 1995; Simons et 
al. 1996)

1995,
1996

Dubbo study, 
Australia

5 History, medication, 
FPG ̂ .8  mmol/1

207/2419 60-80 70/353 1.7(1.1-2.5)^ 1.5 (0.99-2.4)+
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Author Publ.
year

Study location Fu
(yrs)

D iagnosis o f diabetes N DM /non- 
DM

Age
(yrs)

N C H D  
D M / non- 
DM

Age-adjusted R R  o f CHD  
(95%  C l)
M ales Fem ales

Folsom (Folsom et 
al. 1997)

1997 Atherosclerosis Risk 
in Communities 
study, USA

4-7 FPG ̂ .8  mmol/1, 
nonfasting glucose 
^ 1.1 mmoFl, history, 
medication

6185/7261 45-64 76/229 1.8 ( 1.2-2 .6)+ 2.0(1.2-3.4)+

Tunstall-Pedoe 
(Tunstall-Pedoe et 
al. 1997)

1997 Scottish Heart Health 
Study

7.6 GP practice and 
questionaire based

186/11443 40-59 787 1.3 (0.7-2.5) 2.9(1.4-5.9)

Haffner (Haffner et 
al. 1998)

1998 Finnish Social 
Insurance Institution, 
Finland

7 Drug reimbursement, 
WHO 1985

1059/1373 45-64 180/46 1.2 (0.6-2.4)+

Gu (Ou, Cowie, & 
Harris 1998)

1998 NHANES I 22 Medical history, 
interview

725/13646 25-74 153/1020 3.3 3.1

Jousilahti (Jousilahti 
et al. 1999)

1999 East and West 
Finland

10 Self-reported, 
questionnaire, drug 
reimbursements

14786 25-64 729 2.0 ( 1.5-2.6)+ 2.3(1.6-3.4)+

Hu (Hu et al. 2000) 2001 Nurses Health Study, 
USA

20 Self-report, medical 
records from random 
sample, FPG ^ .8  mmol/1, 
questionnaire info about 
drugs

3705/109231 30-55 161/1001 7.5 (6.3-8.9)+

* Not age-adjusted 
FPG: Fasting Plasma 
up, Publ. : publication,

Multivariate adjusted risk
Glucose, BG: Blood glucose, RR: relative risk compared to non-diabetic subjects, T2D: Type 2 Diabetes, CHD: Coronary Heart Disease, Fu: Follow- 
N: number, DM: diabetic patients, non-DM: non-diabetic subjects. Cl: Confidence interval, info: information
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Table 3. Cross-sectional studies examining risk factors for CHD (or if not available CVD) in Caucasian type 1 diabetic subjects

Author Publ.
year

Study
location

Diagnosis o f diabetes N D M /
CHD
events

Age
(yrs)

Significant risk  
factors for CHD

Adjusted for Com m ents

Maser (Maser et 
al. 1991)

1991 EDC,
Pittsburgh,
USA

Aged<17 yrs and on insulin 
therapy at discharge, seen 
within 1 yr o f diagnosis at 
Children’s hospital in 
Pittsburgh

657/22 
CHD

27.6 Duration of
diabetes,
hypertension

HbAic, WBC, 
smoking, TG, 
TG/apoB ratio, 
gender, 
nephropathy

26 subjects had died from 
CHD before the baseline 
investigations, survival bias. 
Patients with overt 
nephropathy are included

Wmocour 
(Winocour et al. 
1992)

1992 Manchester 
diabetic clinic, 
UK

Non-ketotic stable T ID  
(HbAic<13%), preserved 
renal function, insulin 
treatment within 1 yr of 
diagnosis, C-peptide<0.6 
nmol/1.

90 T ID / 
23 CHD

172
nonDM/ 
40 CHD

17-70 TG, SEP, age, LDL- 
c, daily insulin 
dosage

TG, SEP, age, 
LDL-c, daily 
insulin dosage

This study has a non-diabetic 
control goup, recruited from 
local industry/GP in 
Manchester

Koivisto(Koivisto 
et al. 1996)

1996 EURODIAB
IDDM
Complications 
Study, Europe

Diagnosis o f diabetes 
before age 36, unbroken 
record of insulin treatment, 
diagnosis o f T ID  made at 
least 12 months before 
entry into study

3250/311
CVD

15-60 Age, duration, TG, 
HDL-c,
hypertension, WHR, 
BMI, Micro-and 
macroalbuminuria

Age, duration, 
WHR, LDL-c, 
HDL-c, TG, 
hypertension, 
BMI,
albuminuria

Smoking is not a significant 
risk factor, LDL-c is a risk 
factor in univariate analysis 
only in highest quartile 
(>3.93) in men, H bA lc is not 
a risk factor.

FPG: Fasting Plasma Glucose, 
non-DM: non-diabetic subjects, 
Blood Cell Count,

T2D: Type 2 Diabetes, TID: Type 1 diabetes, CHD: Coronary Heart Disease, Fu: Follow-up, P ubl: publication, N: number, DM: diabetic patients. 
Cl: Confidence interval, info: information, chol:cholesterol, ECG:Electro-cardiogram, SBP.Systolic BP, vWF: von Willebrandfactor, WBC: White
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Table 4. Large prospective studies examining risk factors for CHD (or if not available CVD) in Caucasian type 1 diabetic subjects

A uthor Publ.
year

Study location Fu
(yrs)

Diagnosis of diabetes N DM /
CHD
events

Age
(yrs)

Significant risk  
factors for CHD

A djusted for Com m ents

Krolewski 
(Krolewski et 
al. 1987)

1987 Joslin Clinic,
Massachusetts,
USA

20-40 Insulin treatment 
before or at first visit, 
<21 years o f age. 
Diagnosis o f diabetes 
within 1 yr before first 
visit

292/28 
CHD

<21 Proteinuria,
hypertension

No adjustment Selection-bias due to 
selection o f cohort from a 
clinic. Small number of 
T ID  patients and CHD 
events. Risk factors 
analysis done using a 
case-control approach.

Rossing 
(Rossing et 
al. 1996)

1996 Outpatient 
clinic o f 
“Hvidore 
Hospital”, 
Denmark

10 Age 18-40 at onset o f 
diabetes, duration ̂  
yrs, insulin treated

916/71
CVD

40 Age, smoking, 
microalbuminuria 
, overt
nephropathy,
hypertension

Sex, duration, age, height, 
smoking, social class, 
microalbuminuria, overt 
nephropathy, AER, SBP, 
DBP, hypertension, serum 
creatinine, HbA,c 
retinopathy

When analyses were 
restricted to those without 
nephropathy at baseline; 
age, DBP,
microalbuminuria were 
risk factors

Deckert 
(Deckert et al. 
1996)

1996 Outpatient 
clinic o f “Steno 
Memorial 
Hospital”, 
Denmark

11 Insulin-treated, excl. 
clinical nephropathy, 
if  they took any dmgs 
apart from insulin

259/ 30
vascular
disease

35 AER as most 
important, but 
also age, SBP, 
DBP,
hypertension, 
microalbuminuria 
, chol, sialic acid

Sex, age, duration, insulin 
dose, H bA lc, SBP, DBP, 
hypertension, BMI, 
smoking, AER, 
microalbuminuria, chol, 
HDL-c, sialic acid, vWF

Those with any drugs, 
apart from insulin were 
excluded, those with 
nephropathy were 
excluded. Atherosclerotic 
vascular disease as 
outcome.

Lloyd(Lloyd 
et al. 1996)

1996 EDC,
Pittsburgh,
USA

4 Aged<17 yrs and on 
insulin therapy at 
discharge, seen within 
1 yr o f diagnosis at 
Children’s hospital in 
Pittsburgh

634/34 
CHD

27 Duration, 
hypertension, 
HDL-c, 
fibrinogen, 
smoking, 
nephropathy, 
WHR, flights of 
stairs/day, BDI

Duration, hypertension, 
HDL-c, fibrinogen, 
smoking, nephropathy, 
WHR, flights o f stairs/day, 
BDI, TG, LDL-c

WBC and eODR were not 
included in this study. 
Patients with overt 
nephropathy are included.
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Author Publ.
year

Study location Fu
(yrs)

D iagnosis o f diabetes N D M /
CHD
events

Age
(yrs
)

Significant risk  
factors for CHD

Adjusted for Com m ents

Lehto (Lehto 
et al. 1999)

1999 Finnish Social 
Insurance 
Institution, East 
and West- 
Finland

7 C-peptide <0.20 
nmol/1, history of keto
acidosis, insulin 
treatment within 1 year 
o f diagnosis, age ^ 0  
yrs at diagnosis, excl. 
clinical nephropathy

177/28
CHD

45-
64

Previous history of 
MI, HbAi, duration 
of diabetes

Age, sex, area o f 
residence, previous 
MI, smoking, BMI, 
hypertension, chol, 
TG, HDL-c

Older patients without 
nephropathy but with previous 
MI were included, but analyses 
were repeated after exclusion 
o f these, with similar results. 
No significant findings on 
lipids, smoking, hypertension 
partly explained by excl. o f 
nephropathy

Klein (Klein 
et al. 1999)

1999 WESDR,
Wisconsin,
USA

16 Younger-onset, 
diabetes diagnosed<30 
yrs and taking insulin

996/ 50 
CHD

15 Duration, HbAic, 
DBP, hypertension, 
urinary protein, 
history o f CVD, 
smoking, daily 
dose of insulin

Age, sex No multivariate analyses 
presented, no estimates or p- 
values given. Main aim o f 
paper was the relationship 
between retinopathy and 
mortality

Forrest 
(Forrest et al. 
2000)

2000 EDC,
Pittsburgh,
USA

6 Aged<17 yrs and on 
insulin therapy at 
discharge, seen within 
1 yr o f diagnosis at 
Children’s hospital in 
Pittsburgh

623/57 
CHD

27 Hypertension, 
duration, BDI, 
HDL-c, overt 
nephropathy, 
WBC, non-HDL-c

Sex, duration, 
hypertension, H bA l, 
WHR, WBC, overt 
nephropathy, physical 
activity, BDI, 
smoking, alcohol, 
HDL-c, non-HDL-c

Patients with overt 
nephropathy are included. 
eGDR was not included in 
these analyses

Fuller (Fuller, 
Stevens, & 
Wang 2001)

2001 WHO
Multinational 
Study o f 
Vascular 
Disease

9 Insulin-treated within 1 
yr o f diagnosis

1260/
113
CHD

35-
55

Duration, SBP, 
proteinuria, 
retinopathy, ECG 
abnormalities

Age Patients from 10 different 
centres across the world, with 
diverse ethnic and cultural 
population. Patients with ECG 
abnormalities were included at 
baseline
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Author Publ.
year

Study location Fu
(yrs)

D iagnosis o f diabetes N D M /
CHD
events

Age
(yrs)

Significant risk  
factors for CHD

A djusted for Com m ents

Weis (Weis et 
al. 2001)

2001 Outpatients 
clinic o f 
Portsmouth 
hospitals, UK

14 Insulin-treated 147/ 10 
CHD

32 HDL-c, apoB, 
LDL-c, SBP, 
duration, serum 
creatinine

Age, sex Small sample size, long 
follow-up

FPG: Fasting Plasma Glucose, T2D: Type 2 Diabetes, TID: Type 1 diabetes, CHD: Coronary Heart Disease, Fu: Follow-up, Publ: publication, N: number, DM: diabetic patients, 
non-DM: non-diabetic subjects. Cl: Confidence interval, info: information, chol: cholesterol, ECG: Electro-cardiogram, SBP.Systolic BP, vWF: von Willebrand factor, WBC: White 
Blood Cell Count, BDI: Beck Depression inventor, eGDR: estimated glucose disposal rate
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Table 5. Large prospective studies examining risk factors for CHD in Caucasian type 2 diabetic subjects

Author Publ.
year

Study
location

Fu
(yrs)

D iagnosis o f  
diabetes

N D M /
CHD
events

Age
(yrs)

Significant risk  
factors for CHD

Adjusted for Com m ents

Kannel 
(Kannel 1985) 
(Garcia et al. 
1974)

1974,
1985

Framingham,
USA

16,
20

Casual BG>150 
mg/dl on 2 
occasions, history, 
medication

239/40 30-
62

Semm chol, 
HDL-c, LDL-c, 
TG, SBP, weight, 
smoking

age Small number o f diabetic patients. 
Diagnosis in a unique way (elevated 
casual BG on 2 biennial 
examinations)

Jarrett (Jarrett, 
Keen, & 
McCartney 
1984) (Jarrett 
& Shipley 
1988)

1984,
1988

Whitehall 
Study, UK

10,
15

50g OGTT after 
overnight fast >11 
mmol/1, WHO 1985

56/17 40-
64

SBP Age, 2hrBG, BMI, 
AER, chol, TG, 
heart rate, smoking, 
diet, phenformin, 
family history of 
DM, employment 
grade

Men only, civil servants, small 
number o f diabetic patients, risk 
factor analysis done in IGT patients 
not in DM

Fontbonne 
(Fontbonne et 
al. 1989)

1989 Paris
Prospective 
Study, France

11,
15

WHO 1980, 75g 
OGTT, plasma 
insulin and glucose 
measured

293 42-
53

TG, iliac-to-thigh 
ratio

Age, SBP, insulin, 
glucose, smoking, 
cholesterol, BMI

Men only, civil servants, no 
distinction between type 1 and 2 
diabetes, small numbers

Manson 
(Manson et al. 
1991)

1991 Nurses Health 
Study

8 Self-report, medical 
records from random 
sample, FPG ^ .8  
mmol/1,
questionnaire info 
about drugs

1483/
68

30-
55

Smoking, 
hypertension, 
cholesterol, BMI

age Women only, nurses. Analyses are 
different showing the impact o f 
diabetes on CHD, adjusted for risk 
factors. Self-reported diabetes, 
previous diagnosis o f hypertension 
or high chol. Non-diabetic cohort 
not screened for glucose intolerance, 
2% might have DM. Maturity onset 
diabetes, might include IGT, type 1 
DM

Stamler 
(Stamler et al. 
1993)

1993 MRFIT 12 Self-report, drug 
treatment

5163/
469

35-
57

Chol, SBP, 
smoking

Age, race, income, 
chol, SBP, smoking

M en only, self-reported diabetes, 
excluding diet treated subjects
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Author Publ.
year

Study
location

Fu
(yrs)

Diagnosis o f  
diabetes

N  D M /
CHD
events

Age
(yrs)

Significant risk  
factors for 
CHD

Adjusted for Com m ents

Hanefeld 
(Hanefeld et al. 
1996)

1996 Diabetes
Intervention
Study,
Germany

11 FPG>8.88 mmol/1, if  
FPG 7.21-8.88 then 
SOgOGTT, OGTT 
results>12.21 at 60 
min and >8.32 at 120 
min

1139/
297

30-55 Age, DBP, TG, 
smoking

Age, sex, SBP, DBP, 
TG, postprandial 
glucose, smoking

Patients selected for clinical trial, 
not currently accepted diagnostic 
criteria, intercorrelated variables 
DBP and SBP in model

Simons 
(Simons et al. 
1996)

1996 Dubbo,
Australia

5 History, medication, 
FPG ^ .8  mmol/1

207/70 60-80 Age, prior CHD, 
hypertension, 
HDL-c, self- 
rated health

Age, sex, smoking, 
BMI, family history 
o f CHD, prior CHD, 
SBP, DBP, BP 
medication, chol, 
TG, HDL-c, Lp(a), 
self-rated health, 
disability

Elderly population, patients with 
prior CHD

Lehto (Lehto et 
al. 1997)

1997 East and West 
Finland

7 C-peptide, WHO 
1985, T2D not treated 
with insulin

1059/
256

45-64 TG, LDL-c, 
HDL-c, non- 
HDL-c, FPG, 
prior history o f 
MI

Age, sex, area, 
previous MI, total 
chol, TG, HDL-c, 
FPG, duration of 
diabetes

Hypertension was defined as 160/95 
and not related to CHD in univariate 
analyses, neither was smoking. The 
authors suggested that there 
prevalence o f Hypertension was 
high at baseline (55%). Patients 
were included with previous CHD

Turner (Turner 
et al. 1998)

1998 UK PD S,U K 8 FPG>6 mmol/1 on 2 
occasions, WHO 1985

3055/
335

25-65 Age, sex, LDL- 
c, HDL-c, 
HbA.c, SBP, 
smoking

Age, sex, LDL-c, 
HDL-c, HbAie, SBP, 
smoking

Clinical trial, 28% o f patients were 
excluded for various reasons (CVD, 
nephropathy, retinopathy), SMRs 
during first 5 yrs o f study were 
similar to general population due to 
exclusion o f patients with life- 
threatening diseases
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Author Publ.
year

Study
location

Fu
(yrs)

D iagnosis o f  
diabetes

N D M /
CHD
events

Age
(yrs)

Significant risk  
factors for CHD

A djusted for Com m ents

Klein (Klein et 
al. 1999)

1999 WESDR, 11 
counties in 
Wisconsin, 
USA

16 Older onset, 
diagnosed by a 
doctor as having 
diabetes>30 years of 
age, confirmed by 
random/postprandial 
serum glucose 
levels> 11.1 mmol/1 
or a FPG>7.8 mmol/1 
on 2 occasions

1370/
349

55 Duration o f diabetes, 
HbAlc, SBP, Urine 
protein, history of 
CVD, packyears of 
smoking, diuretic use

Age, sex There was an earlier paper 
(Klein et al. 1989) which 
examined the survival and did 
not analyse CHD incidence.
The more recent paper (Klein, 
Klein, Moss, &
Cruickshanks 1999) listed 
significant risk factors without 
presenting proper risk estimates 
or p-value s.

Saito (Saito et 
al. 2000)

2000 ARIC, USA 6.6 FPG> 7 mmoFl, self- 
reported, current use 
of anti-diabetic 
treatment

1676/
186

45-64 Hypertension, 
smoking chol, HDL-c, 
WHR, HDL3, A poA l, 
ApoB, Albumin, 
Fibrinogen, Factor VII 
and VIII, vWF, WBC

Sex, age, 
ethnicity, ARIC 
field centre

Approximately 40% of 
participants were black. 
Inflammatory markers were 
included in main analysis. ADA 
criteria used for diagnosis of 
diabetes. No collection of age at 
onset or duration of diabetes.
No direct measures available for 
microalbuminuria.

Kuller (Kuller 
et al. 2000)

2000 Cardiovascula 
r health 
Study, USA

6 2hr 75gOGTT, 
medication, WHO 
1980

1343/
150

>65 Subclinical disease, 
FPG, TG

Age, sex, race, 
subclinical 
disease, smoking, 
hypertension, 
SBP, DBP, LDL- 
c, HDL-c, TG, 
BMI, Waist 
circumference, 
FPG, creatinine, 
CRP, fibrinogen

Elderly population, measures of 
clinicaFsubclinical disease at 
baseline, 54% o f subjects had 
subclinical disease at baseline, 
which is high. Most o f the 
established risk factors are not 
significant predictors of CHD 
after adjusting for subclinical 
disease (this has not been done 
in other studies)
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A uthor Publ.
year

Study
location

Fu
(yrs)

Diagnosis of 
diabetes

N DM /
CHD
events

Age
(yrs)

Significant risk 
factors for CHD

A djusted for Com m ents

Fuller (Fuller, 
Stevens, & 
Wang 2001)

2001 WHO
Multinational
Study

9 T ID  was defined as 
diabetes requiring 
treatment with 
insulin within 1 yr o f 
diagnosis. The 
remainder o f patients 
were classified as 
T2D

3483/
365

35-55 Duration o f diabetes, 
SBP, chol, plasma 
glucose, smoking, 
proteinuria, 
retinopathy, ECG 
changes

age Patients from 10 different 
centres across the world, 
diverse ethnic and cultural 
population. T2D diagnosed as 
those not classified as TID , 
based on age at diagnosis

FPG: Fasting Plasma Glucose, T2D: Type 2 Diabetes, TID: Type 1 diabetes, CHD: Coronary Heart Disease, Fu: Follow-up, Publ: publication, N: number, DM: diabetic patients, 
non-DM: non-diabetic subjects. Cl: Confidence interval, info: information, chol .cholesterol, ECG: Electro-cardiogram, SBP.Systolic BP, vWF: von Willebrand factor, WBC: White 
Blood Cell Count,
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Appendix 3. Conceptual work-model
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FIGURE 1. C onceptual workm odel
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Appendix 4. Blood pressure intervention thresholds and 
target levels recommendations
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Table 1. Summary of guidelines on the management of hypertension in diabetes

Intervention threshold Target Blood pressure
Systolic BP Diastolic BP Systolic BP Diastolic BP
(mmHg) (mmHg) (mmHg) (mmHg)

Consensus guidelines: European IDDM Policy Group.' 1993 < 140 < 8 5
National High Blood Pressure Education 1994 140 90 < 130 < 8 5
Working Group.^
St. Vincent Declaration.^
Age <40 years or end-organ damage 1995 140 90 < 140 < 8 5
Age > 40 years and no end-organ damage 160 95 < 140 < 8 5
American Diabetes Association.^ 1996 140 90 < 130 < 8 5
Joint National Committee VI. ̂ 1997 130 85 < 130 < 8 5
With proteinuria > 1 g/24 hours < 125 < 7 5
Italian Hypertension guidelines (SIIA) (w w w .siia.it/linee) 1999 140 90 < 130 < 8 5
British Hypertension Society.® 1999 140 90 < 140 < 8 0
European Diabetes Policy Group: Type 1 diabetes with 1999 135 85 < 130 < 8 0
proteinuria ^
Desktop guide: European NIDDM  Policy Group. 1999 < 140 < 8 5
World Health Organisation/ International Society for 1999 140 90 < 130 < 8 5
Hypertension."
Dutch hypertension guidelines (CBO) (www.cbo.nl/richtlijnen) 2000 140 90 < 140 < 9 0
French Hypertension recommendations: AN AES 2000 140 80 < 140 < 80
Finnish Hypertension guidelines (www.duodecim .fi/kh) 2001 140 90 < 140 < 80
German Hypertension guidelines (AW M F) (www.uni- 2002 140 90 < 135 < 8 5
dusseldorf.de, arterielle hypertonie leitlinien)
With proteinuria >  1 g/day < 125 < 7 5
American Diabetes Association 2002 140 90 < 130 < 8 0
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Appendix 5. Summary o f the effect o f statins on LDL and
HDL subclasses
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Table 1. Overview of previous trials examining the effect of statins, other than atorvastatin, on LDL subclass distribution and/or LDL particle
size

First Author (year) Drug Duration

(weeks)

Design Effect on LDL subclass/particle size

Superko 1997 (Superko, 

Krauss, & DiRicco 1997) 

Yuan 1991 (Yuan et al. 1991)

Zhao 1991 (Zhao et al. 1991)

Homma 1995 (Homma et al. 

1995)

Bredie 1995 (Bredie et al. 

1995)

Kontopoulos 1996 

(Kontopoulos et al. 1996)

Franceschini 1994

Fluvastatin 20 

mg/day, Placebo 

Fluvastatin 5-40 

mg/day. Placebo 

Simvastatin 20 

mg/day

Simvastatin 5 or 10 

mg/day

Gaw 1993 (Gaw et al. 1993) Simvastatin 20

mg/day

De Graaf 1993 (de Graaf, Simvastatin 40

Demacker, & Stalenhoef 1993) mg/day

27 weeks 

6 weeks 

15 weeks 

12 weeks

10 weeks 

3 months

Simvastatin 20 12 weeks

mg/day.

Gemfibrozil 1,2 

mg/day

Simvastatin 20 12 weeks

mg/day, Ciprofibrate 

100 mg/day.

Combination

Pravastatin 40 mg/day 12 weeks

Randomised, placebo-controlled, 21

double-blind

Randomised, placebo-con trolled, 26

double-blind

Before-After study design* 16

Before-After study design* 28

(assessing at baseline, 4 and 12 

weeks)

Before-After study design* 7

Before-After study design* 26

Randomised trial, double-blind 23

clinical trial comparing 2

treatments

Randomised, clinical trial 20

comparing 3 treatments

Before-After study design* 12

No change in peak LDL particle diameter 

No overall significant change in LDL profile

LDL peak particle size was higher during treatment compared to before 

treatment

All LDL subclasses fell as defined by GGE, no consistent shift in subclass 

pattern

LDL-1 (least dense), LDL-II and LDL-11 fell respectively by 31%, 39%, 

30%. No shift in subclass profile

No overall change on LDL subclass distribution. Some subjects showing a 

shift towards a more dense LDL, other subjects showing a shift towards a 

less dense LDL.

No major shift in LDL subclass distribution

No significant reduction in LDL particle size. A decrease in all LDL 

subfractions, except LDL1-2

Significant decrease in mean diameter o f large LDL,
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(Franceschini et al. 1994)

Vega 1990 (Vega, Krauss, & 

Grundy 1990)

Guerin 1995 (Guerin et al. 

1995)

Cheung 1993 (Cheung et al. 

1993)

1994)

Pravastatin 20 7 weeks

mg/day, Placebo

Pravastatin 40 mg/day 12 weeks

Pravastatin 10 

mg/day, Placebo

Zambon 1994 (Zambon et al. Pravastatin 20

mg/day, Placebo

Otvos 2002 (Otvos et al. 2002) Pravastatin 20-

40mg/day, Placebo

Tilly-Kiesi 1991 (Tilly-Kiesi 

1991)

8 weeks

16 weeks

6 months

Lovostatin 40 mg/day, 12 weeks 

80 mg/day

(assessing at baseline, 4, 8 and 12 

weeks)

Double-blind, placebo-controlled 10

Before-After study design* with a 6

normolipidemic control group 

(N=5)

Randomised, single-blind, placebo- 16 

controlled, normo-lipidemic 

controls (N=24)

Randomised, single-blind, placebo- 12 

controlled trial

Randomised, double-blind, 292

placebo-controlled trial

Comparative dose study 35

(-7 nm, p=0.01). An LDL subclass pattern B persisted after treatment in all 

examined patients

No consistent changes in LDL particle size, composition or subclass 

distribution

No change in LDL subclass profile

No change in LDL particle size

No change in LDL particle size

Increase in LDL size among those with small LDL at baseline but not with 

large LDL at baseline

32% reduction in LDL particle mass, no clear shift in LDL subclass 

distribution

*. Before-After study design: Lipoprotein subclasses and/or particle size were measured at baseline and after treatment 
*. N= number o f subjects treated with a statin
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Table 2. Overview of previous trials examining the effect of other statins on HDL subclass distribution and/or HDL particle size

First Author (year) Drug Duration

(weeks)

Design Effect on HDL subclass/particle size

Homma 1995 (Homma, Ozawa, 

Kobayashi, Yamaguchi, Sakane, & 

Nakamural995)

Neuman 1991 (Neuman, Neuman, & 

Neuman 1991)

Simvastatin 5 or 10 

mg/day

Simvastatin 5 or 10 

mg/day

Gaw 1993 (Gaw, Packard, Murray,

Lindsay, Griffin, Caslake, Vallance,

Lorimer, & Shepherd 1993)

Johansson 1991 (Johansson, Molgaard, & Simvastatin 10,20,40  

Olsson 1991)

Franceschini 1994 (Franceschini,

Cassinotti, Vecchio, Gianfranceschi,

Pazzucconi, Murakami, Sirtori,

D'Acquarica, & Sirtori 1994)

Guerin 1995 (Guerin, Dolphin, Talussot,

Gardette, Berthezene, & Chapman 1995)

mg/day

Pravastatin 40 mg/day

Cheung 1993 (Cheung, Austin, Moulin, 

Wolf, Cryer, & Knoppl993)

Pravastatin 10 mg/day. 

Placebo

1 2  weeks

40 weeks

Simvastatin 20 mg/day 10 weeks

6  weeks

12 weeks

Pravastatin 40 mg/day 12 weeks

8  weeks

Tilly-Kiesi 1992 (Tilly-Kiesi & Tikkanen Lovostatin 40-80 mg/day 12 weeks

1992) Gemfibrozil 1.2 gm/day

Before-After study design* 28

(assessing at baseline, 4 and 12 

weeks)

Before-After study design* 15

(assessing at baseline, 12, 24, 40 

weeks)

Before-After study design* 7

Comparative dose study 22

Before-After study design* 12

(assessing at baseline, 4, 8  and 12 

weeks)

Before-After study design* with a 6

normolipidemic control group 

(N=5)

Randomised, single-blind, placebo- 16 

controlled, normo-lipidemic 

controls (N=24)

Randomised, double-blind, clinical 10

trial with matched controls (N=20)

No effect on HDL subtraction distribution

A significant increase in HDL2-C and a significant decrease in HDL3-C

HDLz was significantly increased but no significant change in HDL3

Significant increases in HDL2b (30%) and HDL3a (12%) but not in the 

smaller subclasses HDL3b and HDL3C or in the larger HDL2a 

Significant increase in the ratio of HDL2-C to HDL3 -C

HDL density peak was shifted towards the less dense (shift from HDL3 

to HDL2 ) subfraction, although the particle diameter for both HDL2 

and HDL3 were significantly decreased.

No major change in HDL particle size and subclass distribution

No major changes in HDL2-C and HDL3-C

*. Before-After study design: Lipoprotein subclasses and/or particle size were measured at baseline and after treatment, N= number o f subjects treated with a statin
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