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A bstract

This dissertation reports on the follow-up of a cohort of 4740 patients with diabetes 
mellitus from ten centres in 9 countries (London, Switzerland, Warsaw, Berlin, Za
greb, Hongkong Tokyo, Havana, Oklahoma and Arizona). The patients were be
tween 35 and 54 years old in 1975-77; in each centre the study sample was stratified 
by age, gender and diabetes duration. Patients with Insulin Dependent Diabetes 
Mellitus (IDDM) and Non-Insulin Dependent Diabetes Mellitus (NIDDM) were in
cluded. Subjects were followed for mortality up to 31.7.1987. Underlying causes of 
death were determined from the assessment of death certificates and other medical 
records. Baseline risk factors for mortality were examined, including the putative 
risk factors for cardiovascular disease.

The three main causes of death for 1088 deceased patients (367 of whom had 
IDDM and 721 of whom had NIDDM) were cardiovascular disease (48%), malig
nant neoplasms (13%) and diabetes mellitus (13%). Standardised Mortality Ratios 
(SMR) when compared with the respective general populations was high for cardio
vascular disease and low for cancer. Age-adjusted mortality rates were higher for 
ischaemic heart disease than for cerebrovascular disease in both types of diabetes.

The study has allowed us to make comparisons of cardiovascular mortality be
tween countries with sufficient numbers of observations and using standardised meth
ods. The highest survival rates over the follow-up period were found in Tokyo for 
NIDDM patients and in London for IDDM patients.

The baseline variables most consistently linked with cardiovascular mortality 
were elevated blood pressure, proteinuria and EGG abnormality. Higher SMRs than 
expected suggested an interactive effect of proteinuria and hypertension on mortality. 
Diabetes duration and body mass index had a relatively weak relationship with 
cardiovascular mortality.

K ey words: Epidemiology, Mortality, Diabetes mellitus. Diabetic complication. 
Cardiovascular disease.
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Background



Chapter 1 

Introduction

The subject of this dissertation is a prospective study of the cardiovascular mortality 
in 10 diabetic populations across the world. Diabetes mellitus has a prevalence of 
2-5% in most adult populations (WHO Diabetes Drafting Group , 1985). The 
definition of the two major types of diabetes mellitus (insulin dependent (IDDM) 
and non-insulin dependent (NIDDM)) are based on essentially clinical criteria (Keen 
& Ng Tang Fui, 1982). Although there are differences in the genetic background and 
trigger mechanisms for these two major types (Andreani & DiMario, 1984; Alford 
& Best, 1986) excess cardiovascular mortality appears in both IDDM and NIDDM.

Since the discovery of insulin, and with increasing efficacy of treatment and self- 
care, the immediate metabolic consequences of uncontrolled diabetes have assumed 
a relatively minor role as a cause of death amongst diabetic patients (Marks & 
Krall, 1971; Krolewski et al,  1985). It is now the vascular complications of diabetes, 
usually occurring many years after its clinical diagnosis, which are responsible for the 
majority of serious health problems and the premature mortality amongst diabetic 
patients (Krolewski et a/., 1985).

As diabetes may affect all of the blood vessels in the body, clinically and patho
logically the vascular complications of diabetes can be divided into two major cate
gories. The microvascular complications involve small blood vessels and are clinically 
most evident in the retina and kidney. Macrovascular complications occur in the 
larger vessels such as the coronary, cerebral and peripheral arteries. These are the so 
called cardiovascular diseases because they all involve the heart and the circulatory 
system. It is generally accepted that the microvascular complications are virtually 
specific to diabetes. In contrast, the diabetic state is associated with an aggra
vation of the same atherosclerotic process of the medium sized and larger arteries 
widely experienced in non- diabetic populations. In diabetic patients, the process 
is more extensive and severe in its manifestations than in non-diabetic populations 
(Robertson & Strong, 1968).

Among the late vascular complications, cardiovascular disease accounts for large 
amount of premature and excess mortality in diabetic patients. Numerous studies 
have documented the morbidity associated with diabetes, but mortality investiga
tions have been more limited because of the weaknesses inherent in vital records.

Death is the most definitive end-point even though the reasons for its occurrence 
may often be in the realm of speculation. A panel of doctors who adequately adjudi
cate a cause of death would be helpful in this regard. Questions have been raised as 
to how cardiovascular risk factors could explain the premature cardiovascular mor
tality in diabetic patients. Previous studies have demonstrated inconsistent results 
in various populations with small sample sizes using different methods.

Inter-population comparisons are a valuable epidemiologic strategy for obtaining 
knowledge of the relative contributions of environmental and genetic factors affecting
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survival in diabetic patients. In particular, international comparisons provide a 
unique opportunity for the study of the pathogenesis of fatal complications such 
as cardiovascular or renal disease. The impact of these complications on diabetic 
populations may vary in parallel with the disease in the corresponding background 
populations. The extent of the disparity between the diabetic and the background 
population indicates the contribution of population characteristics relative to the 
metabolic disturbances of diabetes. Currently, studies with standardised methods 
and follow-up times long enough to observe a substantial portion of the deaths are 
needed to acquire informative inter-population comparisons. The importance of 
putative risk factors can then also be assessed.

1.1 O b jectives  and scop e o f  th esis
This thesis assesses mortality and examines the associated risk factors in 4740 
patients with Insulin Dependent and Non- Insulin Dependent Diabetes Mellitus 
(IDDM, NIDDM) from 10 centres in 9 countries with standardized methods applied 
in each centre. In particular, the risk factors for cardiovascular mortality will be 
studied in more detail. The results will also be useful in determining the difference 
in mortality and associated risk factors between international cohorts.

The term risk factor is commonly applied to an attribute or exposure associated 
with an increased probability of disease (Last, 1988; Jarrett & Shipley, 1988). A 
causal relation is not necessarily implied by this definition, but elucidation of causa
tion is a major goal of epidemiology in order to control the disease in a community 
setting. The best evidence of causality comes from randomised controlled trials of 
risk factor reduction. However, this type of study needs large financial and social 
support and is often executed at the basis of positive and valid results from previous 
observational studies. Before that, we need prospective observation of the incidence 
of disease in populations with different levels of risk. This thesis is based on the 
prospective observation of the incidence of death (mortality) among diabetic popu
lations with different levels of cardiovascular risk factors. The predictive power of 
well- established or putative cardiovascular risk factors in the general population are 
examined for mortality within the diabetic cohort. Since there is no age and gender 
matched non- diabetic counterpart to compare with the present diabetic cohort, the 
effect of diabetes mellitus on mortality was assessed in terms of Standardized Mor
tality Ratios (SMRs) by using population census data and local data when available. 
However, no attem pt was made to inspect diabetes as one of the independent risk 
factors in predicting cardiovascular mortality.

1.2 B ackground  o f th e  W H O  M u ltin a tion a l S tu d y
In the WHO Multinational Study of Vascular Disease in Diabetes (WHO MSVDD), 
standardized methods were used to study international variations in the prevalence 
of diabetic complications and their possible risk factors in fourteen samples of dia
betic patients aged 35-54 years representing fourteen populations (WHO Diabetes
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Drafting Group , 1985). Nine of these centres (London, Switzerland, Warsaw, Berlin, 
Zagreb, Tokyo, Havana, Oklahoma, and Arizona) were able to carry out a 12-year 
follow-up study for mortality in their diabetic cohorts, and in addition, the Hong 
Kong centre was able to complete a 7-year follow-up. Data from these ten cen
tres have been included in the present study in order to carry out an international 
comparison of mortality and associated risk factors.

The details of the actual patient selection procedure are to be found in part 2.

1.3 M eth od o log ica l issues in  a ssessin g  m orta lity

1 .3 .1  T h e  o f  d is t in c tio n  b e tw e en  ID D M  and  N ID D M

There was no consistent, clear distinction between IDDM and NIDDM before the 
introduction of the WHO classification in 1980. This must be taken into account 
when we interpret long-term mortality follow-up studies.

1 .3 .2  S am p le  S ize

It is necessary to have a sufficient number of observations and follow-up time in 
order to test the significance of hypotheses in the study of diabetic mortality. For 
example, the sample size in the following studies were inadequate: 9 cardiovascular 
disease deaths in the Evans County study (Heyden et a/., 1980), 26 coronary heart 
disease deaths in the Bedford study (Jarrett et al,  1982a), and 41 cardiovascular 
disease deaths in the Framingham study (Garcia et ai,  1974).

1 .3 .3  S e le c tio n  b ias

Selection bias means that patients with the clinical condition under investigation 
and patients without it do not have an equal chance to be studied. Usually there 
is bias in the analysis of life insurance data, national/ regional mortality data and 
follow-up data carried out at prestigious centres. For example, data from hospitals 
and clinics have been shown to be error-prone due to referral bias (Melton et al,  
1984; Bender et al,  1983). Patients in a clinic or hospital may be those with diabetes 
which is difficult to manage and requires frequent medical attention. Volunteers may 
select themselves for participation because of conscious or unconscious awareness of 
some morbid condition. Another example of selection bias is represented by studies 
of patients with longer duration of diabetes. They have been selected by virtue 
of surviving fatality which removed from observation some of their less fortunate 
counterparts.

1 .3 .4  T h e  a ssig n m en t o f  u n d er ly in g  cau ses o f  d ea th

West (1978), Marks and Krall (1971), and more recently Fuller (1983a; 1985b) have 
extensively reviewed and discussed the methods applied in the studies of the causes 
of death in diabetic patients. They have found that these methods rely heavily on
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death certificates as a source of information. In vital statistics, the single underlying 
cause of death is reported or recorded, but the assignment of underlying causes 
of death varies with time, place and procedure. The International Classification 
of Diseases (ICD) has been changed over time and resulted in a reclassification of 
certain diseases (e.g. the 9th version instituted in 1979). Different national practices 
exist for the assignment of cause of death on certificates.

Diabetes mortality has long been underestimated as either a contributory or 
underlying cause of death. Fuller (1983a) reviewed the studies investigating the 
frequency with which diabetes was mentioned on death certificates in samples of 
known diabetic patients. He found that the frequency varied greatly, from as low 
as 25% to as high as 77%. In 1980, the World Health Organization (WHO) Expert 
Committee on Diabetes Mellitus stated that ’’Only 10-20% of the death certificates 
of diabetic patients assign diabetes as the underlying cause of death, even though 
mortality rates are excessive by a factor of 2-3 in diabetic patients” (WHO Diabetes 
Study Group , 1980). Over the years, 1972-77, Fuller (1985b) and co-workers also 
found that circulatory diseases were more frequently associated with mention of 
diabetes. Deaths in such individuals are commonly attributed to cardiovascular 
causes rather than to diabetes.

There has been over-reporting deaths from cardiovascular disease in NIDDM 
patients (Fuller et a/., 1983a) and renal disease in IDDM (Dorman & LaPorte, 1985; 
Green et a/., 1985) patients.



Chapter 2 

M ortality  in d iabetic patients

2.1 A ll-cau se m orta lity
Despite the problems mentioned above, death registration data have been a highly 
useful source of information, especially for obtaining a better understanding of pat
terns of mortality in the days when data from prospective studies were not available.

The statistics from the Joslin Clinic show the trends in the crude and age- 
adjusted death rates from diabetes for the period 1900 to 1980 (Harris & Entmacher, 
1985). There was a sharp rise in the period between 1900 and 1930 for both measures 
of diabetes mortality. Before the discovery of insulin in the 1920s, most patients 
died within two years of onset. After the introduction of insulin therapy, there 
was a rapid reduction in mortality. The Joslin clinic data showed a remarkable 
phenomenon; there was an immediate reduction in deaths the youngest age group 
from 386/1,000 to 61/1,000 per year. From then until the 1950s, the mortality was 
only 1/1,000 for all age groups.

In 1982, diabetes mellitus as the underlying cause of death accounted for 2% of 
all deaths in the U.S.A. (Harris & Entmacher, 1985). It was ranked as the seventh 
leading cause of death. In most developed countries, diabetes ranks between fourth 
and eighth as a cause of death.

A more general analysis of diabetes mortality has shown a sharp decline between 
1967 -  68 and 1977 -  78 in the U.S.A. (Stat Bull Metropol Life Insur Co., 1985): a 
32% decrease for women and 25% for men in the age-adjusted rate of diabetes deaths 
occurring at ages 45-74 in just one decade. Mortality from diabetes was found to be 
concentrated in the older age groups. Death rates at ages 65-74 years were about 
7 times the rates at ages 45-54 years. Harris has raised the possibility that the 
decline in deaths from diabetes in the past decade may be artificial because of the 
under-reporting of diabetes as the sole underlying cause of death in death certificates 
(Harris & Entmacher, 1985). Harris also stated that it is likely that diabetic patients 
in the U.S.A. are benefiting from factors that cause a general decline in mortality 
from cardiovascular disease. Cardiovascular disease is a well-documented issue and 
the leading cause of death among patients with NIDDM.

The Annual World Health Statistics 1978-85 (WHO Vital Statistics Study Group, 
1988) showed that deaths attributed directly to diabetes varied from 10 to 30 per 
1000 deaths from all causes in industrialized countries and from 4 to 40 in other 
countries. There was a 7.1 fold difference between the highest and lowest rates in 
the 1978-1981 period, a 5.5 fold difference in 1982, a 9.3-fold difference in 1983 and 
a 3-fold difference in 1984. The differences in the amount of diabetes mortality 
between countries may be due to different disease altered case fatality rates and 
diversity of national practices in death certification procedures. Generally speaking, 
there is little or no systematic trend in diabetes mortality with time during the late
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1970s and the early 1980s.
The ICD-coded death certificate data do not distinguish between the types of 

diabetes and vital statistics provide no information in this regard. Cohort studies 
are thus necessary to study mortality in IDDM and NIDDM separately.

2 .1 .1  M o r ta lity  in  ID D M  p a tien ts

Mortality data specifically for IDDM are scarce. The ICD-coded death certificate 
data do not separately identify this type of diabetes. There have been cohort studies 
in which patients with IDDM were followed over time. However, the subjects stud
ied were usually mixed with some NIDDM patients and were selected from diabetic 
centres. Dorman and LaPorte (1985) have recently reviewed studies of IDDM mor
tality in the U.S.A. and have re-emphasized the importance of a population-based 
approach in the study of IDDM mortality for a better understanding of the true 
mortality risk in IDDM cases.

The Joslin Clinic and Children’s Hospital of Pittsburgh are the two main sources 
of data on IDDM mortality in the U.S.A. (Dorman & LaPorte, 1985; Dorman et ai,  
1985). Although a selection bias might be in operation in these two centres, they 
are consistent with results from the population-based study completed by Sultz et al 
(1968). Prior to 1922, diabetic children had a life expectancy of 2-3 years and 90% 
died from ketoacidosis. The introduction of insulin in the early 1920s and antibiotics 
during World War two has dramatically changed the fate of patients with IDDM. 
Those IDDM patients diagnosed between 1939-59 at the Joslin Clinic all most all 
survived beyond 10 years of age.

All-cause mortality rates seen at the Children’s Hospital in Pittsburgh were 
6.4/1,000 for men and 5.8/1,000 for women (Dorman et a/., 1984). The results 
from previous studies varied and were not comparable because of different sources 
of patients and methods. General speaking, the mortality rates of IDDM patients 
is about 3 in 1,000 diabetic patients under the age of twenty-five years and about 
20 in 1,000 at 25 and older.

Analysis of the Joslin Clinic patients (Krolewski et al, 1985), who first visited 
the clinic between 1923 and 1960 and were followed till 1977, shows that for those 
diagnosed before 30 years of age, excess mortality only becomes apparent after 35 
years of age regardless of the duration of the diabetes.

2 .1 .2  M o r ta lity  in  N ID D M  p a tie n ts

Age and sex adjusted mortality rates of NIDDM patients are approximately twice 
as high as those of non-diabetic individuals. The 10-year follow-up study of 370 
diabetic men employed by the Du Pont company showed a higher mortality, about
2.6 times in diabetic men compared with age, occupation and location matched 
non-diabetic men (Pell & D’Alonzo, 1970). In the National Health and Nutrition 
Examination Survey (NHANES 1), a national sample of 189 diabetic men and 218 
diabetic women was followed up over 9 years. The relative risk of death for diabetes 
was 2.26 among men and 2.04 among women compared with their non-diabetic
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counterparts after adjustment for age, systolic blood pressure, serum cholesterol, 
body mass index and smoking (Kleinman et al, 1988). In terms of reduction in life 
expectancy, the prospective 29-year case-control analysis in Oxford, Massachusetts, 
showed a diminished survival time of 10-15 years in women and 6-9 years in men 
(O’Sullivan & Mahan, 1982).

Degree of excess mortality declines consistently with increasing age at diabetes 
onset. The 10-year follow-up study within the Erfurt district of the GDR demon
strated no significant difference in the death rates for NIDDM patients beyond 
the age of 75 years compared to non-diabetic control subjects (Panzram & Zabel- 
Langhenning, 1981). The report of the WHO Expert Committee (WHO Diabetes 
Study Group , 1985) showed that NIDDM patients have a similar number of lost 
years to the general population diabetes onset beyond the fourth decade of their 
lives.

Regarding gender differences, absolute mortality rates in diabetic patients are 
normally higher in men than in women. However, relative mortality ratios as com
pared with general populations tend to be higher in women than in men because 
of the low rates of mortality in non-diabetic women. Thus the women’s survival 
advantage seen in the general population does not hold for diabetic women. In 
the NHANES 1 study, there were 32 additional deaths per 1,000 person-years for 
diabetic men compared with non-diabetic men, and excess mortality was 18/1,000 
person-years in women. For diabetic patients diagnosed between the age of 30 to
49 years in the Joslin Clinic 1939-63 (Krolewski et al, 1985), the survival curves 
for the two genders are nearly identical. This produces a notable excess mortality 
for the diabetic women when compared to the general population. For men there 
was no excess mortality until after the age of 50 years, but for women there was a 
noticeable excess mortality before age 45 (Krolewski et al, 1985). In a study from 
Warsaw (Krolewski et al, 1977) comprising predominately patients with NIDDM, 
excess mortality was similar in men and women. From the Erfurt District of the 
German Democratic Republic (Panzram & Zabel-Langhenning, 1981) mortality fig
ures over a 10 year period in 2560 NIDDM patients aged 40-79 showed that, while 
at any given age, more men than women had died, the excess mortality compared 
to the general population was similar for men and women and declined with age.

2.2 C auses o f  d ea th  in ID D M  and N ID D M  pa
tien ts

2 .2 .1  C ard iovascu lar d isease

An increase in mortality from cardiovascular causes is the principle reason for excess 
mortality among IDDM patients and NIDDM patients after the age of approximately
50 years.

ID D M
The analysis of relative mortality in a cohort of 2890 Danish patients with IDDM 

highlighted the special relationship of diabetic nephropathy to deaths from cardio
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vascular disease (Borch-Johnsen & Kreiner, 1987). In this study the relative mor
tality from cardiovascular disease in patients with proteinuria was 37 times that in 
the general population and in patients without proteinuria it was 4.2 times greater 
than that in the general population. The relative mortality for women was about
2.5 times that of men in both groups.

N ID D M
Cardiovascular mortality accounts for most of the excess mortality in NIDDM 

patients (Reunanen, 1983; Barrett-Connor & Wingard, 1983; Butler et a/., 1985; 
Pan et al, 1986; Stamler et al, 1987; Stamler et al,  1993). Arteriosclerotic disease 
was responsible for 74.1% of all deaths in the Joslin Clinic population between 1969 
and 1979 (Entmacher et al, 1985).

Fuller et al (1983a) looked at the deaths in a cohort of 5971 members of the 
British Diabetic Association and found that of the 2131 deaths in the period 1966- 
79, 1,128 (53%) had circulatory disease as the underlying cause of death. 1694 
diabetic patients died over an 11-year period in the Erfurt district study, arterial 
diseases were responsible for 50-60% of all deaths. (Panzram & Zabel-Langhenning, 
1981).

Diabetes has a higher impact on women than on men after controlling for other 
risk factors (Barrett-Connor et al, 1991). Other studies may show little or no sex 
differences because of the more favourable survival rate of women. About 75% of 
the excess deaths among men and 57% among women were due to cardiovascular 
disease in the large population-based study (Barrett-Connor & Wingard, 1983). 
The relative risk for cardiovascular disease mortality was 2.61 among men and 2.24 
among women.

2 .2 .1 .1  Ischaem ic H eart D isease

Among the cardiovascular diseases. Ischaemic Heart Disease (IHD) is more frequent 
than Cerebrovascular Disease (CVD) as a leading cause of death in diabetic pa
tients. The British Diabetic Association survey of deaths in diabetic patients under 
50 years of age found that vascular causes accounted for 41% of the deaths; my
ocardial infarction 31%, cerebrovascular disease 7% and ’other vascular disease’ 3% 
(Tunbridge, 1981).

The relative risk of death from Ischaemic Heart Disease (IHD) in NHANES 1 
subjects was 2.77 for men and 2.49 for women. From baseline data, 22.8% of men 
and 14.7% of women had a prior history of heart attack. When these subjects were 
excluded, the relative risk of death from IHD for diabetic patients decreased to 2.37 
for men but increased to 2.59 for women.

In the Du Pont study, the mortality ratio for Coronary Heart Disease was 2.87, 
which is greater than the ratio for all causes of death (2.62).

From a recent review by Panzram (1987), the age- adjusted cause-specific mortal
ity rate for coronary heart disease proved to be 2-4 times higher in diabetic patients 
than in the comparable non-diabetic control group. The coronary excess risk was 
due to a higher incidence of myocardial infarction (Krolewski et al, 1985; Rytter 
et al,  1985; Jarrett et al, 1982a), as well as an increased acute case fatality (Pyôrâlâ
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et ai,  1985; Fein & Scheuer, 1983; Kannel, 1981).
In Fuller et al’s study (1983b), standardised mortality ratios for ischaemic heart 

disease in the diabetic patients compared to the general population were 392 for
men age 15-44 years and 1,154 for women in this age group, for the 45-64 year old
the SMRs were 384 for women and 432 for men.

2 .2 .1 .2  C erebrovascular disease

Cerebrovascular disease frequently with co-existing hypertension is the second major 
cause of death in NIDDM patients.

Cerebrovascular accident (Stroke) accounts for 15% of all deaths in NIDDM 
patients (WHO Diabetes Drafting Group , 1985). Several studies have shown a 
two -  fourfold higher excess risk for death from cerebrovascular disease in NIDDM 
patients than in non-diabetic individuals (Herman et a/., 1985; Pyôrâlâ et ai,  1987; 
Jarrett et ai,  1982a; Kannel, 1981; Fuller et ai,  1983b; Kuller et a/., 1985). In a large 
12-year prospective study in Sweden (Lapidus et ai, 1985), there was an increased 
incidence of stroke in middle-aged diabetic women as compared with those in the 
general population. When compared with diabetic men, only a few studies show a 
more frequent occurrence of stroke in women than in men (Palumbo et ai,  1976; 
Ochi et ai, 1985).

2 .2 .1 .3  O ther c ircu latory  disease

Several studies (Barrett-Connor & Wingard, 1983; Pyôrâlâ & Laakso, 1983; Pyôrâlâ 
et ai,  1987) have shown that congestive heart failure occurred more frequently 
in diabetic patients than in the general population but the differences were not 
statistically significant.

2 .2 .2  N on -C ard iovascu lar  d isease

2 .2 .2 .1  R enal d isease

There is remarkable difference between IDDM and NIDDM patients in renal disease 
mortality.

A m on g  ID D M  su b jects

Causes of death in IDDM patients varied with age. Acute diabetic complications, 
mainly ketoacidosis, were responsible for premature mortality before the age of 20. 
Renal disease was the main cause of death over the age of 20 whereas cardiovascular 
disease only became significant over the age of 30. The 21-year follow-up study of 
IDDM patients, diagnosed at the Children’s Hospital in Pittsburgh with a mean 
diabetes duration of 13 years (Dorman et al,  1984), revealed that renal disease was 
responsible for the majority of the deaths (25%) in patients over the age of 20.

A follow-up study of 2,900 Danish patients with IDDM who died after 30 years of 
diabetes duration (Borch-Johnsen, 1993), 15% of whom died from diabetic nephropa
thy. A review of all the medical information available for diabetic patients who died
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under 50 years of age during 1979 in the United Kingdom with type of diabetes 
unspecified, showed that 19% of deceased patients died from diabetic renal disease 
(Tunbridge, 1981).

A m on g N ID D M  su b jects

The age-adjusted relative risk of renal mortality in NIDDM patients compared with 
non-diabetic subjects is 2.0 (Geiss et al, 1985).

The pattern for renal disease mortality is rather different for Caucasians, Pima 
Indians and probably Asians. The cumulative mortality rates due to renal failure 
in patients of the Joslin Clinic by age 75 were 7.4% in men and 7.6% in women 
(Krolewski et ai, 1985). Among older NIDDM patients in Denmark 6% of all 
deaths were attributable to renal deaths (Damsgaard & Proland, 1989).

A noticeably higher frequency of renal disease as the underlying cause of death 
has been reported in Osaka than in the United States or Pennsylvania among dia
betic patients (Sasaki et al,  1978). This difference can be explained by the high level 
of ischaemic heart disease, a prevalent cause of death in the early 1970s which com
peted with renal disease as the cause of death among middle-aged people including 
diabetic patients in the United States (Kuller et ai, 1989).

Results from a study in Pima Indians with biannual re-examination from 1975 
to 1984 (Sievers et ai, 1992) showed that renal disease was a competing cause of 
death in Pima Indians due to the low proportion of cardiovascular deaths.

2 .2 .2 .2  D ia b etes

In the NHANES 1 study (Kleinman et a/., 1988), diabetes was reported as the 
underlying cause of death for 7% of the deceased diabetic men, and 21% for diabetic 
women, and diabetes accounted for 15% of the excess mortality among men and 39% 
among women. However, mortality from diabetes was found to be underestimated 
by using only underlying cause of death on death certificates (Fuller et al,  1983a). 
Office of Population Censuses and Surveys (OPCS) have coded not only just the 
underlying cause of death, but all conditions stated on the death certificate. Using 
OPCS data to compare data from death certificates mentioning diabetes in 1975-76 
with 1985-86 (Stephenson et aL, 1992), the age- standardized rate of mentioning 
diabetes rose by 2.7% in men of all age, and fell by 11.7% in women of all ages. 
As IDDM and NIDDM were not separated in the above analyses, follow-up studies 
of defined cohorts of IDDM and NIDDM patients are necessary to provide further 
understanding in mortality from diabetes.



Chapter 3 

P rognostic factors for m ortality by  
diabetes typ e

The risk factors for cardiovascular mortality in diabetic patients will be described 
in more detail as this cause of death is mainly responsible for the excess mortality 
in diabetes. A large number of studies have analyzed risk factors for mortality in 
diabetic patients. Diabetes could be an independent risk factor for atherosclerosis 
or hyperglycaemia may accelerate the development of atherosclerosis. On the other 
hand, diabetes could just explain part of the excess cardiovascular mortality.

The following 3 sub-sections (3.1, 3.2, 3.3) mainly concern the role of the con
ventional cardiovascular disease risk factors (ie hypertension, hypercholesterolaemia, 
cigarette smoking) in the general population in terms of predicting the excess car
diovascular mortality in IDDM and NIDDM patients.

3.1 H y p erten sio n  /  A rteria l b lood  pressure
As regards the risk factors for cardiovascular mortality in patients with NIDDM, the 
qualitative risk is the same as that for the general population but the quantitative 
risk is higher. Hypertension has been shown to be an important risk factor for 
cardiovascular mortality both in IDDM and NIDDM patients in various studies.

3 .1 .1  H y p er te n s io n  in  th e  G en era l P o p u la tio n

Hypertension is a major factor in the intimai injury and initiation of atherosclerosis 
(Hollander, 1976). In particular, hypertension is one of the most important aetiologic 
factors for cardiovascular diseases. Autopsy studies have shown that 50% of patients 
with hypertension have arteriosclerosis. Hypertension is estimated to be the cause 
of 1/4 to 1/2 of all cardiovascular deaths (Robertson & Strong, 1968).

In the Framingham study (Kannel et a/., 1990), cardiovascular events were ex
amined over 34 years in 5209 participants. The risk of cardiovascular morbidity and 
mortality was strongly related to hypertension, even after adjusting for confounding 
factors such as body mass index.

3 .1 .2  H y p er te n s io n  in  ID D M  p a tien ts

In a long-term study of IDDM patients (Christlieb et al, 1981), followed for 40 years 
after the onset of diabetes, deaths due to coronary heart disease and to renal disease 
were strongly related to hypertension. From a case-control study of IDDM patients, 
matched for age and age of onset of diabetes (Andreani & DiMario, 1984), risk of 
coronary artery disease was found to be associated with hypertension (RR=6). In
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the WHO MSVDD study (Fuller & Head, 1989), the age- adjusted relative risks 
of cardiovascular mortality were all significantly increased for hypertensive diabetic 
patients, 3.5 for men and 2.5 for women.

3 .1 .3  H y p er te n s io n  in  N ID D M  p a tien ts

Baseline data from a large prospective multi-centre and multi-intervention trial indi
cated an increased clustering of hypertension, hyper-lipoproteinaemia and obesity in 
NIDDM patients as compared with the age-adjusted general population (Hanefeld 
et al, 1984; Hanefeld et a/., 1985). Similar excess of cardiovascular risks was also 
seen in WHO MSVDD (WHO Diabetes Drafting Group , 1985).

Fuller and Janka found that mortality due to cardiovascular and cerebrovascular 
disease is increased by co-existing hypertension (Fuller, 1985a; Janka & Dirschedl,
1985).

It has been suggested by Pell and d Alonzo (1970) that the increased CHD mor
tality rates in diabetic patients are due to an increased frequency of hypertension. 
In the Erfurt district cohort study of long-term NIDDM, there was a significant re
lationship between hypertension and mortality (Panzram, 1987). In the Whitehall 
study, where 168 male diabetic patients aged between 40 and 64 years were followed 
up for 10 years, the only significant independent predictor of all-cause mortality was 
blood pressure (Jarrett et a/., 1984).

3 .1 .3 .1  T he co ex isten ce  o f h yp ertension  and N ID D M

An increased prevalence of hypertension has been reported in many of the large stud
ies of diabetic patients (Garcia et ai,  1974; Jarrett et ai, 1982a). In the Whitehall 
study (Jarrett et al,  1978), conducted in men over the age of 40, there was a posi
tive and significant correlation between blood glucose and blood pressure. Systolic 
blood pressures were significantly higher in newly detected diabetic and borderline 
diabetic individuals, both men and women, than in normo-glycaemic controls (Pell 
& D’Alonzo, 1970).

Regarding a significant association between hypertension and diabetes, the causal 
relationship between these two remains controversial (West, 1978; Jarrett et al, 
1982b; Ganda, 1985). Christlieb (1981) demonstrated an effect of raised blood 
glucose levels upon blood pressure, perhaps due to the effect of raised extracelluar 
osmolarity on circulating blood volume. There are other long-term diabetic factors 
which exert an influence on arterial pressure, such as autonomic neuropathy and 
renal disease (Jarrett, 1985). Even exogenous insulin itself may affect blood pressure 
independently of its effect on blood glucose concentrations (Page et al, 1976).

3 .1 .3 .2  Jo in t effect o f hyp ertension  and N ID D M

Hypertension has been associated with a worse prognosis in diabetic patients com
pared with non-diabetic subjects. In the 20-year study by Goodkin (1975), diabetic 
patients were found to have a much higher mortality than non-diabetic individuals 
with comparable degrees of hypertension. In the same study, there is a significant



3.2 P lasm a lipids 14

association between blood pressure and mortality in both the diabetic and control 
groups.

From the therapeutic point of view, the constant finding of raised systolic blood 
pressure as a risk factor for both CHD and CVD is worth emphasising. Hypertension 
is one risk factor which is not only a determinant but one which can be modified 
and controlled by intervention (Jarrett et ai,  1982b).

3.2  P la sm a  lip ids

3 .2 .1  P la sm a  lip id s in  th e  g en era l p o p u la tio n

3 .2 .1 .1  T he relation  to  cardiovascular in cid en ce and m orta lity

It has been long-established that an increased plasma cholesterol is associated with 
cardiovascular disease in the general population (Keys, 1980; Kannel & McGee, 
1979). In the 14-year prospective Framingham Heart Study, for subjects younger 
than 50 years, risk of coronary heart disease increased over five fold with increasing 
plasma cholesterol levels from 4.6 to 8.7 mmol/1 (Kannel & McGee, 1979). In 
the Whitehall study of non-diabetic subjects, plasma cholesterol was significantly 
associated with 10-year cardiovascular mortality (Jarrett, 1985). The relative risk 
of cholesterol and triglycerides for myocardial infarction mortality were 1.5 and 1.1 
(p<0.0001) respectively by univariate proportional hazards regression analysis.

Other reports have demonstrated an even stronger positive association with 
plasma Low-Density-Lipoprotein (LDL) cholesterol and LDL is the main cholesterol- 
carrying lipoprotein in plasma (Gordon & Kannel, 1973). The severity of coronary 
artery disease increases with increasing LDL and with decreasing High-Density- 
Lipoprotein (HDL) levels (Miller, 1978).

3 .2 .1 .2  Im p lication s for th e  d iab etic  pop u lation

The process of atherogenesis is similar in the general and diabetic populations 
(Robertson & Strong, 1968). In the view of the well established relationships 
between plasma cholesterol and cardiovascular disease in the general population 
(Miller, 1978), similar relationships may be of equal importance in the diabetic 
subjects although the evidence is not strong (Jarrett, 1992).

3 .2 .2  P la sm a  lip id s in  ID D M  p a tien ts

Unlike NIDDM patients, IDDM subjects have normal or elevated HDL cholesterol. 
Hypercholestreolaemia is believed to be secondary to insulin deficiency and poor 
glycaemic control, and is associated with albuminuria and elevated blood pressure 
(Merrin et ai,  1992). It is evident that nephropathy alters the lipoprotein pattern 
in IDDM. patients with albuminuria have higher total and LDL cholesterol, higher 
plasma triglycerides and lower HDL cholesterol than those without albuminuria 
(Vannini et ai,  1984). Similar changes are found in patients with microalbuminuria 
(Watts et ai, 1989; Jones et ai, 1989).
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3 .2 .2 .1  P lasm a  lip ids in relation  to  cardiovascular d isease

There have been few studies on the incidence of cardiovascular disease in IDDM 
patients and consequently there is little information on its relationship with plasma 
lipids. The WHO Multinational Study (WHO Diabetes Drafting Group , 1985) 
showed a cross-sectional significant relationship between plasma cholesterol and is
chaemic heart disease in men but not in women. Further analysis of these data 
revealed plasma triglycerides as a significant risk factor for ischaemic heart disease 
(West et ai,  1983). The association was more marked in IDDM than in NIDDM 
patients. This is in accordance with the studies carried out in Schwabing, Germany 
(Janka & Dirschedl, 1985) and Paris (Fontbonne et ai, 1989).

3 .2 .3  P la sm a  lip id s in  N ID D M  p a tie n ts

NIDDM patients were found to have increased plasma cholesterol level than the 
general population, or even earlier at the impaired glucose tolerance stage before 
overt NIDDM (Yano et ai, 1982; Jarrett et ai,  1984; Ford & DeStefano, 1991). 
However, in some studies the difference did not reach significant level (Pyôrâlâ 
et ai,  1985; Rosengren et ai, 1989). Plasma lipid levels were found to increase with 
increasing blood glucose levels in subjects (Lapidus et al,  1985; Burchfiel et a/., 
1990).

While comparing long- and short-term diabetes, the population-based study 
in Germany showed (Panzram & Zabel-Langhenning, 1981) showed a significantly 
higher plasma cholesterol level in patients with long-term diabetes than with short
term NIDDM.

3 .2 .3 .1  T he correlated  risk factors

Increased plasma cholesterol and triglyceride levels in NIDDM patients often cor
relates with obesity (Berns & Katan, 1989), poor diabetic control (Nikkila, 1981), 
increasing age, female gender and diabetic therapy without insulin treatment. The 
explanation may be that free fatty acids are released from adipose tissue in the 
presence of insulin resistance. In the presence of increased circulating insulin levels 
an increase in hepatic synthesis of cholesterol or triglyceride will tend to occur, es
pecially if the liver retains normal insulin sensitivity (Topping et ai,  1977). Good 
glycaemic control produced a significant reduction in the prevalence of hypercholes
terolaemia and hypertriglyceridaemia (Dunn et al, 1981). Generally, the effect on 
triglyceride metabolism of excellent diabetic control is more profound than it is on 
cholesterol.

From the observations above, it is clear that elevated plasma cholesterol was 
associated with both diabetes and cardiovascular disease (Mykkanen et a/., 1993). 
However, valid data is necessary to clarify whether the adverse risk factor pattern 
proceeds or follows the development of the impaired glucose tolerant state. Maybe a 
set of common characteristics, such as hyperinsulinaemia, leads to the development 
of both the lipid abnormality and impaired glucose tolerance (Burchfiel et a/., 1990). 
By the time of diagnosis of diabetes in middle age, these subjects may have already
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had several decades of exposure to atherogenic factors (Jarrett et al, 1984; Haffner 
et al,  1990).

3 .2 .3 .2  P lasm a  cholesterol in relation  to  m orta lity

On the basis of 5 and 12-year follow-up data from the Multiple Risk Factor Inter
vention Trial (MRFIT), plasma cholesterol was an independent predictor for both 
all-cause and coronary heart disease mortality (Stamler et al, 1993). The 6-9 year 
follow-up study, carried out in Gothenburg, Sweden (Rosengren et al,  1989) of 232 
men aged 51-59 years with self-reported diabetes, showed that plasma cholesterol 
significantly and independently predicted all-cause and coronary heart disease mor
tality with odds ratios (greater cholesterol level compared with no greater than 7.5 
mmol/1) being 3.2 and 6.1 respectively. In the 10-12 year follow-up study for mid
dle aged IDDM and NIDDM outpatients in London (Morrish et al,  1990), plasma 
cholesterol was significantly predictive for all-cause mortality in women but not in 
men and not for cardiovascular mortality in either gender. The effect of triglyceride 
on cardiovascular mortality was not examined in the studies mentioned above.

In contrast to the general population, lipid abnormalities in relationship to mor
tality was more convincing for plasma triglycerides than cholesterol. In the two 
population-based studies in the GDR (Panzram & Zabel-Langhenning, 1981) for 
patients with rather long-term diabetes, plasma triglyceride significantly predicted 
all-cause mortality but plasma cholesterol did not. Gholesterol also did not pre
dict all-cause mortality in other studies (Barrett-Connor & Wingard, 1983; Janka 
& Dirschedl, 1985; Knuiman et al, 1992). The data from the NHANES 1 study 
for subjects with self-reported NIDDM (Ford & DeStefano, 1991), showed a more 
complex relation of cholesterol to all-cause mortality. For levels below 180mg/dl, 
cholesterol showed an inverse relation to all-cause mortality, whereas mortality in
creased for level greater or equal to 180 mg/dl. In the Whitehall study (Fuller et al,  
1983b; Jarrett, 1985) for middle-aged male servants, plasma cholesterol was not 
significantly associated with 10-year all-cause or cardiovascular mortality (p=0.2), 
however; the number of deaths was small being 31 and 15 respectively. In the 
Schwabing Study (Janka, 1985) in which 600 diabetic outpatients in German were 
investigated for cardiovascular morbidity and mortality, plasma cholesterol was sig
nificantly associated with all cardiovascular events (fatal and non-fatal combined) in 
women but not in men but became non-significant in multivariate analysis, whereas 
triglyceride remained as a significant predictor.

The 10-year follow-up study (Uusitupa et al, 1993), carried out in Finland for 
133 newly diagnosed NIDDM patients aged 46-64 years, showed that total choles
terol, VLDL, and HDL cholesterol were borderline significant for cardiovascular 
mortality but were non-significant in multivariate analysis after the adjustment for 
other risk factors. Nonetheless, plasma triglycerides was still a significant predictor 
in multivariate analysis, in addition to smoking, blood glucose, EGG abnormality 
and age.

Even in subjects with impaired glucose intolerance before NIDDM was estab
lished, prospective studies showed that increasing plasma cholesterol levels carried
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a higher coronary diseases mortality (Fuller et ai,  1980; Yano et ai, 1982) but 
multivariate analysis did not demonstrate plasma cholesterol as an independent risk 
factor in either report.

3 .2 .3 .3  G ender difference

A mark gender difference was found in the Framingham Study in which the preva
lence of hypercholesterolaemia was 48% NIDDM women and 28% in men. The rate 
for women was strikingly increased when compared to matched non-diabetic con
trols but not for men. This is true even in each of quantile of fasting plasma glucose 
(Scheidt-Nave et ai,  1991).

The relationship between plasma cholesterol and cardiovascular mortality was 
more profound in women than in men in whom plasma lipid levels may have been 
towards the upper end of the normal distribution even in adolescence (Fuller et al, 
1980; Yano et al, 1982).

3 .2 .3 .4  Im p lication s for prevention

Generally lipid abnormalities in IDDM and NIDDM patients can be adequately 
treated with attention to improving glycaemic control, promoting weight loss and 
dietary measures. The long-term effect of plasma cholesterol on cardiovascular mor
tality may be weakened in patients with good diabetic control. However, it is im
portant to have regular screening for plasma cholesterol, triglyceride and NIDDM 
as cardiovascular disease may progress for a long time during the subclinical pe
riod. Furthermore, as good glycaemic control is especially difficult to achieve in 
NIDDM patients, plasma cholesterol, triglyceride together with HDL cholesterol 
(Feher et al, 1992) should be monitored and serve as part of the index of glycaemia 
control (Stern et al, 1983). Drug treatment for lowering cholesterol should be sug
gested when primary intervention is not effective. Furthermore, large interventional 
studies are urgently needed to show whether the favourable alterations in lipids will 
reduce morbidity and mortality from cardiovascular disease by lipid lowering agents 
in IDDM and NIDDM patients.

3.3 C igarette  sm oking

3 .3 .1  T h e  effect o f  c ig a re tte  sm o k in g  in  th e  gen era l p o p u 
la tio n

An effect of smoking on the pathogenesis of atherosclerosis is firmly established 
(Ganda, 1985). A positive association between cigarette smoking and Coronary 
Heart Disease (CHD) persists even after additional variables have been accounted 
for (Eschwege et al,  1985; Willett et al,  1987). The total matched-pair risk ratios 
between current smokers and non-smokers is 1.9 (Bain et al, 1978). In the eleven- 
year follow-up study of 4004 men and women, 35 to 54 years of age, Friedman 
et al (1979) reported that the smoker-to-nonsmoker mortality ratios, crude and
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adjusted respectively, were 4.7 and 3.6 for CHD. Data from the Framingham study 
(Gordon et a/., 1974) showed that those who smoke more than forty cigarettes a day 
could halve their risk of death from CHD by reducing their tobacco consumption to 
between twenty to forty cigarettes a day.

3 .3 .2  T h e  effects  o f  c ig a re tte  sm o k in g  in  ID D M  p a tie n ts

Among Insulin-Dependent Diabetes Mellitus (IDDM) patients, a significantly higher 
prevalence of nephropathy (macro-proteinuria) was found among smokers. This ef
fect of smoking has also been observed by other authors (Norden & Nyberg, 1984). 
In a matched-pair case control study, cigarette smoking was a risk factor for the 
progression from incipient to overt nephropathy in IDDM patients (Muhlhauser, 
1990). Data from 6 years of follow-up of patients from the IDDM registry of the 
Children’s Hospital at Pittsburgh between 1950 and 1964 showed that heavy smok
ing was a significant independent predictor of all-cause mortality among women 
(Relative Risk=2.57 Confidence Interval: 1.04-6.36) but not among men (RR=1.21 
Cl: 0.57-2.55) (Moy et ai, 1990).

3 .3 .3  T h e  effects  o f  c ig a re tte  sm ok in g  in  N ID D M  p a tie n ts

3.3 .3 .1  P revalen ce o f c igarette  sm oking in N ID D M  p atien ts

It has been suggested that diabetic patients might be more liable to smoke as a com
pensation for dietary restrictions (Jarrett, 1985). More recent studies have shown no 
major differences in smoking prevalence between people with and without diabetes 
(Barrett-Connor & Wingard, 1983; Dupree & Meyer, 1980; Hanefeld et ai,  1985; 
Barrett-Connor & Khaw, 1985). From a comparison of 3,006 people > 18 years of 
age with diabetes and 52,750 without diabetes in the United States, Ford (1991) 
reported that current smoking was notably higher among respondents with diabetes 
who were between the ages of 18 and 34 years of age, who had not graduated from 
high school, and who were men of Afro-American origin.

In the diabetic population, additional risk factors of tissue hypoxia are already 
present. Thus, smoking undoubtedly may play a role in accelerated atheroscle
rosis. These additional factors include reduced 2,3-diphospho-glycerate (Ditzel,
1976), hyper-lipoproteinaemia (Ditzel & Dyerberg, 1977) and increased glycosy
lated haemoglobin (Bunn et ai, 1978). Furthermore, the effects of smoking on 
increased platelet adhesiveness (Topping et a/., 1977) are superimposed on the al
ready altered platelet function in diabetics (Ganda, 1985). In the Whitehall Study, 
cigarette smoking was less strongly related to all-cause mortality than blood pres
sure in diabetics (Fuller et a/., 1983b). In contrast to the Whitehall Study, however, 
the glucose intolerant subjects in the Bedford Study revealed a significant relation 
of cigarette smoking to mortality from CHD (Jarrett et al,  1982a).
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3 .3 .3 .2  Jo in t effect o f c igarette  sm oking and d iab etes on th e  cardiovas
cular m orta lity

In the Nurses Health Study, the attributable risk for CHD due to current smoking 
was highest among women who were exposed to other risk factors for CHD. Similar 
results have also been described from the relationship between cigarette smoking 
and the presence of hypertension and hyper-cholesterolemia among men (U.S. De
partment of Health and Human Services, 1984). The results of previous studies 
in Framingham, Whitehall, Washington county and Tecumseh (Kannel & McGee, 
1979; Keen et al,  1981; Dupree & Meyer, 1980; Ostrander et al, 1965) suggest that 
the major cardiovascular risk factors for the excess risk of cardiovascular deaths were 
similar in diabetic and non- diabetic populations.

3.4  O b esity

3 .4 .1  In  th e  gen era l p o p u la tio n

In a Life Table Analysis in the Framingham study of the general population, Harris 
et al (1987) noted that there was excess all-cause mortality in the heaviest groups 
over the entire follow-up (mean=9.5 years). However, other studies have shown 
contradictory findings. Cramer et al. found no relation between adiposity and 
coronary lesions (Cramer et al, 1966). Similar lack of association was seen in the 
Du Pont company employees (Pell &: D’Alonzo, 1970), in the Framingham Study 
(Gordon & Kannel, 1973), in the Swedish prospective study (Bottiger et al, 1980), 
and in several other prospective studies (Keys, 1975).

3 .4 .2  O b esity  in  ID D M  p a tien ts

There have been extremely few studies of body weight as a risk factor for cardio
vascular incidence or mortality in IDDM patients. This is partly because obesity is 
relatively rare in IDDM patients as compared with NIDDM patients or non-diabetic 
populations. In addition, obesity is not related to either the etiology of hypergly
caemia or the progress of IDDM.

3 .4 .3  O b esity  in  N ID D M  p a tien ts

Obesity is the best recognized risk factor for NIDDM (Barrett-Connor, 1989), How
ever, epidemiological evidence suggests only a minor additional risk of cardiovascular 
mortality is due to obesity, when other risk factors are taken into account (Keys, 
1975; Gordon & Kannel, 1973).

There is evidence for higher mortality in obese diabetic women (Tansey et al,
1977). However, other studies show contradictory findings. The University Group 
Diabetes Program (UGDP) (Knatterud et al, 1978), a prospective clinical trial 
over 10-14 years, provided evidence of all-cause, cardiovascular disease and cancer
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mortality by categorical baseline weight in the placebo and two different insulin- 
treated groups. The more overweight group (Relative Body Weight(RBW) > 1.25) 
had a better survival curve than the more normal weight group (RBW <1.25) in 
almost every instance. The difference is larger in the placebo group compared to that 
in the insulin-treated groups in regard to mortality from all-causes, cardiovascular 
disease and cancer.

Both the Whitehall and Bedford studies (Fuller et a/., 1983b; Jarrett al,  
1982a) showed no linear relation of obesity to the risk of coronary heart disease in 
subjects with glucose intolerance. In the Whitehall study (Fuller et al, 1983b), the 
relation of obesity to total mortality was non-linear and depended on age.

In the Rochester, Minnesota, study, survival from the diagnosis of diabetes is 
significantly (p=0.03, log-rank test) better for obese than for non-obese NIDDM 
individuals (Ballard & Melton, 1986). In this study, however, there might be a 
selection bias with less severe diabetes in overweight patients which could lessen the 
apparent impact of obesity.

3 .4 .3 .1  T he associa tion  o f ob esity  w ith  oth er risk factors in N ID D M  
patien ts

The association of obesity with hypertension seems more significant than other risk 
factors. This may be an important factor in those studies where obesity and hy
pertension may not have been analyzed separately (Ganda, 1985). The reversible 
nature of mild hypertension with weight loss has been re-emphasized in other large- 
scale studies (Reisin et al, 1978; Tobian, 1978). Obesity is also frequently associated 
with hyperlipidaemia and low HDL-cholesterol levels (Miller, 1978; Gordon & Kan
nel, 1973; Kannel & McGee, 1979). Therefore, most of the evidence would suggest 
that obesity by itself is not a major risk factor but is an important underlying fac
tor in many diabetic patients in relation to other risk factors e.g. hypertension and 
dyslipoproteinemia (Ganda, 1985). However, there are no consistent results in this 
area.

3 .4 .3 .2  D oes w eight loss im prove survival o f  N ID D M  patien ts?

Weight loss in diabetic patients is associated with improved blood glucose in the 
early stage of diabetes, and other heart disease risk factors such as plasma cholesterol 
(Ashley & Kannel, 1974). Since heart disease is the major cause of mortality in adult 
diabetic patients, it seems logical to expect that weight loss would reduce all-cause 
and cardiovascular disease mortality (Barrett-Connor, 1989). Pirart (1979) found 
that the prevalence of coronary and peripheral arterial disease was unrelated to 
current or maximum weight. The results were more consistent when analyzed by 
maximum pre-diabetic weight.

Decreased weight associated with increased risk has been shown in the UGDP 
study (Knatterud et al, 1978), the Kaiser Permanent Medical Care Program study 
(Sidney et ai,  1987) and the Japanese-Hawaiian study (Bloom et al,  1986). The 
absence of benefit from weight loss with regard mortality risk in NIDDM raises some 
serious questions about conventional wisdom and needs to be studied further.
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S u m m ary  o f  co n v en tio n a l card iovascu lar risk  factors

Fuller summarized that only one third of the excess risk of cardiovascular death 
could be explained by the conventional cardiovascular risk factors discussed above. 
Cardiovascular risk factors are not as predictive as in the general population from 
the literature so far. It may be because large cardiovascular studies unfortunately 
only included a relatively small number of diabetic patients, for example, 111 overt 
diabetic patients in the Bedford study, less than 250 in the Framingham Study and 
only 145 in the Whitehall study.

The major part of the excess cardiovascular morbidity and mortality in diabetic 
patients is not fully explained by the effect of general cardiovascular risk factors 
(Jarrett, 1985). Microagiopathic complications which are specific to diabetes may 
be independent risk factors for cardiovascular disease through mechanisms which 
are uncertain.

The results from the NHNES 1 study (Ford & DeStefano, 1991), in which 92 
deaths from coronary heart disease occurred in 602 diabetic patients and 558 deaths 
in 12,562 non-diabetic participants followed from 1971 to 1984, suggested that the 
strength of the associations between risk factors and all-cause and coronary heart 
disease mortality did not differ significantly among patients with and without di
abetes. This is in accordance to the Framingham Study (Kannel & McGee, 1979) 
and the Finnish Study (Reunanen, 1983).

3.5 P rote in u ria

3 .5 .1  P ro te in u r ia  in  ID D M  p a tie n ts

2890 Danish IDDM diabetic patients were followed from 1943 to 1983 (Borch- 
Johnsen et a/., 1985). These patients represented between 25% and 35% of all IDDM 
diabetic patients diagnosed between 1933 and 1972 in Denmark. The relative mor
tality from cardiovascular disease was 36.7 in patients with proteinuria compared 
with only 4.3 in patients without proteinuria. Therefore, the high relative mortality 
in IDDM diabetic patients can predominantly be ascribed to the development of 
proteinuria. This is also true for relative cardiovascular mortality.

When compared with the non-diabetic population (Borch-Johnsen et W., 1985), 
the relative mortality was extremely high among patients with proteinuria, increas
ing to a maximum of about 100 at age 35 years. Patients not developing proteinuria 
had a relatively constantly low relative mortality of about 2. Regarding the causes 
of excess mortality, proteinuria is associated not only with death from uraemia (66% 
of deaths) but also from cardiovascular disease (23% of deaths). The study showed 
that the development of proteinuria is a major life- threatening complication in 
IDDM patients.

Deckert showed that relative mortality in IDDM patients decreases with increas
ing age. This indicated that mortality from arterial diseases in diabetic patients was 
less important than previously believed, since mortality from cardiovascular disease 
increases with age. Green (1985) found that a young age at diagnosis is associated
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with an increased incidence of proteinuria. This could probably explain the finding 
of highest relative mortality among patients diagnosed between 0 and 10 years old.

The incidence of clinical nephropathy was found to be significantly higher in men 
compared with women. Further work needs to be done on the excess risk associated 
with proteinuria in men.

Regarding the higher relative mortality of IDDM patients with proteinuria, it 
has been shown that IDDM patients with proteinuria have increased blood pres
sure (Mathiesen et ai, 1984), hyper-cholesterolaemia (Parving et a/., 1983), higher 
cigarette consumption (Telmer et ai, 1984), enhanced platelet adhesion (Valdorf- 
Hansen, 1967), higher blood viscosity (Skovborg et a/., 1966), increased trans
capillary escape rate (O’Hare et a/., 1983) and elevated plasma fibrinogen concentra
tions (Valdorf-Hansen, 1967), compared with diabetic patients of similar duration 
without this complication. Whether the differences are primary or secondary to the 
development of proteinuria is not known. Thus, these complex and multiple car
diovascular risk factors for mortality should be considered in IDDM patients with 
proteinuria.

3 .5 .2  P ro te in u r ia  in  N ID D M  p a tien ts

Nephropathy has been found to be associated with increased risk of mortality in 
NIDDM patients. A review of 44 NIDDM patients (Jarrett et ai,  1984) showed 
that elevated albumin excretion rates were associated with all-cause mortality. In 
a study of 232 diabetic patients diagnosed after the age of 45 years (Mogensen, 
1984) increases in urinary albumin concentration > 15 ug/ml were predictive of 
declining survival. Prospective studies can avoid potential sources of error and thus 
firmer conclusions can be drawn. Follow-up studies of middle-aged outpatients in 
London (Mattock et al,  1992) and elderly patients in Denmark (Damsgaard et ai, 
1992) have further confirmed the association between microalbuminuria and all
cause mortality. A Danish study of 503 NIDDM patients confirmed the association 
between microalbuminuria and mortality and showed that the major cause of death 
among NIDDM patients was cardiovascular disease; only 3% died from uraemia 
(Schmitz & Vaeth, 1988).

Follow-up studies of Pima Indians (Nelson et ai, 1988) and the Japanese cohort 
(Sasaki et a/., 1989b) showed proteinuria to be an important predictor of mortal
ity from cardiovascular and renal disease. Nonetheless diabetic retinopathy, which 
tended to be correlated with nephropathy, was not examined or adjusted for in these 
prospective studies.

The joint effect of proteinuria and hypertension was demonstrated in a study 
of Pima Indians (Nelson et al,  1988). In this study, age- and sex-adjusted death 
rates were calculated for diabetic subjects with or without proteinuria and/or hy
pertension. NIDDM patients with both proteinuria and hypertension experienced 
the highest mortality rate of 134.6 per 1000 person-years, whereas those with only 
proteinuria had a rate of 85.6 and with hypertension only 39.4 per 1000 person-years.
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3.6 E x isten ce  o f  d iab etic  retin op ath y
There have been very few data available on retinopathy in relation to mortality in 
diabetic patients. Decreased survival has been associated with visual impairment 
and increasing severity of diabetic retinopathy both in a retrospective study (Caird, 
1971) and in prospective studies (Davis et ai, 1979; Sharma et al,  1980; Klein et al,  
1989b).

3 .6 .1  A m o n g  ID D M  p a tien ts

The association between diabetic retinopathy and survival in IDDM patients is 
unclear. A lack of association between retinopathy and mortality was found in a 
study carried in Germany (Ratzmann et ai,  1989) and in the WESDR study (Klein 
et a/., 1989b). This may be due to proteinuria (Klein et ai,  1986) and hypertension 
being strong competing risk factors for cardiovascular mortality in IDDM patients. 
The WESDR study showed that a history of glaucoma or antiglaucoma medication 
was significantly associated, in Cox proportional hazards model, with decreased 
survival in IDDM patients whereas retinopathy, defined by stereoscopic photographs, 
was not.

Diabetic retinopathy has been found to be associated with other important risk 
factors for mortality in IDDM patients. A Swedish study showed that patients with 
severe retinopathy were more frequently treated for hypertension and had higher 
levels of albumin clearance in addition to worse metabolic control (Agardh et a/., 
1989b; Agardh et ai, 1989a). The correlation between retinopathy and BP or albu
minuria has also been confirmed by other studies (Parving et al,  1988; West et al, 
1982; Teuscher et ai, 1988). Previous studies have shown conflicting results about 
the time course for the development of retinopathy, nephropathy and cardiovascular 
disease (Vigstrup & Mogensen, 1985; Agardh et ai,  1987; Klein et ai,  1986; Klein 
et ai,  1989a). Overnight albumin excretion rate was found to be independently 
predictive of retinopathy incidence (McCane et a/., 1989). A genetic factor has also 
been proposed to cause diabetic retinopathy (Stewart et a/., 1993). The relationship 
between hyperglycaemia and the incidence and progression of retinopathy appears 
to be consistent (Klein et ai,  1988; McCane et al,  1989).

3 .6 .2  A m o n g  N ID D M  p a tien ts

Retinopathy has been found to have a marked effect on mortality in NIDDM. A 
cohort of 353 (131 men, 222 women) Mexican Americans, aged 15 and over, with 
NIDDM were followed for an average of 8 years (from 1981-86 to 31.3.1992) (Hanis 
et al,  1993). In univariate analysis by the Cox model, the coefficients for prolif
erative retinopathy translated into relative risks of 4 in men and 4.4 in women. 
Retinopathy was the only predictor of mortality in men among all the risk factors 
studied (BP, smoking, cholesterol, BMI, HDL, Glucose, H b A i ). Among women 
in the same study, in addition to diabetic retinopathy, diabetes duration, diastolic 
blood pressure, insulin use and plasma cholesterol were also found to be signifi
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cant. However, in multivariate analysis by the Cox proportional hazards model, 
only plasma cholesterol remained significant, suggesting a high correlation between 
cholesterol and retinopathy. The WESDR study also demonstrated that retinopathy 
remained as a significant predictor for decreased survival in NIDDM patients but 
not in IDDM subjects (Klein et ai,  1989b). A 9.4-year follow-up study of a Japanese 
cohort carried out in Osaka (Sasaki et al.  ̂ 1989a), in which renal deaths were mainly 
responsible for excess mortality in NIDDM patients, found diabetic retinopathy to 
be an independent predictor of all-cause mortality. There have been very few data 
showing the association between retinopathy and cause-specific mortality. In Pima 
Indians aged over 45 years (Nelson et al,  1990), retinopathy was found to be sig
nificantly predictive for mortality from coronary heart disease with a RR of 2.8 for 
retinopathy.

3 .7  A tta in ed  age and d ia b etes  d u ration
Excess mortality diminishes with increasing attained age for both sexes and diabetes 
types. Higher excess mortality has been reported for men aged 20-39 and for women 
aged 30-39 as compared with the older age groups among NIDDM patients attending 
the Joslin clinic (Kessler, 1971). High excess mortality has also been found to occur 
among diabetic subjects under 45 years of age, moderate excess mortality in the 
group aged 45-54, and low excess mortality in the group aged 55-64 among insured 
men with NIDDM (Pell Sz D’Alonzo, 1970). In a Danish study of IDDM patients, 
relative mortality was also found to decrease with increasing age at diagnosis (Green 
et a/., 1985).

3 .7 .1  A m o n g  ID D M  p a tien ts

The previous study of the London IDDM cohort (Morrish et ai,  1990) showed that 
diabetes duration was independently associated with increased risk of cardiovascular 
mortality. However, diabetic retinopathy, being correlated with duration, was not 
taken into account in this study (Morrish et ai,  1990).

In the study of 448 diabetic patients who died under the age of fifty years in 
the United Kingdom during 1979, duration of diabetes was related to diabetic renal 
disease but unrelated to the deaths from myocardial infarction (Tunbridge, 1981). 
In a Danish study the association between diabetes duration and mortality was 
investigated, taking into account possible confounders (Green et a/., 1985). Rela
tive mortality was found to increase with increasing duration of diabetes up to a 
maximum of about 25 years, after which it declined, resulting in a “bell-shaped” re
lationship between diabetes duration and relative mortality (Borch-Johnsen et al.^
1986). This observation is in keeping the study that incidence of persistent pro
teinuria increases to a maximum after 16-18 years of duration and patients had a 
median survival of 7-8 years after the onset of proteinuria (Andersen et a/., 1985). 
However, certain patients escape fatal complications, such as nephropathy so that, 
after IDDM duration of about 25 years relative mortality gradually decreases.
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3 .7 .2  A m o n g  N ID D M  p a tien ts

Several studies showed that the duration of diabetes in NIDDM patients has no 
influence on mortality risk due to arterial disease (Pyorala & Laakso, 1983; Herman 
et ai,  1977; Lapidus et ai,  1985).

In an Israel study of 498 diabetic men (population-based) who were aged 40 
and over and followed up for 5 years in 1960’s (Herman et ai,  1977), the all-cause 
SMR was greater in previous diagnosed diabetic patients (SMR= 230) than in newly 
diagnosed diabetic patients (140). However, Myocardial Infarction SMR (340) was 
the same between the two groups. More sudden deaths (8 in 40 total deaths) were 
found in previously diagnosed diabetic patients than in newly diagnosed diabetic 
patients (1 in 16 total deaths). Cardiovascular risk factors (Plasma cholesterol. 
Systolic BP, Diastolic BP, Waist-Hip ratio. Uric acid and Hypertension) did not 
explain the difference. The author concluded that duration and severity of diabetes 
were responsible for the difference although there was no information about diabetes 
duration in previously diagnosed diabetic patients.

There have been inconsistent results in the association between diabetes duration 
and mortality. This were mainly due to sample size and lack of proper controlling 
for confounders. A previous study of Pima Indians revealed that mortality from 
ischaemic heart disease and renal disease was directly related to diabetes duration 
(Sievers et ai, 1992). Nonetheless, only age and sex were adjusted for in this study. 
From large-scale population-based studies it is clear that NIDDM and cardiovascu
lar disease development share common risk factors (Wilson et ai,  1986). Studies of 
subjects with impaired glucose tolerance have found an increased risk of cardiovas
cular incidence and mortality in whites (Fuller et ai, 1980; Jarrett & Shipley, 1988), 
in a Japanese cohort (Yano et al, 1982) and in Mexican Americans (Haffner et ai, 
1990; Morales et ai, 1993).

NIDDM patients tend to have undiagnosed diabetes for some time before clinical 
diagnosis. It is evident that the development of retinopathy may even start before 
clinical diagnosis of NIDDM, with an estimated duration of 5 years (Harris et ai, 
1992). It is thus estimated that clinically diagnosed NIDDM patients experience a 
total number of 9-12 years of pre-diagnosis NIDDM. Imprecise dating of diabetes 
onset may obscure investigations of the etiology of NIDDM and studies of the nature 
and importance of risk factors for diabetic complications. Furthermore, IGT has 
been found to be associated with cardiovascular incidence and mortality with a 
similar degree of risk to that of diagnosed NIDDM. Maybe the duration of IGT 
together with the total duration of diabetes would be more predictive than the 
duration as measured from the time of diagnosis of NIDDM.

3.8 H yp erg lycaem ia
Some investigations show that development of atherosclerosis is related to the sever
ity of hyperglycaemia (Goodkin, 1975; Pell & D’Alonzo, 1970; Rytter et al, 1985; 
Janeczko et ai, 1986). In the Du Pont study, the severity of diabetes had one of the 
greatest effects on mortality (Pell & D’Alonzo, 1970).
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There is still no absolute proof for asymptomatic hyperglycaemia as an indepen
dent risk factor for coronary heart disease in patients with NIDDM. However, Fuller 
et al suggested a non-linear relationship in the upper range of the distribution of 
blood glucose values after an oral glucose load. This relationship has a threshold 
phenomenon (Fuller et al, 1983b; Fuller et ai,  1980; Eschwege et ai,  1985; Pyorala 
et al, 1985).

When the coexisting factors of hypertension, hyperlipoproteinaemia, obesity and 
smoking have been taken into account, diabetes itself appears to remain an inde
pendent risk factor for arterial diseases. Some investigations have shown that vas
cular diseases are proportionally related to the degree of hyperglycaemia (Pell & 
D’Alonzo, 1970; Lundbaek, 1974; Goodkin, 1975; Engerman et ai,  1977; Janeczko 
et al,  1986). However, whether hyperglycaemia accelerates the severity of vascular 
diseases is unclear.
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Chapter 4 

Study populations

4.1 R ecru itm en t o f  cen tres and sam p les
The World Health Organisation (WHO) Multinational Study of Vascular Disease 
in Diabetes (MSVDD) has confirmed previous studies (West, 1978) that showed a 
marked variation in the prevalence of vascular disease and its associated risk factors 
among 14 samples of diabetic patients throughout the world. Ten of the 14 original 
participating centres were able to carry out a follow-up study on mortality in their 
diabetic cohorts. The ten samples comprised two from Asia, five from Europe, one 
from central America and two indigenous American Indian populations from North 
America.

Study patients were recruited from a number of sources. Each centre was asked 
to select the source that would provide a representative sample of diabetic patients. 
In London, Warsaw, Hongkong and Tokyo, samples were recruited from outpatient 
clinics serving populations typical of the area, such as King’s and Guy’s hospitals for 
the London centre. The Swiss sample was randomly selected from a large number of 
general practitioners nationwide. The Berlin, Zagreb and Havana patients were sam
pled from a geographically defined register of all diabetic residents. Patients of the 
two remaining centres were recruited from registers of diabetic patients belonging to 
identifiable ethnic groups: the Pima Indians in Arizona and the American Indians in 
Oklahoma. In order to provide sufficient number of subjects, a few centres extended 
their recruitment to carefully defined patient populations after seeking permission 
from the WHO coordinating team. For example, the Tokyo sample had to be ex
tended to include part of the Nagoya prefecture, mainly because of the difficulty to 
gain sufficient number of younger patients with longer duration of diabetes.

For the purpose of the WHO study, the group from which the sample was drawn 
should be representative of all diabetic individuals in the source populations as far 
as possible. Small minorities of different ethnic composition or radically different 
cultural characteristics were excluded before sampling.

Patients identified by screening were excluded from this study for two main 
reasons. Firstly, it was difficult to obtain diagnostic criteria which could be agreed 
upon by all participants. Secondly, patients in the early stages of the disease and 
patients of questionable diabetes status should be excluded. A diabetic subject was 
defined as a patient diagnosed at least one year prior to the start of the study and 
receiving treatment for the disorder on a defined date. The manner of diagnostic 
presentation was recorded to monitor any potential source of bias. Diabetes type or 
type of treatment was not an entry criterion.

Eligible patients were stratified according to age (35-41; 42-48; 49-54 years), 
duration of diabetes (1-6; 7-13; 14 or more years) and gender. The age range was 
chosen for two main reasons. With coronary heart disease being uncommon before

2 8
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the age of 35, the lower age limit was set at 35 years. The upper age limit was set at 
54 years since the prevalence of atherosclerosis in older age groups would be affected 
by mortality. As far as the duration of diabetes is concerned, it is well-established 
that the duration of diabetes is associated with microvascular disease. Thus the 
sampling procedure was devised to provide a range of duration within the selected 
groups. Equal numbers were selected from either gender. A random sample was 
then selected from each of these 18 age-, gender- and duration strata.

A patient with IDDM is defined as someone who received insulin therapy within 
one year of diagnosis. All other patients are regarded as NIDDM subjects. Three 
of the centres (Tokyo, Oklahoma and Arizona) had insufficient numbers of IDDM 
subjects (less than 60) to be included in the analysis of mortality for this type of 
diabetes.

4.2 Sam pling  procedures
In order to minimise the over-representation of frequent clinic attenders or those 
with complications, patients were randomly selected from those who had attended 
once or more in the year prior to the commencement of the study. Each patient was 
appropriately assigned to one of the 18 strata based on age, duration and gender. 
The sample size was constrained by practical considerations such as centre resources 
and the need to ensure a population large enough to be statistically tested. The 
agreed number of subjects for each cell was 28, with a further 7 as reserve. The aim 
was to randomly select 28 subjects from each cell giving a total of 252 men and 252 
women. The study protocol allowed the recruitment of patients from other sources 
into cells where there were insufficient patients.

Two centres, namely Oklahoma and Arizona, departed from these sampling pro
cedures. The Oklahoma sample had been selected for other purposes before the 
WHO study, which began in 1972. Over 30 tribes were represented. The Arizona 
sample was taken from all the diabetic Pima Indians residing in the reservation area, 
known as the Gila River Indian Community, from 1965 onwards. All 241 patients 
included were categorized as NIDDM subjects. To follow up these two samples for 
analysis and comparison of mortality was appropriate because they were represen
tative of certain populations with well-defined characteristics.

4.3  D a ta  co llection
The data presented in this report are the data collected from all participating centres. 
Informed consent was required from all study participants.

Each patient was interviewed prior to the study in order to establish the base
line ascertainment which consisted of a single visit to a clinic specially set-up for the 
WHO study. Participating doctors at the clinics should have been trained in the 
standard study procedures and expected to spend at least another year at the indi
vidual study centre. The majority of these visits occurred between 1975-1977 with 
a few of the visits in two centres occurring in 1974. Two to three years had elapsed
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after the end of the recruitment period and before the proper follow-up began. The 
standardised questionnaire given to all the participants is included as in Appendix 
1 and covers the standard questions asked by the interviewing clinicians, the details 
of physical examination and investigation performed.

4 .3 .1  In terv iew

The questionnaire was divided into three parts (Appendix 1). Basic demographic 
details were recorded in the first part. The second section dealt with previous 
medical history, in particular the circumstances leading to the diagnosis of diabetes, 
and current treatment including details of the prescribed diet. The next section 
contained questions on angina, history of myocardial infarction and intermittent 
claudication in accordance with the Rose and Blackburn questionnaire (1968) which 
has been validated in non-diabetic populations and become a standard questionnaire 
used by the WHO. A series of questions were asked about the history of stroke, 
visual disorders and smoking history. The questions on smoking dealt mainly with 
the number of cigarettes smoked and was a modified version of that published by 
Rose and Blackburn (1968).

4 .3 .2  P h y s ica l ex a m in a tio n

The physical examination consisted of the measurement of weight, height and ar
terial blood pressure and a standardised ophthalmoscopic examination through di
lated pupils. Height was measured without shoes, and weight while wearing indoor 
clothing. Arterial blood pressure was measured with a standard clinical mercury 
sphygmomanometer and a 10x22-cm cuff, after at least 10 minutes in the sitting po
sition, and after 30 minutes or more without smoking or eating. Diastolic pressure 
was recorded both at the time of sudden muffling of sounds (Korotkov phase 4), and 
at complete disappearance of sounds (Korotkov phase 5).

The fundi were examined with an ophthalmoscope in a darkened room after 
pupillary dilatation. A timed examination of two minutes for each eye was per
formed. In order to standardise the recognition and documentation of various le
sions, all participating centres took part in a workshop prior to the study. At the 
workshop, a number of selected patients, including some with normal fundi, were 
examined by all participants using standardised methods. Their results were then 
analyzed and discussed. A set of standard colour photographs of the lesions sought 
was supplied to each examining centre. The results of the examination were recorded 
with regard to the presence and quantity of certain defined lesions. These were as 
follows:

1. New vessels: recorded as none, doubtful or definite, to include proliferative 
retinopathy in all forms.

2. Large red lesions: having their largest diameter greater than that of the optic 
disc.
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3. Medium red lesions: having a diameter not less than the optic artery and 
smaller than that of the optic disc.

4. Small red lesions: Having a diameter certainly less than the optic artery at 
the optic disc.

5. Hard exudates: white lesions with a sharp outline. If extensive with total area 
greater than that of the optic disc to be included in the ’ six or more’ category.

6. Soft exudates.

4 .3 .3  L ab o ra to ry  d a ta

4 .3 .3 .1  EC G

Standard resting 12-lead electrocardiograms were recorded on 98.8% of the study 
participants. The same two experienced readers analyzed all the tracings using 
the Minnesota Code (Blackburn et al, 1960), and a third reader arbitrated dis
agreements (less than 0.5% of readings). It is important to mention that all the 
electrocardiograms from all participating centres were read centrally by the same 
two observers.

4 .3 .3 .2  P rotein u ria

A fresh specimen of urine was collected and tested by a standard sulphosalicylic 
solution method by all centres except Zagreb, where the Albustix method was used 
(Rennie & Keen, 1967). The intensity of protein precipitation was recorded (none, 
light, heavy) and used in analyses as an indicator of degree of proteinuria.

4 .3 .3 .3  P lasm a  creatin ine and cholesterol

Venous blood with heparin anticoagulant was collected for cholesterol and creatinine 
determination. Samples were centrifuged and the plasma separated and frozen at 
-20 degrees centigrade. The measurements were made both locally and centrally at 
one of two WHO-collaborating lipid centres in Atlanta (Georgia, USA) and Moscow, 
USSR, using accepted techniques. Results from local and central laboratories have 
been checked. The protocol did not require measurement of cholesterol subtrac
tions; uniform techniques and quality monitoring for these measurements through 
the WHO collaborating centres were not available at that time. Several results from 
the central laboratories are used in the analyses. Local data are used when central 
data are not available namely for the Warsaw, Berlin, Zagreb and Havana centres.

Plasma creatinine was also measured for the assessment of renal function. The 
results for London, Warsaw, Havana and Oklahoma were from the central labora
tory; for others, the data estimated by their local laboratories were used.
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Study m ethods

5.1 M orta lity  follow -up
Each centre was asked to ascertain the life/death status of all its original participants 
on 1 January, 1988 (Appendix 2), with the exception of the Hong Kong cohort which 
was followed up to 1st January 1983. This information was reported to the London 
coordinating centre using a standard questionnaire (Appendix 3). Death certificates 
were collected for deceased patients, together with supporting documentation such 
as copies of summaries of terminal illness and autopsy reports where available. If 
the life/death status was unknown, the reason and the date which the patient was 
last known to be alive were recorded.

A mortality committee consisting of four clinical doctors was organised for the 
assignment of causes of death. Two of the members involved in the study (Drs JH 
Fuller and NJ Morrish) and two independent physicians (Drs E Jepson and K Ball 
for the 8-year follow-up; Prof. J Jarrett and Dr E Jepson for the 12-year follow- 
up). The members ascertained the most likely underlying cause of death for all 
deceased subjects based upon all medical information available. The International 
Classification of Disease, version 9 was adopted (Appendix 3). Any questionable 
ascertainment was discussed in the committee and final agreement achieved. The 
committee also decided on the order of importance of all other contributing causes 
of death and the role of diabetes in causing the death. Whether diabetes was 
mentioned or not in the original death certificates was recorded. Each deceased 
patient was given a confidence score based on the sufficient degree of information 
for the assignment of causes of death. Data on causes of death were checked by two 
persons. The data and other information about causes of death including underlying 
and contributory causes were merged with the baseline data for analysis.

5 .1 .1  S am p lin g  o u tco m e

During the period from 1974 to 1977, a total number of 4746 diabetic men and 
women from 10 countries were recruited. The sampling results reflect the com
position of all diabetic patients in the study centres. The Tokyo and Hong Kong 
samples are two examples in which smaller numbers of patients with longer duration 
of diabetes were recruited.

5 .1 .2  C o m p le ten ess  o f  fo llow -u p

Centres with incomplete follow-up had been encouraged by the London coordinating 
centre using fax and letters until no further efforts could be made.

32
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Consistency of the date of birth between baseline and follow-up has been checked. 
A copy of 14 life/death ascertainment forms with questionable information about 
the date of birth and name was sent back to the participating centres for accurate 
records. Necessary modification has been made to ensure that correct subjects have 
been followed successfully.

Subjects with unmatched date of birth and names and without any additional 
information were excluded. Eighteen patients have been untraceable since the date 
of entry. Thus a total number of 32 subjects were excluded from the analyses. 
Life/death status was ascertained on 1.1.1983 in the Hong Kong centre and on 
1.1.88 in the other 9 centres.

Of 4714 diabetic subjects (2310 men, 2404 women), 1266 (663 men 603 women) 
were diagnosed as IDDM and 3448 (1647 men, 1801 women) as NIDDM. Prior to 
the 1st of January 1988, a total number of 1088 (23%) subjects had died, 367 (34%) 
of whom had IDDM.

5 .1 .3  A n a ly tic a l variab les

5 .1 .3 .1  D em ographic

Gender, age

5 .1 .3 .2  D ia b etes  related

Age at diagnosis, type of diabetes (IDDM and NIDDM), type of treatment

5 .1 .3 .3  M acrovascular disease

ECG abnormality
The Minnesota codes were grouped into the following categories:

1. ECG coronary probable: Codes 1.1 and 1.2 (large Q and QS waves) and code
7.1 (complete left bundle branch block).

2. ECG coronary possible: Codes 1.3 (small Q waves). Code 4,1, 4.2 and 4.3 (S-T 
segment abnormalities) and Codes 5.1, 5.2 and 5.3 (T wave abnormalities).

All other ECC’s, whether coded as normal or abnormal, are grouped as ’ECG 
coronary unlikely’, sometimes loosely called ’normal’. In fact the proportion of 
significant abnormalities among them (e.g. disturbances of rhythm or conduction 
abnormalities) was extremely low.

Heart vascular disease is a combination of those positive for ECG coronary proba
ble and possible and/or angina pectoris (as defined by Blackburn and Rose including 
both severe and mild) and/or possible infarction (positive and affirmative answer to 
frontal chest pain lasting half an hour or more).

Leg vascular disease is a combination of those positive for intermittent claudica
tion (leg pain including calf/calves when walking) and/or amputation (amputation 
of toe, foot or leg for arterial obstruction).
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Stroke
Affirmative answer as positive to ’’Have you ever had a stroke?” (The number of 

cases was small.)

5 .1 .3 .4  M icrovascular d isease

Retinopathy
The results of the ophthalmoscopic examination were classified into four cate

gories: severe, medium, minimal and none.

1. Severe retinopathy

• retinopathic blindness in any eye; and/or

• new vessels in any eye; and/or

• vitreous opacity/haemorrhage in any eye; and/or

• one or more large red lesions in any eye.

2. Medium retinopathy

• two or more small red lesions in any eye; or

• one or more medium red lesions in any eye; or

• two or more hard or soft exudate in any eye.

3. Minimal small vessel disease of the eye

• one small red lesion in any eye; or

• one hard or soft exudate in any eye; or

• doubtful new vessels in any eye.

Proteinuria
Positive tests were graded as follows:

1. Heavy: Flocculent precipitate; or distinct or heavy turbidity.

2. Light: Slightly turbidity.

3. None: Negative.

Plasma creatinine
Plasma creatinine level was recorded in mg/dl from the central laboratory and 

put into the following two groups:

1. Positive: More than 1.5 mg/dl.

2. Negative: 1.5 or less but not 0.0 and not blank.
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5 .1 .3 .5  R isk  factors for vascular m orta lity

Hypertension
The WHO definition of hypertension was used (systolic blood pressure equal 

to or greater than 160 mmhg, or a phase 5 diastolic blood pressure 95 mmhg or 
more, or receiving treatment with antihypertensive drugs). HYP2 (WHO definition) 
consisting HYPl (nomotensive and on BP-lowering treatment), HYPS (hypertensive 
and on treatment) and HYP4 (hypertensive and not on treatment).

Plasma cholesterol
Plasma cholesterol level was recorded in mg/dl.
Smoking habits
Based on the answers to questions 22 and 23 of the questionnaire, subjects were 

divided into those who were:

1. Never smoked.

2. Ex-smoker.

3. Smoking 1-20 cigarettes per day.

4. Smoking 21 or more cigarettes per day.

In some analyses the last 2 categories were combined as “Current Smokers” and 
compared with the “Never Smoked” .

BMI
Body mass index (BMI) was computed by dividing the weight in kilograms by 

the square of the height in meters.

5 .1 .3 .6  For deceased  sub jects

• Underlying cause of death: Four-digital ICD code were recorded.

• Contributory cause of death None to four contributory causes of deaths were 
assigned using 4-digital ICD code.

• Mention of diabetes.

1. Diabetes was mentioned on the original death certificate either as under
lying or contributory cause.

2. Diabetes was not mentioned at all on the death certificates.

• Confidence score.

1. Death certificate available together with supporting data either on sum
mary of terminal illness or autopsy report.

2. Only death certificate available,

3. Death certificate unavailable but other clinical information available,

4. Only the information collected by investigators obtained.
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5.2 S ta tis tica l m eth od s

5 .2 .1  D esc r ip tiv e  s ta tis t ic s

5 .2 .1 .1  M orta lity  rates

Age-adjusted all-cause and cause-specific mortality rates were calculated for each 
centre using the direct method of standardization in order to compare mortality 
rates between centres. The standard population in this analysis was a truncated 
world population from 35 to 64 (Breslow & Day, 1987) because some centres have 
recruited subjects with different age range. The age bands for Switzerland and 
Hongkong were expanded to include the age group 25-34 year because a sufficient 
number of subjects fell into this category. The number of person years at risk was 
calculated separately for men and women, in 10-year age intervals between the ages 
of 35 and 74, every year from 1975 to 1987. The calender periods were also extended 
to 1972 for the Oklahoma Indians and to 1974 for the Swiss cohort in order to cover 
their earlier recruitment. Patients lost to follow-up were censored on the date when 
they were last known to be alive. Four centres - Tokyo, Hong Kong, Oklahoma and 
Arizona were excluded from the analyses for IDDM patients because of insufficient 
numbers of this type of patient.

5 .2 .1 .2  M orta lity  ratios

Mortality in each cohort of diabetic patients was also compared with mortality in 
the general population by means of Standardized Mortality Ratios (SMR) using the 
Person YeaRS (PYRS) computer software (Coleman et al, 1986). The SMR is the 
ratio of the number of deaths observed D = in which dj denoted as the
number of deaths observed, in diabetic patients to the expected number of deaths 
E*, multiplied by 100, assuming that the diabetic patients have the same mortality 
rate as the standard population. ”j ” represented the age strata.

'SMR =  - ^  X 100 =  '  X 1 0 0 , j  =  1 , 2 , . . .  (5 .1 )
i  E -  T , j = i n j X -

A SMR greater than 100 indicates excess mortality in a given cohort as compared 
with the standard population. The expected numbers of deaths in subjects was 
estimated by multiplying the number of person years at risk r i j  by the reference 
death rates (Berry, 1983).

For the centres in Switzerland, Hongkong, Poland, former German Democratic 
Republic (GDR), former Yugoslavia and Cuba, the national death rates were used as 
the reference populations (WHO Vital Statistics Study Group, 1988). For the other 
4 centres, regional death rates were utilised, ie Greater London (Office of Population 
Censuses and Surveys, 1975-1987), Tokyo prefecture (Office of the Prime Mister in 
Japan , 1977; Office of the Prime Mister in Japan , 1982; Office of the Prime Mister 
in Japan , 1986) , Arizona (Bennett PH, personal communication) and Oklahoma 
(Lee E, personal communication). The number of person years was calculated at 
10-year intervals between the ages of 35 and 74.
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The calculation of confidence intervals for SMRs were based on the Poisson 
distribution. The confidence limits were obtained by first finding lower (L) and 
upper ([/) limits and fjLu respectively for the mean ^  = E{D)  of the Poisson 
distributed observation D, the number of deaths observed, and then calculating 
S M R l = X 100 and S M R u  = nu/E*  x  100 (Breslow & Day, 1987).

where

and

Hv = {D + 1)(1 -  -  3 ( / + 1)1/2) (5.3)

Zct/ 2  = 1.96 for 95% confidence intervals. If the confidence limits covered the 
value 100, the null hypothesis is accepted hence the cohorts studied did not experi
enced significant excess mortality compared with their reference populations.

Excess mortality in relation to the selected risk factors (ie hypertension, pro
teinuria) was also assessed in terms of SMRs. In this analysis, all centres were 
combined to avoid small numbers of observations, by summing the observed and 
expected number of deaths, D*-̂  —> and %  - 4- from each of the 10 centres
for each variable (ie proteinuria) or category (ie age group 35-44, 45-54) i by gender 
and diabetes type.

vio D -
5'MR, =  'o ' ril' X 100,2 =  1 , 2 , . . .  (5.4)

Z ^ j = l

where Dij was the observed number of deaths and Eij was the expected number 
of deaths for each risk variable or category i.

5 .2 .2  A n a ly tic  S ta tis t ic s

Relationships between the explanatory variables and mortality results in terms of 
relative risks are presented for each individual centre and for combined centres.

In order to detect the relative importance of the risk factors on survival in di
abetic patients, survival analysis was performed using Cox’s Proportional Hazard 
Model where the survival time of each subject was the dependent variable in the 
regression model (Cox & Oakes, 1990).

PHGLM (Proportional Hazards General Linear Model) (Harrell, 1986) and other 
suitable procedures in the SAS (Statistical Analysis System) software were utilized 
mainly in the mainframe of either Phoenix or Unix Operation System. The other 
procedures included MEAN, FREQ, SUMMARY, etc, for descriptive statistics and 
CORR for the test of correlation between risk variable.

The assumption of the Cox model is that the effect of explanatory factors on 
survival does not change over time. It is important to check this assumption either 
by checking for parallelism of log-log survival curves or by the goodness-of-fit test 
(Christensen, 1987). The first method has been utilized in the present study. The
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present method also used a test based on the linear correlation between the residuals 
and the rank order of the survival time (Schoenfeld, 1982). Simulations have shown 
this test to have reasonable power when the hazard ratio is monotonie in time 
(Harrell, 1986). The test statistic is a normal deviate and can be judged conveniently 
by the Z:PH (Z value for proportional hazards) values corresponding to 10%, 5% and 
1% significance levels {Z : P H  =  2.58,2.81and3.29 respectively) in the Statistical 
Analysis System (SAS) software utilized in the present study.

Z  : P H  {Proportional Model) =  2~ (5.5)

r denoted as the correlation between residuals and failure time order; uu denotes 
as the number of deceased subjects observed. The effect of risk variable on survival 
tends to increase over time at 5% significance level if Z  : P H  is significantly greater 
than 2.81. On the other hand, the effect tends to decrease over time if Z  : P H  is 
significantly less than -2.81. In this way, the assumption for the Cox model had 
been tested and proved to be valid for this study.

The following continuous variables measured at entry to the study have been 
analyzed for association with mortality during follow-up; systolic blood pressure, 
diastolic blood pressure, plasma cholesterol, plasma creatinine, diabetes duration, 
and body mass index. Age of onset of diabetes was correlated with diabetes duration 
and produced the same result as diabetes duration in univariate analysis in this 
study. The categorical variables examined were hypertension, proteinuria, ischaemic 
EGG abnormality, diabetic retinopathy and smoking.

For the continuously variable risk factors (e.g. systolic blood pressure, body mass 
index) the results of the Cox regression analyses are given as estimates of relative 
risk standardized to a change of one standard deviation SDi  for each particular 
variable (Standardized Estimate of Relative Risk, SERR). Therefore the association 
of individual risk factor and mortality could be compared.

S E R R  = exp{(5iSDi) (5.6)

where jSi denoted as the corresponding regression coefficient to variable i. The 
confidence intervals were calculated:

S ERRiu  = exp{/3iSDi 4- Za/2 {SEp.SDi))^ i =  1 ,2, . . .  (5.7)

SERRiL = exp{/3iSDi — Za/2{SE^HDi)), i =  1,2, . . .  (5.8)

For the categorical variables (e.g. proteinuria and non- proteinuria) the Esti
mates of Relative Risk (ERR) are based on mortality by categorical variable (e.g. 
mortality in hypertensive patients as compared with that in normotensive patients).

E R R  = exp{Pi) (5.9)

ERRiu  = exp{^i 4- Za/2{SE^.)),i =  1 ,2, . . .  (5.10)
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ERRiL = exp{pi -  Zai2{SEp^)), 2 =  1,2, . . .  (5.11)

When men and women are separated by diabetes type and centre, the small 
numbers in each group make comparison difficult to interpret. As there appeared 
to be no major differences between genders in SMRs by established risk factors 
and causes of death, the analyses were performed separately for each diabetes type 
alone. In order to take the effects of gender and age into account, each cohort or 
all-centre combined cohort was stratified by gender and adjusted for age by forcing 
this variable in each model. In multivariate analyses, significant predictive variables 
at 5% level in univariate analyses were pooled in regression models to assess the 
most important risk factors for mortality by forward stepwise approach. Final mul
tivariate analysis results were presented in chapter 8. When certain variables were 
significantly correlated (e.g. diastolic BP, systolic BP and hypertension), the single 
and most predictive variable was selected to fit the model in multivariate analysis.

All centres were combined to test the most important predictors of mortality. 
W ith the large number of observations, more specific cause of death with relatively 
small number of death in individual centre (e.g. ischaemic heart disease and re
nal disease) than cardiovascular disease can be investigated. In order to consider 
the differences between the centre, the analysis for all-centre combined sample were 
stratified by centre using block technique in the procedure in addition to the ad
justment of gender and age. The other statistical methods were the same as for the 
individual centre. Residual R  for each regression model has been measured in the 
PHGLM procedure for the predictive ability of the model.

where

1/(0) is the log likelihood with no variables in the model (all regression coefficients 
set to 0) (Harrell, 1986).

Survival curves adjusted for risk factors were completed by Kaplan - Meier 
method (Harrell, 1986).
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Chapter 6 

B aseline characteristics o f subjects

6.1 Sam pling  ou tcom e
During the period from 1974 to 1977, a total of 4746 diabetic men and women from 
10 centres were recruited. Table 6.1 shows the numbers of subjects distributed by 
age, gender and diabetes duration for each centre. The Tokyo, Hong Kong and 
the two American Indian samples had a smaller number of patients with longer 
duration of diabetes. Table 6.2 summarises the total number of IDDM and NIDDM 
patients from each centre by gender. Most of the centres examined approximately 
250 patients of each gender as planned, but their numbers varied from 90 men in 
Arizona to 384 women in Oklahoma. Table 6.3 shows the distribution of age at onset 
by diabetes type and gender. An average of 10-13 % of IDDM patients had diabetes 
diagnosed after the age of forty, and 11-12 % of NIDDM patients had diabetes 
diagnosed before the age of thirty-one. Mean age of diabetes onset for IDDM (29 
for men and 28 for women) was generally 10 years lower than for NIDDM (39 for 
both genders) (Table 6.4).

6.2 A n a ly tica l variables

6 .2 .1  D ia b e te s  re la ted  variab les

Table 6.5 shows age-standardized mean diabetes duration for each centre by diabetes 
type and gender. Diabetes duration for IDDM patients was substantially higher than 
for NIDDM subjects, being two fold on average. IDDM patients from Oklahoma and 
NIDDM patients from Zagreb, Hong Kong and Oklahoma had the shortest mean 
duration. The longest duration, over 20 years, was found in the London cohort with 
IDDM.

As the proportion of people receiving insulin increased with the duration of 
diabetes in all centres, the rates were adjusted by duration for comparisons between 
centres. Table 6.6 indicates the frequency distribution of types of treatment for 
NIDDM by gender in each centre. In the Hong Kong and Havana centres, relatively 
few people were on insulin and more were on oral agents. The proportion of people 
on diet alone was highest in Berlin (GDR) and Arizona among men.

41
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Table 6.1: Numbers recruited at each centre, by age, gender and diabetes duration

Centre Men Women
Age(yr) 35- 42- 49- 35- 42- 49- Total
Duration (yr)

LON 0- 21 28 26 15 25 30 145
7- 17 21 41 17 27 36 159
14- 33 26 39 20 35 37 190

SWI 0- 36 30 30 29 31 27 183
7- 22 34 33 22 30 24 165
14- 32 34 26 35 28 27 182

WAR 0- 13 30 33 15 26 32 149
7- 17 23 35 21 24 26 146
14- 21 27 40 22 33 46 189

BER 0- 26 37 25 25 32 32 177
7- 27 30 39 23 29 43 191
14- 29 23 48 27 29 35 191

ZAG 0- 31 35 32 21 32 35 186
7- 20 21 28 8 23 28 128
14- 16 17 24 7 14 9 87

HON 0- 21 37 39 31 35 35 198
7- 7 20 27 23 20 40 137
14- 0 10 29 5 4 26 74

TOK 0- 22 37 32 19 26 43 179
7- 25 26 38 9 22 44 164
14- 3 18 33 11 10 18 93

HAV 0- 26 30 30 27 28 30 171
7- 27 37 29 29 33 26 181
14- 24 23 28 28 26 26 155

OKL 0- 52 55 68 62 96 92 425
7-3 12 26 28 18 33 35 152
14- 3 9 16 4 19 25 76

ARI 0- 8 12 11 15 20 14 80
7- 13 12 17 12 23 35 112
14- 4 4 6 3 13 19 49

Total 0- 256 330 327 258 351 370 1892
7- 188 250 314 181 264 339 1536
14- 165 190 290 162 212 268 1287
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Table 6.2: Numbers recruited at each centre, by gender and diabetes type

Centre IDDM NIDDM
Men Women Men Women

LON 117 125 135 117
SWI 97 109 179 143
WAR 111 100 128 145
BER 92 91 191 185
ZAG 71 34 153 143
HON 56 47 134 172
TOK 32 28 203 173
HAV 53 36 201 218
OKL 27 24 240 360
ARI - 90 155
Total 656 594 1654 1811
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Table 6.3: Distribution (%) of age at diagnosis of diabetes by diabetes type, gender 
and centre

Centre Sex IDDM (years) NIDDM (years)
< 31 3 1 - 4 1 - < 31 3 1 - 4 1 -

LON M 68.7 28.8 2.5 6.0 42.5 51.5
F 61.3 29.8 8.9 11.9 33.9 54.2

SWI M 64.3 29.6 6.1 18.4 42.5 39.1
F 58.7 32.1 9.2 13.2 46.5 40.3

WAR M 57.7 35.1 7.2 6.2 34.4 59.4
F 53.0 39.0 8.0 14.5 41.4 44.1

BER M 64.1 32.6 3.3 9.4 52.6 38.0
F 62.6 29.7 7.7 10.9 44.0 45.1

ZAG M 42.3 39.4 18.3 10.5 41.8 47.7
F 32.4 52.9 14.7 6.3 37.8 55.9

HON M 23.2 44.7 32.1 3.7 32.8 63.5
F 29.8 27.7 42.5 8.1 36.1 55.8

TOK M 34.4 50.0 15.6 11.9 51.5 36.6
F 42.9 32.1 25.0 9.8 42.5 47.7

HAV M 64.2 28.3 7.5 19.4 46.3 34.3
F 77.1 22.9 0.0 21.5 49.1 29.4

OKL M 26.0 37.0 37.0 7.9 38.8 53.3
F 25.0 33.3 41.7 8.1 40.8 51.1

ARI M 77.8 22.2 0.0 20.5 41.0 38.5
F 22.2 33.3 44.5 17.9 47.6 34.5

Total M 55.3 34.2 10.5 11.3 43.2 45.5
F 53.6 3Z8 13.6 12.0 42.2 45.8
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Table 6.4: Mean age of diabetes onset of IDDM and NIDDM subjects by gender 
and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 24^ 9.6 26.0 11.6 40.7 7.0 40.0 8.1
SWI 26.4 9.8 26.5 10.7 37.6 8.5 38.2 7.8
WAR 29.3 7.9 29.4 7.8 41.5 7.2 39.4 8.0
BER 27.0 8.4 26.5 9.8 39.0 6.8 39.2 6.9
ZAG 32.4 9.1 33.6 8.1 39.9 7.6 41.5 6.6
HON 37.0 7.2 35.6 9.3 41.8 6.3 40.8 6.7
TOK 34.6 7.1 33.1 9.6 38.5 6.8 40.0 7.4
HAV 28^ 8.9 22.4 9.3 36.5 8.1 35.8 8.5
OKL 36.6 9.4 37.3 8.8 40.6 7.0 40.1 6.8
ARI - - - - 36.7 8.1 37.2 7.8
Total 29/2 9.6 28.5 10.6 39.2 7.6 39.2 7.6

Table 6.5: Age-standardized mean diabetes duration in years by diabetes type, 
gender and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 20.7 5.5 20.5 6.7 7.1 3.3 7.9 3.7
SWI 17.3 5.4 15.6 4.8 8.3 3.5 8.3 3.6
WAR 15.6 4.2 15.9 3.6 7.8 3.8 8.4 3.9
BER 17.4 3.9 16.8 4.6 8.4 3.1 8.7 3.3
ZAG 11.8 4.7 10.4 3.7 6.9 3.4 5.9 2.9
HON 10.3 3.7 11.4 3.3 6.7 3.3 6.3 3.2
TOK 11.5 3.2 12.9 4.5 8.9 3.3 8.2 3.3
HAV 15/S 4.6 19.7 3.9 9.6 4.0 9.7 4.0
OKL 8.1 5.5 9.0 4.2 6.1 3.1 6.2 3.1
ARI - - - - 9.6 3.6 10.1 3.9
Total 15.6 5.1 16.1 5.2 7.9 3.5 7.8 3.6
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Table 6.6: Duration-adjusted proportions (%) of diabetes treatment by gender and 
centre in NIDDM patients

Centre Sex NIDDM
Diet Only Oral Insulin

LON M 30.6 52.5 16.9
F 18JS 62.6 18.6

SWI M 15.9 61.3 22.8
F 14.4 59.0 26.6

WAR M 8.0 72.5 19.5
F 13.4 57.2 29.4

BER M 42.5 44.5 13.0
F 36.0 41.4 22.6

ZAG M 32.7 55.5 11.8
F 28.9 55.9 15.2

HON M 3.3 86.1 10.6
F 1.9 90.5 7.6

TOK M 33.2 49.9 16.9
F 22.7 57.9 19.4

HAV M 20.6 69.1 10.3
F 13.5 77.6 8.9

OKL M 28.8 59.8 11.4
F 31.4 55.0 13.6

ARI M 44.5 30.8 24.7
F 33.6 28.3 38.1

Total M 26.1 58.8 15.1
F 22.5 58.9 18.6

6 .2 .2  R isk  fa ctors for card iovascu lar m o rta lity

Arterial Blood Pressure (BP): Table 6.7 presents the age-standardised mean systolic 
blood pressure by centre. It was lowest in Tokyo and Arizona for both genders 
and diabetes types. Zagreb patients with IDDM, Berlin men with NIDDM and 
Zagreb women with NIDDM had the highest mean systolic pressure. There was 
less variation of diastolic BP among different centres with the exception of Arizona 
which had the lowest diastolic BP for men and women with NIDDM (Table 6.8)

The prevalence of hypertension (systolic BP > 160 or diastolic BP > 95 mmhg or 
on hypotensive agents) was higher among women than men in most centres (Table 
6.9). There were considerable differences between the centres in the proportion of 
subjects with controlled or uncontrolled hypertension.

Plasma cholesterol:
The results for Warsaw, Berlin (GDR) and Havana are those estimated by their
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Table 6.7: Age-standardized mean systolic blood pressure (mmHg) by diabetes type, 
gender and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 136.3 11.6 134.6 13.1 134.8 12.8 143.8 15.6
SWI 138.3 13.0 136.6 10.4 138.2 11.0 145.3 13.4
WAR 135.5 13.0 139.7 13.4 143.3 14.2 148.0 15.5
BER 141.6 12.4 137.6 15.0 148.2 15.3 147.9 12.8
ZAG 142.0 13.0 147.6 12.1 144.4 12.1 153.2 12.7
HON 137.0 14.0 140.8 14.8 143.2 13.8 144.1 14.7
TOK 128.3 14.0 129.0 11.7 131.1 11.1 135.0 13.5
HAV 133.3 15.0 143.8 10.4 143.4 12.9 148.1 14.7
OKL 138.3 13.5 134.7 12.4 135.9 10.0 134.3 11.7
ARI - - - - 127.6 11.7 124.3 11.4
Total 137.3 13.1 137.7 13.0 139.3 12.9 141.6 14.2

local laboratories in contrast with others for which the central estimates have been 
returned (Table 6.10) The lowest mean cholesterol levels were encountered in War
saw, Hong Kong, Tokyo, Oklahoma and Arizona. There was no consistent difference 
between men and women or between IDDM and NIDDM groups.

Smoking habits:
Based on the answers to questions 22 and 23 of the questionnaire, subjects were 

divided into those who never smoked, ex-smokers smoking and current smokers. The 
number of cigarettes consumed per day was recorded for current smokers. Table 6.11 
and 6.12 show that there was a higher proportion of ex-smokers and current smokers 
among men than women for both types of diabetes in all centres, except Oklahoma 
where the proportion was similar for IDDM patients. Tokyo men with either IDDM 
or NIDDM had the highest rates of heavy smoking where at least one in five men 
smoked over 20 cigarettes per day. Sixty to seventy percent of IDDM men were 
current smokers in Hong Kong, Tokyo and Havana. For NIDDM men, the rates 
were also highest in Hong Kong (55%) and Havana (73%). Mean total years of 
smoking in men was 10 years more than in women on average (Table 6.13). The 
Tokyo and Havana men with either diabetes type were notable for their 20 years of 
smoking being the longest among the cohorts.

Body Mass Index (BMI):
Table 6.14 presents data on BMI which was computed by dividing the weight 

in kilograms by the square of the height in meters. In all centres BMI was higher 
in patients with NIDDM than with IDDM and liable to be higher in women than 
in men. In addition to the patients from Oklahoma and Arizona, NIDDM women 
from Switzerland and Warsaw also had very high values of BMI.
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Table 6.8: Age-standardized mean diastolic blood pressure (mmHg) by diabetes 
type, gender and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 79.2 5.6 78.7 7.1 84.6 6.7 87.9 7.5
SWI 83.5 6.8 83.2 6.2 86.4 6.7 87.8 6.7
WAR 82.1 5.7 80.6 5.3 88X3 7.7 87.2 7.1
BER 83.2 5.7 78.8 6.7 88XS 8.0 85.6 7.0
ZAG 81.6 7.0 83.9 5.9 83.0 7.6 87.8 7.6
HON 79.0 7.2 77.7 7.6 83.7 7.8 82.1 6.6
TOK 81.1 8.2 78.0 6.4 83.8 7.2 81.7 6.9
HAV 81.3 7.6 82.4 6.4 87.9 7.4 87.8 8.0
OKL 82.3 8.1 78.6 11.1 82.0 6.0 79.5 6.4
ARI - - - - 79.9 7.5 74.6 6.8
Total 81.5 6.6 80.2 6.8 85.0 7.4 83.7 7.5

6 .2 .3  C ard iovascu lar d isease

EGG abnormality:
Figure 6.1 presents age-standardized prevalence rates of EGG abnormality for 

each centre. The rates of probable EGG abnormality were low in Warsaw, Hong 
Kong and Tokyo and high in Berlin and Oklahoma among IDDM patients. Among 
NIDDM patients, the rates were relatively low for both genders in Hong Kong and 
Tokyo.

The rates of possible EGG abnormality were less variable in NIDDM patients 
than in IDDM patients. The rates were high in Berlin and Oklahoma and low in 
Warsaw, Zagreb and Tokyo for patients with IDDM. For NIDDM patients, the rates 
were high in Oklahoma and low in Tokyo. In general no major difference in rates 
was to be found between genders.

Figure 6.2 displays the age-standardised prevalence of angina pectoris, possible 
infarction, leg vascular disease and stroke for each centre. Women tend to have 
higher rates of angina pectoris than men for both types of diabetes. The overall 
frequency of all categories was low in Hong Kong and Tokyo. The total rates in 
Warsaw, Berlin and Havana remained relatively high through each of four groups 
(diabetes type and gender). In addition, Oklahoma women with IDDM were note
worthy for their high rates of stroke and leg vascular disease.

6 .2 .4  M icrovascu lar d isease

Proteinuria:
The London and Tokyo cohort with IDDM had lowest prevalence rates of heavy
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Table 6.9: Hypertension prevalence by diabetes type, gender and centre: HYP2 
(WHO definition) consisting HYPl (nomotensive and on BP-lowering treatment), 
HYP3 (hypertensive and on treatment) and HYP4 (hypertensive and not on treat
ment)

Centre Sex IDDM (%) NIDDM (%)
HYP2 HYPl HYP3 HYP4 HYP2 HYPl HYP3 HYP4

LON M 20.3 1.7 2.5 16.1 23.9 3.0 6.0 14.9
F 21.8 4.0 5.6 12.2 37.3 2.6 9.3 25.4

SWI M 30.6 4.1 11.2 15.3 35.8 7.8 18.4 9.6
F 28.4 6.4 15.6 6.4 45.8 13.3 26.4 6.1

WAR M 19.8 0.9 6.3 12.6 37.5 3.9 18.0 15.6
F 26.0 6.0 14.0 6.0 41.4 4.8 22.1 14.5

BER M 29.4 3.3 12.0 14.1 42.7 3.1 16.7 22.9
F 26.4 4.4 16.5 5.5 40.8 8.6 23.9 8.3

ZAG M 32.4 5.6 5.6 21.2 37.1 6.5 15.0 15.6
F 35.3 8.8 14.7 11.8 54.3 11.9 36.4 6.0

HON M 16.1 1.8 7.1 7.2 32.1 3.0 15.7 13.4
F 19.2 2.1 4.3 12.8 34.9 2.9 16.3 15.7

TOK M 26.7 9.4 15.6 1.7 30.8 6.9 16.3 7.6
F 20.8 7.1 10.7 3.0 31.7 12.1 19.6 0.0

HAV M 24.5 0.0 1.9 22.6 33.3 4.5 12.4 16.4
F 34.3 11.1 17.1 6.1 42.2 3.7 22.0 16.5

OKL M 44.4 22.2 22.2 0.0 35.5 17.9 17.6 0.0
F 37.5 12.5 25.0 0.0 34.2 17.5 16.7 0.0

ARI M - - - - 33.3 21.1 12.2 0.0
F - - - - 26.5 18.7 7.8 0.0

Total M 25.6 3.7 8.4 13.5 34.5 7.7 17.0 9.8
F 26.4 5.9 12.7 7.8 38.3 10.4 22.6 5.3

and light proteinuria for both genders (Figure 6.3). The rate of light and heavy 
proteinuria categories was high in Berlin, Zagreb and Tokyo among IDDM patients. 
The frequency of heavy proteinuria in NIDDM patients was less than in IDDM 
patients and was similar in the two genders. The heavy rate was strikingly low in 
Hong Kong cohort with NIDDM. Total rate of both categories in NIDDM patients 
was high in Zagreb and Tokyo.

Retinopathy:
Figure 6.4 shows duration-standardized prevalence of retinopathy for each centre. 

It is clear that IDDM patients had higher rates (22-75%) than NIDDM patients 
(10%-45%) in both medium and minimal categories. The rates were similar between 
genders in each category among centres. In order to avoid small number in minimal 
category, this group was combined with medium category in the regression analysis.

Plasma creatinine: As the plasma creatinine increased with the duration of di
abetes in all centres, the rates were adjusted by duration for comparisons between 
cohorts (Table 6.15). The values with the standard deviations shown were relatively 
similar among centres except Berlin where men with NIDDM had the highest value 
and highest percentage of creatinine greater than 1.5 mg/dl (Table 6.16). Patients
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Table 6.10: Age-standardized mean total cholesterol (mg/dl) by diabetes type, gen
der and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 230.4 22.4 234.9 26.4 225.4 28.3 223.4 27.4
SWI 237.5 29.2 248.8 35.6 251.5 34.4 250.4 33.9
WAR 209.7 25.7 225.0 25.0 213.8 28.6 214.1 26.7
BER 243.8 43.6 243.2 35.0 242.2 30.4 246.8 37.5
ZAG 240.3 21.2 246.9 39.5 247.2 31.6 260.0 44.2
HON 195.2 22.8 203.9 28.5 202.6 24.5 212.5 25.8
TOK 181.7 20.0 213.1 27.8 190.1 26.7 200.3 28.7
HAV 233.4 27.5 248.1 27.8 250.3 40.2 243.9 29.8
OKL 227.0 42.7 200.9 22.9 211.1 43.5 208.1 33.0
ARI - - - - 187.0 34.7 189.2 22.2
Total 224.9 30.8 232.8 31.4 223.5 36.3 223.1 34.2

with NIDDM from Oklahoma, Havana and Berlin (GDR) also had high percentage 
of creatinine greater than 1.5 mg/dl.
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Table 6.11: Percentage of cigarette smoking (%) by diabetes type, gender and centre 
for IDDM subjects

Centre Sex IDDM
Never smoked Fx-smoker 1 — 20 Daily > 20 Daily

LON M 27.4 33.3 28.2 11.1
F 38.4 28.8 21.6 11.2

SWI M 22.7 38.1 29.9 9.3
F 55.1 14.7 28.4 1.8

WAR M 16.2 20.7 45.1 18.0
F 64.0 15.0 18.0 3.0

BER M 16.3 33.7 44.6 5.4
F 56.0 12.1 30.8 1.1

ZAG M 26.8 19.7 45.1 8.4
F 88.3 2.9 8.8 0.0

HON M 28.6 7.1 53.6 10.7
F 78.7 2.1 19.2 0.0

TOK M 12.5 15.6 50.0 21.9
F 75.0 3.6 21.4 0.0

HAV M 20.8 11.3 58.5 9.4
F 72.2 5.6 22.2 0.0

OKL M 29.6 25.9 33.4 11.1
F 33.3 16.7 45.8 4.2

Total M 22.1 25.3 41.3 11.3
F 58.1 14.7 23.7 3.5
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Table 6.12: Percentage of cigarette smoking (%) by diabetes type, gender and centre 
for NIDDM subjects

Centre Sex NIDDM
Never smoked Fx-smoker 1 —20 Daily > 20 Daily

LON M 25.9 31.9 28.9 13.3
F 47.9 16.2 28.2 7.7

SWI M 27.9 33.0 30.7 8.4
F 58.7 16.8 24.5 0.0

WAR M 29.7 29.7 32.8 7.8
F 63.4 15.2 19.3 2.1

BER M 20.9 38.7 34.6 5.8
F 58.9 15.1 26.0 0.0

ZAG M 36.0 23.5 26.8 13.7
F 83.2 4.9 10.5 1.4

HON M 32.8 12.7 48.5 6.0
F 82.6 4.6 12.8 0.0

TOK M 16.8 19.7 37.4 26.1
F 78.6 4.1 15.6 1.7

HAV M 20.4 7.0 62.7 9.9
F 56.0 9.6 31.2 3.2

OKL M 20.4 27.5 46.3 5.8
F 40.0 26.1 31.7 2.2

ARI M 12.2 42.2 45.6 0.0
F 38.1 38.7 23.2 0.0

Total M 24.0 25.7 40.0 10.3
F 58.7 16.0 23.5 1.8
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Table 6.13: Mean years of smoking by diabetes type, gender and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 16.6 14.2 11.4 12.8 16.1 13.8 9.6 13.4
SWI 11.0 11.9 4.6 8.6 13.6 13.1 4.1 8.4
WAR 18.5 11.2 7.0 11.1 18.0 14.3 7.1 10.9
BER 17.3 10.8 7.4 10.6 17.1 12.4 8.7 13.1
ZAG 15.0 12.6 0.6 3.4 14.3 13.1 3.5 8.7
HON 16.0 14.8 4.5 11.0 13.7 13.4 3.3 9.0
TOK 20.8 9.6 3.8 7.4 19.4 12.3 2.7 7.0
HAV 20.2 13.5 3.6 8.5 21.7 13.9 7.8 12.1
OKL 14.7 14.2 13.9 13.9 17.6 14.3 9.7 12.2
ARI - - - - 14.4 13.4 4.6 9.8
Total 16.4 12.8 6.9 11.0 16.9 13.6 6.5 11.2

Table 6.14: Age-standardized mean body mass index (kg/m*m) by diabetes type, 
gender and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 23.7 1.4 24.5 2.0 26.1 2.2 28.0 3.0
SWI 23.2 1.7 23.9 2.4 27.0 2.6 29.0 3.6
WAR 24.6 1.6 26.7 2.5 28.4 2.5 31.6 3.5
BER 23.5 1.6 24.2 2.4 27.0 2.2 28.5 2.7
ZAG 23.9 1.5 25.2 1.8 27.0 1.7 28.3 2.3
HON 22.2 1.7 23.5 2.5 24.1 2.0 25.3 2.2
TOK 20.6 1.7 20.4 0.8 22.4 1.8 23.2 2.0
HAV 23.0 2.6 24.0 2.2 26.9 2.7 28.2 3.5
OKL 30.9 3.0 32.8 3.2 31.9 3.4 33.8 4.5
ARI - - - - 29.0 3.3 32.1 3.7
Total 23.7 2.0 24.8 2.6 27.0 3.0 29.2 3.9
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a. DDM

ECG Prob.  

ECG Foss.

HON
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Figure 6.1: Age-standardized prevalence (%) of ECG abnormality by diabetes type,
gender and centre
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Figure 6.2: Age-standardized prevalence (%) of Angina Pectoris (AP), possible 
INFARCTion (INFARCT), LECî Vascular (LECV) disease (including intermittent 
claudication and amputation) and stroke, by diabetes type, gender and centre
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Figure 6.3: Duration-standardized prevalence (%) of proteinuria by diabetes type,
gender and centre
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Figure 6.4; Duration-standardized prevalence (%) of retinopathy by diabetes type,
gender and centre
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Table 6.15: Duration-standardized mean plasma creatinine (mg/dl) by diabetes 
type, gender and centre

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 0.98 0.08 0.84 0.08 1.01 0.11 0.83 0.10
SWI 1.06 0.29 0.89 0.12 0.97 0.21 0.85 0.18
WAR 1.02 0.13 0.96 0.35 1.05 0.10 0.81 0.09
BER 1.20 0.73 1.11 0.90 1.31 1.03 1.01 0.80
ZAG 0.98 0.30 0.84 0.08 0.91 0.10 0.84 0.15
HON 1.06 0.26 0.80 0.12 1.12 0.66 0.80 0.19
TOK 0.93 0.38 0.72 0.08 0.89 0.16 0.75 0.14
HAV 1.20 0.45 1.00 0.30 1.12 0.33 0.87 0.16
OKL 1.07 0.28 0.77 0.17 0.92 0.18 0.80 0.32
ARI - - - - 1.00 0.60 0.80 0.39
Total 1.05 0.37 0.91 0.40 1.03 0.47 0.84 0.34

Table 6.16: Percentage of subjects with plasma creatinine greater than 1.5 mg/dl 
(%) by diabetes type, gender and centre

Centre IDDM NIDDM
Men Women Men Women

LON 1.75 0.00 0.83 1.32
SWI 4.81 0.00 2.56 1.84
WAR 2.60 3.68 1.81 0.65
BER 7.15 5.15 6.93 5.14
ZAG 1.19 0.00 0.00 0.53
HON 5.10 1.83 4.94 2.81
TOK 2.63 0.00 2.56 2.27
HAV 7.51 2.67 2.70 1.24
OKL 14.90 0.00 3.10 2.22
ARI - - 3.00 1.56
Total 4.44 1.68 2.94 2.06



Chapter 7 

M ortality results

7.1 A ll-cau se  m orta lity  by cen tre
Prior to the 1st of January 1988, a total number of 1088 subjects had died, 367 
of whom had IDDM. The International Classification of Disease (ICD) code was 
recorded for the cause of death of each of the deceased patients except for those 
without any information. The latter compromised less than 5% of all deceased 
subjects. Each of the deceased patients was allocated a score, from 1 to 4, indicating 
the degree of the information available for his/her assignment of underlying cause 
of death:

1) Death certificate available together with supporting data such as summary of 
terminal illness or autopsy report,

2) Only death certificate available,
3) Death certificate unavailable but other clinical information available,
4) Only minimal information available (e.g. sudden death).
Figure 7.1 marks the percentage of confidence scores for each centre by gender 

and diabetes type. The London, Tokyo and Hong Kong cohort had a high percentage 
of deceased patients with confidence score 1 for both men and women among IDDM 
patients. On the contrary the Zagreb centre provided data with substantially lower 
scores for both IDDM and NIDDM men. The Hong Kong and Arizona cohort were 
noticeable for their high proportion of confidence score one among the NIDDM 
patients.

Up to five contributory causes of deaths were also assigned in addition to the 
underlying cause of death. The deceased patients had up to 6 causes on their death 
coding forms. Figure 7.2 summarizes the total number of causes mentioned for each 
centre by diabetes type and gender. On average, about 40% of certificates had only 
one cause of death mentioned and about 20% had 2 causes mentioned (Figure 7.2).

The percentage of deceased patients with diabetes mentioned on the original 
death certificate, either as underlying or contributory cause, ranges from 20% in 
Warsaw men to 96% in Switzerland women among IDDM patients (Figure 7.3). 
The percentage in NIDDM patients is generally smaller than in IDDM patients, 
varying between 10% for Warsaw men and 87% for Berlin men and women. There 
is a tendency that women have higher proportion of death certificates with diabetes 
mentioned than men.

Table 7.1 shows the mean years of follow-up for each centre by gender and dia
betes type. Each cohort has been followed for an average of 10 years except Hong 
Kong, where patients were traced up to 6 years until 1st of January 1983. The centre 
and life/death status distribution of both types of diabetic patient are presented in 
table 7.2. The date last known alive was recorded for those patients with unknown 
life/death status. Those without ’last known alive’ date have been excluded from

59
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Figure 7.1: Percentage of confidence scores for death certificate and other medical
information available (Score 1-4) for each centre by diabetes type and gender
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Figure 7.2: Number of causes mentioned on death certificates by centre
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Figure 7.3: Percentage of certificates with diabetes mentioned for each centre by 
diabetes type and gender



7.1 A ll-cause m ortality by centre 62

the analysis. The mean age at baseline of the deceased patients was very similar for 
all the centres both by diabetes type and gender (Table 7.3).

Table 7.1: Mean years of follow-up for each centre by diabetes type and gender

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 10.5 2.5 10.5 2.4 9.8 3.3 10.6 2.4
SWI 10.6 3.3 11.4 2.6 10.8 3.3 11.4 2.9
WAR 9.3 3.5 10.0 3.2 9.3 3.6 10.6 2.3
BER 8.3 4.1 10.4 2.7 10.3 3.2 10.6 3.0
ZAG 9.2 3.2 9.5 2.7 9.9 2.4 10.0 2.4
HON 5.8 1.6 5.8 1.6 5.7 1.6 6.0 1.6
TOK 9.0 4.0 11.0 1.9 10.9 1.9 11.0 1.8
HAV 8.4 3.7 9.4 3.0 9.4 3.1 10.0 2.6
OKL 9.2 3.6 9.7 3.3 10.2 3.4 10.4 3.2
ARI - - - - 8.4 2.6 9.1 1.8
Total 8.8 3.5 9.6 3.0 9.4 3.3 9.8 2.9

7 .1 .1  A g e -a d ju sted  m o rta lity  ra tes

Age-adjusted all-cause mortality rates per 1000 person years for the period 1975- 
1987 for each centre are given in Table 7.4. This table indicates a wide variation in 
mortality rates between the ten centres. Among IDDM men, Berlin had the highest 
mortality rate which was about 4 times higher than London which had the lowest 
rate. For women with IDDM, the variation in mortality rates was less than that in 
men, with the highest mortality rate in Warsaw being 3.2 times that in Zagreb.

Among the subjects with NIDDM, mortality rates for Tokyo were considerably 
lower than those of the other 9 centres for both genders. With the exclusion of the 
Tokyo centre, the variation of mortality rates between centres was less than in IDDM 
patients, being 2 fold in men and 2.5 fold in women. The mortality rates in IDDM 
men exceeded those for IDDM women in all centres except London. The ratios of the 
rates for men to those for women were close to or greater than 2 in Zagreb, Havana 
and Berlin. However the ratios were near unity in London, Switzerland, Warsaw 
and Hong Kong. Among NIDDM subjects, mortality rates for men were higher than 
those for women in all ten centres. The rates for men in London, Warsaw, Zagreb 
and Arizona were approximately twice as high as the rates for women. For the other 
centres, the ratios of the rates for men to those for women ranged between 1.0 and 
1 .6 .

Overall, the mortality rates for IDDM patients were higher than those for NIDDM 
subjects with the exception of men in the London cohort and women in Havana, even 
when the duration of diabetes was adjusted. However, age- and duration-adjusted
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Table 7.2: Life/death status distribution for each centre by diabetes type and gender

Centre Alive Deceased Unknown Total
Men Women Men Women

LON IDDM 93 95 19 23 12 242
NIDDM 95 92 32 18 15 252

SWI IDDM 71 82 25 26 2 206
NIDDM 120 113 54 26 10 323

WAR IDDM 60 62 50 37 1 210
NIDDM 72 106 51 39 3 271

BER IDDM 47 60 44 28 3 182
NIDDM 141 147 45 30 13 376

ZAC IDDM '44 25 21 5 9 104
NIDDM 104 108 31 18 35 296

HON IDDM 46 38 10 8 3 105
NIDDM 114 150 17 15 16 312

TOK IDDM 21 24 11 3 1 60
NIDDM 170 154 22 10 19 375

HAV IDDM 29 23 18 10 8 88
NIDDM 132 154 51 50 31 418

OKL IDDM 15 13 12 11 0 51
NIDDM 164 262 73 94 9 602

ARI NIDDM 58 128 27 24 4 241
Total IDDM 431 428 213 154 40 1266

NIDDM 1165 1408 400 321 154 3448

mortality rates are not presented here because of the greatly increased standard 
errors resulting from the increased number of strata.

7 .1 .2  S ta n d a rd ized  M o rta lity  R a tio  (S M R )

The age standardized mortality rates of the reference population, used in the calcula
tion of the SMRs are shown in Figure 7.4 and 7.5. In the London, Tokyo, Oklahoma 
and Arizona centres, local data corresponding to the background population were 
utilized (Figure 7.4). In the centres where local data were not available, national 
data were applied (Figure 7.5).

From Figure 7.4 and 7.5, it can be seen that men have higher mortality rates than 
women in each of the background populations. These rates did not change much 
over time in centres such as London, Switzerland, the Former GDR and Cuba. 
The background population for the Tokyo cohort had the lowest mortality rates 
compared with the others. In the two American Indian centres, only the 1980 
census of population data and mean death rates during 1975-1984 were available.

The all-cause SMRs for the ten cohorts are given in Table 7.5 according to
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Table 7.3: Mean age at baseline of deceased patients for each centre by diabetes 
type and gender

Centre IDDM NIDDM
Men Women Men Women

Mean SD Mean SD Mean SD Mean SD
LON 54.4 5.0 56.4 5.9 55.4 6.1 58.8 5.4
SWI 52.0 6.9 52.5 7.6 56.0 6.0 55.3 7.1
WAR 52.4 6.9 53.7 6.4 57.3 5.5 57.2 4.5
BER 52.0 7.8 52.0 6.5 56.7 5.5 56.7 5.8
ZAG 51.7 6.6 51.4 3.4 55.8 6.6 55.5 5.6
HON 51.7 5.8 55.5 6.2 52.2 6.1 52.5 6.4
TOK 49.8 3.6 60.0 8.6 55.8 6.5 55.2 7.4
HAV 50.8 6.3 50.8 4.2 53.8 6.4 54.1 6.1
OKL 53.0 5.0 56.6 7.2 55.1 6.2 54.8 6.4
ARI - - - - 53.5 6.4 54.3 6.4
Total 51.9 6.5 53.4 6.5 55.1 6.2 55.2 6.1

gender and diabetes type. SMRs were significantly greater than 100 among diabetic 
subjects in all centres except Tokyo.

Among IDDM subjects SMRs for men ranged from 188 in London to 682 in 
Berlin and Havana. In the other centres, SMRs were higher in Warsaw (427) and 
Switzerland (392) than in Zagreb (346) and Hong Kong (344). Among women with 
IDDM, SMRs were lower in London (338) and Zagreb (336) and higher in Havana 
(790) and Switzerland (742). In the other centres, SMRs were all higher than 600, 
being 637 in Hong Kong, 655 in Berlin and 700 in Warsaw.

SMRs among women IDDM subjects were greater than those for men, except in 
the case of Berlin and Zagreb where SMRs were similar between genders. Among 
NIDDM subjects, SMRs were greater in women than in men in 8 out of the 10 
cohorts, although the differences were minimal in London and Switzerland. The 
SMR was slightly greater for men than women in Arizona and Tokyo.

SMRs were greater among IDDM patients than among NIDDM patients for both 
genders with the exception of London men.

7.2 C ause-specific  m orta lity  by cen tre
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Table 7.4: Age-adjusted all-cause mortality rates per 1,000 person-years for each 
centre by diabetes type and gender (Standard errors shown in parentheses)

Centre IDDM NIDDM
Men Women Men/Women Men Women Men/Women

LON 12.6 (3.1) 14.3 (3.1) 0.88 18.1 (3.6) 9.4 (2.3) 1.92
SWI 25.5 (5.8) 24.1 (5.2) 1.06 21.6 (3.1) 15.8 (4.6) 1.37
WAR 39.7 (10.5) 39.2 (9.1) 1.01 29^ (4.6) 16.5 (2.7) 1.78
BER 54.2 (11.6) 29.8 (6.0) 1.82 15.4 (2.4) 11.0 (2.3) 1.40
ZAG 37.0 (7.5) 12.4 (5.6) 2.98 18.3 (3.5) 8.9 (2.2) 2.06
HON 24.9 (9.1) 23.5 (16.9) 1.06 24.3 (7.5) 15.6 (5.0) 1.56
TOK - - - 7.6 (1.7) 5.3 (2.0) 1.43
HAV 33.8 (14.0) 13.5 (9 2) 2.50 26.1 (5.5) 20.1 (3.0) 1.30
OKL - - - 23.7 (2.9) 22.5 (3.0) 1.05
ARI - - - 31.5 (6.5) 16.7 (5.40 1.89

Table 7.5: All-cause Standardized Mortality Ratio (SMR) for each centre by diabetes 
type and gender

Centre IDDM NIDDM
Men Women Men Women

LON 188 (113-294) 338 (214-507) 225 (154-318) 230 (136-363)
SWI 392 (253-578) 742 (489-1080) 342 (262-447) 382 (250-560)
WAR 427 (317-562) 700 (493-964) 262 (199-345) 372 (265-509)
BER 682 (495-915) 655 (435-946) 198 (145-265) 229 (155-327)
ZAG 346 (214-528) 336 (109-784) 167 (113-239) 212 (126-335)
HON 344 (165-632) 637 (275-1255) 223 (128-363) 333 (186-549)
TOK - - 138 (087-210) 126 (061-232)
HAV 685 (406-1082) 790 (379-1453) 370 (281-486) 435 (323-573)
OKL - - 267 (212-335) 433 (353-532)
ARI - - 314 (207-457) 228 (141-348)
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Figure 7.4: Age-standardized all-cause mortality rates per 1,000 persons for the 
general populations aged 35-75 from 1975 to 1987 from the national statistics.
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Figure 7.5: Age-standardized all-cause mortality rates per 1,000 persons for the 
general populations aged 35-75 from 1975 to 1987 from the local statistics.
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7 .2 .1  M a jo r  cau ses o f  d ea th s

The underlying causes of death as determined by the WHO Study Mortality Com
mittee are given in Table 7.6. The most common cause of death was cardiovascular 
disease (ICD codes 390-459, 798.1) which accounted for 43% of all the 350 deaths 
from natural causes for patients with IDDM and 51% of all the 706 deaths for pa
tients with NIDDM. The proportion was slightly greater in men than in women. The 
frequency ranged from 17% in Arizona women with NIDDM to 76% in Oklahoma 
men with IDDM.

Table 7.6: Underlying causes of death for each cohort, CVD (ICD 390-459,798.1); 
Cancer (ICD 140-209); DM (ICD 250 exc. 250.3); DN & RD (ICD 580-589,250.3); 
Other (all other causes)

Centre Cause of Death IDDM NIDDM
Men(%) Women(%) Men(%) Women(%)

LON CVD 9(50) 11(50) 20(64) 11(62)
Cancer 6(33) 7(32) 5(16) 5(28)
DM(exc. DN) 2(11) 3(14) 0 (0 ) 0 (0)
DN & RD 1 (6) 1 (4) 3(10) 1 (5)
Others 0(0) 0(0) 3(10) 1 (5)

SWI CVD 12(50) 10(40) 27(52) 12(46)
Cancer 3(13) 2 (8) 12(23) 3(12)
DM (exc. DN) 2 (8) 4(16) 1 (2) 5(19)
DN & RD 3(13) 5(20) 3 (6 ) 2 (8)
Others 4(16) 4(16) 8(17) 4(15)

WAR CVD 17(34) 16(43) 31(58) 29(74)
Cancer 5(10) 4(11) 8(15) 5(13)
DM (exc. DN) 6(12) 5(14) 1 (2) 0 (0)
DN & RD 4(8) 6(16) 2(4) 2 (5)
Others 18(36) 6(16) 11(21) 3 (8 )

BER CVD 24(57) 12(41) 28(64) 16(55)
Cancer 0(0) 6(21) 6(14) 8(28)
DM (exc. DN) 6(14) 2(7) 1 (2) 0(0)
DN & RD 0(0) 4(14) 3 (6 ) 0 (0 )
Others 12(29) 5(17) 6(14) 7(17)

ZAG CVD 4(24) 1(20) 17(56) 9(50)
Cancer 3(18) 1(20) 2 (7) 4(22)
DM(exc. DN) 0 (0) 2(40) 2(7) 1 (6)
DN & RD 1 (6) 1(20) 0(0) 0 (0)
Others 9(52) 0(0) 9(30) 4(22)

HON CVD 4(40) 3(38) 8(47) 7(48)
continued on next page
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continued from previous page
Centre Cause of Death IDDM NIDDM

Men(%) Women(%) Men(%) Women(%)
Cancer 1(10) 0 (0) 1 (6) 2(13)
DM (exc. DN) 0(0) 0 (0) 0(0) 2(13)
DN & RD 2(20) 2(24) 3(18) 2(13)
Others 3(30) 3(38) 5(29) 2(13)

TOK CVD 4(36) 2(67) 5(23) 3(38)
Cancer 0(0) 0(0) 6(27) 0(0)
DM (exc. DN) 6(55) 0(0) 2(10) 2(25)
DN & RD 1 (9) 1(33) 1 (4) 1(12)
Others 0(0) 0(0) 8(36) 2(25)

HAV CVD 6(35) 4(40) 26(54) 24(48)
Cancer 0(0) 0(0) 6(13) 6(12)
DM(exc. DN) 3(18) 0 (0) 5(10) 3 (6)
DN & RD 2(12) 1(10) 1 (2) 6(12)
Others 6(35) 5(50) 10(21) 11(22)

OKL CVD 9(76) 2(18) 37(51) 39(43)
Cancer 0 (0) 0(0) 7(10). 6 (7)
DM (exc. DN) 0 (0) 2(18) 4(6) 5 (6)
DN & RD 1 (8) 3(28) 7(10) 13(14)
Others 2(16) 4(36) 17(23) 27(30)

ARI CVD - - 9(39) 4(17)
Cancer - - 1 (4) 5(21)
DM (exc. DN) - - 1 (4) 4(17)
DN & RD - - 3(14) 4(17)
Others - - 9(39) 7(28)

Total CVD 89(45) 61(41) 208(53) 154(49)
Cancer 18 (9) 20(13) 54(14) 44(14)
DM (exc. DN) 25(12) 18(12) 17 (4) 22 (7)
DN & RD 15 (8) 24(16) 26 (7) 31(10)
Others 53(26) 27(18) 87(22) 63(20)

Malignant Neoplasms (ICD codes 140-209) were the second most common cause 
of death with 38 (11%) cases in IDDM patients and 98 (13%) in NIDDM subjects.

Diabetes itself (ICD code 250, except 250.3) was the underlying cause in 82 
deaths; 43 (12% of all deceased patients) of them with IDDM and 39 (6%) with 
NIDDM. The numbers in individual centres were too small for comparison.

Renal disease including diabetic nephropathy (ICD codes 580-589, 250.3) ac
counted for 11% of all deaths with IDDM and 8% with NIDDM. The proportion of 
renal deaths was highest in Hong Kong (IDDM: 22%; NIDDM: 16%).

Underlying causes of deaths contributing to the “Others” category varied widely 
between centres and are beyond the scope of this thesis.

Figure 7.6 shows the differences between the centres in the proportion of deaths 
attributable to cardiovascular diseases. Ischaemic Heart Disease (ICD codes 410-
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414) accounted for the greatest proportion of deaths from cardiovascular disease 
in all centres except among IDDM women in Zagreb, IDDM men in Hong Kong 
men, and NIDDM patients in Tokyo and Hong Kong, where Cerebrovascular disease 
deaths (ICD codes 430-438) were more common.

7 .2 .2  A g e-a d ju sted  m o rta lity  ra tes

The age-adjusted mortality rates for Ischaemic Heart Disease (IHD) were highest 
for Berlin men and Havana women with IDDM, and for Warsaw men and Havana 
women with NIDDM (Table 7.7). The mortality rates for Cerebrovascular Accident 
(CVA) were highest for Hong Kong men and women. Overall, men tended to have 
higher mortality rates for both IHD and CVA.

For Renal Disease (RD) mortality rates in IDDM patients, there were high rates 
for men in Warsaw and Tokyo and high rates for women in Warsaw and Oklahoma. 
RD mortality rates in NIDDM patients were generally lower than in IDDM patients, 
with the highest rates being those for men in Arizona (4.1 per 1,000 person- years) 
and for women in Hong Kong (4.7 per 1,000 person-years).
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Figure 7.6: Percentage of deaths attributable to cardiovascular disease in according 
to Ischaemic Heart Disease (IHD), CerebroVascular Accident (CVA) and sudden 
death for each centre by diabetes type and gender
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Table 7.7: Cause-specific age-adjusted mortality rates per 1,000 person-years for 
each centre by diabetes type and gender, IHD (ICD 410-414); CVA (ICD 430-438); 
RD (ICD 580-589,250.3)

Centre Cause of Death IDDM NIDDM
Men(SE) Women (SE) Men(SE) Women(SE)

LON IHD 5.5(1.9) 4.9(1.8) 9,9(2,6) 4,5(1,5)
CVA O.O(O.O) 1.3(0.9) 1,0(0,7) 0,6(0,6)
RD 1.4(1.0) 1.7(1.0) 1,6(0,9) 0,4(0,4)

SWI IHD 7.4(2.9) 3.9(1.6) 7,1(1,8) 3,3(1,2)
CVA 0.7(0.7) 0.6(0.6) 0,8(0,6) 0,8(0,6)
RD 7.7(3.8) 7.6(3.0) 1,3(0,8) 3,4(1,5)

WAR IHD 9.8(4.1) 6.8(2.7) 10,1(2,4) 5,5(1,6)
CVA 3.6(1.6) 4.7(1.8) 3,0(1,4) 2,5(1,0)
RD 11.8(6.1) 16,2(7,8) 1,4(0,8) 0,9(0,6)

BER IHD 23.1(6.9) 7,3(3,1) 8,2(1,7) 2,4(0,8)
CVA 14.4(5.8) 2,6(1,5) 0,7(0,5) 1,0(0,6)
RD 10.0(0.0) 3,3(1,7) 0,8(0,5) 0,0(0,0)

ZAG IHD 5.6(3.6) 0,0(0,0) 7,6(2,5) 4,3(1,7)
CVA 1.4(1.4) 2,4(2,4) 1,9(1,0) 0,8(0,8)
RD 1.2(1.2) 7,7(4,6) 0,0(0,0) j0,0(0,0)

HON IHD O.O(O.O) 2,0(2,0) 1,2(0,9) 1,2(0,9)
CVA 11.0(7.4) 0,0(0,0) 11,3(6,0) 4,8(2,6)
RD 3.9(2.8) 3,6(2,6) 1,9(1,1) 4,7(3,0)

TOK IHD 4.9(3.5) 2,5(2,5) 0,0(0,0) 0,3(0,3)
CVA 2.6(2.6) 2,6(2,6) 1,9(1,1) 0,7(0,5)
RD 12.7(5.7) 2,4(2,4) 0,6(0,4) 1,6(1,3)

HAV IHD 10.3(7.4) 10,0(5,5) 9,2(2,2) 7,5(1,9)
CVA 10.5(7.5) 0,0(0,0) 1,2(0,7) 1,6(0,8)
RD 3.2(2.3) 4,3(4,3) 1,8(0,8) 2,2(0,9)

OKL IHD 20.3(13.) 7,9(6,2) 8,3(1,7) 5,1(1,1)
CVA 2.7(2.7) 0,0(0,0) 1,1(0,8) 1,4(0,6)
RD 2.7(2.7) 15,7(8,6) 1,9(0,8) 3,3(0,9)

ARI IHD - - 8,7(3,6) 1,1(0,8)
CVA - - 2,1(2,1) 1,1(0,8)
RD - - 4 ,1 ^ 1 ) 3,1(1,2)



Chapter 8

B aseline prognostic factors in relation to
m ortality

8.1 D escr ip tiv e  s ta tis tic s  for risk factors in  th e  
w h ole cohort

A simple approach to seeking relationships between mortality rates and explanatory 
variables such as arterial blood pressure, plasma cholesterol, etc. is to calculate the 
mortality rates for each of the quintile of continuous variables and present or absent 
group of categorical variables. Since both mortality rates and the extent of the 
variables are related to age, mortality rates were all adjusted by age. The purpose 
of adopting quintile technique for continuous variables in the whole sample is to 
ensure the efficient number of observations in each group. Thus the mortality pattern 
observed was not distorted by small numbers with extreme values of explanatory 
variables.

8 .1 .1  A ll-ca u se  m o rta lity  ra tes  by risk  factors

Figure 8.1 — 8.11 demonstrate all-cause age-adjusted death rates per 1,000 per
son years in relation to the risk factors studied. As can be seen from Figure 8.1, 
generally there is a steady increase in all-cause death rates in relation to systolic 
blood pressure. The pattern is the same in each of the four gender and diabetes 
type groups. Rates are higher in IDDM than in NIDDM patients and higher in men 
than in women, with a relatively large increase in the highest systolic BP group. 
According to Figure 8.2, diastolic BP is less predictive for mortality than systolic 
BP. The increasing trend in death rates in relation to diastolic BP is more clear 
among IDDM men than in the other groups. There are no obvious and systematic 
trends of plasma cholesterol with mortality rates (Figure 8.3). However, with the 
exception of IDDM patients, there seems to be trend to increasing cholesterol level 
with increasing all-cause death rates. Interestingly, among IDDM subjects, patients 
who were current smokers had death rates as high as those for patients who never 
smoked (Figure 8.4). There is gradual rise in death rates among NIDDM patients 
in relation to smoking habits. The increase trend in death rates in relation to BMI 
is more clear in men than in women and quite marked in IDDM men (Figure 8.5). 
It can be seen from the Figure 8.6 that there is slight rise in death rates in relation 
to quintile of diabetes duration among NIDDM patients but not in IDDM patients. 
There is no obvious trend in death rates according to plasma creatinine (Figure 
8.7). However, higher rates were found in the highest level group than the others. 
As shown in Figure 8.8, there is a sharp increase in death rate for IDDM men with 
probable ECG abnormality, which treble the rate for IDDM men without EGG ab
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normality. There is a less impressive increasing trend in NIDDM men and IDDM 
women. As shown in Figure 8.9, the notable increase in death rates according to 
the extent of proteinuria is consistent in both genders and diabetes types. The re
lationship is slightly stronger between diabetic retinopathy and death rates (Figure 
8.10). Figure 8.11 indicates that patients with insulin treatment for NIDDM had 
higher mortality rates compared with the other groups.
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100

IDDM/M IDDM/F NIDDM/M NIDDM/F

80-120 □ 27.1 16.1 13.9 13.1
121-130 □ 33.7 23.3 22.9 14.6
131-142 ^ 32.5 18.3 21.2 16.4
143-156 0 45.8 34.3 24.6 15.3
157-242 ■ 83.8 52.4 35.6 25.3

Figure 8.1: All-cause age-adjusted death rates per 1,000 person years by quintile of
systolic blood pressure (mmHg), diabetes type and gender
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100

IDDM/M IDDM/F NIDDM/M NIDDM/F

<75  □ 24.6 25.4 21 17.4
75-80 □ 39.7 20.1 23.1 13.5
81-86 g 43 33.1 24.6 16.2
87-92 0 49.5 41.3 24.8 21.9
>92 ■ 69.8 40.5 24.8 18.6

Figure 8.2: All-cause age-adjusted death rates per 1,000 person years by quintile of
diastolic blood pressure (mmhg), diabetes type and gender
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100

IDDM/M IDDM/F NIDDM/M NIDDM/F

<181 □ 42.9 31.3 21.2 12.8
181-206 H 40.2 27.6 22 15.7
207-231 M 31.5 15.4 23.5 15.5
232-262 M 53.6 22.1 21 19.3
> 2 6 3  ■ 46 41.5 28.3 23.2

Figure 8.3: All-cause age-adjusted death rates per 1,000 person years by quintile of
plasma cholesterol (mg/dl), diabetes type and gender
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100

80

60

40

20

0
IDDM/M IDDM/F NIDDM/M NIDDM/F

Never Smoked Q 37.7 24.6 16.4 15.2
Ex-smoker E 26.7 34.2 22.2 15.5
Smoker ■ 37 25.5 22.6 19

Figure 8.4: All-cause age-adjusted death rates per 1,000 person years by smoking,
diabetes type and gender
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100

20

IDDM/M IDDM/F NIDDM/M NIDDM/F

< 2 2 .5 □ 41.4 26.1 19.8 18.6
2 2 .5 -24.9 36.6 27.6 20.2 9.37
2 5 .0 -27.4 39.9 29.2 23 18.1
2 7 .5 -31.2 50.9 31.2 25.4 14.7
> 3 1 .2 ■ 74.9 29 27.6 20.4

Figure 8.5; All-cause age-adjusted death rates per 1,000 person years by quintile of
body mass index (Kg/m*m), diabetes type and gender
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100

80

60

40

20

0
IDDM/M IDDM/F NIDDM/M NIDDM/F

0-3 □ 28.5 18.2 20.3 11.3
4-6 PH 27.4 13 17.7 12.3
7-10 0 49 27.5 23.2 15.8
11-150 41 25 28.4 27.7
>1 5  0 43.1 32.3 38 30.8

Figure 8.6: All-cause age-adjusted death rates per 1,000 person years by quintile of
duration (year), diabetes type and gender
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100

IDDM/M IDDM/F NIDDM/M NIDDM/F

<0 .8  □ 50 23.6 27 13.7
0.8-0.8 g 41.1 21 21.1 15.4
0.9-0.9 0 36.4 18.4 16.6 15.4
1.0-1.O H 30.3 13.1 21.9 28.1
>1 .0  H 51.1 76 24.9 28.1

Figure 8.7: All-cause age-adjusted death rates per 1,000 person years by quintile of
plasma creatinine (mg/dl), diabetes type and gender
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140

1 2 0 -

1 0 0 -

40 -

20

IDDM/M IDDM/F NIDDM/M NIDDM/F

Unlikely □ 34.6 23.8 18.4 15
Possible □ 66.7 37.7 45.2 25
Probable ^ 130.6 40.2 54.3 16.9

Figure 8.8: All-cause age-adjusted death rates per 1,000 person years by ECG ab
normality, diabetes type and gender
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100

IDDM/M IDDM/F NIDDM/M NIDDM/F

Absent □ 28.1 19 18.1 12.7
Light 0 32.4 34.7 24.6 21.8
Heavy g 63.1 57.4 39.8 39

Figure 8.9: All-cause age-adjusted death rates per 1,000 person years by proteinuria,
diabetes type and gender
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100

IDDM/M IDDM/F NIDDM/M NIDDM/F

Normal □ 30.7 19.8 19.2 12.6
Mild M 41 30.7 32.2 26
Severe ■ 73.5 52.2 46.1 64.6

Figure 8.10: All-cause age-adjusted death rates per 1,000 person years by diabetic
retinopathy, diabetes type and gender
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NIDDM/M NIDDM/F

Diet □ 16.3 25.7
Oral H 21.7 13.7
Insulin ■ 32.3 31.1

Figure 8.11: All-cause age-adjusted death rates per 1,000 person years by treatm ent
for diabetes and gender among NIDDM patients
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8 .1 .2  C ard iovascu lar m o rta lity  ra tes  b y  risk  fa ctors

Figure 8.12 — 8.22 display cardiovascular age-adjusted death rates in relation to the 
risk factors evaluated. As can be seen from Figure 8.12, there is a marked increase 
in cardiovascular death rates in relation to systolic blood pressure. The pattern is 
the same in each of the four gender and diabetes type groups. Rates are strikingly 
high in IDDM men with high systolic BP. According to Figure 8.13, diastolic BP is 
less predictive for mortality than systolic BP. The increase trend in death rates in 
relation to diastolic BP is more clear among IDDM women and NIDDM men than in 
the other groups. There are no obvious and systematic trends of plasma cholesterol 
with mortality rates (Figure 8.14). However, there is trend to increasing cholesterol 
level with increasing cardiovascular mortality among women with NIDDM. For the 
relationship between smoking habits and mortality (Figure 8.15), there is increase 
trend in mortality only in IDDM men. The increase trend in death rates in relation 
to BMI is more clear in men than in women and increase dramatically in the height 
BMI group for IDDM men (Figure 8.16). It can be seen from the Figure 8.17 that 
cardiovascular mortality rates increased with increasing diabetes duration before 10- 
15 years of duration. Nonetheless, the rate decreased in the longest duration group. 
There is no obvious trend in death rates according to plasma creatinine (Figure 
8.18). However, there might be some trend for NIDDM women. As shown in Figure 
8.19, there is a sudden increase in death rate for IDDM men with probable ECG 
abnormality. There is also a increasing trend in NIDDM men and IDDM women but 
the pattern is less impressive. Figure 8.20 shows the rapid increase in death rates 
according to the extent of proteinuria. The trend is consistent in both genders and 
diabetes types. Similarly to proteinuria, diabetic retinopathy (Figure 8.21) is related 
to the increased cardiovascular mortality profoundly. Figure 8.22 indicates that 
patients with insulin treatment for NIDDM had higher mortality rates compared 
with the other groups.
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IDDM/M IDDM/F NIDDM/M NIDDM/F

80-120 □ 11 4.2 7.1 5.6
121-130 □ 12.4 8.1 13.5 6.8
131-142 B 18 9.9 12.2 8.2
143-156 0 23.6 18 13.8 8.2
157-242 ■ 38.3 23.2 21.6 13.2

Figure 8.12; Cardiovascular age-adjusted death rates per 1,000 person years by
quintile of systolic blood pressure (mmhg), diabetes type and gender
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50

40

30

20

10

0
IDDM/M IDDM/F NIDDM/M NIDDM/F

< 7 5  □ 12.5 9.8 9.5 7.8
75-80  □ 12.1 11.1 12.4 5.2
8 1 - 8 6 D 26.2 11.6 13.4 10.9
87-92  0 15.6 16.1 15.3 9.5
> 9 2  ■ 31.3 25.9 16.1 10.7

Figure 8.13: Cardiovascular age-adjusted death rates per 1,000 person years by
quintile of diastolic blood pressure (mmhg), diabetes type and gender
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50

40

30

20

10

0
IDDM/M IDDM/F NIDDM/M NIDDM/F

<181 □ 22.5 17 10 4.8
181-206 □ 14.9 7.7 11.5 5.4
207-231 □ 16 7.4 15.1 8.8
232-262 M 22.2 11 13.8 10.1
> 2 6 3  ■ 21.4 19 17.8 15.1

Figure 8.14: Cardiovascular age-adjusted death rates per 1,000 person years by
quintile of plasma cholesterol (mg/dl), diabetes type and gender
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50

40

30

20

10

0
IDDM/M IDDM/F NIDDM/M NIDDM/F

Never Smoked Q 16.7 12.8 9.3 8
Ex-smoker □ 17.9 10.4 15.4 6.3
Smoker □ 20.8 12.6 14.2 11.2

Figure 8.15: Cardiovascular age-adjusted death rates per 1,000 person years by
smoking, diabetes type and gender
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IDDM/M IDDM/F NIDDM/M NIDDM/F

< 2 2 . 5  □ 17.1 8.5 9.1 8
2 2 .5 -24.9  □ 19.1 14.7 12.1 5.6
2 5 .0 -27.4  M 18.7 17.3 13.7 9.7
2 7 .5 -31.2  0 21.4 11.5 13.9 7
> 3 1 . 2  ■ 49.9 13.2 17.8 10

Figure 8.16: Cardiovascular age-adjusted death rates per 1,000 person years by
quintile of body mass index (Kg/m*m), diabetes type and gender
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u
IDDM/M IDDM/F NIDDM/M NIDDM/F

0-3 □ ! 10.1 4.6 10.8 5.4
4-6 □ ! 9.2 0 9.6 6.4
7-10 □ 25.5 9 13.3 7.2
1 1 - 1 5 0 19.6 16.7 19.8 14.6
> 1 5  ■ 20.6 14.6 18.4 14.4

Figure 8.17: Cardiovascular age-adjusted death rates per 1,000 person years by
quintile of duration (year), diabetes type and gender
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IDDM/M IDDM/F NIDDM/M NIDDM/F

< 0 .8  □ 27.4 14.8 17.7 8.4
0.8-0.8 □ 14.2 8.5 11.3 7.6
0 . 9 - 0 . 9 ^ 24.3 9.3 7 7.6
1.0-1.O H 13.9 8.2 16.3 11.1
> 1 .0  H 23.3 26 13.3 12.1

Figure 8.18: Cardiovascular age-adjusted death rates per 1,000 person years by
quintile of plasma creatinine (mg/dl), diabetes type and gender
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100

80

60

40

20

0
IDDM/M IDDM/F NIDDM/M NIDDM/F

Unlikely □ 14.4 9.6 9.1 6.8
Possible @ 39.1 20.1 30.7 14.1
Probable ■ 83.8 25.4 41.9 12.8

Figure 8.19: Cardiovascular age-adjusted death rates per 1,000 person years by ECG
abnormality, diabetes type and gender
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IDDM/M IDDM/F NIDDM/M NIDDM/F

Absent □ 13.4 8.3 11.1 6.9
Light M 21.1 17.8 16.7 11.2
Heavy ■ 50 34.3 32.9 21.4

Figure 8.20: Cardiovascular age-adjusted death rates per 1,000 person years by
proteinuria, diabetes type and gender
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IDDM/M IDDM/F NIDDM/M NIDDM/F

Normal □ 16 8.7 11.6 6.2
Mild B 20.6 14.5 16.3 12.9
Severe 0 28.4 21.8 28 28.1

Figure 8.21: Cardiovascular age-adjusted death rates per 1,000 person years by 
diabetic retinopathy, diabetes type and gender
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50
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20

10

0
NIDDM/M NIDDM/F

Diet □ 0 13
Oral □ 13.1 7.1
Insulin 0 14.9 13.9

Figure 8.22: Cardiovascular age-adjusted death rates per 1,000 person years by
treatm ent for diabetes and gender among NIDDM patients
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8.2 A n a ly tica l s ta tistic s  for risk factors by cen tre

8 .2 .1  R isk  fa ctors for a ll-cau se  m o rta lity

The relationship between all-cause mortality and potential risk factors has been 
analyzed separately for each centre for IDDM and NIDDM.

8 .2 .1 .1  A m ong ID D M  p atien ts

Univariate analysis
The results of univariate Cox regression analysis after adjusting for age and gen

der are shown in Table 8.1 for patients with IDDM. Systolic Blood Pressure (BP) 
is significantly related to all- cause mortality in 4 out of 6 centres. Amongst the 
patients from the 4 centres, The Standardized Estimate of Relative Risk (SERR) 
was higher in Warsaw (1.92) and Switzerland (1.87). The association was much less 
clear among patients from Zagreb (1.08) and Havana (1.23). The SERR for diastolic 
BP was significantly greater than 1.00 in patients from Warsaw and Switzerland. 
Hypertension at baseline was significantly associated with mortality in Switzerland, 
Warsaw and London with relative risks of 4.53 (p<0.01), 3.08 (p<0.0001) and 2.56 
(p<0.01) respectively. In patients from Berlin, hypertension had an estimate of rel
ative risk (ERR) of 1.45 (p<0.3). The association between hypertension and mor
tality was unclear in patients from Zagreb and Havana. The patients from Havana 
with uncontrolled hypertension (with systolic BP greater than 159 and diastolic BP 
greater than 94 and on BP lowering treatment, as defined before) have significantly 
increased all-cause mortality (ERR=6.67, p=0.05). Only the Zagreb cohort did not 
show a clear association.

Proteinuria was positively associated with all-cause mortality in 5 out of 6 centres 
and was found to be statistically significant in Warsaw (5.38), Switzerland (4.42), 
Berlin (3.42) and London (2.10). The p-value for Havana (1.54) was 0.85.

Possible ECG abnormality was strongly associated with all-cause mortality in 
patients from Switzerland (ERR= 5.89), Havana (3.71) and Warsaw (2.57). Prob
able ECG abnormality was positively associated with mortality in London (4.67), 
Switzerland (4.67) and Berlin (1.93, p<0.10). Again only the Zagreb cohort did not 
show a clear association.

Plasma cholesterol was significantly associated with all-cause mortality among 
IDDM patients from Switzerland (SERR= 1.85), Warsaw (1.49) and Berlin (1.28). 
Plasma cholesterol was not significantly associated with mortality among the other 
centres.

Plasma creatinine was found to have a significant association with mortality in 
Warsaw (1.99) and Havana (2.20). Among the patients in the other centres, the 
association was positive but non- significant.

Diabetic retinopathy at baseline was a significant predictor of mortality in the 
Warsaw, Switzerland, London and Berlin centres.

It is of some interest that of the other putative risk factors; duration of diabetes, 
body mass index and smoking were not significantly associated with mortality in 
most centres and were found to have a negative correlation with all-cause mortality
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in IDDM patients. Diabetes duration had a significant positive association with mor
tality only in Switzerland (SERR= 1.88, p<0.01). A negative association between 
diabetes duration and mortality was found in Berlin and Zagreb but this was not 
significant. Body Mass Index (BMI) was positively associated with mortality only 
in Warsaw (SERR= 1.14, p<0.3). BMI and mortality were negatively associated 
in the other centres but none of the associations were significant. Current smoking 
had a significant positive association with mortality only in Berlin (SERR= 1.91, 
p<0.05). Smoking and mortality were negatively associated in Warsaw, Zagreb and 
Havana but the association was not significant. Ex-smoking was also tested and 
found not to be predictive for mortality at all.

Multivariate analysis
The significant results of age- and sex-adjusted stepwise multiple Cox regression 

for all-cause mortality are given in Table 8.2. Different models have been tested 
to produce the best predictive power indicated by R and P values. The higher the 
R value the more powerful the prediction. The p value indicates the significance. 
Details of statistical methods are addressed in chapter 5.

Proteinuria remained significantly associated with all-cause mortality in 4 of 6 
centres; Warsaw (ERR= 3.68), Switzerland (3.34), Berlin (2.59) and London (2.03). 
High BP was associated with mortality in Warsaw, Berlin and Havana. ECG abnor
mality was still significantly associated with mortality in multivariate analysis with 
relative risks of 4.72 in the London cohort (p<0.001) and 3.46 in the Swiss cohort 
(p<0.05) respectively.

The association between plasma cholesterol and mortality remains significant 
only in the Swiss centre. Plasma creatinine was significantly associated with mor
tality independently of other risk factors in Havana (2.08) and Warsaw (SERR= 
1.61). In the Berlin cohort, diabetic retinopathy and current smoking were also 
important predictors for all-cause mortality. In the Zagreb centre, the best model 
indicated age as the only independent risk factor for mortality. The negative as
sociation between some putative risk factors and mortality seen in the univariate 
analyses was not seen at all in multivariate analyses.

8 .2 .1 .2  A m ong N ID D M  patien ts

Univariate analysis
The results of univariate Cox regression analysis after adjusting for age and 

gender are shown in Table 8.3 8.4 for patients with NIDDM.
Systolic BP was significantly related to all-cause mortality in 6 out of 10 centres. 

Amongst the patients from the 6 centres, SERR was higher in Switzerland (1.67) 
and Hong Kong (1.58) than the other 4 centres. The association was much less clear 
among patients from London (1.18), Zagreb (1.14), Tokyo (1.01) and Arizona (1.06). 
SERR for diastolic BP was significantly greater than 1.00 in patients from Hong 
Kong at the 5% level and from Switzerland, Warsaw and Havana at the 10% level. 
Systolic BP was not significantly associated with mortality in London; however, 
uncontrolled hypertension was significantly predictive in this centre. WHO-defined 
hypertension was a weak predictor for all- cause mortality compared with BP in
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NIDDM patients. Proteinuria was strongly and significantly associated with all
cause mortality in 8 of the 10 centres: Hong Kong (5.87), Tokyo (3.78), Oklahoma
(2.89), Berlin (2.84), Havana (2.83), Warsaw (2.80), Arizona (2.00) and London 
(1.20). The p-values for Switzerland (1.67) and Zagreb (1.46) were smaller than 0.2.

Possible ECG abnormality was strongly associated with all-cause mortality in 8 
of the 10 centres with ERRs ranging from 5.04 in Hong Kong to 2.2 in Berlin. ERR 
was 1.40 in Oklahoma at the 10% level. Probable ECG abnormality was positively 
associated with mortality in Switzerland (3.71), Berlin (2.66) and Oklahoma (1.78). 
Patients from London and Arizona did not show significant associations between 
EGG abnormality and all-cause mortality.

Plasma cholesterol was significantly associated with all-cause mortality among 
NIDDM patients from Berlin, Tokyo, Havana and Oklahoma with SERRs being 
between 1.16 and 1.64.

Plasma creatinine was found to have a significant association with mortality 
in half of all the centres, with the two highest SERRs in Hong Kong (2.44) and 
Tokyo (1.98). For the Swiss cohort (SERR= 1.48), the association was of borderline 
significance (p= 0.06). The association was unclear for patients from Zagreb, Berlin 
and Oklahoma.

Diabetic retinopathy at baseline was a significant predictor for mortality in all 
the centres except Zagreb (p<0.3). SERRs were high in Havana (10.65), London 
(8.15) and Switzerland (7.28).

Diabetes duration was significant in half (Warsaw, Zagreb, Tokyo, Havana and 
Oklahoma) of all the centres with the SERR being approximately 1.4. There was 
also a positive association with p less than 0.2 in Berlin, Hong Kong and Arizona. 
Evidence of an association was equivocal in Switzerland (SERR= 1.14, p=  0.39).

Insulin treatment for NIDDM was significantly predictive for all- cause mortal
ity in Tokyo, Oklahoma, Berlin and Zagreb with ERRs of 3.84, 2.74, 2.54 and 2.23 
respectively. Positive association reached the 10% level in Hong Kong (2.10) and 
Arizona (1.62). Patients from Warsaw and Havana had ERRs of 1.41 (p<0.2) and 
1.54 (p<0.2) respectively. Again there was no clear association in the Swiss cohort 
(ERR= 1.21, p=  0.62). It is of noteworthy that of the other putative risk factors, 
BMI and smoking were not significantly associated with all-cause mortality in most 
centres and were even found to have a negative correlation with mortality. There 
was negative association between BMI and mortality in Zagreb, Tokyo, Havana and 
Hong Kong but these were not significant (p<0.1 for the former 3 centres and p<0.2 
for the Hong Kong cohort). BMI showed a significant positive association only in 
Warsaw (SERR= 1.26) at the 10% level. Current smoking showed a significant pos
itive association with mortality in London (ERR= 3.04), Zagreb (2.22) and Warsaw
(1.67). There was a negative association between smoking and mortality in Hong 
Kong, Havana, Oklahoma and Arizona but none of the associations were significant. 
Ex-smoking was also tested and found to be predictive for mortality in London only.

Multivariate analysis
The most significant results of age- and sex-adjusted stepwise multiple Gox re

gression for all-cause mortality in NIDDM patients are given in Table 8.5.
Microvascular risk factors
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For all-cause mortality by multivariate analysis, microvascular risk factors were 
generally more predictive than macrovascular risk factors. Proteinuria remained 
significantly associated with all- cause mortality in 7 out of 10 centres: Tokyo 
(ERR=4.23), London (ERR= 3.12), Hong Kong (3.04), Warsaw (2.66), Berlin (2.60), 
Oklahoma (2.34) and Havana (2.20).

Plasma creatinine was significantly associated with mortality independently of 
the other risk factors in Hong Kong (1.78) and Arizona (1.55).

Diabetic retinopathy was significantly predictive in 5 centres: London, Warsaw, 
Zagreb, Havana and Oklahoma with ERRs of approximately 2 to 3.

Cardiovascular risk factors
ECG abnormality was still significantly associated with mortality in 7 of 10 

centres after multivariate analysis with the high relative risks of 4.41 in Tokyo, 3.04 
in Hong Kong, 2.83 in Zagreb, 2.72 in Havana, and around 2 in Switzerland and 
Berlin. ECG abnormality was not an independent risk factor in the London cohort 
and the two Indian groups.

Systolic BP was associated with mortality in London (13.04), Switzerland (1.60) 
and Oklahoma (1.22).

The association between plasma cholesterol and mortality remained significant 
only in the Havana (1.25) centre. Current smoking was also an important predictor 
for all-cause mortality in London (2.12) and Zagreb (2.36).

Diabetes related risk factors
Interestingly, insulin treatment for NIDDM strongly predicted mortality in the 

Tokyo cohort with an ERR of 4.66. Insulin treatment was also significantly associ
ated with mortality in Berlin (2.78) and Oklahoma (1.91).

Unlike the results for the IDDM patients, duration of diabetes remained a sig
nificant risk factor after the multivariate analysis in Zagreb, Havana and Oklahoma, 
but the SERRs were small.

The negative association between some putative risk factors (e.g. BMI, smoking) 
and mortality seen in the univariate analyses was not seen at all in the multivariate 
analyses. Those negative associations may result from the fiuctuation with small 
numbers of observations. BMI was found to be confounded with EGG abnormality 
and elevated blood pressure in NIDDM patients (data not presented).

In the Arizona centre, the best model showed that only plasma creatinine was 
an important factor for mortality after adjustment of the other factors.

8 .2 .2  R isk  fa ctors for card iovascu lar m o rta lity

8 .2 .2 .1  A m ong ID D M  patien ts

Univariate analysis
The results of univariate Cox’s regression analysis after adjusting for age and sex 

are shown for cardiovascular mortality in Table 8.6.
Cardiovascular mortality was found to be significantly associated with systolic 

BP (SERR= 1.51-2.33) among patients from London, Switzerland, Warsaw and 
Berlin (Table 8.6). Diastolic BP also has a significant positive link with cardiovas
cular mortality in 4 out of 6 cohorts in London, Switzerland, Berlin and Havana
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(1.20-1.64). Hypertension has a weaker relationship than BP with cardiovascular 
mortality for most of the centres, achieving statistical significance only in London 
(3.55). However, SERRs were generally higher in patients with categorical hyper
tension than in patients with elevated BP.

Proteinuria at baseline had appreciable ERRs in Switzerland (3.04), Warsaw 
(4.24) and Berlin (4.18) and these were all significant at the 1% level. Proteinuria 
had an ERR of 1.71 in London (p<0.3), and even showed a negative association with 
cardiovascular mortality in Zagreb and Havana, but the association was not signifi
cant (p=0.63 and p=0.98). Possible ECG abnormality was significantly associated 
with cardiovascular mortality in Switzerland and Warsaw with ERRs of 4.05 and 
4.17 respectively. Probable ECG abnormality also predicted cardiovascular mortal
ity in London (7.67) and Berlin (3.79) at the 1% level and in Havana (4.26) at the 
10% level.

Plasma cholesterol was significantly associated with cardiovascular mortality in 
Switzerland, Berlin and Havana with SERRs of 1.52, 1.34 and 1.56 respectively. 
Plasma creatinine was predictive for mortality in Switzerland (1.40) and Warsaw
(1.68). Diabetic retinopathy was highly correlated with mortality in London, mod
erately correlated in Switzerland, but showed no correlation in the other centres.

Diabetes duration was also correlated with cardiovascular mortality in London
(1.59) at the 5% level and in Switzerland (1.98) at the 1% level. BMI and current 
smoking were not significantly associated with mortality in any centre. In Havana 
BMI predicted mortality at the 10% level.

Multivariate analysis
The relationships achieving statistically significant results for age- and sex-adjusted 

stepwise multiple Cox regression for cardiovascular mortality in IDDM patients are 
given in Table 8.7.

Cardiovascular mortality in patients with IDDM was strongly associated with 
diabetic microangiopathy in terms of proteinuria and diabetic retinopathy in Lon
don (10.04), Warsaw (3.50) and Berlin (3.32). ECG abnormality was also highly 
significant in the multivariate analysis for patients from London (9.39) and Warsaw
(4.89). Elevated BP was significantly associated with cardiovascular mortality in 
London, Berlin and Havana with SERRs of 1.54, 2.15 and 2.14 respectively. Plasma 
cholesterol was associated with mortality independent of the other risk factors in 
Berlin with SERR of 1.28. For the Swiss and Zagreb centres no significant and 
independent risk factors were detected in the multivariate analysis.
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Table 8.1: Univariate Cox’s regression analysis of association between risk factors 
and all-cause mortality adjusted for age and sex in patients with IDDM for each 
centre

Centre Continuous Variable Categorical Variable
SERR 95% Cl P ERR 95% Cl P

LON BPS 1.36 1.01 1.84 0.04 HYP2 2.56 1.27 5.18 0.01
SWI 1.87 1.37 2.55 <0.001 4.53 1.58 12.96 <0.001
WAR 1.92 1.55 2.40 <0.001 3.08 1.81 5.23 <0.001
BER 1.53 1.18 1.99 <0.001 1.45 0.77 2.71 0.25
ZAG 1.08 0.74 1.59 0.68 0.75 0.29 1.95 0.56
HAV 1.23 0.85 1.79 0.28 0.91 0.33 2.49 0.85
LON BPD2 1.19 0.90 1.59 0.22 ECGl 0.68 0.21 2.23 0.01
SWI 1.73 1.18 2.53 <0.001 5.89 2.24 15.46 <0.01
WAR 1.92 1.54 2.40 <0.001 1.22 0.30 4.99 <0.001
BER 1.20 0.94 1.53 0.15 1.93 0.91 4.10 0.25
ZAG 1.09 0.74 1.60 0.66 0.00 0.00 0.00 0.56
HAV 1.07 0.73 1.57 0.72 2.15 0.47 9.91 0.85
LON DURN 1.10 0.82 1.48 0.50 ECG2 4.67 2.10 10.40 0.01
SWI L88 1.26 282 <0.001 4.67 1.45 14.98 <0.001
WAR 1.19 0.95 1.49 0.10 1.22 0.30 4.99 <0.001
BER 0.94 0.75 1.18 0.60 1.93 0.91 4.10 0.25
ZAG 0.89 0.60 1.32 0.57 0.00 0.00 0.00 0.56
HAV 1.16 0.75 1.80 0.50 2.15 0.47 9.91 0.85
LON CHOL 0.97 0.70 1.33 0.84 PROT 2.10 1.09 4.02 0.01
SWI 1.85 1.19 2.87 0.01 4.42 1.86 10.47 <0.001
WAR 1.49 1.17 1.90 <0.001 5.38 3.49 8.31 <0.001
BER 1.28 1.07 1.53 0.01 3.42 2.15 5.44 0.25
ZAG 1.06 0.69 1.64 0.79 0.22 0.09 0.50 0.56
HAV 1.15 0.76 1.74 0.50 1.54 0.66 3.61 0.85
LON GREAT 1.20 0.83 1.75 0.33 DR2 2.41 1.00 5.83 0.05
SWI 1.30 0.94 1.79 0.11 6.53 1.70 25.07 0.01
WAR 1.99 1.52 2.60 <0.001 7.25 3.00 17.48 <0.001
BER 1.05 0.85 1.30 0.62 2.26 1.20 4.24 0.01
ZAG 0.94 0.63 1.41 0.77 1.34 0.45 4.01 0.60
HAV 2.20 1.40 3.45 <0.001 1.75 0.59 5.16 0.31
LON BMI 0.92 0.67 1.26 0.61 Smoke2 1.13 0.55 2.31 0.74
SWI 0.11 0.07 0.17 0.35 1.82 0.69 4.81 0.23
WAR 1.14 0.92 1.40 0.23 0.89 0.52 1.54 0.69
BER 0.93 0.73 1.18 0.54 1.91 1.08 3.38 0.03
ZAG 0.69 0.42 1.13 0.14 0.62 0.24 1.59 0.32
HAV 0.85 0.50 1.46 0.56 0.71 0.27 1.89 0.50
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Table 8.2: Multivariate Cox’s regression analysis of association between significant 
risk factors and all-cause mortality adjusted for age and sex in patients with IDDM 
for each centre

Centre Variable /? SE(^) RR 95% Cl P R P-Model
LON ECG2 1.55 0.41 4.72 2.12 10.51 <0.01 0.25 <0.001

PROT 0.71 0.33 2.03 1.06 3.91 0.03
SWI CHOL 0.01 0.00 1.64 1.07 2.54 0.02 0.27 0.01

ECG 1.24 0.58 3.46 1.12 10.71 0.03
PROT 1.21 0.55 3.34 1.14 9.84 0.03

WAR BPS 0.02 0.01 1.60 1.24 2.05 <0.01 0.34 <0.001
GREAT 3.96 1.12 1.61 1.24 2.09 <0.01
PROT 1.30 0.27 3.68 2.19 6.21 <0.001

BER BPS 0.01 0.01 1.43 1.10 1.86 0.01 0.27 <0.001
PROT 0.95 0.25 2.59 1.59 4.23 <0.01
DR 0.71 0.29 2.04 1.16 3.58 0.01
Smoke2 0.58 0.25 1.79 1.10 2.92 0.02

ZAG AGE 0.07 0.03 1.81 1.09 3.00 0.02 0.13 0.02
HAV HYPl 1.41 0.67 4.08 1.10 15.16 0.04 0.30 <0.001

GREAT 4.74 1.48 2.08 1.33 3.27 <0.01
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Table 8.3: Univariate Cox’s regression analysis of association between risk factors 
and all-cause mortality adjusted for age and sex in patients with NIDDM for each 
centre for continuous variable

Variable Centre SERR 95% Cl P Variable SERR 95% Cl P
BPS LON 1.18 0.90 1.56 0.23 CREAT 0.79 0.55 1.13 0.20

SWI 1.67 1.24 &26 <0.01 1.48 0.98 2.25 0.06
WAR 1.29 1.04 1.61 0.02 1.40 1.02 1.92 0.04
BER 1.21 0.98 1.49 0.08 0.93 0.73 1.17 0.53
ZAG 1.14 0.86 1.52 0.36 1.08 0.81 1.45 0.59
HON 1.58 1.12 2.24 0.01 2.44 1.81 3.29 <0.001
TOK 1.01 0.65 1.57 0.97 1.98 1.34 2.93 <0.01
HAV 1.38 1.13 1.69 <0.01 1.58 1.24 2.01 <0.01
OKL 1.36 1.18 1.57 <0.001 0.96 0.82 1.13 0.63
ARI 1.06 0.81 1.39 0.67 1.55 1.28 1.86 <0.001

BPD2 LON 1.03 0.76 1.39 0.85 BMI 1.19 0.90 1.57 0.22
SWI 1.31 0.95 1.81 0.10 1.07 0.76 1.52 0.69
WAR 1.22 0.99 1.51 0.06 1.26 0.99 1.61 0.06
BER 0.98 0.79 1.22 0.85 0.82 0.63 1.06 0.13
ZAG 1.06 0.79 1.41 0.71 0.75 0.54 1.03 0.08
HON 1.45 1.06 1.97 0.02 0.76 0.52 1.10 0.15
TOK 1.09 0.72 1.65 0.68 0.51 0.31 0.85 0.01
HAV 1.19 0.98 1.45 0.08 0.81 0.65 1.02 0.07
OKL 1.02 0.87 1.19 0.85 1.03 0.88 1.21 0.68
ARI 1.07 0.80 1.42 0.65 1.10 0.83 1.45 0.59

DURN LON 1.26 0.97 1.64 0.08 CHOL 1.19 0.9 1.55 0.21
SWI 1.14 0.84 1.56 0.39 4.90 0.60 1.36 0.62
WAR 1.32 1.09 1.61 0.01 1.07 0.87 1.32 0.53
BER 1.16 0.93 1.43 0.18 1.26 1.05 1.51 0.01
ZAG 1.44 1.17 1.77 <0.01 1.09 0.86 1.39 0.49
HON 1.28 0.90 1.82 0.17 0.70 0.47 1.04 0.08
TOK 1.51 1.06 2.17 0.02 1.64 1.11 2.42 0.01
HAV 1.41 1.21 1.65 <0.001 1.30 1.13 1.49 0.01
OKL 1.48 1.30 1.67 <0.001 1.16 1.03 1.32 0.02
ARI 1.18 0.92 1.51 0.20 1.16 0.94 1.44 0.16
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Table 8.4: Univariate Cox’s regression analysis of association between risk factors 
and all-cause mortality adjusted for age and sex in patients with NIDDM for each 
centre for categorical variable

Variable Centre ERR 95% Cl P Variable ERR 95% Cl P
HYP2 LON 1.27 0.62 2.58 0.51 DRl 2.29 1.25 4.16 0.01

SWI 1.14 0.47 2.74 0.78 1.22 0.49 2.99 0.67
WAR 1.39 0.84 2.30 0.20 1.98 1.28 3.07 <0.005
BER 1.39 0.79 2.46 0.26 1.52 0.82 2.84 0.19
ZAG 1.66 0.82 3.34 0.16 2.79 1.54 5.05 <0.001
HON 1.38 0.48 3.96 0.55 1.90 0.89 4.09 0.10
TOK 1.35 0.39 4.73 0.64 1.10 0.43 2.84 0.85
HAV 1.00 0.58 1.71 0.99 3.16 2.10 4.76 <0.0001
OKL 1.26 0.78 2.05 0.34 2.26 1.60 3.20 <0.0001
ARI 0.91 0.22 3.85 0.91 2.21 1.03 4.72 0.04

ECGl LON 1.35 0.68 2.68 0.40 DR2 8.15 3.30 20.12 <0.0001
SWI 2.27 1.04 4.99 0.04 7.28 2.93 18.10 <0.0001
WAR 2.21 1.35 3.62 <0.005 2.57 1.02 6.46 0.05
BER 2.20 1.32 3.66 <0.005 5.28 2 j# 12.36 0.00
ZAG 2.63 1.32 5.23 0.01 2.14 0.73 6.25 0.17
HON 5.04 2.45 10.36 <0.0001 5.70 1.85 17.54 <0.005
TOK 3.93 1.57 9.80 <0.005 3.24 1.11 9.45 0.03
HAV 2.47 1.52 4.04 <0.0005 10.65 4.32 26.26 <0.0001
OKL 1.40 0.96 2.03 0.08 5.46 3.16 9.43 <0.0001
ARI 1.41 0.74 2.66 0.29 2.21 1.03 4.72 0.04

ECG2 LON 2.03 0.49 8.49 0.33 INSN 1.65 0.88 3.11 0.12
SWI 3.71 1.39 9.88 0.01 1.21 0.58 2.52 0.62
WAR 1.85 0.83 4.13 0.13 1.42 0.91 2.20 0.12
BER 2.66 1.21 5.86 0.01 2.54 1.57 4.11 <0.0005
ZAG 1.29 0.31 5.38 0.73 223 1.19 4.17 0.01
HON 0.00 0.00 0.00 0.89 2.10 0.88 5.03 0.09
TOK 0.00 0.00 0.00 0.84 3.84 1.67 8.82 <0.005
HAV 1.93 0.84 4.47 0.12 1.54 0.86 2.78 0.15
OKL 1.78 1.10 2.88 0.02 2.64 1.85 3.78 <0.0001
ARI 2.58 0.61 10.83 0.20 1.62 0.93 2.80 0.09

PROT LON 1.20 0.68 2.10 <0.0001 Smoke2 3.04 1.46 6.34 <0.005
SWI 1.67 0.85 3.26 0.14 2.13 0.94 4.82 0.07
WAR 2.80 1.70 4.63 <0.0005 1.67 1.02 2.74 0.04
BER 2.84 1.78 4.52 <0.0001 1.53 0.85 2.76 0.16
ZAG 1.46 0.82 2.60 0.20 222 1.14 4.32 0.02
HON 5.87 2.86 12.04 <0.0001 0.70 0.29 1.67 0.42
TOK 3.78 1.59 8.97 <0.005 1.10 0.37 3.28 0.87
HAV 2.83 1.79 4.46 <0.0001 0.95 0.61 1.47 0.80
OKL 2.89 2.12 3.94 <0.0001 0.98 0.68 1.42 0.93
ARI 2.00 1.08 3.69 0.03 0.77 0.36 1.65 0.50
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Table 8.5: Multivariate Cox’s regression analysis of association between significant
risk factors and all-cause mortality adjusted for age and sex in patients with NIDDM
for each centre

Centre Variable SECG) RR 95% Cl P R P-Model
LON HYPl 2.57 0.45 13.04 5.43 31.34 <0.001 0.35 <0.001

PROT 1.14 0.29 3.12 1.76 5.55 <0.01
DR 1.05 0.30 Z87 1.61 5.13 <0.01
SM0K2 0.75 0.29 2.12 1.21 3.73 0.01

SWI BPS 0.02 0.01 1.60 1.18 2.16 <0.01 0.19 <0.001
ECG 0.74 0.36 2.11 1.04 4.29 0.04

WAR ECG 0.69 0.24 1.98 1.24 3.18 <0.01 0.23 <0.0011
PROT 0.98 0.27 2.66 1.58 4.49 <0.01
DR 0.59 0.23 1.81 1.16 2.83 0.01

BER ECG 0.79 0.25 2.20 1.36 3.57 <0.01 0.32 <0.001
PROT 0.95 0.24 2.60 1.61 4.19 <0.01
INSN 1.02 0.25 2.78 1.70 4.55 <0.001

ZAG DURN 0.06 0.02 1.35 1.06 1.73 0.02 0.24 <0.001
ECG 1.04 0.34 2.83 1.45 5.52 <0.01
DR 0.80 0.32 &23 1.19 4.16 0.01
Smoke2 0.86 0.32 2.36 1.27 4.41 0.01

HON GREAT 3.62 1.00 1.78 1.31 2.43 <0.01 0.37 <0.001
ECG 1.11 0.40 3.04 1.39 6.66 0.01
PROT 1.12 0.42 3.08 1.34 7.05 0.01

TOK ECG 1.48 0.56 4.41 1.48 13.17 0.01 0.33 <0.001
PROT 1.44 0.53 4.23 1.49 12.04 0.01
INSN 1.54 0.50 4.66 1.75 12.46 <0.01

HAV DURN 0.04 0.01 1.00 1.00 1.00 <0.01 0.29 <0.001
CHOL <0.01 <0.01 1.25 1.05 1.49 0.01
ECG 1.00 0.24 2.72 1.69 4.37 <0.001
PROT 0.79 0.25 2.20 1.36 3.58 <0.01
DR 0.82 0.22 228 1.47 3.53 <0.01

OKL BPS 0.01 0.00 1.22 1.06 1.41 0.01 0.24 <0.001
DURN 0.03 0.02 1.18 1.01 1.39 0.04
PROT 0.85 0.16 2.34 1.70 3.23 <0.001
DR 0.55 0.18 1.74 1.21 2.50 <0.01
INSN 0.64 0.20 1.91 L28 2.83 <0.01

ARI GREAT 2.78 0.60 1.55 1.28 1.86 <0.001 0.18 <0.01
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Table 8.6: Univariate Cox’s regression analysis of association between risk factors 
and cardiovascular mortality adjusted for age and sex in patients with IDDM for 
each centre

Centre Continuous Variable Categorical Variable
SERR 95% Cl P ERR 95% Cl P

LON BPS 1.76 1.15 2.69 0.01 HYP2 3.55 1.33 9.51 0.01
SWI 1.52 1.06 2.17 0.02 1.82 0.57 5.84 0.31
WAR 1.51 1.04 2.20 0.03 1.41 0.49 4.10 0.53
BER 2.33 1.61 3.37 <0.001 2.12 0.94 4.76 0.07
ZAG 1.15 0.56 2.36 0.71 5.12 0.51 51.88 0.17
HAV 1.52 0.80 &88 0.20 1.94 0.45 8.40 0.37
LON BPD2 1.20 0.79 1.82 0.04 ECGl 0.00 0.00 0.00 0.75
SWI 1.64 1.11 2.42 0.01 4.05 1.48 11.05 0.01
WAR 1.26 0.85 1.86 0.25 4.17 1.53 11.34 0.01
BER 1.56 1.11 2.20 0.01 2.10 0.88 5.01 0.10
ZAG 1.11 0.48 2.53 0.81 0.00 0.00 0.00 0.88
HAV 2.11 1.08 4.13 0.03 0.00 0.00 0.00 0.83
LON DURN 1.59 1.04 2.42 0.03 ECG2 7.67 2.81 20.91 <0.01
SWI 1.98 1.29 3.04 <0.01 1.66 0.37 7.45 0.51
WAR 1.20 0.83 1.75 0.33 1.76 0.24 13.03 0.58
BER 0.88 0.63 1.22 0.44 3.79 1.40 10.26 0.01
ZAG 1.36 0.59 3.13 0.48 0.00 0.00 0.00 0.87
HAV 0.97 0.45 2.12 0.94 4.26 0.77 23.68 0.10
LON CHOL 1.04 0.65 1.67 0.87 PROT 1.71 0.65 4.50 0.28
SWI 1.52 0.98 2.35 0.06 3.04 1.31 7.04 0.01
WAR 0.95 0.60 1.49 0.81 4.24 2.06 8.72 <0.01
BER 1.34 1.06 1.68 0.01 4.18 2.15 8.11 <0.001
ZAG 1.27 0.49 3.25 0.62 0.63 0.09 4.20 0.63
HAV 1.56 0.76 3.23 <0.001 0.98 0.20 4.92 0.98
LON CREAT 0.93 0.52 1.65 0.80 DR2 26.6 13.26 217.01 <0.01
SWI 1.40 1.05 1.88 0.02 3.73 1.18 11.74 0.02
WAR 1.68 0.99 2.86 0.05 1.82 0.23 14.67 0.57
BER 0.73 0.45 1.21 0.22 1.63 0.59 4.50 0.34
ZAG 0.61 0.20 1.86 0.38 0.00 0.00 0.00 0.75
HAV 1.84 0.68 4.99 0.23 0.63 0.07 5.95 0.68
LON BMI 0.68 0.42 1.12 0.13 Smoke2 1.35 0.49 3.75 0.57
SWI 1.10 0.73 1.64 0.65 1.38 0.52 3.61 0.52
WAR 0.94 0.66 1.34 0.73 1.33 0.55 3.18 0.53
BER 1.18 0.87 1.61 0.30 1.79 0.80 4.01 0.16
ZAG 1.01 0.36 2.81 0.98 0.00 0.00 0.00 0.80
HAV 2.03 0.90 4.58 0.09 1.56 0.28 8.78 0.62
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Table 8.7: Multivariate Cox’s regression analysis of association between significant 
risk factors and cardiovascular mortality adjusted for age and sex in patients with 
IDDM for each centre

Centre Variable /? SE(;g) RR 95% Cl P R P-Model
LON BPS 0.020 0.010 1.54 1.01 2.34 0.0437 0.414 <0.0011

ECG2 2.240 0.552 9.39 3.18 27.71 <0.0011
DR 2.306 1.046 10.04 1.29 77.95 0.0274

SWI AGE 0.102 0.048 2.84 1.08 7.46 0.0339 0.171 0.0288
WAR EGG 1.586 0.496 4.89 1.85 12.91 0.0014 0.253 <0.001

PROT 1.254 0.420 3.50 1.54 7.98 0.0029
BER BPS 0.032 0.008 2.15 1.48 3.14 <0.001 0.368 <0.001

CHOL 0.004 0.002 1.28 1.02 1.59 0.0332
PROT 1.200 0.358 &32 1.65 6.70 <0.001

ZAG AGE 0.157 0.073 3.81 1.13 12.80 0.0306 0.277 0.0247
HAV BPD2 0.061 0.027 2.14 1.12 4.12 0.022 0.236 0.0214
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8 .2 .2 .2  A m ong N ID D M  p atien ts

Univariate analysis
The results of univariate Cox regression analysis after adjusting for age and sex 

are shown for cardiovascular mortality in Table 8.8 and 8.9.
Cardiovascular mortality was significantly associated with systolic BP (SERR= 

1.26-1.68) among patients from Switzerland, Warsaw, Berlin, Havana and Okla
homa (Table 8.8 and 8.9). Diastolic BP also had a significant positive link with 
cardiovascular mortality in 4 of the 10 cohorts from Switzerland, Warsaw, Zagreb 
and Arizona (1.37-1.78). Hypertension had a weaker relationship with cardiovascu
lar mortality than BP, achieving statistical significance only in Switzerland (1.79) 
at the 10% level. Controlled and uncontrolled hypertension were also associated 
with cardiovascular mortality in London (8.17, p<0.001) and Hong Kong (p=0.055) 
respectively. Thus only the Tokyo cohort did not show any significant association 
between BP and cardiovascular mortality. The lowest prevalence of hypertension 
was also seen in the Tokyo centre.

Proteinuria was significantly associated with cardiovascular mortality in 7 of 
the 10 cohorts with NIDDM. Among these proteinuria had particularly high ERRs 
in Tokyo (5.91) and Hong Kong (4.24). In the rest of the centres, the positive 
association could have arisen by chance only in Zagreb (1.65, p<0.3), Arizona (1.25, 
p=0.7) and Switzerland (1.38, p=0.3).

In each of the 10 centres ECO abnormality and cardiovascular mortality were 
found to be associated. Possible EGG abnormality was significantly associated with 
cardiovascular mortality in 7 of the 10 centres. The ERRs were high in Hong Kong
(4.59), Arizona (5.16) and Berlin (4.16). Probable EGG abnormality also signifi
cantly predicted cardiovascular mortality in 6 of the 10 centres with ERRs of 9.33 
in Tokyo, 5.78 in Berlin, 4.07 in Warsaw, and around 3 in the remaining centres.

Plasma cholesterol was significantly associated with cardiovascular mortality in 
London, Berlin, Havana and Oklahoma with 8ERRs of 1.38, 1.35, 1.38 and 1.33 
respectively.

Plasma creatinine was significantly predictive for cardiovascular mortality in 
Tokyo (2.01), Hong Kong (1.74) and Havana (1.70). Diabetic retinopathy was highly 
associated with mortality in London, Berlin, Tokyo, Havana and Oklahoma, and 
moderately associated in Zagreb.

Diabetes duration was also significantly associated with cardiovascular mortality, 
in Oklahoma (SERR=1.51) and Havana (1.47) at the 1% level and in Zagreb (1.41) 
at the 5% level.

BMI was significantly associated with cardiovascular mortality in London, Switzer
land and Warsaw with SERRs of 1.46, 1.39 and 1.59 respectively.

Current smoking was positively associated with mortality in 8 of 10 centres 
but only significantly in London (ERR=3.18, p<0.01) and Zagreb (2.48, p<0.1) at 
borderline significance.

Insulin treatment for NIDDM was significantly associated with cardiovascular 
mortality only in Berlin and Oklahoma with SERRs of 2.48 and 2.36 respectively.

Multivariate analysis
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The relationships achieving statistical significance for age- and sex-adjusted step
wise multiple Cox regression for cardiovascular mortality in NIDDM patients are 
given in Table 8.10.

Cardiovascular risk factors
In contrast to the results for all-cause mortality by multivariate analysis, macrovas- 

cular risk factors were more predictive for cardiovascular mortality than microvas- 
cular risk factors in NIDDM patients.

EGG abnormality was still significantly associated with mortality in 6 out of 10 
centres after multivariate analysis, with relative risks of 5.68 in Hong Kong, 4.41 in 
Arizona, 4.30 in Berlin, 3.16 in Zagreb, 3.13 in Warsaw and 2.35 in Oklahoma. EGG 
abnormality was not an independent risk factor in London, Switzerland, Tokyo and 
Havana. BP was associated with mortality in London (14.40), Hong Kong (3.29), 
Switzerland (1.68) and Warsaw (1.33).

The association between plasma cholesterol and mortality remained significant in 
Berlin, Havana and Oklahoma cohorts with SERRs of 1.29 - 1.37. Current smoking 
was an important predictor for cardiovascular mortality only in the London cohort 
with an ERR of 3.41. The association between current smoking and cardiovascular 
mortality disappeared after adjustment for other potential risk factors in the Zagreb 
cohort.

Microvascular risk factors
Proteinuria remained significantly associated with cardiovascular mortality in 

only 3 out of 10 centres; Oklahoma (ERR=4.07), London (2.73) and Warsaw (2.52). 
Plasma creatinine was significantly associated with mortality, independent of other 
risk factors only in Havana (1.50). Diabetic retinopathy was significantly predictive 
in 4 centres: Tokyo, London, Zagreb, and Havana, with an extremely high ERR 
of 31.12 in the Tokyo centre and with ERRs of approximately 3 to 4 in the other 
centres.

Diabetes related risk factors
Diabetes duration was significantly predictive for cardiovascular mortality in the 

Oklahoma and Havana cohorts with moderate SERRs of 1.51 and 1.29 respectively. 
After multivariate analysis insulin treatment was significantly associated with car
diovascular mortality only in Berlin (2.65). BMI was not an independent risk factor 
in any centre. Gurrent smoking was significant only in London with an ERR of 3.41 
(p<0.001). In the Tokyo centre, only diabetic retinopathy remained significant in 
the prediction of cardiovascular mortality. The association between cardiovascular 
mortality and proteinuria, plasma creatinine and probable EGG abnormality seen 
in the univariate analyses all disappeared after multivariate analysis.

In the Swiss centre only age was significantly predictive in multivariate analysis 
for all-cause mortality, however, for cardiovascular mortality systolic BP was found 
to be significant risk factor. In the Arizona centre, the best model showed only EGG 
abnormality remained significant for cardiovascular mortality after adjustment for 
other factors.
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8.3 R isk  factors for m orta lity  in  th e  w h ole  co
hort

In this section the number of observations has been considerably increased by pooling 
the subjects from all the centres since some important risk factors have been found to 
have a similar association with mortality in the different cohorts. The purpose of this 
was to test those possible risk factors (e.g. mild diabetic retinopathy, ex-smoking) 
which were only present in small numbers in the cohorts. Relatively specific causes 
of deaths with small numbers of deaths in individual centres (e.g. ischaemic heart 
disease, renal disease) could also be investigated for the most important risk factors. 
Centre differences have been adjusted throughout these analyses using the technique 
designed by the Statistical Analysis System (SAS) for the Cox proportional hazards 
model.

For definitions of variables listed in the tables, see page xv and xvi. RR is SERR 
for continuous variables and RR represents ERR for categorical variables.

8 .3 .1  R isk  factors for a ll-cau se  m o rta lity

The relationship between all-cause mortality and potential risk factors has been 
analyzed separately for IDDM and NIDDM patients. The results of the univariate 
and multivariate Cox regression analysis after adjusting for age and gender are shown 
in Table 8.11 for patients with IDDM and in Table 8.12 for patients with NIDDM.

8 .3 .1 .1  A m on g ID D M  p atien ts

Univariate analysis
Systolic BP was positively related to all-cause mortality with an SERR of 1.52. 

The association was stronger between hypertension and mortality with ERRs of 2.30 
in patients with categorical hypertension, 2.50 in those with uncontrolled hyperten
sion and 1.82 in those with controlled hypertension.

Probable ECO abnormality was significantly associated with mortality with an 
ERR of 2.36. Possible ECO abnormality also significantly predicted all-cause mortal
ity, but with a lower ERR of 1.47. A history of cardiovascular disease as determined 
from the Rose Questionnaire has an ERR of 1.67.

The probability of mortality for patients with proteinuria was twice that for pa
tients without proteinuria. Light to heavy PROTeinuria (PROT) was significantly 
predictive for mortality with a ERR of 1.87. Mild to severe Diabetic Retinopathy 
(DR2) was significantly predictive for mortality with a ERR of 2.64. Plasma cre
atinine and cholesterol were positively and significantly associated with all-cause 
mortality, with moderate SERRs of 1.08 and 1.18 respectively.

Diabetes duration, BMI, and both ex- and current- smoking were not associated 
with all-cause mortality in patients with IDDM.

Multivariate analysis
After multivariate analysis, proteinuria (ERR =  2.66), EGG abnormality (1.67)
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and elevated systolic BP (SERR =  1.33) remained significantly predictive for all- 
cause mortality in all IDDM patients (Table 8.11).

8 .3 .1 .2  A m on g N ID D M  patien ts

Univariate analysis
Systolic BP was positively related to all-cause mortality with a SERR of 1.31 

(Table 8.12). The association was somewhat stronger between hypertension and 
mortality with ERRs of 1.56 in patients with categorical hypertension, 1.79 in those 
with uncontrolled hypertension and 1.42 in those with controlled hypertension.

Probable EGG abnormality was significantly associated with mortality, with an 
ERR of 1.70. Possible ECO abnormality was also significantly predictive for all-cause 
mortality with a larger ERR of 1.90. History of cardiovascular disease obtained from 
the Rose Questionnaire had a lower ERR of 1.53 for patients with NIDDM.

Patients with proteinuria have a significantly higher relative risk of mortality 
(ERR= 1.95) compared to those without proteinuria. Mild to severe DR and min
imal DR were significantly predictive for mortality with relative risks of 3.74 and 
1.82 respectively.

Plasma creatinine and cholesterol were positively and significantly associated 
with all-cause mortality with small SERRs of 1.11 and 1.17 respectively.

Diabetes duration (SERR= 1.34) and current smoking (1.19) were all signifi
cantly associated with all-cause mortality in patients with NIDDM.

Insulin treatment for NIDDM was significantly associated with increased mor
tality with a ERR of 1.96. respectively.

Multivariate analysis
All significant predictors of all-cause mortality identified by univariate analysis 

were also significant after multivariate analysis (Table 8.12).

8 .3 .2  R isk  fa ctors for card iovascu lar m o rta lity

8 .3 .2 .1  A m ong ID D M  p atien ts

Univariate analysis
Systolic BP was positively associated with cardiovascular mortality with a SERR 

of 1.64 (Table 8.13). The association between hypertension and mortality was also 
significant with ERRs of 2.46 in patients with categorical hypertension, 2.08 in those 
with uncontrolled hypertension and 2.02 in those with controlled hypertension.

Probable ECO abnormality was significantly associated with mortality with an 
ERR of 3.21. Possible EGG abnormality also significantly predicted cardiovascular 
mortality with an ERR of 1.17. History of cardiovascular disease has a slightly lower 
ERR of 1.62.

Patients with proteinuria had a significantly increased ERR of 1.85. Mild to 
severe DR was significantly predictive for mortality with an ERR of 1.91.

Plasma cholesterol was positively and significantly associated with cardiovascular 
mortality with moderate SERR of 1.22.
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Diabetes duration was significantly predictive for cardiovascular mortality, in 
contrast to all-cause mortality, with a SERR of 1.38 among all IDDM patients.

BMI, and both ex- and current- smoking were not associated with cardiovascular 
mortality in all patients with IDDM.

Multivariate analysis After multivariate analysis, EGG abnormality, proteinuria, 
elevated systolic BP, diabetes duration and plasma cholesterol remained significantly 
predictive for cardiovascular mortality in the stepwise regression analysis (Table 
8.13).

8 .3 .2 .2  A m ong N ID D M  p atien ts

Univariate analysis
Systolic BP was positively related to cardiovascular mortality with a SERR of 

1.41 (Table 8.14). The association between hypertension and mortality was some
what stronger than with systolic BP with ERRs of 1.81 in patients with WHO- 
defined hypertension, 2.09 in those with uncontrolled hypertension and 1.73 in those 
with controlled hypertension.

Probable ECO abnormality was significantly associated with mortality with an 
ERR of 2.39. Possible ECO abnormality was also significantly predictive of mortality 
with an ERR of 2.46. History of cardiovascular disease had a slightly lower ERR 
than EGG abnormality, being 1.87 for patients with NIDDM.

Patients with proteinuria experienced a significant relative risk of 1.57 for mor
tality, compared to patients without proteinuria. Mild to severe DR and minimal 
DR were significantly predictive for mortality with relative risks of 2.83 and 1.57 
respectively.

Plasma cholesterol was positively and significantly associated with cardiovascular 
mortality with a SERR of 1.25.

In contrast to the results for IDDM patients, diabetes duration, current smoking, 
plasma cholesterol and BMI were all significantly associated with cardiovascular 
mortality in patients with NIDDM. The figures were similar to the ones seen in 
NIDDM patients for all-cause mortality.

Multivariate analysis After multivariate analysis, using the stepwise regression 
model, all the significant predictors identified by univariate analysis remained except 
insulin treatment (Table 8.14).

Overall, proteinuria was at least as important a predictor for cardiovascular mor
tality as for all-cause mortality. The ERR for proteinuria in multivariate analysis was 
2.66 for all-cause mortality and 2.21 for cardiovascular mortality in IDDM patients. 
Among NIDDM patients, the ERR was 2.25 for all-cause and 1.77 for cardiovascular 
mortality.

Duration of diabetes in multivariate analysis was not associated with mortality in 
IDDM patients for either all-cause or cardiovascular mortality, but was significantly 
predictive in NIDDM patients, with relative risks of 1.23 for all-cause mortality and 
1.33 or cardiovascular mortality.
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8 .3 .3  R isk  fa ctors for isch aem ic  h eart m o rta lity

More specifically, explanatory variables were examined for Ischaemic Heart Disease 
mortality for all IDDM and NIDDM patients. As shown from the Table 8.15, EGG 
probable abnormality, severe to mild retinopathy and diabetes duration disappeared 
in multivariate analysis although they were significantly associated with IHD mor
tality in univariate analysis. Finally, systolic BP, cholesterol and proteinuria signif
icantly predicted IHD mortality in all IDDM patients. Among all NIDDM patients 
(Table 8.16), the results in evaluating risk factors for IHD mortality and for cardio
vascular mortality are almost identical in terms of significant variables and relative 
risks. The three established cardiovascular risk factors for the general population 
(systolic blood pressure, plasma cholesterol, cigarette smoking) appear for NIDDM 
patients in addition to diabetes duration, proteinuria and diabetic retinopathy.
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Table 8.8: Univariate Cox’s regression analysis of association between risk factors 
and cardiovascular mortality adjusted for age and sex in patients with NIDDM for 
each centre for continuous variable

Variable Centre SERR 95% Cl P Variable SERR 95% Cl P
BPS LON 1.30 0.93 1.81 0.13 CREAT 0.86 0.55 1.35 0.52

SWI 1.68 1.23 2.29 <0.01 0.94 0.67 1.32 0.73
WAR 1.56 1.20 2.03 <0.01 1.26 0.85 L88 0.25
BER 1.31 1.00 1.70 0.05 0.93 0.70 1.25 0.64
ZAG 1.37 0.95 1.97 0.10 0.98 0.65 1.49 0.94
HON 1.53 0.91 2.57 0.11 1.74 1.05 2.89 0.03
TOK 1.76 0.87 3.56 0.12 2.01 1.04 3.90 0.04
HAV 1.40 1.05 1.87 0.02 1.70 1.19 2.41 <0.01
OKL 1.26 1.01 1.56 0.04 0.99 0.78 1.27 0.96
ARI 1.12 0.70 1.81 0.63 0.40 0.13 1.25 0.12

BPD2 LON 1.08 0.74 1.57 0.71 BMI 1.46 1.06 2.02 0.02
SWI 1.37 1.00 1.89 0.05 1.39 1.02 1.89 0.04
WAR 1.43 1.12 1.83 <0.01 1.59 1.19 2.12 <0.01
BER 1.02 0.78 1.34 0.89 0.78 0.56 1.10 0.15
ZAG 1.46 1.00 2.14 0.05 0.88 0.56 1.37 0.57
HON 1.51 0.95 2.41 0.08 0.82 0.48 1.41 0.48
TOK 1.27 0.63 2.53 0.50 0.90 0.42 1.90 0.78
HAV 1.18 0.90 1.56 0.23 0.81 0.59 1.13 0.22
OKL 0.98 0.78 1.23 0.86 0.92 0.71 1.19 0.51
ARI 1.78 1.02 3.13 0.04 0.83 0.42 1.65 0.60

DURN LON 0.97 0.65 1.44 0.87 CHOL 1.38 1.00 1.90 0.05
SWI 1.11 0.82 1.50 0.51 0.96 0.67 1.38 0.84
WAR 1.19 0.92 1.53 0.18 1.14 0.89 1.48 0.30
BER 1.22 0.94 1.60 0.14 1.35 1.08 1.68 0.01
ZAG 1.41 1.05 1.89 0.02 1.17 0.87 1.56 0.30
HON 1.29 0.78 2.13 0.32 0.65 0.36 1.15 0.14
TOK 1.50 0.83 2.70 0.18 1.74 0.98 3.10 0.06
HAV 1.47 1.19 L82 <0.01 L38 1.16 1.64 <0.01
OKL 1.51 1.26 1.81 <0.001 1.33 1.16 1.53 <0.01
ARI 1.40 0.92 2.15 0.12 1.28 0.91 1.79 0.15
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Table 8.9: Univariate Cox’s regression analysis of association between risk factors 
and cardiovascular mortality adjusted for age and sex in patients with NIDDM for 
each centre for categorical variable

Variable Centre ERR 95% Cl P Variable ERR 95% Cl P
HYP2 LON 1.30 0.53 3.18 0.56 DRl 3.50 1.66 7.39 <0.01

SWI 1.52 0.68 3.39 0.31 0.59 0.21 1.68 0.32
WAR 1.79 0.97 3.32 0.06 1.87 1.07 3.27 0.03
BER 1.04 0.47 2.29 0.93 1.25 0.53 2.99 0.61
ZAG 2.00 0.79 5.03 0.14 2.57 1.12 5.89 0.03
HON 1.12 0.19 6.50 0.90 1.70 0.56 5.13 0.35
TOK 1.64 0.18 14.86 0.66 0.84 0.08 9.30 0.89
HAV 0.84 0.36 1.95 0.68 3.83 2.12 6.91 <0.001
OKL 1.15 0.54 2.45 0.72 2.03 1.20 3.42 0.01
ARI 0.00 0.00 0.00 0.84 2.11 0.70 6.35 0.19

ECGl LON 1.74 0.76 4.01 0.19 DR2 7.65 2.15 27.17 <0.01
SWI 1.77 0.79 3.93 0.16 1.73 0.41 7.36 0.46
WAR 3.78 2.13 6.69 <0.001 3.24 1.14 9.19 0.03
BER 4.16 2.17 7.98 <0.001 7.21 2.78 18.70 <0.001
ZAG 3.19 1.26 8.06 0.01 3.05 0.85 10.95 0.09
HON 6.95 2.26 21.38 <0.01 1.66 0.19 14.65 0.65
TOK 3.44 0.63 18.71 0.15 18.63 3.54 98.03 <0.01
HAV 2.11 1.01 4.39 0.05 10.36 2.87 37.37 <0.01
OKL 2.11 1.25 3.57 0.01 5.73 2.57 12.75 <0.001
ARI 4.59 1.59 13.26 <0.01 2.08 0.42 10.34 0.37

ECG2 LON 3.66 0.85 15.79 0.08 INSN 1.12 0.46 2.74 0.80
SWI 3.12 1.27 7.69 0.01 0.62 0.26 1.48 0.28
WAR 4.07 1.73 9.56 <0.01 1.23 0.70 2.15 0.47
BER 5.78 2.31 14.49 <0.01 2.48 1.34 4.62 <0.01
ZAG 1.34 0.18 10.07 0.77 1.75 0.70 4.39 0.23
HON 0.00 0.00 0.00 0.96 1.68 0.50 5.59 0.40
TOK 9.33 1.08 80.40 0.04 1.61 0.32 8.03 0.56
HAV 1.83 0.56 5.99 0.32 1.61 0.70 3.70 0.26
OKL 3.03 1.62 5.65 <0.01 2.36 1.36 4.08 <0.01
ARI 0.02 0.00 0.00 0.88 2.31 0.82 6.51 0.11

PROT LON 2.93 1.42 6.05 <0.01 Smoke2 3.18 1.33 7.61 0.01
SWI 1.38 0.73 2.63 0.32 1.15 0.54 2.48 0.72
WAR 2.77 1.49 5.16 <0.01 1.34 0.73 2.47 0.35
BER 2.28 1.24 4.17 0.01 0.96 0.44 2.13 0.93
ZAG 1.65 0.75 3.63 0.21 2.48 0.98 6.29 0.06
HON 4.24 1.43 12.55 0.01 2.24 0.66 7.64 0.20
TOK 5.91 1.18 29.60 0.03 0.45 0.06 3.26 0.43
HAV 2.48 1.26 4.86 0.01 1.05 0.55 1.97 0.89
OKL 2.83 1.79 4.48 <0.001 1.39 0.81 2.36 0.23
ARI 1.25 0.35 4.51 0.73 1.11 0.29 4.23 0.87



8.3 Risk factors for m ortality in the whole cohort 118

Table 8.10: Multivariate Cox’s regression 
risk factors and cardiovascular mortality 
NIDDM for each centre

analysis of association between significant 
adjusted for age and sex in patients with

Centre Variable SE(/)) RR 95% Cl P R P-Model
LON HYPl 2.67 0.62 14.40 4.31 48.07 <0.001 0.36 <0.001

PROT 1.00 0.40 2.73 1.24 5.99 0.01
DR 1.33 0.40 3.80 1.73 8.33 <0.01
Smoke2 1.23 0.39 3.41 1.59 7.31 <0.01

SWI BPS 0.02 0.01 1.68 1.23 2.29 <0.01 0.20 <0.01
WAR BPS 0.01 0.01 1.33 1.00 1.75 0.05 0.27 <0.001

ECO 1.14 0.29 3.13 1.76 5.55 <0.01
PROT 0.93 0.32 2.52 1.34 4.74 <0.01

BER CHOL 0.00 0.00 1.29 1.02 1.63 0.03 0.34 <0.001
ECO 1.46 0.32 4.30 2.31 8.00 <0.001
INSN 0.97 0.32 2.65 1.41 4.98 <0.01

ZAG ECO 1.15 0.45 3.16 1.31 7.59 <0.01 0.19 <0.01
DR 1.13 0.40 3.08 1.40 6.80 0.01

HON HYP3 1.19 0.53 &29 1.17 9.25 0.02 0.41 <0.001
ECO 1.74 0.57 &68 1.86 17.33 <0.01

TOK DR2 3.44 0.85 31.12 5.89 164.32 <0.01 0.45 <0.01
HAV DURN 0.04 0.02 1.29 1.00 1.65 0.05 0.31 <0.001

CHOL 0.01 0.00 1.37 1.12 1.69 <0.01
CREAT 3.56 1.56 1.50 1.06 2.12 0.02
DR 1.15 0.31 3.17 1.71 5.88 <0.01

OKL DURN 0.08 0.02 1.51 1.24 1.83 <0.001 0.27 <0.001
CHOL 0.00 0.00 1.30 1.13 1.49 <0.01
ECO 0.86 0.23 2.35 1.49 3.73 <0.01
PROT 0.94 0.24 &56 1.61 4.07 <0.01

ARI ECO 1.48 0.54 4.41 1.52 12.77 0.01 0.30 <0.01
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Table 8.11: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and all-cause mortality adjusted for age and sex in patients 
with IDDM for the all-centres combined cohort

Variable SE(/)) SD(A) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.02 <0.0 22.48 1.52 1.37 1.69 <0.0001
DURN 0.02 0.01 8.95 1.19 1.05 1.34 0.01
CHOL <0.005 <0.0 54.41 1.18 1.06 1.31 <0.005
CREAT 0.11 0.05 0.73 1.08 1.01 1.16 0.02
BMI -0.03 0.02 4.06 0.89 0.79 1.02 0.09
Categorical variable:
HYPl 0.60 0.21 1.82 1.21 2.73 <0.005
HYP2 0.83 0.12 2.30 1.83 2.89 <0.0001
HYP3 0.92 0.18 2.50 1.76 3.55 <0.0001
ECGl 0.39 0.16 1.47 1.08 2.00 0.01
ECG2 0.86 0.19 2.36 1.64 3.41 <0.0001
PROT 0.63 0.05 1.87 1.69 2.07 <0.0001
DRl <0.005 0.11 1.00 0.80 1.24 0.98
DR2 0.97 0.15 2.64 1.98 3.52 <0.0001
CVD 0.51 0.12 1.67 1.32 2.11 <0.0001
SMOKEl -0.01 0.15 0.99 0.74 1.32 0.95
SM0KE2 0.10 0.12 1.10 0.88 1.39 0.40
Multivariate Analysis
BPS 0.01 0.00 22.48 1.33 1.18 1.49 <0.0001
EGG 0.51 0.14 1.67 1.26 2.21 <0.005
PROT 0.98 0.12 2.66 2.09 3.38 <0.0001
R-Model: 0.25 
P-Model: <0.0001
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Table 8.12: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and all-cause mortality, adjusted for age and sex, in patients 
with NIDDM for the all-centres combined cohort

Variable P SE(/% SD(Y) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.01 <0.005 22.89 1.31 1.21 1.41 <0.0001
DURN 0.05 0.01 5.96 1.34 1.26 1.43 <0.0001
CHOL <0.005 <0.005 59.07 1.17 1.09 1.25 <0.0001
CREAT 0.15 0.04 0.70 1.11 1.05 1.18 <0.0001
BMI <0.005 0.01 6.00 0.98 0.90 1.07 0.68
Categorical variables:
HYPl 0.35 0.12 1.42 1.12 1.81 <0.005
HYP2 0.44 0.08 1.56 1.34 1.82 <0.0001
HYP3 0.58 0.10 1.79 1.46 2.19 <0.0001
ECGl 0.64 0.09 1.90 1.60 2.27 <0.0001
ECG2 0.53 0.15 1.70 1.28 2.26 <0.005
PROT 0.67 0.04 1.95 1.79 2.12 <0.0001
DRl 0.60 0.08 1.82 1.54 2.14 <0.0001
DR2 1.24 0.13 3.47 2.67 4.50 <0.0001
CVD 0.43 0.08 1.53 1.30 1.80 <0.0001
SMOKEl 0.10 0.10 1.10 0.91 1.33 0.31
SM0KE2 0.17 0.08 1.19 1.01 1.40 0.04
TREATl -0.42 0.41 0.66 0.29 1.48 0.31
TREAT2 0.67 0.09 1.96 1.65 2.33 <0.0001
Multivariate Analysis
BPS 0.01 <0.005 22.89 1.14 1.04 1.24 <0.005
DURN 0.02 0.01 5.96 1.15 1.06 1.25 <0.005
CHOL <0.005 <0.005 59.07 1.13 1.05 1.22 <0.005
CREAT 0.12 0.04 0.70 1.09 1.03 1.16 0.01
ECG 0.56 0.09 1.76 1.47 2.10 <0.0001
PROT 0.81 0.09 2.25 L88 2.69 <0.0001
DR 0.46 0.09 1.58 1.32 1.90 <0.0001
SM0KE2 0.20 0.09 1.22 1.02 1.46 0.03
TREAT2 0.37 0.10 1.45 1.18 1.78 <0.005
R-Model: 0.25
P-Model: <0.0001
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Table 8.13: Univariate and multivariate Cox’s regression analysis of association be
tween risk factors and cardiovascular mortality, adjusted for age and sex, in patients 
with IDDM for the all-centres combined cohort

Variable P SECG) SD(X) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.02 <0.005 22.48 1.64 1.40 1.92 <0.0001
DURN 0.04 0.01 8.95 1.38 1.16 1.65 <0.005
CHOL <0.005 <0.005 54.41 1.22 1.06 1.41 0.01
CREAT 0.01 0.09 0.73 1.01 0.89 1.14 0.93
BMI <0.005 0.02 4.06 1.01 0.84 1.21 0.91
Categorical variable:
HYPl 0.70 0.29 2.02 1.14 3.58 0.02
HYP2 0.90 0.17 2.46 1.75 3.44 <0.0001
HYP3 0.73 0.27 2.08 1.22 3.54 0.01
ECGl 0.54 0.22 1.72 1.12 2.63 0.01
ECG2 1.17 0.24 3.21 2.00 5.15 <0.0001
PROT 0.62 0.08 1.85 1.59 2.16 <0.0001
DRl 0.20 0.17 1.23 0.88 1.70 0.22
DR2 0.65 0.23 1.91 1.21 3.00 0.01
CVD 0.48 0.18 1.62 1.15 2.28 0.01
SMOKEl -0.17 0.23 0.85 0.54 1.32 0.47
SM0KE2 0.15 0.17 1.16 0.83 1.63 0.39
Multivariate Analysis
BPS 0.02 <0.005 22.48 1.46 1.21 1.75 <0.005
DURN 0.02 0.01 8.95 1.25 1.03 1.50 0.02
CHOL <0.005 <0.005 54.41 1.16 1.01 1.35 0.04
ECG 0.77 0.21 2.17 1.45 3.25 <0.005
PROT 0.79 0.19 2.21 1.54 3.19 <0.0001
R-Model: 0.29
P-Model: <0.0001
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Table 8.14: Univariate and multivariate Cox’s regression analysis of association 
between significant risk factors and cardiovascular mortality, adjusted for age and 
sex, in patients with NIDDM for the all-centres combined cohort

Variable (3 SE(;g) SD(A) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.02 <0.005 22.89 1.41 1.27 1.56 <0.0001
DURN 0.05 0.01 5.96 1.33 1.21 1.45 <0.0001
CHOL <0.005 <0.005 59.07 1.25 1.16 1.36 <0.0001
CREAT 0.02 0.07 0.70 1.02 0.92 1.13 0.74
BMI 0.01 0.01 6.00 1.06 0.93 1.19 0.38
Categorical variables:
HYPl 0.55 0.16 1.73 1.26 2.37 <0.005
HYP2 0.60 0.11 1.81 1.47 2.23 <0.0001
HYP3 0.74 0.13 2.09 1.61 2.71 <0.0001
ECGl 0.90 0.12 2.46 1.96 3.09 <0.0001
ECG2 0.87 0.17 2.39 1.71 3.33 <0.0001
PROT 0.62 0.06 1.86 1.65 2.10 <0.0001
DRl 0.58 0.11 1.78 1.42 2.23 <0.0001
DR2 1.32 0.18 3.75 2.62 5.35 <0.0001
CVD 0.63 0.11 1.87 1.50 2.33 <0.0001
SMOKEl -0.01 0.13 0.99 0.76 1.29 0.96
SM0KE2 0.28 0.11 1.32 1.06 1.65 0.01
TREATl -0.30 0.59 0.74 0.24 2.34 0.61
TREAT2 0.46 0.12 1.58 1.24 2.01 <0.005
Multivariate Analysis
BPS 0.01 <0.005 22.89 1.22 1.10 1.36 <0.005
DURN 0.03 0.01 5.96 1.20 1.08 1.34 <0.005
CHOL <0.005 <0.005 59.07 1.21 1.11 1.32 <0.0001
ECG 0.88 0.12 2.41 1.92 3.02 <0.0001
PROT 0.65 0.12 1.91 1.51 2.42 <0.0001
DR 0.57 0.12 1.77 1.39 &24 <0.0001
SM0KE2 &28 0.12 1.32 1.05 1.66 0.02
R-Model: 0.28 
P-Model: <0.0001
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Table 8.15: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and ischaemic heart disease mortality, adjusted for age and sex, 
in patients with IDDM for the all-centres combined cohort

Variable SECG) SD(X) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.02 <0.005 22.48 1.51 1.22 1.86 <0.005
DURN 0.03 0.01 8.95 1.34 1.08 1.67 0.01
CHOL <0.005 <0.005 54.41 1.24 1.04 1.47 0.01
CREAT 0.01 0.11 0.73 1.01 0.86 1.18 0.95
BMI 0.01 0.03 4.06 1.04 0.83 1.30 0.75
Categorical variable:
HYPl 0.94 0.34 2.56 1.31 4.99 0.01
HYP2 0.80 0.22 2.22 1.44 3.44 <0.005
HYP3 0.33 0.41 1.39 0.62 3.10 0.42
ECGl <0.005 0.32 1.00 0.54 1.86 1.00
ECG2 1.19 0.30 3.29 1.82 5.96 <0.005
PROT 0.50 0.11 1.65 1.34 2.04 <0.0001
DRl 0.27 0.21 1.31 0.86 1.99 0.21
DR2 0.78 0.28 2.17 1.25 3.77 0.01
CVD 0.63 0.22 1.88 1.22 2.91 <0.005
SMOKEl -0.30 0.29 0.74 0.42 1.31 0.30
SM0KE2 0.15 0.22 1.16 0.76 1.79 0.49
Multivariate Analysis
BPS 0.01 0.01 22.48 1.39 1.10 1.76 0.01
CHOL <0.005 <0.005 54.41 1.21 1.02 1.44 0.03
PROT 0.67 0.24 1.96 1.22 3.15 0.01
R-Model: 0.23 
P-Model: <0.0001
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Table 8.16: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and ischaemic heart disease mortality, adjusted for age and sex, 
in patients with NIDDM for the all-centres combined cohort

Variable P SECG) SD(A) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.01 <0.005 22.89 1.36 1.20 1.54 <0.0001
DURN 0.05 0.01 5.96 1.35 1.21 1.51 <0.0001
CHOL <0.005 <0.005 59.07 1.28 1.17 1.40 <0.0001
CREAT -0.07 0.11 0.70 0.95 0.82 1.11 0.53
BMI <0.005 0.01 6.00 0.99 0.85 1.16 0.91
Categorical variables:
HYPl 0.52 0.20 1.68 1.13 2.49 0.01
HYP2 0.50 0.13 1.65 1.27 2.13 <0.005
HYPS 0.72 0.17 2.06 1.48 2.87 <0.0001
ECGl 0.73 0.15 2.07 1.55 2.77 <0.0001
ECG2 1.10 0.19 2.99 2.05 4.36 <0.0001
PROT 0.53 0.08 1.69 1.45 1.98 <0.0001
DRl 0.67 0.14 1.95 1.48 2.56 <0.0001
DR2 1.19 0.24 3.28 2.06 5.24 <0.0001
CVD 0.73 0.14 2.08 1.60 2.72 <0.0001
SMOKEl 0.02 0.16 1.02 0.75 1.41 0.88
SM0KE2 0.34 0.14 1.40 1.07 1.84 0.01
TREATl 0.39 1.01 1.47 0.20 10.63 0.70
TREAT2 0.46 0.15 1.58 1.17 2.14 <0.005
Multivariate Analysis
BPS 0.01 <0.005 22.89 1.18 1.03 1.35 0.01
DURN 0.04 0.01 5.96 1.27 1.11 1.44 <0.005
CHOL <0.005 <0.005 59.07 1.25 1.13 1.38 <0.0001
ECG 0.86 0.14 2.36 1.79 3.12 <0.0001
PROT 0.48 0.15 1.61 1.20 2.17 <0.005
DR 0.62 0.15 1.86 1.39 2.49 <0.0001
SM0KE2 0.36 0.14 1.14 1.09 1.90 0.01
R-Model: 0.29
P-Model: <0.0001
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8 .3 .4  R isk  fa ctors for ren a l d isea se  m o rta lity

Results from univariate and multivariate analysis of association between explana
tory variables and renal disease mortality can be seen from the table 8.17 for IDDM 
patients and Table 8.18 for NIDDM patients. In contrast to the risk factors for car
diovascular mortality, ECG abnormality did not predict renal disease mortality even 
in univariate analysis among either IDDM or NIDDM patients, neither did plasma 
cholesterol and cigarette smoking. In IDDM patients, only proteinuria, retinopathy 
and systolic BP and plasma creatinine were significantly predictive for renal disease 
mortality in the multivariate analysis. In NIDDM patients, proteinuria, retinopa
thy, insulin treatment, diabetes duration and plasma creatinine were significantly 
predictive for renal disease mortality. Systolic BP was significantly related to renal 
disease mortality (SERR=1.45) only in univariate analysis.

8 .3 .5  R isk  fa cto rs for card iovascu lar m o rta lity  in  su b je c ts  
free o f  E C G  ab n o rm a lity  at b a se lin e

Table 8.19 and 8.20 presents risk factors for cardiovascular mortality in patients free 
of ECG abnormality at baseline. Thus approximately eight hundred subjects were 
excluded and ECG variables were absent in the analysis. The results are quite the 
same as before when those with ECG abnormality were included. However, severe to 
mild diabetic retinopathy was not significantly predictive in the univariate analysis 
(p=0.18). In addition. Systolic BP, plasma cholesterol and proteinuria significantly 
predicted cardiovascular mortality in IDDM patients. Among NIDDM patients free 
of ECG abnormality at baseline, almost the same results were obtained in the present 
analysis as in former analysis when those with ECG abnormality were included.

8.4  S M R  in rela tion  to  se lec ted  factors

8 .4 .1  S M R  b y  a tta in ed  age and  d ia b e te s  d u ra tio n

Figure 8.23 shows the sex-specific all-cause SMR for each type of diabetes in relation 
to attained age. There is an inverse relationship between the magnitude of the 
excess mortality and attained age for both genders and diabetic types, although 
longer duration of diabetes in the older age group might have distorted the result. 
In order to test the effect of diabetes duration, SMRs were calculated for 3 duration 
groups as shown in Figure 8.24. An increasing trend in SMRs was found in IDDM 
men and NIDDM patients, with the increase becoming significant at the 95% level 
among NIDDM women. When SMRs were calculated by age and diabetes duration 
together, higher SMRs were displayed in the younger age group with longer duration 
of diabetes (Figure 8.25). The confidence intervals for all the strata were too wide 
to be shown here, but the decreasing trend in SMRs in relation to increasing age 
existed through different duration groups.
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8 .4 .2  S M R  b y  p ro te in u r ia  and  h y p erten sio n

Proteinuria was one of the most important risk factors for mortality in the WHO 
study population. In order to assess the relative impact of proteinuria on mortality, 
SMRs were calculated separately for patients with and without proteinuria. Pro
teinuria was correlated with hypertension (pjO.l) in 19 of 32 groups (Table 8.21). 
In some centres the sample size is too small for analysis. The Zagreb centre is the 
only one with NIDDM patients in which no correlation between proteinuria and 
hypertension was found.

Patients were stratified further by the prevalence of hypertension in each pro
teinuria category. Age distributions did not differ in these 4 categories (Table 8.22). 
SMRs were calculated for the 4 groups. SMRs were calculated for all centres com
bined, to avoid small numbers, since the pattern was the same in every centre (Figure 
8.26). SMRs in IDDM patients with both proteinuria and hypertension were much 
higher than the other 3 groups. SMRs for NIDDM patients increased gradually from 
one group to another. For both types of diabetes, men and women had the same 
pattern and very similar SMRs, and so were combined to decrease fluctuations in 
the calculation of the SMRs (Figure 8.27). Normotensive patients with proteinuria 
experienced significantly lower relative mortality than those with both proteinuria 
and hypertension. Normotensive subjects without proteinuria still had a signifi
cantly higher risk of death than the general population, with SMRs ranging from 
200 to 400. Normotensive patients with proteinuria tended to have a higher SMR 
than those with hypertension only. Overall, the higher SMRs than expected were 
found in patients with both proteinuria and hypertension, suggesting an interaction 
between the two factors in their relation to risk of excess mortality.

8.5 Survival curves
Figure 8.28 shows the survival curves adjusted for the risk factors evaluated in this 
study.

For IDDAI patients, the London and Swiss cohorts have much higher survival 
rates than the others, namely Warsaw, Berlin and Havana during the follow-up 
period. The survival curve for the Hong Kong centre was not shown in the figure 
because of the short follow-up time, on an average of 5.8 years.

For NIDDM patients, though the survival curves were generally quite close, the 
Tokyo cohort clearly have better survival than all the other cohorts. On the other 
hand, the Warsaw cohort have the lowest survival rate than the others. Risk vari
ables examined in the present study can not explain this differences between the 
centres.
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Table 8.17: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and renal disease mortality, adjusted for age and sex, in patients 
with IDDM for the all-centres combined cohort

Variable P SECG) SD(X) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.03 0.01 22.48 2.04 1.47 2.84 <0.0001
DURN 0.03 0.02 8.95 1.28 0.88 1.84 0.19
CHOL <0.005 <0.005 54.41 1.17 0.85 1.61 0.34
CREAT 0.35 0.12 0.73 1.29 1.09 1.54 <0.005
BMI -0.02 0.04 4.06 0.92 0.65 1.30 0.64
Categorical variable:
HYPl 0.79 0.55 2.20 0.75 6.43 0.15
HYP2 1.28 0.34 3.60 1.85 7.01 <0.005
HYP3 1.74 0.41 5.70 2.56 12.68 <0.0001
ECGl 0.47 0.44 1.59 0.67 3.80 0.29
ECG2 0.02 0.74 1.02 0.24 4.39 0.97
PROT 1.16 0.16 3.20 2.34 4.37 <0.0001
DRl -0.17 0.34 0.85 0.43 1.66 0.63
DR2 2.19 0.37 8.93 4.36 18.26 <0.0001
CVD 0.27 0.37 1.30 0.64 2.67 0.47
SMOKEl 0.35 0.47 1.42 0.56 3.57 0.46
SM0KE2 -0.64 0.40 0.53 0.24 1.15 0.11
Multivariate Analysis
BPS 0.02 0.01 22.48 1.72 1.19 2.47 <0.005
CREAT 0.30 0.13 0.73 1.24 1.03 1.50 0.02
PROT 1.83 0.37 6.20 3.00 12.81 <0.0001
DR 0.86 0.42 2.36 1.05 5.35 0.04
R-Model: 0.42
P-Model: <0.0001
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Table 8.18: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and renal disease mortality, adjusted for age and sex, in patients 
with NIDDM for the all-centres combined cohort

Variable P SE(/)) SD{X) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.02 0.01 22.89 1.45 1.11 1.89 0.01
DURN 0.10 0.02 5.96 1.80 1.50 2.17 <0.0001
CHOL 0.00 <0.005 59.07 1.00 0.74 1.33 0.98
CREAT 0.46 0.08 0.70 1.38 1.24 1.54 <0.0001
BMI <0.005 0.02 6.00 1.02 0.78 1.33 0.91
Categorical variables:
HYPl 0.34 0.39 1.40 0.65 3.02 0.39
HYP2 0.67 0.26 1.96 1.17 3.28 0.01
HYP3 0.82 0.35 2.27 1.13 4.56 0.02
ECGl 0.34 0.32 1.40 0.75 2.63 0.29
ECG2 0.07 0.60 1.07 0.33 3.45 0.91
PROT 0.93 0.14 2.54 1.94 3.32 <0.0001
DRl 1.05 0.27 2.87 1.69 4.87 <0.005
DR2 2.29 0.35 9.84 5.00 19.36 <0.0001
CVD 0.63 0.29 1.88 1.07 3.30 0.03
SMOKEl -0.32 0.37 0.73 0.35 1.50 0.39
SM0KE2 -0.07 0.29 0.93 0.53 1.66 0.82
TREATl -0.73 1.03 0.48 0.06 3.59 0.48
TREAT2 1.69 0.27 5.43 3.17 9.30 <0.0001
Multivariate Analysis
DURN 0.05 0.02 5.96 1.32 1.01 1.72 0.04
CREAT 0.50 0.10 0.70 1.42 1.24 1.63 <0.0001
PROT 0.96 0.30 2.62 1.45 4.73 <0.005
DR 1.23 0.33 3.41 1.79 6.49 <0.005
TREAT2 1.21 0.33 3.36 1.75 6.46 <0.005
R-Model: 0.39
P-Model: <0.0001



8.5 Survival curves 129

Table 8.19: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and cardiovascular mortality, adjusted for age and sex, in all 
IDDM subjects without ECG abnormality at baseline

Variable SE(/)) SD(X) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.02 <0.005 22.48 1.55 1.26 1.91 <0.0001
DURN 0.04 0.01 8.95 1.38 1.10 1.72 0.01
CHOL 0.01 <0.005 54.41 1.38 1.10 1.72 0.01
CREAT -0.14 0.20 0.73 0.90 0.68 1.20 0.48
BMI -0.02 0.03 4.06 0.94 0.74 1.20 0.62
Categorical variable:
HYPl 0.73 0.38 2.07 0.99 4.33 0.05
HYP2 0.88 0.22 2.40 1.57 3.66 <0.0001
HYP3 0.51 0.44 1.67 0.70 3.98 0.25
PROT 0.59 0.10 1.80 1.49 2.19 <0.0001
DRl 0.24 0.21 1.27 0.85 1.90 0.24
DR2 0.43 0.32 1.54 0.82 2.88 0.18
CVD 0.17 0.22 1.19 0.77 1.84 0.44
SMOKEl -0.30 0.30 0.74 0.42 1.32 0.31
SM0KE2 R28 0.21 1.32 0.87 2.01 0.19
Multivariate Analysis
BPS 0.02 0.01 22.48 1.45 1.16 1.81 <0.005
CHOL <0.005 <0.005 54.41 1.28 1.02 1.61 0.04
PROT 0.78 0.24 2.18 1.37 3.47 <0.005
R-Model: 0.25 
P-Model: <0.0001
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Table 8.20: Univariate and multivariate Cox’s regression analysis of association 
between risk factors and cardiovascular mortality, adjusted for age and sex, in all 
NIDDM subjects without ECG abnormality at baseline

Variable P SE(/)) SD(X) RR 95% Cl P
Univariate analysis
Continuous variable:
BPS 0.01 <0.005 22.89 1.38 1.20 1.59 <0.0001
DURN 0.04 0.01 5.96 1.30 1.16 1.46 <0.0001
CHOL <0.005 <0.005 59.07 1.29 1.16 1.42 <0.0001
CREAT -0.32 0.26 0.70 0.80 0.56 1.13 0.21
BMI 0.02 0.01 6.00 1.13 0.96 1.33 0.13
Categorical variables:
HYPl 0.51 0.22 1.67 1.08 2.60 0.02
HYP2 0.54 0.14 1.71 1.30 2.24 <0.005
HYP3 0.77 0.19 2.17 1.50 3.14 <0.0001
PROT 0.52 0.09 1.69 1.42 2.01 <0.0001
DRl 0.57 0.15 1.78 1.32 2.39 <0.005
DR2 1.40 0.26 4.06 2.46 6.69 <0.0001
CVD 0.54 0.15 1.72 1.29 2.30 <0.005
SMOKEl -0.05 0.18 0.95 0.67 1.35 0.78
SM0KE2 0.33 0.15 1.39 1.04 1.85 0.03
TREATl -0.21 0.72 0.81 0.20 3.32 0.77
TREAT2 0.47 0.17 1.59 1.15 2.22 0.01
Multivariate Analysis
BPS 0.01 <0.005 22.89 1.28 1.11 1.48 <0.005
DURN 0.02 0.01 5.96 1.16 1.01 1.32 0.03
CHOL <0.005 <0.005 59.07 1.28 1.14 1.44 <0.0001
PROT 0.54 0.16 1.71 1.25 2.34 <0.005
DR 0.63 0.16 1.87 1.37 2.56 <0.005
SM0KE2 0.35 0.15 1.42 1.05 1.91 0.02
R-Model: 0.23
P-Model: <0.0001
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Figure 8.23: All-cause Standardized Mortality Ratio (SMR) in according to  attained
age by diabetes type and gender
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Figure 8.24: All-cause Standardized Mortality Ratio (SMR) in according to diabetes 
duration at the baseline by diabetes type and gender
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Figure 8.25: All-cause Standardized Mortality Ratio (SMR) in stratified attained 
age (years) and diabetes duration groups (0-6, 7-13 and > 14 years) by diabetes 
type and gender
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Table 8.21: Correlation between proteinuria and hypertension (WHO definition) for 
each centre by diabetes type and gender

Centre IDDM NIDDM
Proteinuria No. of subjects (%) Men Women Men Women

LON Present
Absent

HYP (%) 
HYP (%) 
P

7(32)
17(18)
0.150

11(44)
16(16)
0.005

12(48)
20(18)
0.003

11(44)
33(35)

0.488
SWI Present HYP (%) 16(52) 11(35) 24(48) 29(53)

Absent HYP (%) 14(21) 20(26) 40(31) 37(42)
P 0.004 0.350 0.038 0.229

WAR Present HYP (%) 11(41) 12(46) 11(78) 8(38)
Absent HYP (%) 11(13) 14(19) 37(32) 52(42)

P 0.004 0.010 0.002 0.814
BER Present HYP (%) 14(41) 15(52) 24(68) 27(47)

Absent HYP (%) 13(22) 9(14) 58(37) 48(38)
P 0.063 0.000 0.001 0.257

ZAG Present HYP (%) 4(16) 10(50) 16(37) 37(53)
Absent HYP (%) 19(41) 2(14) 40(36) 39(53)

P 0.036 0.066 1.000 1.000
HON Present HYP (%) 3(30) 5(56) 11(61) 19(66)

Absent HYP (%) 6(13) 4(10) 32(28) 41(29)
P 0.338 0.007 0.007 0.000

TOK Present HYP (%) 6(38) 3(30) 28(36) 20(42)
Absent HYP (%) 2(12) 2(11) 30(24) 32(25)

P 0.220 0.315 0.081 0.039
HAV Present HYP (%) 5(45) 5(45) 9(36) 19(56)

Absent HYP (%) 8(19) 7(29) 58(33) 73(40)
P 0.112 0.451 0.822 0.091

OKL Present HYP (%) 5(56) 3(60) 29(47) 43(46)
Absent HYP (%) 7(39) 6(32) 57(32) 80(30)

P 0.448 0.326 0.045 0.008
ARI Present HYP (%) - - 7(44) 7(32)

Absent HYP (%) - - 22(31 ) 33(2
P - - 0.384 0.600

Total Present HYP (%) 71(38) 75(45) 171(47) 220(48)
Absent HYP (%) 97(20) 80(19) 394(31) 468(34)

P 0.000 0.000 0.000 0.000



8.5 Survival curves 135

Table 8.22: Mean age of patients by the existence of proteinuria (P+, with; P-, 
without) and hypertension (H+, with; H-, without) by diabetes type and gender

Diabetes Gender P- H- P- H+ P +  H- P +  H+
IDDM Men N

Mean
SD

374
43.60

5.72

97
46.02
6.61

114
44.01

6.09

71
47.59

6.07
Women N

Mean
SD

348
43.85

6.01

80
46.11
6.25

91
44.25

6.10

75
45.71

6.75
NIDDM Men N

Mean
SD

892
46.41

5.83

395
47.01

5.48

196
46.72

5.94

171
48.40

5.34
Women N

Mean
SD

891
46.04

5.68

467
48.36

5.23

233
46.54

5.73

220
47.72

5.49
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Figure 8.26: All-cause Standardized Mortality Ratio (SMR) in according to the 
existence of proteinuria and hypertension by diabetes type and gender
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existence of proteinuria and hypertension by diabetes type for men and women 
combined sample



8.5 Survival curves 138

a. In IDD M p a t i e n t s

Surviva l  ra te

0.9

0.8

0.7

0.6

LON 4 - SWI 4 f W A R  * B E R  ^  HAV
0.5

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Surviva l  r a t e

Fo l l ow-up  y e a r

I), in N ID D M  | )a t ien ts

^ L O N  + S W I  4 e w A R  + B E R  * Z A G  

HON ^ T O K  ^ H A V  ^ O K L  ^ A R I

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fo l low-up  y e a r

Figure 8.28: Survival curves adjusted for the risk factors examined for each centre 
by diabetes type



Part IV

D iscussion



Chapter 9 

Study approach

9.1 S tu d y  p op u la tion
The WHO study cohort was a well structured sample quite evenly distributed by 
gender, age, and diabetes duration. A comparison of mortality outcome has been 
aimed among populations from different countries or ethnic origins.

The study design required approximately equal numbers of men and women with 
diabetes sampled from 3 age bands within the range 35 to 54 years. This range was 
chosen for two main reasons. Cardiovascular disease is very uncommon below the age 
of 35; after 54 years selective mortality could distort its representation in different 
diabetic populations. The restriction in recruitment to 35-54 excluded the patients 
with premature mortality. However, although there might be such selective bias in 
the present study, this is unlikely to effect the analysis of cardiovascular mortality 
in IDDM patients because other studies (Krolewski et ai, 1987) have found that the 
earliest cardiovascular deaths do not occur until the third decade of life.

Diabetic subjects in the present study had clinically defined diabetes and had 
been treated for diabetes at least one year before the commencement of the study. 
It also excluded those with borderline or questionable diabetes. Some participating 
centres recruited subjects from a clinic-based data source. There were London, 
Warsaw, Berlin, Zagreb, Hong Kong, Tokyo and Havana. The clinic attenders might 
potentially represent those with complicated disease and may not represent the 
diabetic population drawn from a population-based data source. In fact the London 
centre had comparatively low mortality rates which were similar to those found 
in a partly population based study in Scotland (Waugh et a/., 1989). Similarly, 
the all-cause mortality rates in the Berlin centre were comparable to those found 
in a population-based study in Erfurt district of the former German Democratic 
Republic (Panzram & Zabel-Langhenning, 1981). Further, the possible selection 
bias from clinic-based data is unlikely to affect associations between risk factors and 
mortality. For example, clinic-attenders may have complicated renal disease and a 
higher mortality than non-attenders, but it is unlikely that the relationship between 
proteinuria and mortality differs importantly between those who attend clinics and 
those who do not. In general, although factors determining clinic attendance are 
poorly defined and difficult to measure, they need not bias the association between 
risk factors and mortality, providing the selective forces for exposure of risk factors 
and mortality outcome are independent of each other.

The wide variation in vascular disease prevalence and degree of risk factors be
tween the centres has been discussed in detail elsewhere (West et a/., 1983; WHO Di
abetes Drafting Group , 1985; Jarrett & Keen, 1979). However, IDDM and NIDDM 
were neither well-defined nor differentiated in these papers. In the present study, 
IDDM and NIDDM were distinguished by a epidemiological definition. Certainly,
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IDDM subjects have a lower age of diabetes onset and longer duration of diabetes 
compared with NIDDM subjects. The present study also demonstrates that IDDM 
subjects had a higher prevalence of proteinuria adjusted by diabetes duration than 
NIDDM patients in all centres except for the Oklahoma women, which might be due 
to the small numbers of IDDM women at this centre. The prevalence of diabetic 
retinopathy adjusted for diabetes duration was higher in IDDM patients than in 
NIDDM subjects. The proportion with plasma creatinine greater than 1.5 mg/dl 
was also higher in IDDM men than in NIDDM men but not in women. However, 
as far as conventional cardiovascular risk factors were concerned, NIDDM subjects 
tended to have higher systolic blood pressure and prevalence of hypertension than 
IDDM patients. This is not explained by undiagnosed hypertension before the com
mencement of the study or ineffective control of hypertension among NIDDM pa
tients. In addition, NIDDM subjects were also found to have a higher BMI than 
IDDM patients. The magnitude of this difference was even greater for women than 
men.

As the prevalence of conventional cardiovascular risk factors increased with in
creasing age and the frequency of microvascular disease increased with increasing 
duration of diabetes, age and duration standardization was necessary to compare 
the respective risk distributions between the centres. Compared to the general pop
ulations, many studies have shown a higher prevalence of cardiovascular disease 
and risk exposure in diabetic patients, as does the present study compared to the 
Framingham study (Garcia et al, 1974).

In this large-scaled multinational study, subjects were recruited from 1974 to 
1977. This resulted in a slight increase in the mean age of the sample. For example, 
same subjects who were 54 at the time a sample was drawn, were 55 or 56 at the 
time of the examination.

9.2 M eth od o log ica l advantages and lim ita tio n s

9 .2 .1  L o n g itu d in a l m eth o d s

Studies of cardiovascular disease in large populations have included relatively small 
numbers of diabetic patients. In the Framingham study, one of the largest, there 
were only 239 participants with clinically diagnosed diabetes (Garcia et al, 1974). 
When such comparatively small groups are divided by type of diabetes and gender, 
numbers in individual groups are small and the power of the statistical analysis 
diminishes accordingly. Thus, inconsistent results may be obtained due to the small 
sample sizes in the individual groups. The present study recruited only diabetic 
patients with no non-diabetic controls. In this way, sufficient numbers of diabetic 
patients can be obtained to study susceptibility to cardiovascular mortality. A total 
number of 4714 subjects were followed out of the 4740 original participants examined 
at baseline, achieving a 95% response rate. Furthermore, one fourth of the subjects 
have died, with death certificates and other medical information available for 80% 
-100% of them. This provides a unique opportunity to observe the relationship 
between baseline prognostic factors and cardiovascular mortality. Valid data on
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mortality rates for the background populations of the study cohorts were obtained 
to evaluate excess mortality in terms of SMRs. Although the independent effect of 
diabetes on cause- specific mortality can not be assessed in the present study, there 
has been a body of literature which has established the excess risk of cardiovascular 
death in diabetic patients compared with the non-diabetic population.

The present study showed that half the deceased patients had more than one 
cause of death assigned by the mortality committee. Furthermore, approximately 
30% of the deceased subjects had more than 3 conditions noted as contributory to 
their deaths.

The underestimation of diabetes as a cause of death has been described (Fuller 
et al,  1983a) in terms of diabetes being mentioned on death certificates and this 
situation has improved over the last 10 years (Fuller, 1985b). In the present study, 
approximately half of the deceased NIDDM subjects did not have diabetes men
tioned on their death certificates. This omission was more frequent in men than 
in women. This underestimation is slightly less frequent in IDDM than in NIDDM 
subjects but needs to be considered to a greater degree than in NIDDM patients, 
as IDDM subjects are at higher risk of mortality than NIDDM patients.

9 .2 .2  S ta tis t ic a l m eth o d s

9 .2 .2 .1  D escrip tive  sta tistics

Age standardised mortality rates using the person-year method (Breslow & Day, 
1987) draw a clear picture of mortality either by cause of death or by prognostic 
factors. SMRs were calculated to demonstrate the excess mortality among centres 
and relative importance of causes of deaths. Caution must be exercised as the figures 
were not directly quantatively comparable between the centres because different 
background mortality rates were used (Rothman, 1986). However, it is notable that 
the cohorts with a large excess mortality also tend to have higher mortality rates in 
their background populations. For example, a high excess mortality in the Warsaw 
centre not only reflects a high death rate in the background population but also 
implies an even worse survival in the diabetic patients from Poland. On the other 
hand, the Tokyo cohort has a strikingly low excess mortality and comes from the 
background population with the lowest death rate compared with the others.

9 .2 .2 .2  A n a ly tica l sta tistics

In this long-term follow-up study for patients with a chronic disease, survival analysis 
is the best choice as it takes the survival time of each subject into account rather 
than just calculating the total number of vital events at the end point of follow-up 
(Kalbfieisch & Prentice, 1980). The Cox proportional hazards model is a widely 
used type of survival analysis because there is empirical evidence to support the 
assumption of proportionality of hazards in distinct treatment groups in medical 
science (Cox & Oakes, 1990).

The assumption of the Cox model has been checked by checking for parallelism of 
log-log survival curves and Z:PH in SAS software (See chapter 5 for details). In the



9.2 M ethodological advantages and lim itations 143

present study the curves parallelled nicely, especially for the important risk factors 
such as systolic blood pressure. The results also showed that only proteinuria tends 
to have borderline significance with a Z:PH value in a positive direction. In other 
words, it is possible that the effect of proteinuria on mortality might increase slightly 
over time.

In order to adjust for the effect of age and gender on mortality, age was put in 
to each model and the cohort was stratified by gender because analysis by gender 
tended to result in insufficient numbers of either alive or deceased subjects in certain 
centres such as Arizona, Tokyo and Hong Kong. The decision has been made to 
combine all the centres by the adjustment of a central effect using the “Block” option 
(Harrell, 1986). This approach provides an opportunity to investigate certain causes 
of death, such as renal disease, which have seldom been studied before because of 
the small number of deaths.

The P values for the models in multivariate analyses were all highly significant. 
This indicates that the joint effect of the risk factors examined are crucial to explain 
mortality. In addition, the fact that R values of between 0.2 and 0.3 do not approach
1.0, suggests that a number of yet unidentified risk factors may be associated with 
mortality. Furthermore, the survival curves adjusted by prognostic factors remain 
different, suggesting the risk factors assessed in this study can not fully explain the 
differences between the centre in mortality.



Chapter 10 

M ortality  outcom e

10.1 A ll-cau se  d eath s
Routine mortality statistics, such as those published by the World Health Organi
zation, do not provide reliable information on diabetes mortality (Uemura & Pisa,
1985). This is because diabetes is often not even mentioned on the death certifi
cates of known diabetic patients or, if it is mentioned, diabetes is not assigned as 
the underlying cause of death. This situation often leads to the underestimation of 
diabetes related mortality in various countries. Cohort studies which follow well- 
defined populations of diabetic patients can provide more accurate information on 
diabetes mortality. Although many such studies of diabetes mortality have been car
ried out (Nystrom et al., 1992; Borch-Johnsen et ai, 1986; Joner & Patrick, 1991; 
Panzram, 1987), the methods of classifying IDDM and NIDDM have varied and in 
some studies, have even been unspecified (Butler et ai, 1985; Wong et ai,  1991). 
The study populations have also varied in their age and sex distributions (Nystrom 
et ai, 1992; Borch-Johnsen et al, 1986; Heyden et ai, 1980). Consequently, the 
results of these studies are not comparable. Using standardized methods, the 7-year 
mortality analysis of the WHO MSVDD showed large international variations in 
all-cause mortality between the ten diabetic cohorts (Head & Fuller, 1990). How
ever, the known large variation in the background population mortality (Diabetes 
Epidemiology Research International Mortality Study Group, 1991a; Diabetes Epi
demiology Research International Mortality Study Group, 1991b) in these different 
countries must be taken into account in the calculation of measures of excess mortal
ity. Furthermore, variations in cause-specific mortality rates could only be assessed 
when a sufficient number of deaths were obtained in the 10-12 years of follow-up 
investigation.

Little previous information was available for comparison in some centre for ex
ample, Havana, Zagreb, Hong Kong and Berlin. The present study provides a 
unique opportunity to compare mortality between these populations and also to 
assess prognostic factors for the mortality outcome.

10 .1 .1  A ll-ca u se  m o rta lity  ra tes

Very few international comparisons of diabetes mortality have been carried out. The 
Diabetes Epidemiology Research International (DERI) Mortality Study (Diabetes 
Epidemiology Research International Mortality Study Group, 1991b) examined mor
tality among IDDM patients in the period from 1965 to 1985. In this study, consid
erable international variation was found in all-cause mortality rates among subjects 
from Japan (6.81 per 1000 person-years), Finland (2.30), Israel (1.71) and Allegheny 
County, Pennsylvania, USA (1.31). The high mortality in Japanese IDDM patients
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contrasts with the low mortality rates in NIDDM patients from Tokyo in the present 
study. Most of the mortality experience in the DERI study occurred in the 15-24 
year age-group and the maximum age was 40 years. Thus, only younger IDDM 
patients with a higher risk of dying from acute diabetic complications were included 
in the DERI study.

The consistently higher mortality rates in IDDM than NIDDM subjects might 
be confounded by diabetes duration. The duration of IDDM tends to be longer 
than that of NIDDM because of the lower age at onset of IDDM in that group. 
Duration adjusted death rates as well as age adjusted rates have been calculated 
in the present study. The mortality ratios of IDDM over NIDDM only decreased 
marginally after adjustment for diabetes duration and were still greater than 1.0, 
being 1.5 on average. However, further stratification markedly increased fluctuations 
to the extent that the figures became unreliable and so have not been presented in 
this report.

1 0 .1 .2  A ll-ca u se  S M R s

All-cause SMRs in the present study were between 300 and 800 in IDDM patients 
and were between 140 and 400 in NIDDM patients 7.5. This is in accordance with 
previous studies. A recent review (Nystrom et a/., 1992) showed that the relative risk 
ranged from 200 to 800 for IDDM patients. An excellent review (Panzram, 1987) 
for NIDDM patients showed that all-cause mortality rates were approximately twice 
as high as those of non-diabetic individuals.

It is interesting that, among the 10 NIDDM cohorts, only the Tokyo cohort has 
a SMR not significantly higher than 100 for both genders. This is inconsistent with 
the study in Osaka for NIDDM patients aged between 35 and 54 years. The clinic- 
based study for NIDDM patients carried out in Tokyo which included 278 deceased 
men and 156 deceased women, in contrast to the 22 and 10 respectively in the 
present study, showed significant excess mortality with the risk ratio being 2.4 for 
both genders (Mihara et a/., 1986). In the same study, conclusions cannot be drawn 
for IDDM patients because of insufficient numbers (6 deaths). It is well known 
that oriental countries have extremely low rates of childhood IDDM compared with 
western countries (Diabetes Epidemiology Research International Mortality Study 
Group, 1991a; Wong et ai, 1993). Thus IDDM cases would tend to be unrecognised 
or unclassified. Different definitions of IDDM may cause inconsistent results.

All the centres had subjects with significant excess mortality compared with 
their background populations with the exception of Tokyo. From this multinational 
study, IDDM must be considered as a rather serious disease with a 3 to 8 fold higher 
excess mortality in comparison with the general population. The excess mortality 
in NIDDM patients was smaller than in IDDM subjects but was high in the younger 
age group, especially in women. The older the subject with NIDDM or IDDM, the 
lower excess risk of death was found. The reason why many patients develop life 
shortening complications and why some patients do not remain unknown. This study 
examines the cardiovascular causes of the increased mortality in diabetic patients.
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1 0 .1 .3  G en d er  d ifferen ces

In most centres for NIDDM patients in the present study, women had a lower abso
lute mortality rate than men, although the SMR was greater in women than in men. 
This is similar to the Erfurt study and the Framingham heart study (Panzram & 
Zabel-Langhenning, 1981; O’Sullivan & Mahan, 1982). One possible reason for the 
reduction in the usual survival advantage in women may be due to the relative loss of 
protection from cardiovascular deaths among diabetic women (Fuller et al, 1983b; 
Barrett-Connor & Wingard, 1983) However, in a 9 year follow-up study of a large 
national sample of in the United States (Kleinman et a/., 1988), the NHANES 1 
study, there was little evidence that the relative risk of ischaemic heart disease mor
tality for diabetic patients compared with non-diabetic subjects differed by gender 
(2.8 for men and 2.5 for women). In the NHANES 1 study, women of childbearing 
age (18-44 years), the elderly (65-74 years), and the poor were over sampled, and 
information about diabetes was based on self-report. Thus, it is difficult to compare 
the results with those of the present study. Women with both diabetes and coro
nary heart disease have been found to experience higher excess mortality than men 
(Liao et a/., 1987). The present study also found that IDDM women tend to have 
higher excess mortality than IDDM men. It is therefore important to provide good 
glycaemic control where there is coexistent vascular disease especially in women.

10.2 C ardiovascular d eath s
A m on g ID D M  su b jects

The present study showed a lower proportion of cardiovascular deaths in IDDM 
subjects than in NIDDM patients. However, the percentage is was as high as 45% 
for men and 41% for women. Interestingly, the Zagreb cohort had a lower proportion 
of cardiovascular deaths compared with the other cohorts with 24% for men and 25% 
for women. In some other centres, proportions may have been disturbed by the small 
numbers of IDDM subjects. When making comparisons with other studies, diabetes 
duration and the age of subjects must be taken into account, as the cause of death 
in IDDM patients varies with stage of diabetes. The subjects in the present study 
have an average of 16 years duration of diabetes and an average age of 52 years for 
men and 53 for women at baseline. The prospective study of 1966 IDDM patients in 
Pittsburgh all with diabetes duration of less than 20 years, showed that 6% of male 
deaths and 7% of female deaths were attributable to cardiovascular disease (Dorman 
et ai,  1984). In diabetic patients under 45 years of age in England and Wales during 
1975 -  1976, cardiovascular disease accounted for 24% of deaths in men and 18% 
of deaths in women (Fuller, 1984). In a detailed review of death certificates in 
Washington State for the years 1968-1979 (Connell & Louden, 1983), 46% of deaths 
for diabetic patients dying between age of the 35 and 44 years were attributable to 
cardiovascular deaths. In a large population-based study of 2,930 Danish patients 
with IDDM diagnosed between 1933 -  1972 and followed till 1983 (Borch-Johnsen 
et ai,  1992), cardiovascular disease was responsible for deaths in 24% of subjects
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with diabetes duration of between 16 -  30 years and for 57% of deaths in subjects 
with duration of over 30 years. Thus the present study confirmed the high mortality 
from cardiovascular disease in middle aged IDDM patients although many previous 
studies of young patients with short term follow-up have not shown this. The reasons 
for a lower proportion of cardiovascular disease in patients with less than 20 years 
of diabetes duration, or under the age of 45, are largely explained by the high rate 
of renal deaths during that time. After that, cardiovascular mortality increases its 
relative importance with a pathological pattern similar to that in NIDDM patients 
(Jarrett et a/., 1984). The present study also confirmed that cardiovascular disease 
is at least as important in IDDM as in NIDDM patients, as IDDM patients may 
also die from cardiovascular disease at a relatively low age (Moloney et ai,  1983; 
Borch-Johnsen et ai, 1985). It is a challenge to prevent such fatal fatality in IDDM 
patients and further studies are badly needed.

A m on g  N ID D M  su b jects

Generally cardiovascular disease was responsible for 50% -60% of all deaths in the 
present study. This is concurs with the results from other population-based studies 
with sufficient observations: Erfurt, German Democratic Republic (Panzram et ai, 
1977), and Rochester, Minnesota (Palumbo et ai, 1976; Ochi et ai, 1985) at various 
time periods (1945-1970, 54%; 1965-1974, 49%). An analysis of death certificates 
mentioning diabetes in England and Wales for 1975 and 1976 found that circulatory 
disease as the underlying cause of death was assigned to 51% of deaths in men and 
52% in women (Fuller et a/., 1983a). However, a large variation between the centres 
was observed in that there is a lower proportion of cardiovascular deaths in the 
Tokyo and Arizona centres and a higher proportion in Warsaw women (74%).

The lower proportion of cardiovascular deaths (23% for men, 38% for women) 
in Tokyo is in keeping with the follow-up study carried out in Tokyo (Mihara et a/.,
1986) in which 33% and 37% of all deaths in men and women were attributable to 
combined ischaemic and cerebrovascular deaths.

The low percentage of cardiovascular deaths in the Arizona centre among the 
Pima Indians (39% for men, 17% for women) may reflect the low incidence of fatal 
coronary heart disease among the NIDDM patients and their background popula
tion. During the 10-year observation from 1975 to 1984 (Nelson et ai,  1990), there 
were only 28 deaths attributable to coronary heart disease among the 689 diabetic 
subjects and no coronary heart disease death occurred among 419 non-diabetic sub
jects aged 45 years or more. The incidence rate of fatal coronary heart disease in 
Pimas was less than half that found in the Framingham study after adjustment for 
age, sex and diabetes duration. Interestingly and for unknown reasons, the Pimas 
also have the world’s highest reported prevalence of NIDDM (Knowler et a/., 1978). 
Racial differences may be a major factor as the Pimas have an Asiatic heritage 
tha t could contribute to their low coronary heart disease mortality compared with 
Caucasians (Turner, 1983; Williams et ai,  1985).

A retrospective population-based study carried out between 1963 and 1973 in 
Warsaw showed that 52% and 36% of all 223 and 147 deceased men and women were
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assigned to cardiovascular deaths. The difference in the proportion of cardiovascular 
deaths in Warsaw women between the present and previous studies is difficult to 
understand. The age distribution was not presented in the previous study. However, 
the distribution of age of onset of diabetes suggested the NIDDM population in the 
previous study was older than in the present study. Further, Warsaw women in the 
present study were found to have a high BMI, prevalence of hypertension and ECG 
abnormality. The previous study presented no data for these factors.

In a follow-up study carried out in Finland (Reunanen, 1983), higher proportions 
of deaths were attributed to cardiovascular disease than in the present study (72% 
for men, 69% for women). In a comprehensive world-wide review (Pydrala et al,
1987), cardiovascular disease was considered to be the cause of death in 70-75% of 
diabetic patients who died in middle or older age. Caution should be exercised when 
comparing such figures from different studies, as cardiovascular causes are usually 
over-estimated when sufficient diagnostic information for correct coding of cause of 
death is not available (Shenfield et al, 1979; Fuller, 1984).

Of all cardiovascular deaths, ischaemic heart disease and cerebrovascular disease 
are the two leading causes of deaths in the present and previous studies. Rates for 
ischaemic heart disease were higher than for cerebrovascular disease for all centres 
with the exception of Tokyo and Hong Kong. The follow-up study carried out in 
Tokyo confirms the higher rates for cerebrovascular disease than for ischaemic heart 
disease (Mihara et ai, 1986). Among the centres Hong Kong has the highest death 
rates for cerebrovascular disease for both genders.

10.3 N ep h rop ath ic  d eath s
A m on g  ID D M  su b jects

The present study showed that renal disease was the underlying cause of death in 
8% of deceased men and 16% of deceased women. This agrees with a follow-up study 
of 2,900 Danish patients with IDDM who died after 30 years of diabetes duration 
(Borch-Johnsen, 1993), 15% of whom died from diabetic nephropathy.

An even higher proportion of IDDM patients die from renal disease at a younger 
age. The DERI study, in which population-based IDDM subjects were recruited 
from 4 countries, showed that 28% of all deaths below 26 years of age were at
tributable to diabetic kidney disease with diabetes duration of over 10 years (Di
abetes Epidemiology Research International Mortality Study Group, 1991b). This 
result is in keeping with the present study for the Tokyo cohort in whom 33% of 
female subjects died from renal disease. Furthermore, a follow-up study in Denmark 
of diabetic patients diagnosed under 30 years of age found that nephritis & nephrosis 
were responsible for 31% of all 173 deaths (Deckert et ai,  1978).

Men from Tokyo and Warsaw and women from Oklahoma and Warsaw have 
particularly high renal disease mortality compared with the other cohorts, with rates 
of over 10 deaths per 10,000 person-years. Most of the centres have rates similar to 
those of the Joslin clinic where the total mortality rate for IDDM patients who died 
under the age of 65 was 2.3 per 1,000 person-years (Krolewski et al, 1985). Renal
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death rates were even lower in the earlier years when acute diabetic complications 
were a significant cause of death. An analysis of death certificates in Washington 
State (Connell & Louden, 1983) showed renal disease mortality rates of 0.85 for men 
and 1.3 for women per 10,000 person-years for subjects who died under 45 years of 
age.

In contrast to cardiovascular deaths among IDDM subjects, women have higher 
rates of renal death than men in 5 of the 9 centres. This observation agrees with 
the analysis of diabetic patients who died under 45 years of age in Washington Sate 
(Connell & Louden, 1983).

A m on g  N ID D M  su b jects

In the present study for NIDDM, the percentage of renal deaths is 7% for men 
and 10% for women. This is higher than reported in previous prospective stud
ies. Renal disease was responsible for 2.0% all deaths among diabetic residents of 
Rochester, Minnesota during 1945 -  1970 (Palumbo et ai,  1976) and 1.6% during 
1965 -  1974 (Ochi et al,  1985). This difference may be caused by the population- 
based characteristics of subjects in the previous studies in which patients with mild 
hyperglycaemia or complications were recruited. It may also be caused by different 
combinations of renal disease. Diabetic nephropathy was combined with other renal 
disease in the present study whereas it was not clear whether diabetic nephropathy 
was included in the Rochester study. The higher percentage of deaths from renal 
disease in more recent years may be due to different procedures in the assignment 
of the underlying cause of death.

In a 20-year follow-up study in Osaka (Sasaki et a/., 1983), renal disease was 
found to be responsible for 12% of all deaths in patients with NIDDM. Based on a 
clinic cohort followed during 1976-1983 in Tokyo, 9% of all deaths among NIDDM 
patients recruited from diabetic nephropathy (Mihara et ai, 1986). However, the 
difference in the proportion of renal deaths among diabetic patients between the 
United States and the other countries investigated may well be real. A noticeably 
higher frequency of renal disease as the underlying cause of death has been reported 
in Osaka than in the United States or Pennsylvania among diabetic patients (Sasaki 
et al,  1978). This difference can be explained by the high level of ischaemic heart 
disease, a prevalent cause of death in the early 1970s which competed with renal 
disease as the cause of death among middle-aged people including diabetic patients 
in the United States (Kuller et al, 1989). Since coronary heart disease had declined 
markedly to less than half by 1985-1986, renal disease as the underlying cause of 
death may be expected to increase in the near future. The cumulative mortality 
rates due to renal failure in patients of the Joslin Clinic by age 75 were 7.4% in men 
and 7.6% in women (Krolewski et al, 1985).

The percentage of renal deaths in the Hong Kong men and the Arizona cohort are 
approximately double the average. Renal disease was a competing cause of death in 
Pima Indians due to the low proportion of cardiovascular deaths. The age adjusted 
renal death rates were relatively high in the Arizona cohort compared with the other 
centres. This notable increase in the proportion and rate of renal deaths is consistent
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with results from a study in Pima Indians with biannual re-examination from 1975 
to 1984 (Sievers et ai,  1992). There are very few valid data on renal deaths in 
diabetic patients from Hong Kong. However, the Hong Kong cohort had similar 
characteristics to the Tokyo cohort. Both of them are from Asia and have renal 
and cerebrovascular disease as relatively important causes of death compared with 
the other centres. Previous studies have shown the need to prevent and treat renal 
disease in NIDDM patients as it is an important risk factor for both cardiovascular 
and renal deaths. Further, the increasing importance of valid data on renal deaths 
in NIDDM has been demonstrated by the present study.

10.4 D ia b e tes  d eath s
Although it is believed that death due to metabolic causes is potentially preventable 
through the proper control of hyperglycaemia, 12% and 5% of deaths on average 
in IDDM and NIDDM patients respectively are attributable to metabolic causes, 
mainly diabetic ketoacidosis. It may be difficult to reduce mortality further as 
diabetic ketoacidosis in older people often co-exists with other illness or even serious 
medical conditions (Basu et a/., 1993).

10.5 C ancer d eath s
In the present study, SMRs for cancer were approximately equal to 100 for both 
genders (data not shown). This is unlikely to be due to insufficient number of 
deaths. Risk of death from cancer was found to decrease in relation to competing 
causes of death such as renal and cardiovascular disease which occur before mortality 
from cancer.



Chapter 11 

Risk factors for m ortality

11.1 A rteria l b lood  pressure and h y p erten sio n
In the present study, systolic BP was based on a single measurement with standard 
error up to 25 mmHg. Fuller has pointed out the large variations in BP measure
ment by time of day (Fuller, 1988), room temperature, period of rest preceding 
BP measurement, prior cigarette smoking, posture, stress, and medication (Fuller, 
1985a). There is also the problem of observer variation, which is minimized by ade
quate training of observers and the use of standardised methods. Arm girth should 
also be taken into account and the appropriated cuff size used. The effect of such 
variation is to weaken or dilute the relationship between BP and mortality and un
derestimate the relative risk of elevated BP (MacMahon et ai, 1990). However, in 
the present study the single measurement of systolic BP appears to be the most con
sistent cardiovascular risk factor for mortality in both IDDM and NIDDM patients 
(Table 8.5 & 8.7). The present study also showed the superiority of systolic BP 
over diastolic BP in predicting mortality, which was in accordance with the Seven 
Countries Study (Menotti et a/., 1989).

The two Asian and two American Indian cohorts tended to have lower blood 
pressure levels and lower prevalence of hypertension for both genders. There is no 
consistent difference in hypertension prevalence between men and women.

11 .1 .1  A m o n g  ID D M  p a tien ts

Systolic BP was significantly predictive for cardiovascular mortality in 3 of the 6 
centres concerned with a relative risk of approximately 2 (Table 8.5). The association 
was in accordance with the study of the same study population at 6-7 years of 
follow-up (Fuller & Head, 1989) and the study of the London cohort subgroup 
(Morrish et al, 1990). For the Joslin clinics IDDM cohort (Krolewski et ai,  1987), 
a significant excess of patients who died of cardiovascular disease also had antecedent 
nephropathy and hypertension. Systolic BP was also predictive for cardiovascular 
mortality in the other centres in the present study but the association did not 
reach statistical significance. This may be a result of the insufficient number of 
hypertensive subjects and deaths in the centres. Other studies of raised BP as a 
risk factor for mortality in IDDM patients are relatively few. Raised BP has been 
recognised as an important risk factor for survival because of its strong relationship 
with nephropathy in IDDM patients (Borch-Johnsen, 1993).

In the present study hypertension was found to be highly correlated with pro
teinuria (Table 8.21). This was in accordance with case-control (Wiseman et al, 
1984; Parving et al, 1988) and follow-up studies (Mathiesen et al, 1984) in which 
arterial BP has been found to be associated with diabetic nephropathy. In the Dan
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ish study carried out in Steno Memorial Hospital of IDDM patients with proteinuria 
without antihypertensive treatment (Parving et ai, 1981), increase in arterial BP 
to a hypertensive level was found to be an early feature of diabetic nephropathy. 
The question of whether raised BP precedes, accompanies or follows the increase in 
urinary albumin excretion associated with the development of diabetic nephropathy 
remains a m atter of intense debate (Rudberg et ai,  1993; Barzilay et a/., 1992). 
The inconsistent results may be due to different intervals between the measure
ments of BP and urinary albumin. A recent study (Rudberg et ai, 1993), taking 
measurements at 3-month intervals carried out in Sweden, confirmed the conclusion 
of previous studies (Mathiesen et al, 1990) that persistent microalbuminuria pre
cedes increases in blood pressure. It is also suggested that arterial BP accelerates the 
course of nephropathy (Rossing et al, 1993). Increasing evidence is also becoming 
available of the role of raised BP in the onset of diabetic retinopathy (Klein et al, 
1989a). This is noteworthy because diabetic retinopathy is another strong predictor 
of mortality which has been shown in the present study.

Systolic BP in the whole cohort is highly significant in predicting deaths from 
all-cause, cardiovascular, ischaemic heart disease (Table 8.11, 8.13, 8.15). Further
more, its predictive power for cardiovascular mortality persisted when those patients 
with ischaemic ECG abnormalities at baseline were excluded (Table 8.19). Systolic 
BP also significantly predicted renal disease mortality independent of proteinuria, 
retinopathy and other risk factors, with a relative risk approaching 2 (Table 8.17).

In the present study, elevated blood pressure in IDDM patients was an important 
predictor for mortality. Patients with both hypertension and proteinuria experienced 
14 times the relative risk of all-cause mortality while those with proteinuria only 
experienced 7 times.

In the all-centre combined cohort of the present study, there is a clear linear 
trend in the increase of cardiovascular mortality according to quintile of systolic 
BP for both genders even below the WHO criteria for hypertension (160 mmHg). 
Therefore, the systolic BP was strongly and positively related to risk for mortal
ity not only among those who might be considered “hypertensive” but also among 
those who would usually be considered “normotensive”. It has been suggested that 
IDDM patients without other cardiovascular risk factors should start drug treat
ment for hypertension earlier than the general population, that is when the systolic 
BP reaches 145 mmHg at the age of 30 years or over according to a survey of 20 
European diabetes centres (Fuller & Stevens, 1991). It has been shown that effective 
antihypertensive treatment in patients with diabetic nephropathy reduces the fall in 
Glomerular Filtration Rate (GFR) (Mogensen, 1979). Early antihypertensive treat
ment (systolic BP > 144 /  diastolic BP > 93) was found to be significantly predictive 
for decreased mortality from uraemia in a Danish study (Mathiesen et al,  1989) for 
IDDM patients. However, the number of cardiovascular deaths were too small for 
analysis in this study. There has been to date no randomised clinical trial to test 
the hypothesis that a decrease in BP could improve the long term survival of IDDM 
patients. Further investigations are necessary to define the criteria of treatment for 
raised BP in IDDM patients.

The present study demonstrated that raised BP is an independent predictor
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for cardiovascular and renal disease mortality, when ECG abnormality, proteinuria, 
retinopathy and other risk factors are taken into account. It is suggested that early 
and effective treatment of arterial BP in addition to tight glycaemic control might 
improve long term survival in IDDM patients. Early detection and treatment for 
microalbuminuria and elevated BP are routine procedures in Denmark. The current 
results also strongly suggest it as the most important means to improve the long 
term prognosis of IDDM patients in other parts of the world.

1 1 .1 .2  A m o n g  N ID D M  p a tien ts

Systolic BP was significantly predictive for cardiovascular mortality in half of the 
centres in the present study. This is in accordance with the Whitehall study of 
male civil servants with NIDDM in which systolic BP was the only independent 
predictor for coronary heart disease mortality (Fuller et al, 1983b) or ischaemic 
heart disease mortality in patients followed up to 15 years (Fitzgerald & Jarrett, 
1991) . In the Bedford study in which both genders were included (Jarrett et al, 
1982a), level of systolic BP was an important predictor of coronary heart disease 
mortality in patients with newly diagnosed diabetes. Most other studies agree that 
hypertension is a risk factor for all-cause mortality (Pell & DAlonzo, 1970; Janka 
& Dirschedl, 1985). The UK Prospective Diabetes Study (UKPDS), presented re
sults showing that hypertension is a major risk factor for cardiovascular mortality 
as well as morbidity, with an approximately twofold increased risk of cardiovascular 
mortality in hypertensive (BP > 1 6 0  mmHg systolic and/or > 90 mmHg diastolic) 
compared to normotensive diabetic patients (The Hypertension in Diabetes Study 
Group, 1993). The strong relationship between systolic BP and cardiovascular mor
tality was further confirmed by the Multiple Risk Factor Intervention Trial (MRFIT) 
study (Stamler et ai, 1993).

Diabetic complications such as nephropathy and retinopathy, known as impor
tant risk factors for premature mortality, were not taken into account in the previous 
studies mentioned above. The 6-7 years follow-up data from the WHO Multinational 
study (Fuller & Head, 1989) showed that hypertension was significantly associated 
with an increased risk of circulatory disease death after allowing for its association 
with proteinuria. The 10-12 year follow-up data from this WHO study population 
demonstrated that raised systolic BP remained significantly predictive of cardiovas
cular mortality after the adjustment for proteinuria together with retinopathy and 
the other risk factors examined.

Systolic BP in some centres such as Tokyo, Berlin, Havana and Arizona was not 
an independent predictor for all-cause or cardiovascular mortality. The number of 
deaths in the individual centre, however, was insufficient to provide the statistical 
power for significant a outcome although the relative risk was greater than 1. For 
example, in the study carried out in a Japanese cohort in which 503 deaths occurred 
in the 9.4-years of follow-up (Sasaki et ai,  1989b), systolic BP was significantly 
predictive for all-cause mortality after adjustment for fasting glucose level and other 
risk factors. Nonetheless, the number of deaths in the Tokyo centre in the present 
study was only 32 and hence a significant level of relative risk was not achieved.
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The Rancho Bernardo study is another example in which a relationship between 
systolic BP all-cause mortality was not found because of the small number of deaths 
(Barrett-Connor & Wingard, 1983), a result further confirmed by two other stud
ies (Rosengren et o/., 1989; Schmitz & Vaeth, 1988). Systolic BP did not predict 
cardiovascular mortality in a Finish cohort of middle aged patients with NIDDM 
(Uusitupa et al, 1993) because of the small number of deceased subjects. This 
explanation also applies to the Arizona and Tokyo cohorts. The lack of association 
between raised BP and cardiovascular mortality in Arizona was also found in a pre
vious study of Pima Indians in Arizona (Nelson et al., 1990). Finally, as mentioned 
at the beginning of this section, systolic BP was based on a single measurement 
with wide variation which weakened or diluted the relationship between BP and 
mortality.

In the all-centre combined cohort, all-cause and cardiovascular mortality also 
increased with increasing systolic BP. However, the trend is less impressive than in 
IDDM patients. In multivariate analysis, systolic BP significantly predicted deaths 
from all-cause, cardiovascular, and ischaemic heart diseases. When those subjects 
with ECG abnormality at baseline were excluded, the relative risk even increased 
slightly for cardiovascular mortality. This suggests that systolic BP was an impor
tant risk factor for long term survival even in NIDDM patients without ECG signs 
of cardiovascular disease at baseline.

Interestingly, systolic BP was not significantly predictive for renal disease mor
tality after adjustment for the other risk factors. Systolic BP was found to be 
correlated with diabetic retinopathy in NIDDM patients although the association 
was not statistically significant. The association between raised BP and retinopathy 
has also been found in previous studies (Teuscher et al,  1988; Knowler et a/., 1980). 
Retinopathy in the present study increased its relative risk from 2.5 to 3.4 after the 
multivariate analysis, which suggests that retinopathy competes with systolic BP as 
a risk factor.

Hypertension was found to be correlated and to interact with proteinuria among 
NIDDM patients to a lesser extent than in IDDM subjects in the present study. 
Patients with both hypertension and proteinuria experienced 6.5 times the relative 
risk of all-cause mortality while those with only proteinuria had 4 times the risk. 
Clearly, raised BP plays an important role in the survival of NIDDM patients even 
in those without ECG abnormality. However, any beneficial effect of antihyperten
sive treatment in NIDDM patients remains speculative. A previous review (Fuller, 
1985a) has demonstrated that all antihypertensive agents have disadvantages, some 
of them serious, when used in diabetic patients. More recently, a large population 
based study (Klein et al, 1989c) has provided evidence that some antihypertensive 
treatments, particularly thiazide diuretics, may adversely influence total mortality 
in NIDDM patients. In a large cohort study (Laffel et al,  1989), high mortality 
was observed in NIDDM patients treated with antihypertensive drugs, both in pa
tients with and without nephropathy. Raised BP and hyperinsulinaemia /  insulin 
resistance are clearly associated, and insulin resistance has been linked to obesity 
and physical inactivity in NIDDM patients (Donahue et ai, 1990; Fuller, 1991). A 
healthy life style such as reduced body weight and increased exercise may have a
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greater effect on BP reduction than drug treatment for hypertension alone. Cardio
vascular disease development in NIDDM patients appears to be a rather complicated 
process, suggesting a different mechanism in NIDDM patients from that in the gen
eral population. Perhaps identification of the mechanism by which specific factors, 
such as hyperinsulinaemia or hyperglycaemia, exert their atherogenic impact would 
enable the development of more effective preventive programmes against cardiovas
cular mortality in patients with NIDDM. Further randomised clinical trials in this 
area are crucial.

In order to elucidate the individual effect of each risk factor, relative risk was 
assessed separately in the present study. However, interactive effects between risk 
factors should be borne in mind. For example, in the Swedish prospective study 
(Mykkanen et ai,  1993), hypertension had an odds ratio of 1.8 for developing 
NIDDM. The odds ratios increased to 7.4, 9.3 and 11.7 when subjects have hy
pertension together with low HDL, hypertriglyceridaemia and IGT respectively. In 
mortality investigations, there have been very few studies demonstrating such inter
active effects. The MRFIT study (Stamler et al,  1993) showed increasing cardiovas
cular death rates according to the numbers of risk factors in men with NIDDM. The 
present study has demonstrated an interactive effect for hypertension and protein
uria on SMRs for both men and women. Syndrome X, regarded as a risk factor for 
both metabolic disorders and cardiovascular disease, is another excellent example 
of the concept of the interactive effect of risk factors. The clustering of risk factors 
such as hypertension, IGT and hypertriglyceridaemia was found to be a more sensi
tive marker of the degree of insulin resistance than just insulin concentration alone 
(Haffner et ai,  1992). This was consistent with the study of the elderly greater than 
65 years of age (Mykkanen et al,  1993). Thus if the relative risk for a certain risk 
factor is 1.5 by multivariate analysis in the present study, this should be regarded 
as a minimal effect as the effect of interaction with other risk factors was not fully 
estimated.

The clustering of several risk factors frequently occurs in diabetic patients es
pecially those with NIDDM. However, the present study makes it easy to compare 
the relative importance of risk factors by comparing their relative risks and levels 
of significance. Nonetheless, when comparing with other studies, it is not worth 
comparing relative risk directly since the data collection, study design, diagnostic 
criteria, risk variables, and statistical methods were different for each study.

11.2 P la sm a  ch olestero l
The difference in plasma cholesterol concentration between centres was similar to 
that for BP and hypertension, with lower cholesterol levels in Tokyo, Hong Kong, 
Oklahoma and Arizona compared with the other centres. Plasma cholesterol was 
not an independent risk factor for mortality in these cohorts. The association be
tween plasma cholesterol and mortality in NIDDM subjects was not as clear as in 
the general population and even more uncertain in IDDM subjects. In both IDDM 
and NIDDM patients, plasma triglycerides were found to be strongly associated with
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cardiovascular disease in Schwabing and Paris (Janka & Dirschedl, 1985; Fontbonne 
et ai,  1989) and in the WHO study (West et al, 1983). The relationship between 
triglycerides and cardiovascular disease is not as strong as in the non-diabetic pop
ulation (Sigurdsson et ai, 1976).

11 .2 .1  A m o n g  ID D M  p a tien ts

Among the individual cohorts, plasma cholesterol was significantly predictive for all
cause mortality only in the Swiss centre, and for cardiovascular mortality only in the 
Berlin cohort (Table 8.2, 8.7). There have been very few studies on the morbidity 
or mortality of cardiovascular disease in IDDM patients and consequently there is 
little information on their relationship with plasma lipids.

In contrast to the non-diabetic and NIDDM population, VLDL (very low density 
lipoprotein) is generally normal in IDDM patients when there is adequate diabetes 
control (Reckless et ai, 1978; Sosenko et al,  1980). In addition, HDL-C (high 
density lipoprotein cholesterol), thought to be protective for cardiovascular disease, 
is either normal or elevated in IDDM patients (Nikkila, 1981; Winocour et ai, 
1986; Laakso et al, 1985) despite the excess risk of cardiovascular morbidity and 
mortality in IDDM patients. Further, concentrations of both subfractions of HDL 
concentrations were found to be increased in IDDM patients (Fuller et al, 1982).

An altered lipoprotein pattern in IDDM patients was found to be associated with 
nephropathy. Patients with albuminuria have higher total- and LDL-cholesterol, 
higher plasma triglycerides and apolipoprotein-B concentrations, and lower HDL-C 
than those without albuminuria (Vannini et al,  1984). Similar changes are found 
in patients with microalbuminuria (Watts et ai, 1989; Jones et ai,  1989). In the 
present study, no association between plasma cholesterol and renal disease mortality 
was found. This is unlikely to be due to the small number of deaths because renal 
disease was an important cause of death in IDDM subjects. Proteinuria was an inde
pendent risk factor for mortality from both cardiovascular (RR=2) and renal disease 
(RR=6). Lipoprotein concentrations and BP have both been found to be elevated 
in IDDM patients with proteinuria (Winocour et al,  1987). It is suggested that pa
tients with proteinuria have a lipid profile thought to predispose to atherosclerosis, 
such as higher BP, higher LDL-cholesterol and lower HDL-cholesterol.

In the all-centre combined cohort there was a non-linear trend of increased all
cause /  cardiovascular mortality according to the quintile of plasma cholesterol. The 
highest rates of both all-cause and cardiovascular mortality were found in the fourth 
quintile in men and fifth in women. In multivariate analyses, plasma cholesterol was 
a significant predictor of death from cardiovascular and ischaemic heart disease at 
the 5% significance level.

Intensive insulin regimens, including continuous subcutaneous insulin infusion, 
improve both the blood glucose control and the lipoprotein profile of IDDM patients 
(Pietri et al,  1980; Dunn et al,  1981; Lopes-Virella et al,  1983). However, none of 
these treatments has been shown to have any influence on the course of cardiovas
cular disease. There are few data on the relationship between cardiovascular disease 
and dyslipoproteinaemia in IDDM patients. The present study demonstrated that
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raised plasma cholesterol concentrations were associated with cardiovascular mor
tality in the combined cohort. There are no intervention studies of lipid lowering 
agents in IDDM patients to show that favourable alterations in lipids and lipopro
teins will reduce morbidity and mortality from cardiovascular disease. Such studies 
are urgently needed.

1 1 .2 .2  A m o n g  N ID D M  p a tien ts

In the present study, the relationship between plasma cholesterol and cardiovascular 
mortality was non-significant in 6 of the 10 cohorts even by univariate analysis (Table 
8.8). This is in agreement with the Whitehall study (Fuller et a/., 1983b) in which 
there was no association between plasma cholesterol and coronary heart disease 
mortality in NIDDM patients. In the study of the Western Australian population 
(Knuiman et al,  1992), total cholesterol was also not significantly associated with all
cause mortality. As plasma cholesterol was significantly predictive for cardiovascular 
mortality in the all-centre combined cohort, these non- significant results might be 
due to the small number of deaths and chance variation.

The lipid subfractions may have different effects on long term survival in dia
betic patients which were not measured in the present study. Low density lipoprotein 
concentration, known to be strongly associated with coronary heart disease (Kan- 
nel et al, 1981), may be affected by diabetes (Schonfeld et al, 1974). In contrast, 
high density lipoprotein concentration, which is generally regarded as protective, is 
decreased in NIDDM patients (Laakso & Pyorala, 1988; Uusitupa et al,  1986), es
pecially in women (Fuller et al, 1982). In addition, increased plasma concentrations 
of triglycerides are common in diabetic patients (Laakso & Pyorala, 1988; Uusitupa 
et al,  1986). In a 12-year follow-up study of Swedish middle-aged women, plasma 
triglyceride, waist/hip ratio and systolic BP were significantly associated with in
creased blood glucose level but no association was found between plasma cholesterol 
and blood glucose (Lapidus et al, 1985). This suggests that plasma cholesterol 
may not be a sensitive indicator of lipid metabolic disorder before the clinical onset 
of NIDDM as demonstrated in a previous study (Mykkanen et al, 1993). Simi
larly, the measurement of plasma total cholesterol concentration was found not to 
characterise many NIDDM subjects with lipid metabolic disorder such as reduced 
HDL-cholesterol (Feher et al, 1992).

Altered lipid metabolism in diabetes has been reviewed (Betteridge, 1989) and 
it is thought that the complexities of the alterations may not be reflected in a 
single measurement of total plasma cholesterol. Even so, this single measurement 
was significantly predictive for cardiovascular mortality in 4 of the 10 cohorts in 
the present study. Further, an independent effect was revealed in 3 of the 4 cen
tres, namely Berlin, Havana and Oklahoma, after adjustment for the other risk 
factors. In the Gothenburg study (Rosengren et al, 1989) of middle-aged men with 
self-reported diabetes and without myocardial infarction at baseline, total plasma 
cholesterol concentration was the strongest predictor of all-cause mortality as well 
as coronary heart disease incidence based on 48 deaths and 39 cardiovascular events. 
In the present study when all the individual cohorts were combined, plasma choies-
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terol was a independent predictor for all- cause, cardiovascular and ischaemic heart 
disease mortality but not renal disease mortality. The relative risk of cardiovascular 
mortality even increased when patients with ECG abnormality at baseline were ex
cluded. The MRFIT study demonstrated a higher impact of hypercholesterolaemia 
on mortality in NIDDM patients than in the general population (Stamler et ai, 
1993), suggesting that special attention should be paid to hypercholesterolaemia in 
NIDDM patients.

The reason for plasma cholesterol being a well established risk factor for cardio
vascular disease development in non-diabetic but not in diabetic populations is still 
unknown. In the Whitehall study (Fuller et ai, 1982), plasma cholesterol was signifi
cantly predictive for cardiovascular mortality in the norma-glycaemic group, but this 
association was not found in either diabetic or impaired glucose tolerance groups. 
Similar results were obtained in the Whitehall study using a different analytical 
method (Jarrett, 1985). The proposed mechanisms by which hypercholesterolaemia 
leads to cardiovascular disease are somewhat different for diabetic and non-diabetic 
populations. Hyperinsulinaemia and insulin resistance have been suggested to be 
the initiators for both the disruption of lipid metabolism and precursors of cardiovas
cular disease such as hypertension (Saad et a/., 1988). The reason that some people 
develop both hypercholesterolaemia and hypertension while others do not remains 
obscure. Both genetic predisposition and dietary habits have been hypothesized. 
The association between plasma cholesterol and cardiovascular disease development 
should be studied further to improve long term prognosis of NIDDM.

The effect of pharmacological treatment for elevated plasma cholesterol concen
tration on long-term survival in NIDDM patients have not been investigated. At 
least, dietary control, reducing BP and obesity (Stamler et a/., 1987; Barrett-Connor,
1989) have shown beneficial effects and should be regarded as the first choice for 
treatment.

11.3 C igarette  sm oking
The proportion of smokers is generally lower in women than in men. The difference 
is striking in the Tokyo centre where the men are the heaviest smokers while the 
women rarely smoke. A large proportion of current smokers were found in Hong 
Kong, Havana and Tokyo among IDDM and NIDDM men. The London female 
cohort contained a relatively high proportion of current smokers for both diabetes 
types. Current smoking status does not indicate the duration of smoking. To
tal years of smoking were calculated to evaluate the total period of exposure to 
cigarette smoking. This variable was not predictive of mortality even in univariate 
analyses, and was thus not fitted into the model for Cox regression analyses. How
ever, noteworthy differences were found between the centres. In NIDDM subjects, 
the women from London and Oklahoma and the men from Tokyo and Havana had 
the longest duration of smoking, which may have increased the effect of cigarette 
smoking on mortality in these populations.

In the general population, cigarette smoking is a well-established causal factor
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for atherosclerotic complications in the heart, the head, the legs, and other sites of 
the body, both in men and women (Fielding, 1985a; Fielding, 1985b). Consistent 
associations between cigarette smoking and atherosclerotic complications have been 
obtained. The adverse effects of smoking are related to duration and the number 
of cigarettes smoked. Smoking increases carboxyhaemoglobin concentrations which 
may result in tissue hypoxia including functional and structural changes and possibly 
contribute to the development of atherosclerosis (Topping et ai,  1977). Cigarette 
smoking enhances platelet aggregation and increases fibrinogen levels in blood (Din- 
tenfass, 1975), factors which may promote thrombus formation. Cigarette smoking 
is associated with changes in blood lipid and lipoprotein concentrations. Further, 
it is proposed that cigarette smoking is a causal factor for lower HDL cholesterol 
(Criqui et al,  1980). Smokers have higher plasma concentrations of cholesterol, 
triglycerides, VLDL-C, and LDL-C, and lower plasma concentrations of HDL-C 
and apolipoprotein A1 compared with non- smokers (Craig et ai, 1989). Stop
ping smoking reduces the risk of cardiovascular morbidity and mortality (Fielding, 
1985b), lessening the risk of death or myocardial infarction in younger as well as 
in older people with ischaemic heart disease (Willett et al, 1987; Rosenberg et al, 
1985; Cook et ai, 1986; Hermanson et al,  1988).

Diabetes is associated with an increased risk of vascular complications (Muhlhauser,
1990). Some of the pathophysiological changes observed in smoking subjects may 
also be found in non-smoking diabetic patients. Insufficiently controlled diabetes 
is associated with increased blood viscosity, platelet aggregation, plasma fibrino
gen levels (Osterman & van de Loo, 1986), and abnormality in the composition of 
plasma lipids. Subjects who already present with vascular complications, appear to 
run a particularly high risk by smoking. It is assumed that the beneficial eflfects of 
stopping smoking are applicable to diabetic patients. Yet intervention programmes 
to encourage diabetic patients to stop smoking are scarce and there are no studies 
comparing diabetic patients with the general population.

In the general population, cigarette smoking is a consistent significant predictor 
of mortality. The overall mortality ratio for adult cigarette smokers versus adult non- 
smokers is about 1.7 in the Unites States (U.S. Department of Health and Human 
Services, 1984). It increases with the amount smoked and is directly proportional to 
the duration of cigarette smoking (U.S. Department of Health and Human Services,
1984). A population-based study of men and women aged 35 to 54 years (Friedman 
et al,  1979) showed the smoker-to-nonsmoker mortality ratios as 2.1 for all-cause 
and 3.6 coronary heart disease. A matched-pair case-control study (Bain et al,  1978) 
showed an increased relative mortality from coronary heart disease with increasing 
number of cigarettes smoked. For smokers of fewer than 20 cigarettes per day, the 
RR was 1.2; between 21-40 the RR was 2.3; and for smokers of 41+, the RR was
4.0. In the Framingham study (Gordon et al, 1974), all-cause mortality was found 
to be lower in men who had give up smoking than in men who continued to smoke.
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1 1 .3 .1  A m o n g  ID D M  p a tien ts

In contrast to the general population, despite the similar cardiovascular risk fac
tors that exist in both non-diabetic smokers and diabetic smokers, the association 
between cigarette smoking and mortality in both IDDM and NIDDM patients was 
inconsistent.

In the individual cohorts, current cigarette smoking was an independent risk 
factor for all-cause mortality only in the Berlin centre. For cardiovascular mortality, 
cigarette smoking was not significantly predictive in any centre even by univariate 
analyses. This is unlikely to be due to the small number of smokers or deaths. On 
average, approximately half of the men and a quarter of the women were current 
smokers. In the all-centre combined cohort, current smoking was not associated with 
mortality from any cause studied. Only a few studies have investigated smoking as 
a determinant of death among diabetic individuals. In the Wisconsin Epidemiologic 
Study of Diabetic Retinopathy (WESDR) (Klein et ai,  1989b), current smoking was 
an independent predictor for decreased survival with the RR relative to non-smoking 
being 2.4. This agrees with the result for the Berlin cohort in the present study. 
Proportional hazards analysis of mortality in the Children’s Hospital of Pittsburg 
IDDM registry revealed that heavy smoking (reported lifetime smoking of at least 
one pack per day for 5 or more years) was an independent predictor for all-cause 
and cardiovascular mortality in women (RR=2.6 &: 5.2 respectively) but not in men 
(Moy et al, 1990). Other analyses in the same study showed that current smoking, 
ex-smoking and years smoked were also predictive of mortality in women but again 
not at all in men. In the present study, ex-smoking was found to be less predictive 
of mortality than current smoking. Total years of smoking was also examined and 
no relation to mortality could be found. Thus the relationship between cigarette 
smoking and mortality was inconsistent between studies, and a different relationship 
could be found between the genders. The different results may be due to different 
study designs (e.g. retrospective, prospective), different definition of smoking status 
and methods for assessing the exposure to smoking.

For IDDM patients, causes of death vary by age at the time of the fatal events. 
The majority of deaths among younger subjects were due to acute diabetes compli
cations or renal diseases. In the late mortality group, cardiovascular disease could 
account for 50% of all deaths. It is reasonable to expect that the risk factors would 
differ depending on the cause of mortality. Possible confounders tend to exist in 
patients’ smoking behaviour. For example, patients who never smoked or gave up 
smoking may represent a group who care for their heath and are more compliant. 
Patients may change their attitude or smoking behaviour while regularly visiting 
the health centre or diabetic clinic, and it is difficult to identify or examine such 
changes.

The effect of cigarette smoking on mortality may not be direct but via dia
betic complications. This has been taken into account in the present study. A 
prospective study carried out in the University of Colorado Health Science Centre 
(Chase et ai, 1991) revealed that cigarette smoking is an independent risk factor for 
albuminuria, indicating early diabetic renal damage, when controlled for diabetes
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duration, BP, glycohemoglobin and other factors. Further, albuminuria improved 
significantly when subjects ceased smoking. The independent association between 
cigarette smoking and the origin of retinopathy is less clear, but cigarette smoking 
resulting in a more rapid progression from background to proliferative retinopathy 
has been established (Muhlhauser et al, 1986; Chase et ai,  1991). Similar results 
were also obtained in a prospective study of IDDM patients on antihypertensive 
treatment (Sawicki et al, 1994). Cigarette smoking was also found to be signif
icantly predictive of progression from incipient to overt nephropathy (Muhlhauser 
et ai,  1986; Norden & Nyberg, 1984). In IDDM patients who were uraemic, on dialy
sis, or had kidney grafts, cigarette smoking was significantly predictive of premature 
mortality (Stegmayr, 1990). Based on the Colorado IDDM Registry Follow-up Sur
vey (Gay et al, 1992), smokers with IDDM were 2-3 times more likely to report 
morbidity than non- smokers with IDDM. Further, an interaction between smoking 
and IDDM was observed; 50-75 % of excess morbidity over and above the additive 
effect was related to the interaction between smoking and IDDM. Thus, cigarette 
smoking was associated with a long term prognosis of IDDM although it may not 
act as an initiator and a direct relation to mortality may not be observed.

The interactive effect of cigarette smoking and IDDM on mortality was generally 
not assessed. Relative risk was usually measured instead and may have been low 
because IDDM patients had a high baseline risk. Apparently the absolute increase in 
risk attributable to smoking would be greater among IDDM patients than the non
diabetic population. However, such analyses have not been available in most studies 
including the present one. The MRFIT study has shown such an outcome but only 
for NIDDM patients (Stamler et al, 1993). However, cigarette smoking is clearly 
associated with the progress of late complications of IDDM, such as proteinuria 
and severe retinopathy, which have been established as important predictors for 
mortality in IDDM patients in a previous study (Muhlhauser et al,  1986) and the 
present one.

It has been found that smoking reduces insulin absorption in insulin-treated 
diabetic patients. Diabetic smokers were found to need on average of 15-20% more 
insulin than non-smokers, and this percentage increases to 30% in heavy smokers 
(Madsbad et al,  1980). This higher insulin disappearance rate in diabetic smokers 
compared with non-smokers was also found in a study by Klemp (Klemp et al, 
1982), but not in a later study (Muhlhauser et al, 1984).

Although the mechanism by which cigarette smoking leads to severe compli
cations remains to be elucidated, IDDM patients should be encouraged to cease 
smoking. However, intervention programmes with this aim are scarce and have not 
been successful to date (Lam et al,  1987; Ardron et al,  1988)

1 1 .3 .2  A m o n g  N ID D M  p a tien ts

The adverse effect of cigarette smoking was more clear in NIDDM patients than 
in IDDM patients; however, inconsistent results still appeared. In the individual 
cohorts, current smokers’ experience of all-cause mortality was twice as high as in 
non-smokers in the London and Zagreb centres, after other risk factors had been
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taken into account. Cigarette smoking was not independently predictive for all
cause mortality in the other 8 centres. The independent effect of cigarette smoking 
on cardiovascular mortality in the London cohort even increased, to give a relative 
risk of 3.4. This confirms the results of the previous study of the London cohort, the 
WHO Multinational study at 6-7 years of follow-up (Morrish et a/., 1990). Nonethe
less, cigarette smoking did not significantly predict cardiovascular mortality in any 
of the other cohorts even by univariate analyses.

In the Whitehall study, no significant relation between smoking and all-cause 
mortality could be found among middle-aged men followed for 10 years (Jarrett,
1985). This may be due to the narrow age-range or the healthy worker effect. How
ever, similarly, in a follow-up of 371 diabetic cases in Washington County, identified 
from census data, no association between cigarette smoking and death could be 
found (Dupree & Meyer, 1980). Cigarette smoking was also not a significant risk 
factor for all-cause mortality in the studies carried out in; Oxford (Coppack et a/.,
1990), Osaka in Japan (Sasaki et al, 1989b), Germany (Lundershausen et ai,  1987) 
and of Pima Indians in Arizona (Nelson et ai,  1990).

The non-significant results may be due to the small number of deaths or smok
ers. In the all-centre combined cohort, current smoking was significantly predictive 
of mortality from all-cause, cardiovascular and ischaemic heart diseases but was 
not predictive for renal disease mortality. When subjects with ECO abnormality 
at baseline were excluded, smoking was an independent risk factor with a relative 
risk which slightly increased to 1.4. Several large-scale studies have also showed 
a significant effect of smoking on mortality. In the NHANES 1 study of patients 
with self-reported NIDDM (Ford & DeStefano, 1991; Ford & Newman, 1991), cur
rent smoking significantly predicted all-cause mortality, producing a relative risk 
of 1.8 by Proportional Hazard analysis. The WESDR study showed that survival 
was significantly reduced in current smokers compared with non- smokers among 
NIDDM subjects (RR=1.6) (Klein et al, 1989b). In the Framingham Heart study, 
an increased risk of cardiovascular morbidity and mortality was found in diabetic 
subjects who smoked compared with those who did not (Kannel & McGee, 1979). 
In a population-based study of middle-aged men and women, carried out in eastern 
Finland, cigarette smoking was an independent predictor of 10-year cardiovascular 
mortality in both diabetic and non-diabetic groups, despite the small number of 
deaths (Uusitupa et al, 1993). Similar results have been reported previously from 
Gothenburg in Sweden (Rosengren et al, 1989) and from Bedford in the UK (Jarrett 
et al,  1982a). The non-significant results in the present study may also be due to 
the relative scarcity of smokers in some populations, such as the Pima Indians in 
Arizona (Nelson et al, 1990).

Whether relative risk or absolute risk was measured would result in different 
outcomes and interpretations. In the MRFIT study of middle aged men, cigarette 
smoking was a significant predictor of cardiovascular mortality in both diabetic and 
non-diabetic populations (Stamler et al, 1993), but the relative risk of smoking 
was lower in the diabetic (RR=1.3) than in the non- diabetic population (RR=1.6). 
Absolute risk of cardiovascular death was much higher for diabetic than non- diabetic 
men for every stratum  of reported number of cigarettes smoked per day.
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Selective mortality, in which older patients tend to be non-smokers and survivors, 
usually existed in studies confined older age groups. A population-based study 
of older patients with NIDDM showed a significant effect for current smoking on 
mortality in women but not in men (Seeman et a/., 1993). An estimated 65% of the 
cardiovascular deaths among NIDDM subjects could be attributed to the interaction 
of diabetes and smoking in this older population.

There are several other reasons for the inconsistent results for smoking as a risk 
factor for mortality. There were different methods for assessment of smoking expo
sure, smoking habits, number of cigarette smoked, years of smoking or pack/years of 
smoking. Adjustment for other risk factors may be also important to demonstrate 
whether smoking is an independent risk factor by multivariate analysis. Smoking is 
a personal behaviour which could be changed at any time during the follow-up pe
riod. Recall of smoking habits only gives a rough idea of lifetime smoking exposure. 
Thus there may be confounders of smoking behaviour, such as health care provi
sion, personal care for NIDDM and its complications, social or psychological factors, 
which it is difficult to take into account in the analyses. The effect of smoking on 
the prognosis of NIDDM may be different at the various disease stages.

Cigarette smoking was associated with vascular disease in NIDDM patients as 
also seen in the general population. Both NIDDM and cigarette smoking are asso
ciated with lower levels of HDL-C (Barrett-Connor & Wingard, 1983; Criqui et ai, 
1980), a lipoprotein that is inversely and independently predictive of cardiovascular 
disease in the non-diabetic population (Heiss et al,  1980). An interactive effect of 
cigarette smoking and cholesterol concentrations on the incidence of coronary heart 
disease was also suggested in NIDDM subjects although statistical significance was 
not obtained (Uusitupa et ai,  1993). Similarly, both smoking and NIDDM are as
sociated with alterations in the clotting mechanism that could cause cardiovascular 
death (Colwell, 1981).

Cigarette smoking has been found to be associated with proteinuria in the general 
population (Dales et ai, 1978) and in diabetic subjects (Simpson, 1985). There is 
no information on cigarette smoking as a risk factor for retinopathy in NIDDM 
patients.

It is suggested that smoking in NIDDM patients may operate in the development 
of atherosclerosis via a process already strongly influenced by the hyperglycaemic 
state coexisting with insulin resistance and hypertension. This is similar to the 
mechanism in the general population.

Causal relationships between smoking and increased mortality in NIDDM pa
tients have not been definitely proved. As NIDDM patients tend to have a clustering 
of cardiovascular risks in addition to hyperglycaemia, cigarette smoking, being one 
of the most avoidable of the risk factors, should be prevented in order to retard late 
complications and premature mortality, especially in women.
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11.4 O b esity

The present study included 2 American Indian groups representing typical popu
lations with a high prevalence of obesity and NIDDM, whose life style has altered 
considerably in the recent past. These two cohorts, together with the subjects from 
Warsaw, have relatively high BMIs compared with the other cohorts, for both gen
ders and diabetes types. On the other hand, IDDM and NIDDM subjects from 
Tokyo had the lowest mean BMI compared with the others. Obesity was found to 
be correlated with EGG abnormality and elevated blood pressure.

1 1 .4 .1  A m o n g  ID D M  p a tien ts

BMI was not predictive for mortality in any of the individual cohorts even by univari
ate analyses. Further, in the all- centre combined cohort, BMI was not associated 
with mortality from any cause studied. There have been extremely few studies of 
body weight as a risk factor for cardiovascular incidence or mortality in IDDM pa
tients. This is partly because obesity is relatively rare in IDDM patients as compared 
with NIDDM patients or non-diabetic populations. In the present study, mean BMI 
was 23.7 in IDDM men compared with 27.0 in NIDDM men, and was 24.8 in IDDM 
women compared with 29.3 in NIDDM women. In addition, obesity is not related 
to either the etiology of hyperglycaemia or the progress of IDDM. Among IDDM 
patients, it is diabetic nephropathy which serves as the hall mark of premature 
mortality.

Although a trend of increased mortality with increasing BMI could not be found 
in the present study, longevity in IDDM patients was diminished at the upper ex
tremes of body weight distribution in the all-centre combined cohort. At the upper 
fifth quintile of BMI, all-cause mortality rates were doubled and cardiovascular mor
tality was tripled compared with the values for the lower 3 quintiles.

1 1 .4 .2  A m o n g  N ID D M  p a tien ts

Obesity is the most recognized risk factor for NIDDM and has been found to pro
mote the progression of IGT to NIDDM, and be associated with increase in insulin 
resistance (Ohlson et ai, 1985; Barrett-Connor, 1989). Further, weight loss can in
crease insulin sensitivity or reverse IGT to normal in the short term when the disease 
process is reversible. However, a much lesser impact of obesity on long term survival 
was demonstrated in the present study. BMI as significantly predictive for cardio
vascular mortality by univariate analysis was found only in the London, Switzerland 
and Warsaw cohorts. A significant effect in the opposite direction (RR=0.5) was 
found in the Tokyo cohort. This may be due to the lower BMIs of the patients from 
Tokyo. In multivariate analyses when other covariates were taken into account, 
BMI was not associated with mortality in any of the centres. This is unlikely to 
be due to small numbers. The two American Indian groups had the highest BMI 
compared with the other cohorts, but even then BMI was not significantly predictive 
of mortality even by univariate analysis. In the all- centre combined cohort when
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the sample was greatly increased, BMI was not associated with mortality from any 
cause even by univariate analyses. This is in keeping with the results from most 
previous studies.

A lack of association between BMI and mortality was also found in the White
hall study (Fuller et ai, 1983b; Jarrett et ai, 1984), the Bedford study (Jarrett 
et ai,  1982a), the study carried out in Gothenburg (Rosengren et a/., 1989), the 
Paris prospective study (Cambien et a/., 1986), the study carried out in Califor
nia (Barrett-Connor & Khaw, 1985), the study of Pima Indians in Arizona (Nelson 
et al,  1990), the study carried out in Oxford (Coppack et al, 1990) and the study 
of a Finish cohort (Uusitupa et al, 1993). In a report from the Whitehall study 
(Fitzgerald & Jarrett, 1991), BMI was associated with mortality in the non-diabetic 
control group but not in diabetic subjects. Similarly, BMI was associated with the 
incidence of cardiovascular disease in non-diabetic controls but not in NIDDM sub
jects in a Swedish cohort (Rosengren et al, 1989). In a study of Japanese NIDDM 
patients (Sasaki et ai, 1989b), an inverse relationship between BMI and mortality 
was even observed. This is in keeping with the outcome for the Tokyo cohort in 
the present study. In addition, overweight was found to be associated with better 
survival in a population-based study (Ballard & Melton, 1986) and in a controlled 
clinical trial (Knatterud et al, 1978).

By contrast, in the NHANES 1 study (Ford & DeStefano, 1991), extreme obesity 
was found to be associated with increased cardiovascular mortality among NIDDM 
patients. In the Rochester study, obese NIDDM patients with retinopathy had rela
tively impaired survival compared with non-obese NIDDM patients with retinopathy 
(Ballard & Melton, 1986). Previous studies have shown a J or U shaped relationship 
between BMI and mortality (Sorlie et al,  1980; Rhoads & Kagan, 1983), in which 
increased mortality was found for low BMI and high BMI values. The non-linear 
trends may imply that present linear regression analysis can not be used for signif
icant testing of the relationship. However, the trend was not found in the present 
study for either gender. Even in the upper quintile, mortality rates were similar to 
other groups with lower BMI values.

One can compile a long list of potential reasons why results from such studies of 
mortality apparently differ. Epidemiologists would raise questions about the rele
vance of current weight being used as risk factor, since NIDDM patients tend to lose 
weight after clinical diagnosis either by hyperglycaemia or treatment (Keen, 1974; 
Pirart, 1979). Past maximum weight, duration of obesity, childhood or adult obesity 
are all associated with life time obesity and may be more predictive than current 
weight. Weight:hip ratio may be a better indicator of adiposity but was found not 
to be associated with mortality from all-cause or cardiovascular disease and the in
cidence of cardiovascular disease or NIDDM as reviewed previously (Jarrett, 1986).

Whether obesity predicts life threatening complications in NIDDM is still con
troversial. In the population-based cohort study in Rochester, Minnesota, relative 
weight at diagnosis of NIDDM, using the recommended height-weight tables (Na
tional Diabetes Data Croup, 1979), was associated with incidence of clinically diag
nosed retinopathy using the proportional hazards model (Ballard & Melton, 1986). 
However, this is in contrast to the findings in the other two population-based studies
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of Pima Indians and patients from southern Wisconsin (Knowler et al,  1980; Klein 
et ai,  1984), in which retinopathy was associated with lower body mass index.

Low BMI was found to be associated with increased mortality (Sidney et al, 
1987). It has been proposed that low BMI patients with NIDDM as have a larger 
genetic burden than obese patients (Knowler et al, 1981; Kobberling & Dunnigan, 
1986), which presumably increases the risk of diabetic complications.

It is still a m atter of faith to expect that weight loss could reduce all-cause or 
cardiovascular mortality in overweight patients with NIDDM. Previous and present 
results thus challenge the conventional wisdom of weight loss management in over
weight patients with NIDDM. Testing of the therapeutic implications of long-term 
weight control or weight loss may need to await improved methods of achieving and 
maintaining lower weights in patients in older age groups or of longer diabetes du
ration. Further studies on BMI change as a predictor for survival should consider 
various covariates such as age, BP, gender, alcohol use, and cigarette smoking. Pos
sible confounders must be taken into account, such as exercise, patients’ compliance 
with dietary treatment, calorie intake and nutritional composition. Other possible 
better indicators of body weight must also be measured, such as prior weight, dis
tribution of body weight, maximum obesity, duration of obesity, and childhood or 
adult obesity.

11.5 E C G  abnorm ality
Women tend to have a greater prevalence of ECG abnormality than male IDDM 
patients and a similar prevalence to male NIDDM patients. This is of some interest 
since the cardiovascular protection found in non-diabetic women may be absent in 
diabetic patients. Furthermore, women with IDDM were found to carry a much 
higher excess risk of mortality than men.

Difference in reporting cardiovascular disease between the centres may also be 
due to translated versions of the questionnaire such as the Spanish translation used 
in Havana. For this reason, any conclusions must be cautious. However, lower rates 
of reported cardiovascular disease in Hong Kong and Tokyo confirm the observations 
of a lower proportion of subjects with ECG abnormality in these centres.

ECG abnormality is certainly an important risk factor for cardiovascular mortal
ity since ECG is an indicator of heart function. In IDDM subjects, ECG abnormality 
was an independent predictor in two of the 10 centres for all-cause and cardiovascular 
mortality. In the combined IDDM cohort, ECG abnormality significantly predicted 
all-cause and cardiovascular mortality but not renal disease mortality. ECG abnor
mality appeared to be more predictive in NIDDM patients than in IDDM patients, 
being an independent predictor of all-cause mortality in 7 of the 10 centres and of 
cardiovascular mortality in 6 of the 10 centres. In the combined NIDDM cohort, 
ECG abnormality was significantly predictive for mortality from all-cause, cardio
vascular and ischaemic heart disease, with the RR being the highest for mortality 
from ischaemic heart disease, intermediate for cardiovascular mortality and the low
est for all-cause mortality. Similar to IDDM patients, NIDDM patients with ECG
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abnormality did not have increased risk of renal death.
In order to identify the most important risk factors without having to consider the 

confounding caused by ECG abnormality, especially those potential preventable risk 
factors, subjects with ECG abnormality were normally excluded. However, sample 
sizes tended to become too small for analysis once subjects with ECG abnormality 
were excluded especially in the middle-aged group in whom cardiovascular disease 
was prevalent. In the present study significant predictors for mortality in the all
centre combined cohort were similar to those in patients without ECG abnormality 
at baseline.

In the combined IDDM cohort, duration of diabetes was significantly predictive 
for cardiovascular mortality, but not significantly in the IDDM cohort when those 
with ECG abnormality at baseline were excluded. The results of examining other 
risk factors for cardiovascular mortality remained the same no m atter whether sub
jects with ECG abnormality were excluded or not. The RR values were quite similar 
for both groups.

In the combined NIDDM cohort, significant predictors for cardiovascular mor
tality were the same when subjects with ECG abnormality were either included or 
excluded. RR values generally increased very slightly in NIDDM patients without 
ECG abnormality. This finding confirmed the relevance of analyses for subjects 
with ECG abnormality included in the present and previous studies (Mattock et ai,
1992).

11.6 P rote in u ria
The prevalence of proteinuria in the Warsaw, Hong Kong, Havana, and the two 
American Indian cohorts was slightly lower for both genders than in the other cen
tres.

The generally observed high correlation between proteinuria and hypertension 
in both IDDM and NIDDM patients (Mathiesen et al,  1984; Winocour et ai, 1987; 
Schmitz & Vaeth, 1988) was absent in the Havana and Oklahoma cohorts for IDDM 
patients and in the Zagreb, Tokyo and Pima Indian cohorts for NIDDM subjects. 
The non- significant correlation between proteinuria and hypertension in the IDDM 
cohort may be due to the small number of IDDM subjects in these centres. It may 
also indicate the various stages of the natural history of the disease among these 
samples. For women with NIDDM, the Zagreb cohort has the shortest duration of 
diabetes and the oldest age of onset compared with the other cohorts. For men with 
NIDDM, relatively short diabetes duration and an older age of onset was observed 
both in Zagreb and Oklahoma. The Pima Indians have the lowest hypertension 
prevalence for NIDDM women and the fourth lowest rate for men.

In the present study, proteinuria was highly predictive of mortality not only from 
renal disease but also cardiovascular disease. The association between microvascular 
disease and cardiovascular risk factors remains unclear and was thus further inves
tigated. SMRs were calculated separately for patients with and without proteinuria 
in addition to hypertension, since proteinuria was found to be significantly corre
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lated with hypertension. One might argue that as the prevalence of hypertension 
and proteinuria data was not available for the general population, the calculation of 
SMRs by hypertension and proteinuria might not be appropriate. However, there is 
a certain proportion of the general population who do not have diabetes but do have 
microalbuminuria or proteinuria, and its effect on cardiovascular disease incidence 
(Yudkin et al, 1988) and cardiovascular mortality (Kannel et ai, 1984; Damsgaard 
et ai,  1990) was also found in the general population. The prevalence of proteinuria 
or microalbuminuria is much lower in non-diabetic than in diabetic populations, 
which is in contrast to the prevalence of hypertension. Hence, excess mortality 
may be underestimated if mortality in normotensive patients without proteinuria 
is compared with that in the general population. However, a SMR significantly 
greater than 100 (IDDM, SMR=300; NIDDM, SMR=200) was found even in dia
betic patients without either hypertension or proteinuria, suggesting an excess risk 
of mortality in diabetic patients independent of the existence of proteinuria and for 
hypertension in the present study.

11 .6 .1  A m o n g  ID D M  p a tien ts

In the present study proteinuria is one of the most important predictors of mortality. 
Proteinuria was an independent predictor for all-cause mortality in 4 of the 6 cohorts 
with the RR being two to four. Proteinuria also predicted cardiovascular mortality 
in the Berlin and Warsaw centres. The non-significant results in some centres such 
as Zagreb and Havana were due to the small number of IDDM subjects as well as 
the small number of deaths.

In the combined cohort, proteinuria was highly predictive of renal deaths with a 
RR of 6.2. In addition, proteinuria also independently predicted mortality from all
cause, cardiovascular and ischaemic heart disease. For all IDDM subjects without 
ECG abnormality at baseline, patients with proteinuria still have a twofold risk of 
mortality from cardiovascular disease compared to those without proteinuria.

Proteinuria being an important predictor for all-cause and cardiovascular mor
tality has been well documented in Danish studies (Borch-Johnsen et ai,  1985; 
Borch-Johnsen & Kreiner, 1987) and the WESDR population- based study (Klein 
et al,  1989b). The cause of increased cardiovascular mortality in IDDM patients 
with proteinuria or even with increased urinary albumin excretion rates remains 
unknown. IDDM patients with proteinuria or increased urinary albumin excre
tion rates have been found to have a cardiovascular profile, including increased BP 
(Mathiesen et al,  1984), increased plasma cholesterol levels, decreased plasma HDL 
concentrations (Parving et al, 1983; Jensen et al,  1987; Winocour et al,  1987), 
higher cigarette consumption (Telmer et al,  1984), general endothelial cell dysfunc
tion (Jensen et al,  1989), enhanced platelet adhesion (Valdorf-Hansen et al, 1987), 
higher blood viscosity (Skovborg et al, 1966), increased transcapillary escape rate 
(O’Hare et al,  1983) and elevated plasma fibrinogen concentrations (Valdorf-Hansen 
et al,  1987). Whether these cardiovascular risk factors are primary or secondary to 
the development of proteinuria is unknown, but it is unlikely that these risk factors 
can explain the 7 (without hypertension) to 14 (with hypertension) fold increase
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in mortality in IDDM patients with proteinuria. Genetic factors (Barnett & Fyke, 
1986) may be equally important.

IDDM men with proteinuria, both lean and obese, have higher absolute death 
rates than IDDM women. The difference between men and women is even greater 
for cardiovascular mortality in patients with proteinuria. However, regarding excess 
mortality in terms of SMR, female patients with proteinuria tended to have higher 
SMRs than male patients. This is in accordance with Danish studies in which 
women have higher relative all-cause (Borch-Johnsen et a/., 1985) and cardiovascular 
mortality (Borch-Johnsen & Kreiner, 1987). This may due to the fact that mortality 
rates are higher in men than in women in the general populations. Further, the 
present study demonstrated that in patients with both proteinuria and hypertension, 
women had particularly high excess mortality compared with men.

The present study and previous studies strongly indicate the importance of mon
itoring of proteinuria or increased urinary albumin excretion (Almdal et ai,  1994). 
Further, it is crucial to control cardiovascular risk factors, such as raised BPs among 
IDDM patients particularly female patients with proteinuria.

1 1 .6 .2  A m o n g  N ID D M  p a tien ts

Proteinuria was one of the strongest predictors of mortality in NIDDM patients, 
being an independent risk factor for all-cause mortality in 7 of the 10 cohorts. 
Proteinuria was only not significantly predictive for mortality in the Zagreb, Arizona 
and Swiss centres, in which diabetes duration appeared to be shorter or hypertension 
prevalence lower than in the other centres. This is in accordance with previous 
retrospective studies (Jarrett et ai, 1984; Mogensen, 1984; Schmitz & Vaeth, 1988). 
A review of 44 NIDDM patients (Jarrett et ai,  1984) showed that elevated albumin 
excretion rates were associated with all-cause mortality. In a study of 232 diabetic 
patients diagnosed after the age of 45 years (Mogensen, 1984) increases in urinary 
albumin concentration > 15 ug/ml were predictive of declining survival. Prospective 
studies can avoid potential sources of error and thus firm conclusions can be drawn. 
Follow-up studies of middle-aged outpatients in London (Mattock et al,  1992) and 
elderly patients in Denmark (Damsgaard et a/., 1992) have further confirmed the 
association between microalbuminuria and all-cause mortality.

In the present study, proteinuria was significantly predictive of cardiovascular 
mortality in the London, Warsaw and Oklahoma cohorts although the number of 
deaths was relatively small in the individual centres. A Danish study of 503 NIDDM 
patients confirmed the association between microalbuminuria and mortality and fur
ther showed that the major cause of death among NIDDM patients was cardiovas
cular disease; only 3% died from uraemia (Schmitz & Vaeth, 1988).

In the combined cohort, proteinuria independently predicted renal disease mor
tality with a less impressive relative risk (RR=2.6) than seen in IDDM patients 
(RR=6.2). This is in accordance with a prospective study (Mattock et al, 1992) 
in which NIDDM patients with microalbuminuria were found to have high excess 
mortality from cardiovascular disease. However, relative risk for cardiovascular mor
tality could not be examined in this study because of the small number of deaths
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(14). Follow-up studies of Pima Indians (Nelson et ai,  1988) and the Japanese co
hort (Sasaki et al,  1989b) also showed proteinuria to be an important predictor of 
mortality from cardiovascular and renal disease. Nonetheless diabetic retinopathy, 
being an independent predictor of mortality in NIDDM patients, was not examined 
or adjusted for in these prospective studies. In the present study, proteinuria sig
nificantly predicted cardiovascular mortality independently of the other risk factors 
including ECG abnormality and retinopathy with a relative risk approaching 2. This 
is consistent with the WESDR study of residents in Wisconsin (Klein et al,  1989b), 
the studies of Pima Indians (Nelson et ai,  1990) and of a Japanese cohort (Sasaki 
et al,  1989b). Furthermore, proteinuria also highly predictive for ischaemic heart 
disease mortality, a result which no previous study has performed.

An interactive effect of proteinuria and hypertension was demonstrated in the 
present study though to a lesser degree than in IDDM patients. A higher SMR 
has been found in proteinuric patients with hypertension (SMR=700) than with
out (SMR=400). This effect is slightly more noticeable in women than in men. 
The joint effect of proteinuria and hypertension was also demonstrated in a study 
of Pima Indians (Nelson et al, 1988). In this study, age- and sex-adjusted death 
rates were calculated for diabetic subjects with or without proteinuria and/or hy
pertension. NIDDM patients with both proteinuria and hypertension experienced 
the highest mortality rate of 134.6 per 1000 person-years, whereas those with only 
proteinuria had a rate of 85.6 and with hypertension only 39.4 per 1000 person-years. 
Interestingly, in Pima Indians with a prevalence of NIDDM as high as 48%, those 
subjects without proteinuria were found to have a similar death rate to non-diabetic 
subjects. This is not in keeping with the present study in which NIDDM patients 
without proteinuria and without hypertension still experienced a significant excess 
mortality with a SMR of 200. This may be due to the older age of the Pima Indians 
who were all 44 years of age or above. Relative mortality has been found to decrease 
with increasing age. In addition, the present study also provided a large number of 
deaths for analysis.

The mechanism by which proteinuria and albuminuria in relation to premature 
mortality, especially from cardiovascular disease, remains to be clarified. Albumin
uria has been found to be associated with cardiovascular risk factors, including 
hyperinsulinaemia (Niskanen et al,  1993), raised BPs (Mattock et al,  1988; Baba 
et al,  1993; Allawi et al,  1988; Sasaki et al, 1989b), lipid abnormality (Mattock 
et al,  1988; Reverter et al,  1994), plasma fibrinogen level (Baba et al,  1993), coro
nary heart disease morbidity (Mattock et al, 1988) and retinopathy (Sasaki et al, 
1989b).

11 .7  R etin o p a th y
The present study showed that 10-20% of IDDM and 5-10% of NIDDM subjects have 
proliferative retinopathy, with similar prevalence between the genders. The figures 
were similar to the WESDR population- based study (Klein et al,  1992). However, a 
previous study (Sussman et al, 1982) has shown a misclassification rate of between
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0% for specialist and 49% for internist, diabetologist and medical residents. The 
errors are caused mainly by an underestimation of severe retinopathy. On average, 
half the cases of proliferative disease were missed by internist, diabetologist and 
senior medical residents who care for most of the diabetic patients. In the WHO 
study, in order to avoid such observer variability, a set of photographs was used as a 
standard reference. In addition, a workshop was held for training the participating 
clinicians. In the analysis, some categories of retinal diseases were combined to 
minimize misclassification and increase statistical power. However, caution must 
be exercised regarding the possible underestimation of the disease, especially severe 
disease.

There have been very few data available on retinopathy in relation to mortality 
in diabetic patients. The present study demonstrated that diabetic retinopathy is 
part of the process to mortality in both IDDM and NIDDM patients. Decreased sur
vival has been associated with visual impairment and increasing severity of diabetic 
retinopathy both in a retrospective study (Caird, 1971) and in prospective studies 
(Davis et ai,  1979; Sharma et a/., 1980). This is in accordance with a population- 
based study (Klein et ai, 1989b) in which IDDM and NIDDM have been studied 
separately.

1 1 .7 .1  A m o n g  ID D M  p a tien ts

Proliferative retinopathy significantly predicted all-cause mortality in 4 of the 6 cen
tres and mortality from cardiovascular disease in 2 of the 6 centres. In multivariate 
analysis after adjustment for proteinuria and other risk factors, retinopathy was 
significantly predictive for all-cause mortality only in the Berlin cohort and from 
cardiovascular mortality only in the London cohort. A lack of association between 
retinopathy and mortality was found in a study carried in Germany (Ratzmann 
et a/., 1989). It is interesting that retinopathy was strikingly predictive for cardio
vascular mortality in IDDM subjects from London with a RR of 10.

In the combined cohort, descriptive statistics showed a clear picture of mortality 
increasing proportionally from none, through mild, to severe retinopathy with a 
similar trend and magnitude in both genders. In proportional hazards regression 
analysis, proliferative retinopathy significantly predicted all- cause, cardiovascular 
disease, ischaemic heart disease and renal disease mortality. However, in multivariate 
analyses, diabetic retinopathy only significantly predicted renal deaths with an RR 
of 2.4. The lack of association between retinopathy and mortality in IDDM patients 
after adjustment for the other factors is in keeping with the WESDR study (Klein 
et al,  1989b). This may be due to proteinuria (Klein et al,  1986) and hypertension 
being strong competing risk factors for cardiovascular mortality in IDDM patients. 
Nonetheless, in the present study diabetic retinopathy was an independent risk 
factor for renal disease mortality.

Comparisons of findings in this study with earlier studies are limited by differ
ences in the size or the selection of the groups previously examined, the period over 
which they were studied, and the differences in the protocols used to determine 
retinopathic complications and measure systemic variables. The WESDR study
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showed that a history of glaucoma or antiglaucoma medication was significantly 
associated, in Cox proportional hazards model, with decreased survival in IDDM 
patients whereas retinopathy, defined by stereoscopic photographs, was not.

Why retinopathy is predictive of mortality requires further investigation. Dia
betic retinopathy was found to be correlated with proteinuria and hypertension al
though the association did not achieve significance in the present study. A Swedish 
study showed that patients with severe retinopathy were more frequently treated for 
hypertension and had higher levels of urinary albumin excretion in addition to worse 
metabolic control (Agardh et ai,  1989a). The correlation between retinopathy and 
BP or albuminuria has also been confirmed by other studies (Parving & Hommel, 
1988; West et a/., 1982; Teuscher et al,  1988). However, the time course for the 
development of the different complications, including retinopathy, nephropathy and 
cardiovascular disease, is impossible to evaluate in the present study and previous 
studies have shown conflicting results (Vigstrup & Mogensen, 1985; Agardh et ai, 
1987; Klein et al, 1986; Klein et al, 1989a). Overnight albumin excretion rate was 
found to be independently predictive of retinopathy incidence (McCane et al, 1989). 
A genetic factor has also been proposed to cause diabetic retinopathy (Stewart et al,
1993). The relationship between hyperglycaemia and the incidence and progression 
of retinopathy appeared to be constant (Klein et al, 1988; McCane et al, 1989). 
This emphasises the desirability of achieving control as close to normal as possible 
to prevent complications in IDDM patients.

1 1 .7 .2  A m o n g  N ID D M  p a tie n ts

Diabetic retinopathy in NIDDM subjects significantly predicted mortality indepen
dently of proteinuria, hypertension and the other risk factors in half of all the 10 
centres, with RRs of 2 to 3. In the other centres retinopathy was related to in
creased risk of mortality but the relationship was not significant. Retinopathy also 
independently predicted cardiovascular mortality in 4 of the 10 cohorts with RRs of 
3 to 4.

Retinopathy has also been found to have a marked effect on mortality in Mexican 
Americans with RR of 4 in men and 4.4 in women (Hanis et al,  1993). By pro
portional hazards multivariate analysis, proliferative retinopathy was significantly 
associated with decreased survival in men but not in women. This may be due to 
the risk factors correlated with retinopathy in women, such as plasma cholesterol 
which is significantly predictive for proliferative retinopathy. The small number of 
observations in each group stratified by retinopathy category and gender will have 
also reduced the statistical power to achieve significance.

In the combined cohort which produced a sufficient number of observations, dia
betic retinopathy significantly predicted all-cause, cardiovascular disease, ischaemic 
heart disease and renal disease mortality by multivariate analysis. Subjects with 
proliferative retinopathy consistently experienced higher relative risk of mortality 
than those with background retinopathy. The predictive power of retinopathy was 
even greater than proteinuria. For example, in multivariate analysis for NIDDM 
subjects without ECG abnormality at baseline, the RR for cardiovascular mortality
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from retinopathy was greater than from proteinuria. This was not the case in IDDM 
subjects in whom proteinuria appeared to more predictive than retinopathy. The 
WESDR study also demonstrated that retinopathy remained as a significant pre
dictor for decreased survival in NIDDM patients but not in IDDM subjects (Klein 
et a/., 1989b).

There have been very few data showing the association between retinopathy and 
cause-specific mortality. A 9.4-year follow-up study of a Japanese cohort carried out 
in Osaka (Sasaki et ai,  1989a), in which renal deaths were mainly responsible for 
excess mortality in NIDDM patients, found diabetic retinopathy to be an indepen
dent predictor of all-cause mortality. In the present study, proliferative retinopathy 
in the Tokyo cohort significantly predicted cardiovascular mortality in multivariate 
analysis. In Pima Indians aged over 45 years (Nelson et al,  1990), retinopathy 
was found to be significantly predictive for mortality from coronary heart disease 
with a RR of 2.8 for retinopathy. The present investigation for the Pima cohort 
showed that retinopathy was significantly predictive for cardiovascular mortality by 
univariate analysis but not by multivariate analysis. This may be due to the smaller 
number of observations in the present study compared with the study by Nelson in 
which 1093 NIDDM subjects were included.

Retinopathy was associated with increased risk of mortality from cardiovascular 
and renal disease. Although retinopathy was found to be related to hyperglycaemia 
(Sasaki et a/., 1990; Brinchmann-Hansen et ai, 1992) and cardiovascular risk factors 
(Klein et ai, 1992), these in no way explain the overall decreased survival in NIDDM 
patients (Klein et ai, 1992). It has been suggested that diabetic retinopathy is con
nected to some systemic characteristics responsible for increased mortality as yet 
unmeasured or included in the models studied. The present study further under
scores the more complicated process to end stage renal failure in NIDDM patients 
than in IDDM patients, as retinopathy independently predicted renal disease mor
tality even after proteinuria had been taken into account. Until an understanding 
of unknown systemic factors related to retinopathy in NIDDM patients is reached, 
retinopathy is an accessible monitor for identifying individuals at substantial risk of 
premature mortality from cardiovascular and renal disease. In theses individuals, 
aggressive action to interrupt or slow the natural history of diabetes is warranted.

11.8 A tta in ed  age and d ia b etes  d u ration
Excess mortality diminishes with increasing attained age for both sexes and diabetes 
types. Higher excess mortality has been reported for men aged 20-39 and for women 
aged 30-39 as compared with the older age groups among NIDDM patients attending 
the Joslin clinic (Kessler, 1971). High excess mortality has also been found to occur 
among diabetic subjects under 45 years of age, moderate excess mortality in the 
group aged 45-54, and low excess mortality in the group aged 55-64 among insured 
men with NIDDM (Pell & D’Alonzo, 1970). In a Danish study of IDDM patients, 
relative mortality was also found to decrease with increasing age at diagnosis (Green 
et ai,  1985).
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In the present study, SMRs were calculated by 4 age bands and 3 duration groups 
since duration of diabetes is correlated with attained age. It is clear from diagram 
8.25 that excess mortality decreased with increasing attained age in each duration 
group. However, excess mortality increased linearly with increasing duration in 
separated age bands only in IDDM but not in NIDDM patients. The effect of 
diabetes duration on long-term prognosis has been found to be different for IDDM 
and NIDDM patients.

1 1 .8 .1  A m o n g  ID D M  p a tien ts

In the present study diabetes duration was not independently predictive of either 
all-cause or cardiovascular mortality in any of the 6 IDDM cohorts studied. Fur
ther, in the combined cohort where the number of observations greatly increased, 
diabetes duration was not associated with mortality from either all-causes, ischaemic 
heart disease or renal disease, after the adjustment for age, retinopathy, systolic BP, 
gender and other risk variables. The previous study of the London IDDM cohort 
(Morrish et ai,  1990) showed that diabetes duration was independently associated 
with increased risk of cardiovascular mortality. A significant association between di
abetes duration and cardiovascular mortality was also found for the London centre 
in the present study by univariate analysis. However, after adjustment for the other 
risk factors, including diabetic retinopathy, which was not taken into account in the 
previous study (Morrish et al, 1990), diabetes duration was no longer associated 
with cardiovascular mortality.

In a Danish study the association between diabetes duration and mortality was 
investigated, taking into account possible confounders (Green et a/., 1985). Rela
tive mortality was found to increase with increasing duration of diabetes up to a 
maximum of about 25 years, after which it declined, resulting in a “bell-shaped” 
relationship between diabetes duration and relative mortality (Borch-Johnsen et al,
1986). This observation was confined with that persistent proteinuria incidence in
creased to a maximum after 16-18 years of duration and patients had a median 
survival of 7-8 years after the onset of proteinuria (Andersen et al,  1985). How
ever, certain patients escape fatal complications, such as nephropathy so that, after 
IDDM duration of about 25 years relative mortality gradually decreases.

It is suggested that IDDM may involve a progressive pathological process lead
ing to the development of complications. Diabetes duration has been found to be 
associated with the incidence and progress of retinopathy (Jarrett, 1983; Weber 
et al,  1986; Frost-Larsen et al,  1989) and nephropathy (West et al,  1980; Kofoed- 
Enevoldsen et al,  1987) in IDDM patients. Nonetheless, inconsistent results were 
obtained regarding the causal effect of accumulative hyperglycaemia exposure on 
the development of microvascular disease. Postpubertal duration of IDDM has been 
suggested as a more accurate determinant of the development of microvascular com
plications and mortality (Kostraba et al,  1989). The contribution of the prepubertal 
years of diabetes to long-term prognosis may be minimal. Altered hormonal levels 
and physical changes, also common in the non-diabetic population, associated with 
puberty may be responsible for microvascular incidence. The factors related to pu-
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berty that initiate the development of microvascular complications and mortality in 
IDDM patients need further investigation.

The present study population consists mainly of adult onset IDDM patients and 
thus the duration of IDDM was relevant to post-puberty duration. However, the 
independent effect of duration on mortality was absent after the confounding factors 
had been taken into account. Therefore, the present results challenge the previous 
suggestion that post-puberty duration of diabetes may be associated with mortality 
(Kostraba et ai, 1989).

Interestingly, diabetes duration was independently predictive of cardiovascular 
mortality in IDDM subjects only when those with ECG abnormality at baseline were 
included. Diabetes duration appeared to play a role associated with cardiovascular 
progress but not directly with the incidence of either cardiovascular or microvascular 
disease. The present study, which included a larger number and older ages of IDDM 
patients than in the Danish study, demonstrated that a subset of IDDM patients, 
despite being free of early, life-threatening complications such as nephropathy, still 
experienced similar cardiovascular progress later in their lives. The importance of 
cardiovascular disease prevention and control become crucial in IDDM patients with 
good glycaemic control and prolonged longevity.

1 1 .8 .2  A m o n g  N ID D M  p a tien ts

In the individual centres, diabetes duration was not independently predictive for 
mortality in most cohorts including the Pima Indians, after adjustment for all possi
ble confounding factors, such as retinopathy, proteinuria and systolic BP. A previous 
study, also of Pima Indians, revealed that mortality from ischaemic heart disease 
and renal disease was directly related to diabetes duration (Sievers et al, 1992). 
Nonetheless, only age and sex were adjusted in this study. It is proposed that di
abetes duration contributes to disease progress rather than exerting an initiating 
effect, extremity amputation in Oklahoma Indians by univariate

There has been a body of literature questioning the effect of NIDDM duration on 
cardiovascular disease and mortality (Jarrett et al, 1984; Jarrett & Shipley, 1988). 
The inconsistent results have been mainly due to sample size and lack of proper 
controlling of confounders. From large-scale population-based studies it is clear 
that NIDDM and cardiovascular disease development share common risk factors 
(Wilson et al,  1986). Studies of subjects with impaired glucose tolerance have 
found an increased risk of cardiovascular incidence and mortality in whites (Fuller 
et al,  1980; Jarrett & Shipley, 1988), in a Japanese cohort (Yano et al,  1982) and 
in Mexican Americans (Haffner et al, 1990; Morales et al, 1993).

NIDDM patients tend to have undiagnosed diabetes for some time before clinical 
diagnosis. It is evident that the development of retinopathy may even start before 
clinical diagnosis of NIDDM, with an estimated duration of 5 years (Harris et al, 
1992). It is thus estimated that clinically diagnosed NIDDM patients experience a 
total number of 9-12 years of pre-diagnosis NIDDM. Imprecise dating of diabetes 
onset may obscure investigations of the etiology of NIDDM and studies of the na
ture and importance of risk factors for diabetic complications. Furthermore, IGT
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has been found to be associated with cardiovascular incidence and mortality with 
a similar degree of risk to that of diagnosed NIDDM. Maybe the duration of IGT 
together with the total duration of diabetes would be more predictive than the du
ration as currently measured, as tracing back to the etiology of IGT and related 
cardiovascular risk factors, insulin resistance /  hyperinsulinaemia is the most ac
ceptable candidate as an initiator. However, it becomes more difficult and costly 
to date the onset of hyperinsulinaemia. Nonetheless, in the future it is worth while 
investigating this association.

In the present study, diabetes duration in the combined cohort was independently 
predictive for all-cause, cardiovascular disease, ischaemic heart disease and renal 
disease mortality with consistently low RRs of 1.2-1.5. This may indicate that 
diabetes duration reflects the duration of insulin resistance or other complicated 
processes related to diabetes duration which were not included in the present study.



Chapter 12 

Conclusions and future works

12.1 C on clu d in g  rem arks

The present study showed that systolic BP, proteinuria and retinopathy clearly 
predicted both all-cause and cardiovascular mortality regardless of the country of 
origin. Moreover, the survival curves became closer, even indistinguishable after the 
adjustment of risk factors in most of the centres. The relationship between some risk 
factors, such as cigarette smoking and hypercholesterolaemia, and mortality were 
inconsistent possibly because of the large differences in the proportion of subjects 
exposed to those risk factors. For instance, the percentage of diabetic women in 
Japan who smoke is only 3% while the percentage for the London women is as high 
as 30%. When most subjects are not exposed to a risk factor, the risk factor will not 
appear to be significant compared with other competing risk factors. Therefore, the 
finding of different significant risk factors in different centres does not necessarily 
imply different mechanisms in different population groups. Differences may come 
from different risk profiles. The existence of a connection between microvascular 
disease and macrovascular mortality in all the populations studied support this 
statement.

12.2 Future work
Interaction between prognostic factors will inevitably exist in multifactorial disease 
but is still an under-investigated issue. In order to provide sufficient statistical 
power, it should be assessed in a very limited number of variables. The present re
sults suggest the interaction between proteinuria and hypertension is the most worth 
of further investigation. The quantitative relationship and the effect on survival over 
time could then be well established.

After adjustment for the risk factors assessed in this study, the survival curves for 
each cohort became similar. However, the higher survival rates over the follow-up 
period in the Tokyo cohort for NIDDM patients and IDDM patients in the London 
cohort and the lower survival rate for NIDDM patients in the Warsaw cohort can not 
be explained by the risk factors examined in this study. Other possible risk factors 
not examined in this study may further explain the survival differences between 
centres, for example, other clinical, socio-economic, health-care provision and genetic 
factors. Other clinical factors such as glycaemic control, plasma triglyceride-LDL, 
VLDL and plasma insulin have been suggested as risk factors for cardiovascular 
disease development. It would be difficult to formulate standardised methods to 
evaluate social class, heath accessibility and income per se in a multinational study 
and the literature provides no information on such comparisons.

177
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To prevent premature mortality and change the outcome for diabetic patients 
with complications, we need intervention studies designed to show that the reduc
tion of risk factors such as elevated blood pressure, cigarette smoking, obesity and 
increased plasma cholesterol and triglycerides levels can delay or even prevent the 
development cardiovascular disease. Other factors such as glycaemic control, plasma 
insulin and physical exercise should be also considered for inclusion in such studies. 
The Cox proportional hazards model would also be a useful tool in the assessment 
of the effects of the interventions and the estimation of the survival of the patients.
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M U L T I N A T I O N A L  S T U D Y  O F  V A S C U L A R  D I S E A S E  I N D I A B E T I C S  Study N um ber

C O R E  Q U E S T I O N N A I R E  _  ,
C en tre  N um ber

Seria l N um ber

U 8 1-2

3 -4

5-8

N am e of p a tien t:
F am ily  nam e A ll forenam es

PLEASE CO M PLE TE IN P EN C IL

You are  asked to  insert th e  appropria te  num ber in a box. T o fa c i li ta te  th e  cod ing  and to  avoid erro r, p lease  m ake  th e  
figures ea sily  rea d a b le . A lso for ’o n e ’ w rite  ̂ ; for ’four’ w rite 4 ; for 'se v en ' w rite  D O C U M E N T  B SH O U LD  
BE C O N S U L T E D  FOR ITEM S MARKED WITH AN *

Basic data

1. D a te  o f birth:

D ay  M onth Y e a r

19 9-14

2. P lac e  o f birth: T own:

C ountry :

Local id e n tify ing  num ber:

3 , Sex 1 = m a le ; 2 = fem ale

4 . M arita l status:
□

1 = single ; 2 = m arried ; 3 = d ivorced ; I I
4 = w idow ed; 5 = o ther; 9 = unknown I---- 1

15

16

Previous m e d ic a l history

5 . Y e a r  o f first diagnosis of d iabe tes  by 
a docto r (not n ecessarily  of onset of 
sym ptom s)

6. Was vascu la r d isease o rig in a lly  responsible
for bringing th e  d iagnosis of d iabetes to ligh t?

1 = yes; 2 = no; 9 = unknown

If  YES. w ere th e  fo llow ing conditions responsible?

17-18

□19

1 = yes; 2 = no; 9 = unknown 

Isch aem ic  h e a rt disease 1 1 2»

P eriphera l vascu la r d isease

C erebra l vascu lar disease

D ia b e tic  re tinopathy 1 1 23

D ia b e tic  ren a l d isease

H ypertension 0  25

O th e r  (p lease  specify)

7 .  Was th e  d ia b e te s  first diagnosed because  of specific  
fea tu res  such as one or m ore of th e  follow ing - 
th irst, p o ly u ria , w eight loss, g e n ita l pruritus, 
p re -c o m a , com a?

1 = yes; 2 = no; 9 = unknown

If YES, s ta te  t im e  betw een onset of sym ptom s 
and subsequent diagnosis:

1 = less than  one w eek:
2 = one w eek or m ore but less

th a n  one  y ea r;
3 = o ne  yea r or m ore but less

th a n  th re e  years ;
4 = th re e  years or m ore ;
9 = unknow n

8. If th e  answers to  questions 6 and 7  are NO, specify 
c ircum stances lead ing  to the diagnosis:

1 = yes; 2 = no; 9 = unknown 

Routine u rine  test

Routine blood te st

D iab e te s  d e te c tio n  program m e 

O th e r  (p le a se  specify)

□

□ 28

D M
n  “
D
D

Is th e  d iab e tes  secondary  to or associa ted  with the  fo llow ing? 

1 = yes; 2 = no; 9 = unknown

C ushing’s Syndrom e 

A crom ega ly  

H aem ochrom atosis  

P an crea tic  c a lc if ic a tio n  

C hron ic  p an c re a titis  

S teroid th e rap y

□
□
□
□
□
□

33

34

35

36

37

38

( Conunued)
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10. At th e  tim e  o f diagnosis w ere th e  fo llow ing presen t?

1 = yes; 2 = no; 9 = unknown

□  39Congestive hea rt fa ilu re

Angina pectoris

History of ca rd iac  in fa rc t

H istory of stroke L U  42

History of in te rm itte n t c la u d ic a tio n U 43

History of hypertension

An ischaem ic  foot O 45

D iabe tic  retinopathy  of any deg ree □ 4 6

P roteinuria due to d ia b e tic  nephropathy O 47

11. Has the  p a tien t suffered from isch a em ic  gang rene  or 
had an am puta tion  of toe . foot or leg  for a rte ria l 
obstruction?

1 = yes; 2 = no; 9 = unknown □48

Present tre a tm en t

12. * C urrent d ie t as prescribed

Enter ac tu a l quan tity  specified . If no am oun t specified , 
en ter 9999 or 999; if  restric ted  but not q u a n tif ie d , en ter 
8888 or 888.

T o ta l ca lo ries /d ay c a l.

C arbohydrate/day g ram m es

F a t/d a y g ram m es

P ro te in /day g ram m es

A lcoho l/day g ram m es

49-52

53-55

56-58

59-61

62-64

13. Does d ie  d ie ta ry  prescrip tion  in c lu d e  ad v ice
to  inc rease proportion of unsatu ra ted  to  sa tu ra ted  fat?

1 = yes; 2 = no; 9 = unknown

14. Is th e  pa tien t rece iv ing  insulin?

1 = yes; 2 = no; 9 = unknown

If YES:

what is the  to ta l da ily  dose? units

□
□

65

66

67-69

What is th e  to ta l  duration  of 
insu lin  th e rap y ?  (disregard 
short breaks in  tre a tm en t)

years 70-71

15. Is th e  p a tie n t rece iv in g  oral an tid ia b e tic  drugs?

1 = su lphonylureas;
2 = b iguan ides;
3 = both;
4 = n e ith e r

□ 72

16. Is th e  p a tie n t rece iv in g  the  following types of drugs? 

1 = yes; 2 = no; 9 = unknown

O ral d iu re tic s

Oral com b ined  con tracep tives or 
o ther oestrogens

C ortisone or re la ted  steroids 

Blood lip id  low ering drugs 

Blood pressure low ering drugs

C ard No.

□
□
□
□
□
□

In terv iew  - ask questions d ire c tly  of patien t

17.* "H ave you ever had  any pain  or d iscom fort in  
your chest?"

1 = yes; 2 = no; 9 = unknown

(a) If NO, "h av e  you ever had any pressure or 
heaviness in  your chest?"

1 = yes; 2 = no; 9 = unknown 

If NO, p roceed  to  question  19.

(b) "Do you g e t i t  when you walk uphill or hu rry?"

1 = yes; 2 = no;
3 = never hurry or w alk uphill

If NO, p roceed  to  question  18.

(c) "Do you g e t i t  w hen you walk at an o rd inary
p ac e  on th e  le v e l? "

1 = yes; 2 = no

□
□ 10

0 "

□ 12

(d) "W hat do you do if  you g e t it w hile you a re  w alk ing?"

1 = stop or slow down;
2 = ca rry  on

(Record "stop  or slow down" if  subject c a rries  
on a fte r ta k ing  n itrog lycerine)

If CARRY ON, p roceed  to question 18.

(Gm tm ued)
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(e) " If  you stand s till, what happens to it?"  

1 = relieved ; 2 = not relieved D
If NOT RELIEVED, proceed to  question 18.

( 0  "How soon?"

1 = 10 minutes or less;
2 = m ore than 10 minutes D 15

If MORE THAN 10 MINUTES, proceed to question 18.

(g) "W ill you show me where it w as?" Put code 
1 = yes; 2 = no in each  box.

DSternum (upper or m iddle)

Sternum (lower) 1 1 17

Left anterior chest O 18

Left arm D 19

Other 1 1 20

(h) "D o  you feel it anywhere else?" 

1 = yes; 2 = no 0  21

(If YES, record additional inform ation  above)

(i) "Did you see a doctor because of this pain (or 

1 = yes; 2 = no

If Y ES, "w hat did he say it was?"

discom fort)?"

0 2 2

18.* "H ave you ever had a severe pain across the front of 
your chest lasting for half an hour or m ore?" □1 = yes; 2 = no 

If YES. ask:

"Did you see a doctor because of this pain?"

1 = yes; 2 = no [ |

If YES, "w hat did he say it was?"

19.* (a) "Do you get pain in either leg on w alk ing?" ____

1 = yes; 2 = no | |

If NO, proceed to  question 20.

(b) "D oes this pain ever begin when you are standing still 
or s itting?" ____

1 = yes; 2 = no | |

I f  YES, proceed to question 20.

23

24

25

26

(c) "In  what part of your leg do you feel it? "

1 = pain includes ca lf/ca lv es ;
2 = pain does not inc lude ca lf/ca lv es

If calves not m entioned, ask "anyw here else?" 
If  PAIN DOES NOT INCLUDE CALF/CALVES, 

proceed to  question 20.

(d) "Do you get it if  you walk uphill or hurry?"

1 = yes; 2 = no;
3 = never hurry or walk uphill

If NO, proceed to  question 20.

(e) "Do you get it if  you walk at an ordinary pace
on the level?"

1 = yes; 2 = no

(0  "Does the pain ever disappear w hile you are 
w alking?"

1 = yes; 2 = no

If YES, proceed to  question 20.

□27

□

□
□

28

29

30

(g) "W hat do you do if you get it when you are walking?"

1 = stop or slow down; I I
2 = carry on |__|

If CARRY ON, proceed to question 20.

(h) "W hat happens to it if you stand still?"

1 = re lieved ; 2 = not relieved

(i) "How soon?"

1 = 10 m inutes or less;
2 = m ore than 10 minutes

2 0 .*  "H ave you ever had a stroke?"

1 = yes; 2 = no

If  NO, "have you ever had weakness or loss of 
strength in an arm or leg lasting for 24 hours 
or m ore?"

1 = yes; 2 = no

If th e  answer to either question is YES, ask,
"did this happen before your d iabetes was discovered?"

1 = yes; 2 = no ; 9 = unknown

21.* "Do you have any difficulties with your eyesight other
than  th e  ordinary need for glasses (spectacles)?"

1 = yes; 2 = no

22.*  (a) "Do you smoke cigarettes now?"

1 = yes, regularly;
2 = yes, occasionally (less

than 1 per day);
3 = no

If NO, proceed to  question 23.

0  «

□
I ? "

□ 
□
□

35

36

37

( Continued)



184

MULTINATIONAL STUDY OF VASCULAR DISEASE IN DIABETICS Page 4 for Serial N um ber

(b) "Do you in h a le?"

1 = yes; 2 = no

(c) "How m any  c ig a re a e s  do you r
usually  sm oke per day?" [_

(d) "How m any  c ig a re n e s  did you F
sm oke per day  a year ago?" [_

(e) "How old w ere you when you began A ge F
to sm oke reg u la rly ?"  in yrs (_

A fter asking this question  proceed to item  24.

23.* (a) "Did you ever sm oke c ig a re tte s?"

1 = yes, regu larly ;
2 = yes, occasio n a lly ;
3 = no , never

If NO, p roceed  to  item  24.

□ 39

4 0 -41

42 -43

4 4 -4 5

□46

(b) "W hat is th e  m ax im um  num ber of c ig are ttes
you ever sm oked per day for as long as a

I I [l7 -4 8

(c) "How old w ere you w hen you ^  ,------ --------
first began to  sm oke regu larly?"  | | [49-50

(d) "How old w ere you when you 
stopped sm oking?"

A ge 
in yrs 5 1 -52

24. D ate of in terv iew

25. N am e of in terv iew er: 
(p lease  print)

Dav Month Y ear

19 ]53-58

Card NO. U ] 80

E xam ination

2 6 f  Blood pressure: m m H g Systolic 
(s itting )

D iasto lic  1

D iasto lic  2

27. *S tanding  h e igh t (w ithout shoes) cm

28. * W eight (w ithout shoes and c o a t/ja c k e t)  kg

2 9 .*  Fundus e x a m in a tio n  , , ,
Right Left

Is p u p illa ry  d ila ta tio n  3m m  or m ore? eye  eve

1 = yes; 2 = no |___ | |____|

9-11

1 2 -14

115-17

1 8 -20

21-23

24 -25

Is re t in a l d e ta il ea sily  v is ib le?  

1 = yes; 2 = no

I f  NO, i t  is because o f :-

1 = poor p u p illa ry  d ila ta tio n ;
2 = lens o p ac ity ;
3 = v itreous o p ac ity /h aem o rrh a g e ;
4 = co m b in a tio n  o f 2 and 3;
5 = co rnea l o p ac ity ;
6 = g la u co m a ;
7 = eye absent;
8 = o ther

Is lens present?

1 = yes; 2 = no

Right
eve

Left
eve

D

1 = none;
2 = one;
3 = two to five;
4 = six or m ore

S m all red lesions 

M edium  red lesions 

Large red lesions 

E xudates a) hard

b) soft

New vessel systems 
1 = none; 2 = doub tfu l; 3 = d efin ite

30. V isual assessm ent:
If p a tien t answ ered YES to question  21, 
assess visual d isab ility

1 = to ta lly  blind
2 = light percep tio n  on ly
3 = can count fingers
4 = can read  new spaper h ead lines

(characte rs  2 cm  in heigh t)

31. N am e of ey e  observer:
(p lease prin t) .....................................

□ 1 Iso -31

□ 1 [32-33

□ 1 [34-35

□ I |s6 -3 7

□ Q 38-39

□ 1 [40-41

□ 1 [42-43

□  □ 4 4 -45

Investigations
32.* Plasm a cho lestero l:

(a) local laboratory

(b) cen tra l.lab o ra to ry

33.* Plasm a c rea tin in e :
(a) local laboratory

(b) cen tra l laborato ry

34.* P ro teinuria:

1 = none; 2 = slig h t tu rb id ity ;
3 = d is tin c t or heavy  tu rb id ity ;
4 = flo c cu len t p re c ip ita te

35.* Resting e lec tro c a rd io g ram  -  M innesota code
1-1 1 -2  1 -3  2 3 4 5 J

m g /d l

m g /d l

m g /d l

m g /d l

46-48

49-51

52-54

55-57

□

Card No. □

58

>9-69

SO
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Form 1 / 8 8  
Page 1

WHO MULTINATIONAL STUDY OF VASCULAR DISEASE IN DIABETICS 

SURVIVAL ASCERTAINMENT RECORD(FORM 1 -  PHASE 2 -  J a n u a r y  1 s t ,  1988

F a mi l y  Name:

FORM CODE 

CENTRE NUMBER 

SERIAL NUMBER

Forenames :

[ H
m

Col s  

I -  2 

3 -  4 

5 -  8

1. Date  o f  c o m p l e t i o n  o f  t h i s  form
Day Month Year

2 . Date  o f  b i r t h
Day Month Year 15 -  20

P l a c e  o f  bi r t h :  Town:

Country:  

Local  I d e n t i f i c a t i o n  Number: 

Date o f  f i r s t  WHO Exa mi nat ion
Day Month Year 21 -  26 

Sex 1 = Male 2 = Female 27

L i f e / D e a t h  S t a t u s  on 1 January  1 988:  Q  28

1 = A l i v e  on 1 Ja nu ary  1988;  2 = Dead on or  b e f o r e  1 Janu ary  1988;

3 = L i f e / D e a t h  S t a t u s  Unknown ( I f  1 ,  go t o  Item 16)  ( I f  2 ,  go t o  I tem 8)

Reason f o r  L i f e / D e a t h  S t a t u s  Unknown: [ ]  29

1 = P a t i e n t  moved and u n t r a c e a b l e

2 = P a t i e n t  e m i g r a t e d

3 = Other r e a s o n  ( P l e a s e  s p e c i f y )  .........................................................................

7 .  Date  p a t i e n t  l a s t  known t o  be a l i v e :

(For e x a m pl e ,  d a t e  o f  l a s t  c l i n i c  v i s i t  
or c o n t a c t  w i t h  d o c t o r  or n u r s e )

(Go t o  Item 16)

8 .  For p a t i e n t s  dead on or b e f o r e  1 J a n u a ry  1988:  

Date o f  d e a t h :

I f  unknown, g i v e  r e a s o n :  ..........................................

30 -  35
Day Month Year

3 6  -  4 1
Day Month Year
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= o t h e r  h o s p i t a l  ; 

5 = unknown

9 .  P l a c e  o f  d e a t h :

1 = I n v e s t i g a t o r ' s  h o s p i t a l ;  2

3 = home; 4 = o t h e r  p l a c e ;

10.  I s  summary o f  p a t i e n t ' s  t e r m i n a l  i l l n e s s  a v a i l a b l e ?

1 = Yes;  2 = No

I f  YES, e n c l o s e  a c opy  o f  summary o f  t e r m i n a l  i l l n e s s  
IN ENGLISH

1 1 .  Was a u t o p s y  c a r r i e d  o ut ?

1 = No; 2 = Y e s ,  and a u t o p s y  r e p o r t  a v a i l a b l e ;
3 = Ye s ,  but  a u t o p s y  r e p o r t  not  a v a i l a b l e  f o r  t h e

f o l l o w i n g  r e a s o n :

Form 1 / 8 8  
Page 2

□ 43

I f  2 ,  e n c l o s e  summary o f  a u t o p s y  r e p o r t  IN ENGLISH 

12 .  I s  d e a t h  c e r t i f i c a t e  i n f o r m a t i o n  a v a i l a b l e ?

1 = Yes;  2 = No.

I f  NO, g i v e  r e a s o n :

□

□

44

45

and go t o  ITEM 14.

1 3 .  G i v e  c a u s e  o f  d e a t h  IN ENGLISH as r e c o r d e d  on d e at h  c e r t i f i c a t e  
( s e e  I n t e r n a t i o n a l  C l a s s i f i c a t i o n  o f  D i s e a s e s  1 975 ,  9th  
R e v i s i o n ,  V o l .  1 .  WHO Geneva 1 9 7 7 ,  p . 6 9 9)  a n d ,  i f  p o s s i b l e ,  
e n c l o s e  copy o f  d e a t h  c e r t i f i c a t e  i n o r i g i n a l  l a n g u a g e .

CAUSE OF DEATH
Ap p ro x i ma t e  
i n t e r v a l  
b et we en  o n 
s e t  & d e a t h

1

D i s e a s e  or  c o n d i t i o n  a)
d i r e c t l y  l e a d i n g  t o
d e at h

A n t e c e d e n t  Causes  
Morbid c o n d i t i o n s , i f  b)
a ny ,  g i v i n g  r i s e  t o  t h e  
abo ve  c a u s e ,  s t a t i n g  
t h e  u n d e r l y i n g  c o n d i t -  c )
i on l a s t .

II

O the r  s i g n i f i c a n t  c o n d i t 
i o n s  c o n t r i b u t i n g  t o  t h e  
d e a t h ,  but  not  r e l a t e d  t o  
t h e  d i s e a s e  or c o n d i t i o n  
c a u s i n g  i t

due t o  ( o r  as a c o n s e q u e n c e  o f )



1 8 8

Form 1 / 8 8  
Page 3

1 4 .  I n v e s t i g a t o r ' s  o p i n i o n  as t o  t h e  u n d e r l y i n g  c a u s e ( s )  o f  d e a t h  
u s i n g  a l l  a v a i l a b l e  i n f o r m a t i o n .
(Not n e c e s s a r i l y  t h e  same as c a u s e ( s )  o f  d e a t h  on d e a t h  
c e r t i f i c a t e )

1 5 .  I f  c a u s e  o f  d e a t h  unknown t o  i n v e s t i g a t o r ,  t h e n  s t a t e  t h e  r e a s o n s

1 6 .  Name o f  I n v e s t i g a t o r  

(BLOCK CAPITALS) 

S i g n a t u r e  o f  I n v e s t i g a t o r

C h e c k - 1 i s t  o f  e n c l o s e d  doc ume nt s  f o r  p a t i e n t s  dead o n ,  or b e f o r e ,  
1 January  1988:

P l e a s e  t i c k

Yes No

1. Copy o f  o r i g i n a l  d e a t h  c e r t i f i c a t e 0 0

2. Summary o f  t e r m i n a l  i l l n e s s  IN ENGLISH 0 0

3. Summary o f  a u t o p s y  r e p o r t  IN ENGLISH 0 0 '

LEAVE BLANK

Ot her  Causes  o f  Death n  1 1 1 4 6 - 5 0

□  1 f 1 51 -  55

□  1
1 ) 1 5 6 - 6 0

□  1 \ 6 1 - 6 5

□  1 1 1 66 -  70

U n d e r l y i n g  Cause o f  Death Q  | 1 1 t | 7 1  -  75

m e n t i o ne d  on d e a t h  c e r t i f i c a t e ' ' □ J 7 6  -  77
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Page 4

INSTRUCTIONS FOR COMPLETION OF FORM 1 (PHASE 2

Pur po se  o f  t h e  Form:

The pu rp ose  of  Form 1 i s  t h e  a c c u r a t e  r e p o r t i n g  o f  t h e  l i f e / d e a t h  
s t a t u s  and t h e  c a u s e ( s )  o f  d e a t h  f o r  i n d i v i d u a l s  who p a r t i c i p a t e d  
in t h e  o r i g i n a l  p r e v a l e n c e  s t u d y .  T hi s  form s h o u l d  be c o m p l e t e d  
f o r  ALL s u b j e c t s  t a k i n g  p a r t  i n t h e  o r i g i n a l  s t u d y ,  w i t h  t h e  
e x c e p t i o n  o f  t h o s e  who ha ve  d i e d  in Phase I o f  t h e  m o r t a l i t y  
f o l l o w - u p  (by 1 s t  J a n u ar y  1 9 8 3 ) .

Method o f  Complet ion:  

Q u e s t i o n s  1-4 

Q u e s t i o n  8

Q u e s t i o n  9

Q u e s t i o n  13

Q u e s t i o n  14

From o r i g i n a l  d a t a .

Date  o f  d e a t h .  Be as  a c c u r a t e  as p o s s i b l e .  
For unknown i n f o r m a t i o n  i n s e r t  ' 9 9 ' .

I n v e s t i g a t o r ' s  h o s p i t a l  i s  any h o s p i t a l  
p a r t i c i p a t i n g  in o r i g i n a l  s t u d y  ( P ha se  1 ) .

For c o u n t r i e s  where d e a t h  c e r t i f i c a t i o n  
i n f o r m a t i o n  i s  a v a i l a b l e ,  t h e  c a u s e ( s )  of  
d e a t h  s h o u l d  be c o p i e d  d i r e c t  from t h e  
d e a t h  c e r t i f i c a t e ,  t r a n s l a t e d  i n t o  ENGLISH 
where n e c e s s a r y .  I f  o n l y  ICD c o d e s  are  
a v a i l a b l e ,  t he n r e co r d  t h e s e  in t h e  c o r r e c t  
s e q u e n c e  from t h e  d e a t h  c e r t i f i c a t e .  I f  
p o s s i b l e ,  a copy o f  t h e  o r i g i n a l  d e a t h  
c e r t i f i c a t e  s h o u l d  be e n c l o s e d .

The i n v e s t i g a t o r  s h o u l d  g i v e  h i s  own o p i n i o n  
as t o  t h e  c a u s e ( s )  o f  d e a t h  u s i n g  a l l  
a v a i l a b l e  i n f o r m a t i o n .

FINAL NOTE

In t h e  c a s e  o f  ALL d e a t h s ,  p l e a s e  p r o v i d e  as  much i n f o r m a t i o n  as p o s s i b l e  t o  a s s i s t  
t h e  c e n t r a l  c o - o r d i n a t o r  i n  t h e  s t a n d a r d i s e d  a s s i g n m e n t  o f  c a u s e  o f  d e a t h .
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WHO Multinational Study 
Phase 2 Mortality Follow-up - CODING FORM

Ce n t r e  NO. I i I

Name:

Se r i a l  NO.

As s i gn  c a us e ( s )  of  de a t h  as  you could f i l l  in t he  de a t h  c e r t i f i c a t e :  

Ca u s e s  of death:

I.
Disease or condition 
directly leading to death :

Antecedent causes:

Morbid conditions, if any, 
giving rise to the above 
cause, stating the under
lying condition last

(a).
due to  (or as consequence of)

(b).
due to  (or as consequence of)

(C).

(d).

due to  (or as consequence of)

II.
Other significant conditions 

contributing to the death, but 
not related to the disease or 
condition causing it

•  Underlying c a u s e  of  de a t h  (Usual ly t h i s  wi l l  be t he

ca use  on the b o t t o m l i n e  of PART I.): ................................................ .

•  Should t h i s  c a s e  be d i s c u s s e d  by the m o r t a l i t y  c o m m i t t e e ?

( P l e a s e  t i ck)
YES □ no



 ^
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To deride the hope of progress is the ultimate fatuity, 
the last word in poverty of spirit and meanness of mind.

Peter Brian Medawar

For now we see through a glass, darkly; 
but then face to face: now I know in part; 

but then shall I know even as also I am known.
I  Corinthians 13:12


