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Summary. Mortality among 4740 diabetic men and women
aged 35-55 years participating in the WHO Multinational
Study of Vascular Disease in Diabetics has been studied. Ten
of the original centres (Warsaw, Berlin, Havana, Arizona,
Oklahoma, Hong Kong, Switzerland, London, Tokyo,
Zagreb) were able to identify the life/death status of their
study participants on 1 January 1983, giving an average fol-
low-up period of six to seven years. All-cause mortality rates
in males varied about threefold among the ten participating
centres with the highest rates in Warsaw, Berlin and Havana
and the lowestratesin Tokyo and Zagreb. All-cause mortality
rates for females varied about fourfold with the highest rates
in Warsaw and Oklahoma and the lowest rates in Tokyo. The

proportion of deaths ascribed to circulatory disease varied
among the centres ranging from 32% for males and 0% for
females in Tokyo to 67% for males and 47% for females in
London. There was an excess all-cause mortality in males
compared to females for all centres except Zagreb. This ex-
cess also applied to circulatory diseases in general, ischaemic
heart disease in particular and occurred in both insulin-de-
pendent and non-insulin-dependent diabetic patients. Death
rates for insulin-dependent diabetic patients were generally
higher than those for non-insulin-dependent patients.

Key words: Mortality, insulin-dependent diabetes, non-in-
sulin-dependent diabetes, circulatory disease, epidemiology.

An excess mortality in diabetic patients, particularly from
cardiovascular causes, has been demonstrated in many
prospective studies [1, 2]. This excess cardiovascular risk
has not been explained in terms of the risk factors estab-
lished for non-diabetic populations, such as hypertension,
cigarette smoking and hyperlipidaemia [3]. The WHO
Multinational Study of Vascular Disease in Diabetics
(MSVDD) [4] confirmed previous studies in showing a
marked variation in the prevalence of indicators of cardio-
vascular disease such as electrocardiographic (ECG) ab-
normalities and chest pain symptoms among 14 samples
of middle-aged diabetic patients throughout the world [5].

Ten of the original 14 participating centres have been
able to carry out a follow-up study for mortality in their
diabetic cohorts, including a standardised assessment of
cause of death. We have examined variations in mortality
rates among the centres for all causes of death, circulatory
disease and renal disease. We have also analysed all cause
mortality by type of diabetes: insulin-dependent or non-
insulin-dependent.

Subjects and methods

Sample

In each centre, samples were selected from patients aged 35-55 al-
ready under treatment for diabetes who had been diagnosed at least
one year earlier [4].

In each participating centre, a method for identifying a sampling
frame of diabetic patients was chosen which would best reflect the
population with diabetes in that area. Further details of the sampling
method are given in previous publications of the WHO MSVDD [4,

* Prepared by the authors for the WHO multinational study group.

5]. Some centres sampled from all patients attending diabetic outpa-
tient clinics (London, Warsaw, Hong Kong and Tokyo). In Berlin,
Zagreb and Havana, the samples were selected from registers of all
diabetic patients resident within a defined geographical area. The
Arizona and Oklahoma patients were recruited from registers of
diabetic patients belonging to identifiable ethnic groups i.e., the
Pima Indians in Arizona and the American Indians in Oklahoma.
The Swiss sample was selected randomly from the diabetic patients
of a large number of local practitioners from all over the country.
Patients were grouped according to age (35-41; 42-48; 49—
55 years), duration of diabetes (1-6; 7-13; 14 or more years) and
gender. A random sample was selected from each of these 18 age-
gender-duration strata. The aim was to select 28 patients from each
stratum which would provide a total sample of approximately 500 pa-
tients from each centre. In this study, an insulin-dependent diabetic
patient is defined on a clinical basis as one receiving insulin therapy
within one year of diagnosis. The small proportion (7.5% ) of patients
from Arizona thereby classed as insulin-dependent reflects the false
positive error rate of this definition, since itis thought that insulin-de-
pendent diabetes does not occur among the Pima Indians [6, 7].

Mortality follow-up

Each centre was asked to ascertain the life/death status of all the
original study participants on 1 January, 1983. This information was
reported to the co-ordinating centre using a standard questionnaire.
If the life/death status was unknown, the reason (e.g., emigration)
and the date on which the patient was last known to be alive were re-
corded. The ten centresincluded in this analysis achieved a target of
95% complete ascertainment of life/death status in their samples.

Underlying cause of death

For each deceased patient, the centres were asked to provide a copy
of the death certificate, a summary of the terminal illness from hos-
pital records and autopsy reports if these were available.
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Table 1. Numbers in sample, percentage insulin-dependent and
life/death status by centre

Centre Total Percentage Life/Deathstatusonl.1.83
Number insulin-de-  Ajice™ Deceased  Un-

pendent known
Warsaw 486 43.6 388 83 (86)* 15
Berlin 560 329 461 83 (78) 16
Havana 515 17.7 433 63 (97) 19
Arizona 241 7.5 223 17 (100) 1
Oklahoma 653 7.8 546 88 (96) 19
Hong Kong 417 252 348 50 (92) 19
Switzerland 533 39.0 461 61 (92) 11
London 497 489 444 42 95 11
Tokyo 436 13.8 406 25 (100) 5
Zagreb 402 26.1 370 30 (53) 2
Total 4740 25.1 4080 342 (89) 118

@ percentage of deaths with death certification available

The underlying cause of death was assiged by a committee of four
physicians (two of the investigators and two independent doctors)
using all the available evidence and coded according to the 9th Revi-
sion of the International Classification of Diseases (ICD) [8]. The
amount of information on cause of death varied among the centres
with some providing death certificates and summaries of terminal ill-
ness or autopsy reports for almost all patients and others only pro-
viding death certificates.

Statistical analysis

Annual age-specific death rates were estimated using the number of
person-years at risk in the denominator [9]. If the life/death status of
a subject on 1 January 1983 was unknown but information was sup-
plied on the date last known to be alive, then time at risk was calcu-
lated from the date of entry until date last known to be alive. Less
than 2% (70) of the sample were excluded from the analyses al-
together because no such information was available. Age-adjusted
death rates were calculated for each centre using the direct method
of standardisation. The percentage of the total sample in each age-
group (ages 35-41: 26%; 42-48: 34%; 49-55: 40% ) was taken to be
the standard population.

Results

Table 1 shows the composition of the sample achieved in
the ten centres for which mortality data is being presented.
For the majority of the centres, death certificates were
available for 90% or more of the deceased subjects. The
average length of follow-up was between six and seven
years for all centres with the exception of Arizona which
had an average length of follow-up of about five years.

All cause mortality

Age-adjusted death rates for each centre are shown in
Table 2. There were wide variations in mortality rates
among the ten centres. Rates for men in Warsaw, Berlin
and Havana were about three times higher than those for
men in Tokyo and Zagreb. There were more marked dif-
ferences for the women with mortality rates in Warsaw
and Oklahoma being over four times higher than those in
Tokyo. In all centres, with the exception of Zagreb,
mortality rates were higher for males than for females.
Mortality rates for diabetic men in the Warsaw, Berlin,
Havana, Arizona, Switzerland, London and Tokyo cen-

tres were approximately twice as high as rates for women.
The increased risk for men compared with women in these
centres ranged from 1.7 in Havana to 2.7 in Tokyo.

Underlying cause of death

Figure 1 shows the differences among the centres in the
proportion of deaths attributable to circulatory diseases
(ICD 390-459, 798.1). The proportion of deaths in this
category ranged from 67% and 47% in London to 32% and
0% in Tokyo for males and females respectively. There
were also variations within the category of circulatory dis-
ease. Among the men who died, ischaecmic heart disecase
accounted for the greater proportion of deaths from circu-
latory disease in all centres except Hong Kong and Tokyo
where strokes were more common. The proportion of
stroke deaths was highest for women in Warsaw and Hong
Kong. The proportion of underlying causes of death as-
cribed to renal disease (ICD 250.3, 580-589) was higher in
Hong Kong (Males: 19%; Females: 26%) and Tokyo
(Males: 32%; Females: 33%) than in the other centres.

Mortality from circulatory disease (ICD 390-459, 798.1)

Among the males in the sample, the age-adjusted mor-
tality rates for deaths due to circulatory disease were high-
est in Berlin (20.5 per 1000 person-years) and relatively
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Fig.1. Percentage of deaths attributable to circulatory disease,
ischaemic heart disease (), stroke (), other circulatory disease
(B, sudden death (), for a. males and b. females. WAR = War-
saw; BER = Berlin; HAV = Havana; ARI = Arizona; OKL = Okla-
homa; HON =Hong Kong; SWI =Switzerland; LON = London;
TOK = Tokyo; ZAG = Zagreb
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Table 2. Age-adjusted death rates per 1000 person years (Standard
Errors given in parentheses)

Centre All cause
Males Females

Warsaw 36.6 (5.0) 19.9 (3.6)
Berlin 34.8 (4.6) 152 (2.9)
Havana 29.8 (4.7) 17.1 (3.5)
Arizona 26.6 (8.3) 10.3(3.9)
Oklahoma 25.2(3.8) 19.5(2.8)
Hong Kong 24.0 (4.8) 17.1 (3.5)
Switzerland 21.1(3.5) 11.9 (2.6)
London 18.1 (3.4) 9.5(2.4)
Tokyo 12.9 (2.9) 47 (2.0)
Zagreb 12.1(3.1) 13.6 (3.5)

high in Warsaw, Havana, Oklahoma, Switzerland and
London (Table 3).

Therates were lower for women than formenin all cen-
tres, with the exception of Zagreb where the rates were
similar. Sudden deaths were included in the circulatory dis-
ease category. In the Warsaw centre, six out of the seven-
teen deaths among men classified as circulatory deaths
were sudden deaths. If these sudden deaths were excluded,
the age-adjusted mortality rate formales would bereduced
from 15.8t0 11.6. Although the amountofinformation sup-
plied on cause of death varied among the centres, there is
no evidence that this caused any systematic bias in the
determination of underlying cause of death.

Mortality from ischaemic heart disease (IHD)
(ICD 410-414)

IHD mortality rates were highestin Berlin and Oklahoma
for men and in Havana and Switzerland for women
(Table 3). There were no IHD deaths among women in
Arizona and Tokyo.

Mortality from renal disease

The category ‘renal disease’ includes deaths ascribed to
diabetic nephropathy (ICD 250.3), as well as other types
of renal disease (ICD 580-589). The numbers of deaths
from this cause were small so that it is more difficult to
draw conclusions from the age-adjusted death rates
presented in Table 3. However, there appear to be vari-
ations in renal disease mortality among the centres with
high rates for males in Warsaw, Havana and Arizona and
high rates for females in Arizona and Hong Kong.

Type of diabetes

Age-adjusted all cause mortality rates for each centre and
by type of diabetes are given in Figure 2. In general the
death rates for insulin-dependent diabetic patients were
higher than those for non-insulin-dependent diabetic pa-
tients. The total numbers of insulin-dependent-diabetic
patients were small (less than 50) for some centres so
death rates for these centres have been excluded. For
those centres with a larger number of insulin-dependent-
diabetic patients — Warsaw, Berlin, Havana, Switzerland
and London - the following picture emerges. The rates for
males in Warsaw, Berlin and Havana were much higher

than the rates for London and Switzerland males. Among
females, Berlin and Havana had relatively high mortality
rates and Warsaw, Switzerland and London had relatively
low rates. In all five centres, the mortality rates for males
exceeded those for females.

The all cause mortality rates for non-insulin-depen-
dent males were similar for Berlin, Arizona, Oklahoma,
Hong Kong, Switzerland and London (ranging from 19.0
to 23.2 per 1000 person years at risk). The rates for War-
saw and Havana were higher (28.7 and 26.1 respectively)
and the rates for Tokyo and Zagreb were much lower (6.6
and 8.9 respectively). In all centres except Zagreb the
rates for females were lower than those for males. Again
therate for women in Tokyo was much lower than those in
the other centres.

Discussion

Previous studies of mortality amongst diabetic subjects
have shown wide international variations in death rates [1]
but these analyses have usually been based on death certi-
ficates where diabetes has been assigned as the underlying
cause of death. This method of analysis is known to under-
estimate considerably the contribution that diabetes
makes to overall mortality [10] and does not permit inter-
nationalcomparisonsof causesof death in diabeticpatients
other than those assigned to diabetes itself.

In the WHO MSVDD, standardised methods were
used to study the international variation in the prevalence
of diabetic vascular complications and their possible risk
factors [5]. Ten of the original participating centres have
been able to ascertain the life/death status of at least 95%
of their original samples at the end of a follow-up period of
between six and seven years.

Table 3. Cause-specific age-adjusted death rates per 1000 person
years. (Standard Errors given in parentheses)

Centre Circulatory® Ischaemicheart Renal disease
disease
Males Females Males Females Males Females
Warsaw 158 106 6.1 2.7 5.7 2.7
(33) (26) 200 (1.3) (20) (13)
Berlin 20.5 7.2 15.0 3.0 29  (0)
(3.5) (2.0) 3.0y (@13) (1.3)
Havana 12.8 7.2 9.0 4.5 52 (0)
(3.1) (2.3) 26) (1.8) (1.9)
Arizona 1.1 1.3 28  (0) 55 5.8
54 (13) @7 38 (29
Oklahoma 14.9 5.5 12.5 2.5 1.8 3.8
29 (@15 @7 (10 1.0y (1.3)
HongKong 9.5 7.3 1.5 22 3.9 4.5
@7 (23) 1)y (12 17 (18
Switzerland 12.0 6.0 9.1 4.4 1.1 38
26) (1.9 23y 1.1 08 (1.5
London 12.2 4.5 114 38 0.6 13
28 (1.7) @7 @15 0.6) (0.9
Tokyo 36 (0) 0.8 (0) 4.1 1.5
(1.6) (0.8) an 1
Zagreb 4.9 43 4.0 2.6 (0) 29

20) (20) (18) (15) 1.7)

* including sudden deaths (ICD 798.1)
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Fig.2. Age-adjusted all cause mortality rates per thousand person
years, for males (lll), and females ([]) by centre, for a. insulin-de-
pendent and b. non-insulin-dependent diabetes. Abbreviations as
for Figure 1

In this follow-up study of nearly 5000 diabetic patients,
all-cause mortality rates in males (Table 2) varied about
threefold between centres with the highest rates (Warsaw
and Berlin) and those with the lowest (Tokyo and
Zagreb). The highest mortality rates in women occurred
in Warsaw and Oklahoma, being four times the rates in
Tokyo women. These variations in mortality rates prob-
ably reflect, at least in part, the known population all-
cause mortality differences between the countries con-
cerned. For instance, for the age-range 40-69 years, in
1980 Polish males had 1.9 times and females had 1.6 times
the all-cause mortality rates of their Japanese counter-
parts [11]. Some of the centres with clinic-based patient
samples (e.g. London) had a higher proportion of insulin-
dependent patients than would be expected with a popu-
lation-based sample. This might be a potential source of
bias if these centres had a higher proportion of severe
cases with a reduced life expectancy. In fact, the London
centre had comparatively low mortality rates which were
similar to those found in a partly population based study in
Scotland [12]. Similarly, the all-cause mortality rates in the
Berlin centre were comparable to those found in a popula-
tion-based study in the Erfurt district of the German
Democratic Republic [13].

For the ascertainment of underlying cause of death,
the mortality committee had to rely on the varying

amounts of information provided by the centres. Death
certificates were available for examination on 89% of all
deceased patients (Table 1), and in many cases additional
information from autopsy reports and clinical records was
provided. In the Zagreb centre, death certificates were
traced for only 53% of deceased subjects, consequently
cause-specific mortality data should be interpreted with
caution for this group of patients.

The proportion of deaths assigned by the study mor-
tality committee to circulatory diseases (Fig. 1) was 40%
ormore inall centres except for Oklahoma and Zagreb for
females and Tokyo and Arizona for both sexes, but the
total number of deaths in Arizona was quite small. The
London centre had the highest proportion of deaths from
circulatory causes for males (67% ) and one of the highest
for females (47% ). The corresponding proportions from a
national study of diabetes mortality in England and Wales
for 1975 and 1976 were similar for males (53%) and fe-
males (50%) in the age-range 45 to 64 years [14]. The low
proportion of circulatory deaths in the Tokyo centre, with
32% for males and none for the females is similar to that
found in another Japanese study of death certificates
mentioning diabetes where the underlying cause of death
was a circulatory disease in 27% of certificates [15]. In this
same study, the proportion of deaths assigned to cerebro-
vascular disease (13.9% ) was more than twice the propor-
tion for THD (5.7% ). Out of the ten centres, deaths from
cerebrovascular disease were more frequent than those
from IHD in Hong Kong and Tokyo for males and Hong
Kong and Warsaw for females (Fig. 1).

The relatively high proportion of “sudden death” in
the Warsaw cohort was also noted in a previous study from
the same centre [16] and may partly reflect certification
practices in that country. Of the five European centres,
Zagreb had the lowest IHD mortality rates for both sexes
(Table 3). For Yugoslavia as a whole, IHD rates were low
in 1980, but are currently increasing rapidly [11]. The low
IHD mortality rates in the Arizona centre (the Pima In-
dians) confirm previous findings in this group of a low fre-
quency of IHD in the face of a high prevalence of diabetes
[17]. This contrasts with the high IHD mortality rates in
the diabetic Oklahoma Indians which are similar to those
for most European centres.

For young patients with insulin-dependent diabetes,
renal disease is an important cause of death [10] account-
ing in one study for more than one half of deaths occurring
between the ages of 20 and 29 years [18]. In the present
study of middle-aged diabetic patients, death rates for
renal disease exceeded those for IHD in Arizona, Hong
Kong and Tokyo for both sexes and in Zagreb for females
only (Table 3).

A major feature of the mortality findings in this study
of 4740 middle-aged diabetic patients is the excess all-
cause mortality in males compared to females for all cen-
tres except Zagreb. This male excess also applies to deaths
ascribed to circulatory diseases in general and IHD in par-
ticular, and is also a feature of the analysis of all-cause
mortality by type of diabetes (Fig.2). These findings do
not support some interpretations of previous studies
which imply that mortality rates in female diabetic sub-
jects equal or even exceed those in male diabetic subjects,
particularly for those patients with non-insulin-dependent
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diabetes [2]. However, statements of this kind have often
been based on the comparison of excess risks of mortality
in male and female diabetic patients compared to the
general population. Direct comparison of our results with
other studies which do compare mortality rates in male
and female diabetic subjects are difficult because of dif-
ferences in the composition of study populations, particu-
larly in respect of age and type of diabetes.

One study in Edinburgh showed that death rates in fe-
male diabetic patients were virtually equal to those for
male diabetic patients across the whole age-range [19]. An
analysis of mortality during a nine year follow-up period
of diabetic subjects aged 40-50 years in the United States
NHANES1 study indicated that mortality rates for all
causes and for IHD were greater for men than women
[20]. Since the number of insulin-dependent patients was
rather small in several centres, this analysis has concen-
trated on comparisons of mortality rates with both types
of diabetes combined (Tables 2 and 3). However, the type-
specific mortality data (Fig. 2) generally confirms the find-
ings of the combined analysis in terms of the male/female
differences and ranking of the centres for mortality rates.

This follow-up study of ten cohorts of diabetic patients
has indicated wide international variations in patterns of
mortality which need to be explained in terms of the expo-
sures of the group to lifestyle, environmental and genetic
influences. Some of this information will come from fur-
ther analyses of this study relating measured baseline fac-
tors to the subsequent mortality outcomes described here,
and may well parallel similar variations in mortality (espe-
cially THD-related) affecting the corresponding general,
non-diabetic populations.
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