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Does NIDDM increase the risk for coronary heart disease similarly
in both low- and high-risk populations?
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Summary Finland has marked regional differences in
the occurrence of coronary heart disease (CHD). Al-
though the causes for these differences in CHD mor-
tality and morbidity in the Finnish population are un-
known, it offers an excellent opportunity to investi-
gate the effects of non-insulin-dependent diabetes
mellitus (NIDDM) on CHD risk in two populations
differing significantly with respect to the occurrence
of CHD. Therefore, we carried out a 7-year prospec-
tive population-based study including a large num-
ber of patients with NIDDM (East Finland: 253 men
and 257 women; West Finland: 328 men, 221 women)
and corresponding non-diabetic subjects (East Fin-
land: 313 men, 336 women; West Finland: 325 men,
399 women). In both study populations the presence
of NIDDM increased significantly the risk for CHD
events (CHD mortality or all CHD events including

CHD mortality or non-fatal myocardial infarction).
Diabetic men had 3-4 fold higher and diabetic wom-
en 8-11-fold higher risk for CHD than correspond-
ing non-diabetic subjects. Both non-diabetic and dia-
betic subjects had odds ratios (East vs West) for
CHD events of about 2 indicating a similar East-
West difference in the CHD risk. Regional differ-
ence was quite similar in men and women. These re-
sults imply that factors related to NIDDM, indepen-
dently of conventional risk factors and the occur-
rence of atherothrombosis in the background popula-
tion, must play a major role in the pathogenesis of
atherosclerotic vascular disease in NIDDM diabetes.

Key words Coronary heart disease, non-insulin-de-
pendent diabetes mellitus. [Diabetologia (1995) 38:
487-493].

Several previous population-based studies have indi-
cated that subjects with non-insulin-dependent dia-
betes mellitus (NIDDM) are at increased risk of de-
veloping atherosclerotic vascular disease in all its
manifestations [1]. The most serious of these, coron-
ary heart disease (CHD), is the leading cause of
death among the patients with NIDDM. The reasons
for this excess risk have remained largely unknown
and are not completely explained by adverse chan-
ges in cardiovascular risk factors associated with the
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diabetic state. Particularly striking in these studies
has been the finding that NIDDM abolishes the pro-
tective effect of female gender with respect to the
risk for CHD [1]. Consequently, the relative impact
of diabetes in women substantially exceeds the corre-
sponding risk in men.

There are marked differences between ethnically
homogeneous populations in the occurrence of CHD
which are mainly explained by life-style-related risk
factors, in particular by diet-related between-popula-
tion differences in total cholesterol levels [2, 3]. Fur-
thermore, trends in CHD mortality and morbidity
within populations parallel changes in life-style-relat-
ed risk factors giving strong support to the concept of
powerful environmental determinants of the occur-
rence of CHD within populations [4].

How do marked differences in the occurrence of
CHD between populations become reflected in the
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occurrence of CHD in diabetic individuals in these
populations? The answer to this question is not
known. However, this issue is of particular interest
because it gives important information on the role of
diabetes in the pathogenesis of CHD. For example, if
diabetic subjects have a similar or higher relative ex-
cess of CHD in a population with a high prevalence
of CHD in non-diabetic subjects than in a population
with a lower prevalence of CHD in non-diabetic sub-
jects, this implies that the diabetic state itself or fac-
tors related to it must be highly important for the
risk of CHD because the diabetic state increases the
risk irrespective of conventional risk factor levels.

Finland has a marked regional difference in the oc-
currence of CHD. The mortality and morbidity of
CHD in East Finland has been twofold higher com-
pared to West Finland [2, 5, 6]. The reasons for this
regional difference are not completely understood
but they are partly due to elevated cardiovascular
risk factor levels in subjects living in East Finland
[7]. The Finnish population is genetically quite homo-
geneous [8] although it is not completely excluded
that part of the East-West difference in CHD could
be due to currently unknown genetic factors. What-
ever the causes of the marked regional differences in
CHD mortality and morbidity in the Finnish popula-
tion might be, they offer an excellent opportunity to
investigate the effects of NIDDM on CHD risk in
two populations differing significantly with respect
to the occurrence of CHD. Therefore, our 7-year pro-
spective population-based study including a large
number of patients with NIDDM was designed to in-
vestigate the following questions: 1) is the effect of
NIDDM on CHD risk similar in two populations
with high (East Finland) and relatively low (West Fin-
land) occurrence of CHD? 2) is the effect of NIDDM
on CHD risk similar in both sexes in these two popu-
lations?

Subjects and methods

Patients with NIDDM. All diabetic patients in Finland who
need drug therapy receive it free of charge according to the
Sickness Insurance Act. The Social Insurance Institution main-
tains a central register of diabetic subjects receiving drug reim-
bursement (coverage > 98 %). Based on this register, we iden-
tified all diabetic patients, aged 45-64 years, who were born
and living in the Kuopio University Hospital district (East Fin-
land) and in the Turku University Central Hospital district
(West Finland). The formation of the final patient population
consisting of 510 diabetic subjects (253 men, 257 women) who
participated in this study in East Finland (participation rate
83 %) and 549 diabetic subjects (328 men, 221 women) who
participated in the study in West Finland (participation rate
79 %) has been previously described in detail [9]. Insulin-de-
pendent diabetes was excluded in all insulin-treated patients
by C-peptide measurements. All diabetic patients included in
the final study population showed a plasma C-peptide concen-
tration of at least 0.20 mmol/l at 6 min after injection of 1 mg of
intravenous glucagon. A cutoff point of 0.20 nmol/l was chosen
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because post-glucagon C-peptide values below this limit have
been shown to be associated with the occurrence of ketoacido-
sis in insulin-treated diabetic subjects [10]. None of the pa-
tients classified as having NIDDM according to the World
Health Organisation (WHO) criteria [11], and included in the
final study population, had a history of ketoacidosis. Of the
510 NIDDM patients from FEast Finland, 46 men and
38 women were treated with diet only, 183 men and
175 women with oral hypoglycaemic drugs, and 24 men and
44 women with insulin. Of 549 NIDDM patients from West
Finland, 46 men and 17 women were treated with diet only,
227 men and 177 women with oral hypoglycaemic drugs, and
55 men and 27 women with insulin. The age of diabetic men
from East Finland was 56.8+£0.3 and from West Finland
57.2+0.3 years, and the age of diabetic women from East Fin-
land was 58.9 + 0.3 and from West Finland 58.7 + 0.3 years.

Non-diabetic subjects. A random control-population sample of
subjects whose place of birth was in the Kuopio University
Central Hospital district (East Finland) or in the Turku Uni-
versity Central Hospital district (West Finland) and who were
living in these areas was taken from the population register
containing all subjects aged 45-64 years. The formation of
these non-diabetic samples has been previously published [9].
Participation rates were 79 % in East Finland and 85 % in
West Finland. The final study population consisted of 649 sub-
jects (313 men, 336 women) in East Finland and 724 subjects
(325 men, 399 women) in West Finland. The age of non-diabet-
ic men from East Finland was 53.8 + 0.3 and from West Finland
54.5 +0.3 years, and the age of non-diabetic women from East
Finland 54.6 + 0.3 and from West Finland 54.0 + 0.3 years.

This study was approved by the ethics committee of the
Kuopio University Central Hospital

Study programme and methods at baseline examination from
1962-1984. The study programme for both diabetic and non-
diabetic subjects was carried out during one outpatient visit to
the Clinical Research Unit of the University of Kuopio or the
Rehabilitation Research Centre of the Social Insurance Insti-
tution in Turku. These methods have been previously de-
scribed in detail [9]. The visit included an interview on the his-
tory of chest pain symptoms suggestive of CHD, smoking, alco-
hol, intake, physical activity and the use of drugs. All medical
records of those subjects who reported at the interview that
they had been admitted to the hospital on the basis of chest
pain symptoms were reviewed. Review of the medical records
was performed by two of us (M. L. in Kuopio and T.R. in Tur-
ku) after a careful standardization of the methods between
the reviewers. The WHO criteria for verified definite and pos-
sible myocardial infarction (MI) based on chest pain symp-
toms, ECG changes, and enzyme determinations were used in
the ascertainment of the diagnosis of previous MI [12]. A pa-
tient was classified as hypertensive if he/she was receiving
drug treatment for hypertension or if his/her systolic blood
pressure was at least 160 mmHg or diastolic blood pressure
95 mm Hg.

Biochemical methods. All laboratory specimens were drawn
after a 12-h fast at 08.00 hours. Fasting plasma glucose was de-
termined by the glucose oxidase method (Boehringer Mann-
heim, Mannheim, Germany). The plasma C-peptide response
to glucagon was determined according to the method of Faber
and Binder [13]. C-peptide was measured by radioimmunoas-
say (antibody M 1230, Novo, Bagsvaerd, Denmark). Serum
lipids and lipoproteins were determined from fresh serum sam-
ples drawn after a 12-h overnight fast. Serum total cholesterol
and triglycerides were assayed by automated enzymatic meth-
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Table 1. Age-adjusted characteristics of study populations by sex and area of residence

Men Women
Non-diabetic ~ Diabetic p Non-diabetic =~ Diabetic p

Plasma glucose (mmol/1)
East Finland 5.5 11.4 <0.001 53 12.8 < 0.001
West Finland 5.5 10.8 <0.001 53 12.2 < 0.001
East vs West NS 0.023 NS NS

Body mass index, (kg/m?)
East Finland 26.2 282 <0.001 27.4 29.9 < 0.001
West Finland 26.0 28.6 < 0.001 26.6 31.0 <0.001
East vs West NS NS 0.031 0.014

Total triglycerides, (mmol/l)
East Finland 1.61 2.66 <0.001 1.41 321 <0.001
West Finland 1.48 2.18 <0.001 1.26 2.47 < 0.001
East vs West NS NS NS 0.026

Total cholesterol, (mmol/1) .
East Finland 6.76 6.82 NS 7.08 7.38 NS
West Finland 6.51 6.18 0.002 6.85 6.67 0.008
East vs West 0.010 0.001 0.019 0.003

HDL cholesterol, (mmol/l)
East Finland 1.38 1.23 <0.001 1.62 1.31 <0.001
West Finland 1.32 1.12 <0.001 1.62 1.25 <0.001
East vs West 0.037 0.002 NS NS

Hypertensive subjects (%)
East Finland 315 60.6 < 0.001 42.0 64.1 < 0.001
West Finland 26.6 473 <0.001 29.4 60.1 <0.001
East vs West NS <0.001 < 0.001 NS

Current smokers (%)
East Finland 326 30.1 NS 7.9 10.2 NS
West Finland 29.2 255 NS 11.8 9.4 NS
East vs West NS NS NS NS

ods (Boehringer). Serum HDL cholesterol was determined
enzymatically after precipitation of low-density and very-low-
density lipoprotein with dextran sulfate-MgCl, [14].

Collection of the follow-up data. In 1990 a postal questionnaire
containing questions about hospitalization because of acute
chest pain and symptoms suggestive of stroke was sent to ev-
ery surviving participant of the original study cohort. All med-
ical records of those subjects who died between baseline exam-
ination and 31 December 1989 or who reported in the ques-
tionnaire that they had been admitted to the hospital on the
basis of chest pain symptoms between the baseline examina-
tion and 31 December 1989, were reviewed by one of us
(S.L.). All deaths were ascertained from the Social Insurance
Institution’s register which has a coverage of 100 % of the vital
status of all diabetic subjects receiving drug reimbursement.
Furthermore, the completeness of the information for CHD
events was ascertained by a review of computerized hospital
discharge data files. Using these data files a list of hospital dis-
charge diagnoses was produced for the subjects who participat-
ed in the baseline study. Hospital records of subjects found in
this list and having codes 410-414 of the International Classifi-
cation of Diseases 9 were checked for CHD events. Therefore,
it is not likely that we have missed a significant number of non-
fatal CHD events. The WHO criteria for verified and possible
MI based on chest pain symptoms, ECG changes, and enzyme
determinations were used in the ascertainment of the diagno-
sis of MI similarly to the baseline study [12]. Copies of death
certificates of those patients who had died were obtained
from the files of the Central Statistical Office of Finland. In

the final classification of the causes of death hospital records
and autopsy records were also used, if available. The mortality
data included in the present article are total mortality, mortal-
ity from cardiovascular diseases (International Classification
of Diseases 9, codes 390-458) and mortality from CHD
(codes 410-414).

Statistical analysis

Statistical analyses of the data were carried out at the Rehabi-
litation Research Centre of the Social Insurance Institution,
Turku, with OSIRIS IV (1981) and SAS computer programs
and programs developed at the Social Insurance Institution.
The results for continuous variables are expressed as
means + SEM. The differences between the groups were as-
sessed by the X? test, or Student’s two-tailed ¢-test for indepen-
dent samples, when appropriate. Age-adjusted prevalence
rates were calculated by direct standardization methods [15]
over four 5-year age groups with the total 1980 Finnish popula-
tion aged 45-64 years as a standard population. Linear model
was applied in the age adjustment of continuous variables
[16]. The F-test was used in statistical testing of differences or
prevalences or mean values of continuous variables control-
ling for the effect of age with 5-year age groups [16]. Odds ra-
tios and their 95 % confidence limits were calculated accord-
ing to Gart [17]. Odds ratios were used in this follow-up study
as an estimate of the relative risk of a study population for
CHD compared with a control population. In statistical analys-
es CHD events were classified as follows: 1) CHD death,
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Table 2. Age-adjusted risks of total, cardiovascular and coronary heart disease (CHD) mortality and all CHD events by sex and

area of residence

Men Women
Non-diabetic Diabetic Non-diabetic Diabetic P

All subjects

Total mortality (%)
East Finland 11.6 26.6 <0.001 4.5 20.3 <0.001
West Finland 6.2 23.2 <0.001 2.2 16.5 <0.001
East vs West 0.012 NS NS NS

Cardiovascular mortality (%)
East Finland 6.8 20.2 < 0.001 0.6 14.0 <0.001
West Finland 4.1 15.5 <0.001 0.3 8.6 < 0.001
East vs West NS 0.014 NS 0.037

CHD mortality (%)
East Finland 45 17.8 <0.001 0.6 8.2 <0.001
West Finland 32 12.7 <0.001 0 5.6 <0.001
East vs West NS 0.012 NS NS

All CHD events (%)
East Finland 10.0 29.9 <0.001 1.8 17.6 <0.001
West Finland 5.7 20.1 <0.001 0.5 11.5 <0.001
East vs West 0.033 0.001 NS NS

MI free subjects

CHD mortality (%)
East Finland 33 13.1 <0.001 0.6 7.8 < 0,001
West Finland 2.0 8.8 <0.001 0 5.1 <0.001
East vs West NS NS NS NS

All CHD events (%)
East Finland 94 23.9 <0.001 15 16.5 <0.001
West Finland 4.1 16.0 < 0.001 0.5 10.6 < 0.001
East vs West 0.007 0.033 NS NS

2) All CHD events (CHD death or definite or possible non-
fatal MI). Logarithmic transformation of total triglycerides
was performed because of skewed distribution in all statistical
analyses including these variables.

Results

Table 1 reports the characteristics of the study popu-
lations according to sex. Subjects with NIDDM were
older, more obese, and more often hypertensive than
control subjects. With respect to smoking no differ-
ence between diabetic and non-diabetic subjects was
observed. No East-West differences were found in
age or smoking status. Plasma glucose was higher in
diabetic men from East Finland than in West Fin-
land. Both non-diabetic and diabetic women from
East Finland were more obese than corresponding
subjects from West Finland. Hypertension was more
frequent in diabetic men and non-diabetic women
from East Finland than in corresponding subjects
from West Finland.

During the 7-year follow-up (mean follow-up was
7.2 years in men and women) 51 non-diabetic sub-
jects (36 men, 15 women) and 163 diabetic patients
(83 men, 80 women) from East Finland, and 30 non-
diabetic subjects (21 men, 9 women) and 142 diabet-
ic patients (88 men, 54 women) from West Finland

died. Altogether 23 non-diabetic subjects (21 men,
2women) and 120 diabetic patients (62 men,
58 women) from East Finland and 15 non-diabetic
subjects (14 men, 1 woman) and 88 diabetic patients
(55 men, 33 women) from West Finland died of cardi-
ovascular causes (International Classification of Dis-
eases 9, codes 390-458). CHD was the cause of death
in 16 non-diabetic subjects (14 men, 2 women) and 92
diabetic subjects (53 men, 39 women) from East Fin-
land, and 11 non-diabetic subjects (all men) and 66
diabetic subjects (44 men, 22 women) from West Fin-
land. Thus, the percentage of subjects who died of
CHD was 31 % in non-diabetic and 56 % in diabetic
subjects from East Finland, and 37 % in non-diabetic
and 46 % in diabetic subjects from West Finland of
all subjects who died during the follow-up.

Table 2 reports age-adjusted rates of total mortal-
ity, cardiovascular mortality, and CHD mortality and
morbidity in patients with NIDDM and non-diabetic
subjects. Total and cardiovascular mortality rates
were substantially higher in NIDDM patients than in
non-diabetic subjects (p <0.001). East-West differ-
ence in cardiovascular mortality was observed only
in diabetic patients. In non-diabetic men, CHD mor-
tality rates were 4.5 and 3.2 % in East and West Fin-
land, respectively. In both regions diabetic men had
substantially higher rates of CHD mortality
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Fig.1. Odds ratios (diabetic vs non-diabetic) and their 95 %
confidence intervals (in parentheses) for coronary heart dis-
ease (CHD) mortality and all CHD events (CHD mortality or
non-fatal myocardial infarction) in East and West Finland by
sex (*** p < 0.001)

All subjects
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Fig.2. Odds ratios (East vs West Finland) and their 95 % confi-
dence intervals (in parentheses) for coronary heart disease
(CHD) mortality and all CHD events (CHD mortality or
non-fatal myocardial infarction) for all subjects and for sub-
jects free of myocardial infarction (MI) at baseline in non-dia-
betic and diabetic subjects by sex (* p < 0.05, ** p <0.01)

(p <0.001). In non-diabetic women, CHD mortality
rates were much lower than those in men. NIDDM
increased CHD mortality significantly in women
(p <0.001). Altogether 5.7% of non-diabetic men
from West Finland and 10.0 % of non-diabetic men
from East Finland had either a MI or died of CHD
during the follow-up. The corresponding percentages
for non-diabetic women were 0.5 and 1.8 %, respec-
tively. Diabetic men (20.1 %) and diabetic women
(11.5%) from West Finland and from East Finland
(29.9 and 17.6 %, respectively) had significantly high-
er rates of CHD events than corresponding control
subjects (p < 0.001). The results remained essentially
similar although subjects with a history of MI before
the baseline study were excluded. East-West differ-
ence was statistically significant only in men.
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Figure 1 summarizes the odds ratios (diabetic vs
non-diabetic) for CHD events by sex and area of res-
idence. Diabetic men had 34 fold higher and diabet-
ic women 8-11-fold higher risk for CHD than corre-
sponding non-diabetic subjects (p < 0.001). Because
none of the non-diabetic women from West Finland
died from CHD during the follow-up odds ratios
were not possible to calculate for this subgroup.

Figure 2 shows the odds ratios (East vs West) for
CHD events in diabetic patients and non-diabetic
control subjects by sex. Both non-diabetic and diabet-
ic subjects had odds ratios of approximately 2 indicat-
ing a similar East-West difference in the CHD risk. In
general, a regional difference was quite similar in
men and women. The results remained similar when
only MI-free subjects at baseline were included in sta-
tistical analyses.

Discussion

Our 7-year follow-up study based on data from two
different non-diabetic and diabetic populations in Fin-
land clearly demonstrated that the relative impact of
NIDDM on the risk for CHD did not depend on the
occurrence of CHD in non-diabetic populations of
the same area. This indicates that diabetes per se and/
or factors associated with it promote athero-
thrombosis independently of cardiovascular risk fac-
tor levels or differences in the prevalence of CHD in
non-diabetic population. Our study also confirms the
results of several previous studies that NIDDM pa-
tients have a substantially greater risk of CHD events
than non-diabetic subjects [18-24] and that the effect
of NIDDM is particularly pronounced among women.

Although the occurrence of CHD and risk factors
for CHD in NIDDM have been extensively studied,
information is scarce on the effects of NIDDM on
CHD risk in populations differing with respect of the
occurrence of atherosclerotic complications. The In-
ternational Atherosclerosis Project, an autopsy study
carried out in 13 populations with varying occur-
rence of CHD showed that the variation in the ex-
tent of coronary atherosclerosis in diabetic patients
between populations followed the same pattern as in
non-diabetic subjects [25]. Thus, in populations with
low occurrence of coronary atherosclerosis in non-
diabetic subjects, the extent of coronary atherosclero-
sis in diabetic subjects also tended to be low, and vice
versa. The drawback of this study was, however, that
diabetic subjects were not classified into the two
main types of the disease. Cross-sectional data from
the WHO Multinational Study on Vascular Disease
in Diabetics, based on 14 groups of diabetic subjects
from different populations demonstrated a marked
variation in the prevalence of CHD between diabet-
ic populations [26]. The effect of NIDDM on the
CHD risk was not possible to quantitate in that study
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because of the lack of non-diabetic control popula-
tion and a reliable classification of patients into insu-
lin-dependent and non-insulin-dependent diabetes.
Therefore, the present report is the first prospective
population study in which the CHD risk attributable
to NIDDM can be reliably estimated in populations
differing with respect to the extent of atherosclerotic
vascular complications. Particular attention was paid
to the selection of diabetic patients. Insulin-depen-
dent diabetes was excluded on the basis of a history
of ketoacidosis and glucagon-stimulated C-peptide
measurements. Furthermore, both our NIDDM pa-
tients and non-diabetic control subjects were repre-
sentative of the non-diabetic and diabetic population
aged 45-64 years at baseline examination in both
areas. Because odds ratios can give erroneous results
if either diabetic or non-diabetic study populations
are not true random samples it is important that the
study populations are representative.

Our prospective study gave quite similar estimates
for East-West difference with respect to CHD events
in both baseline study (definite or possible MI in
non-diabetic men: 1.3 (0.8-2.3) and diabetic men:
2.0 (1.3-3.0), definite or possible MI in non-diabetic
women: 1.6 (0.6-4.1) and diabetic women: 1.7 (1.0~
3.1)) [9] and in this follow-up study (Fig.2). Howev-
er, East-West difference tended to be somewhat
greater in non-diabetic subjects with respect to all
CHD events than in NIDDM patients in the follow-
up study (Fig.2) which may indicate that the relative
impact of NIDDM with respect to the risk of CHD
decreases with the duration of the disease.

In our study risk factor levels were significantly
more adverse in East Finland than in West Finland
(Table 1) in both non-diabetic and diabetic popula-
tions. The only East-West difference in NIDDM pa-
tients which was not observed in the non-diabetic po-
pulation was in total triglyceride level in women. Fur-
thermore, East-West differences in other cardiovas-
cular risk factor levels seemed to be proportionally
more adverse among diabetic patients than in non-
diabetic control subjects. However, the relative risk
for CHD in NIDDM patients tended to be some-
what lower in the high CHD area. Our results are in
agreement with the findings reported by Stamler et
al. [24] from the Multiple Risk Factor Intervention
Trial. Among 5163 men who reported taking medica-
tion for diabetes, the risk for CHD mortality was rela-
tively lower compared to that of 342, 815 non-diabet-
ic men with high risk factors levels than with low risk
factor levels during 12-year follow-up. However, ab-
solute risk of CHD increased more steeply among
diabetic men than among non-diabetic men. The low
number of CHD deaths among non-diabetic subjects
(particularly women) prevented us from carrying out
similar statistical analyses of our data as well as ana-
lyses on risk factors for CHD which might explain
the East-West difference.
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The main result of our study is that the impact of
NIDDM on the incidence of CHD is so strong that it
becomes manifest with a similar force in populations
with high (East Finland) and relatively low (West Fin-
land) risk for atherothrombosis; this provided impor-
tant information with respect to the aetiology of
CHD in NIDDM. These results imply that factors re-
lated to NIDDM, independently of conventional car-
diovascular risk factors and the occurrence of athero-
sclerotic complications in the background popula-
tion, must play a major role in the pathogenesis of
macrovascular disecase in NIDDM. These factors in-
clude at least hyperinsulinaemia, hyperglycaemia, en-
hanced thrombus formation, modification of lipids
and lipoproteins and lipoprotein composition [27].
Indeed, our recent data from another epidemiologi-
cal study provides evidence that glycated haemoglo-
bin A, and glucose levels are strong risk factors for
CHD in elderly subjects with NIDDM [28]. There-
fore, factors associated with NIDDM itself should be
given more attention in future studies aiming to in-
vestigate the determinants of CHD in this type of dia-
betes.
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