
When insulin became available in the 1920s, a major
shift occurred in the distribution of causes of death
in Type 1 (insulin-dependent) diabetic patients away

from diabetic coma, which dominated in the pre-insu-
lin era, to renal and cardiac diseases [1]. At present,
renal disease is the leading cause of death during the
early years of Type 1 diabetes, while after 30 years of
diabetes two-thirds of the deaths are due to cardio-
vascular disease (CVD) [2, 3]. A strong link exists be-
tween diabetic nephropathy (DN) and death from
CVD in Type 1 diabetic patients [4]. Mortality [5±7]
and morbidity from CVD [8] are much higher in pa-
tients with proteinuria than without proteinuria, and
a common pathogenic mechanism for diabetic micro-
angiopathy and macroangiopathy has been suggested
[9].

To our knowledge, all but two of the previous stud-
ies [8, 10] have only assessed mortality from CVD,
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Summary This study evaluates the impact of diabetic
nephropathy on the incidence of coronary heart dis-
ease, strokeandanycardiovasculardisease intheFinn-
ish population, which has a high risk of Type 1 (insulin-
dependent) diabetes mellitus and cardiovascular dis-
ease. We performed a prospective analysis of the inci-
dence of coronary heart disease, stroke and cardiovas-
cular disease in all Type 1 subjects in the Finnish Type I
diabetes mellitus register diagnosed before the age of
18 years between 1 January 1965 and 31 December
1979 nationwide. The effect of age at onset of diabetes,
attainedage at the end of follow-up, sex, diabetesdura-
tionandof thepresenceofdiabeticnephropathy onthe
risk for cardiovascular disease was evaluated. Cases of
nephropathy, coronary heart disease, stroke and all
cardiovascular diseases were ascertained from the na-
tionwide Finnish Hospital Discharge Register and Na-
tional Death Register using computer linkage with the
Type I diabetes mellitus register. Of the 5148 Type 1 di-
abetic patients followed up, 159 had a cardiovascular

event of which 58 were coronary heart diseases, 57
stroke events and 44 other heart diseases. There were
virtually no cases of cardiovascular disease before
12 years diabetes duration. The cumulative incidence
of cardiovascular disease by the age of 40 years was
43% in Type 1 diabetic patients with diabetic nephrop-
athy, compared with 7% in patients without diabetic
nephropathy, similarly in men and women. The rela-
tive risk for Type 1 diabetic patients with diabetic
nephropathy compared with patients without diabetic
nephropathy was 10.3 for coronary heart disease, 10.9
for stroke and 10.0 for any cardiovascular disease, sim-
ilarly inmenandwomen.Thepresenceofnephropathy
in Type I diabetic subjects increases not only the risk of
coronary heart disease, but also of stroke by tenfold.
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while the incidence of non-fatal CVD in Type I dia-
betic patients has not been shown. Since only one-
third of acute coronary and stroke events are fatal
[11, 12], studies on CVD in Type 1 diabetic patients
including fatal CVD alone do not give a complete
picture of the risk of CVD in the study population.
The two studies [8, 10] both reported an increased in-
cidence of coronary heart disease (CHD) in patients
with DN compared with patients without DN, but
these were case-control studies including a limited
number of subjects and their results need to be con-
firmed in a larger population sample.

Finland has the highest incidence of Type 1 diabe-
tes in the world [13], and although some data about
the late complications in this country exist [14], more
studies are needed. The incidence and mortality rates
in Finland of the main forms of CVD, i. e. CHD and
stroke, are also known to be among the highest in
the world, although steeply declining trends in both
CHD [15] and stroke [12] mortality have recently
been reported. The aim of the present study was to
analyse the risk of CVD in a large and representative
cohort of young-onset Type 1 diabetic patients. Fur-
thermore, we assessed the link between diabetic
nephropathy and CVD in this population at high risk
both for Type 1 diabetes and CVD.

Subjects, materials and methods

The Finnish IDDM register, which is population-based, was
used to identify all Finnish Type I diabetic patients diagnosed
before the age of 18 years from 1 January 1965 to 31 December
1979. This register is based on the Social Insurance Institution
Central Drug Register which was started in 1964 and contains
information on all patients receiving state-subsidized medica-
tion for chronic disorders. These subjects can be identified
through the unique personal identification (ID) code (contain-
ing information on date of birth, sex and control-digits). Insu-
lin treatment prescribed by a physician is free of charge for di-
abetic patients in Finland. All Type 1 diabetic patients apply-
ing for free insulin are entered in the Type I diabetes mellitus
register. The nationwide Finnish Type I diabetes mellitus data-
base of cases diagnosed from 1965 to 1979 has been described
in detail previously [16±18], and the coverage is well above
95 % [19]. Patients diagnosed during 1965 to 1969 who died be-
fore the end of 1969 were not included in the study cohort.

A total of 5148 IDDM patients diagnosed at 17 years of age
or younger fulfilled the inclusion criteria for the Finnish Type I
diabetic registry. Using the ID-number the cohort was fol-
lowed-up for death or hospitalization with a diagnosis of DN,
CHD, stroke, or any CVD through record linkage with the na-
tionwide Hospital Discharge Register (HDR). The HDR cov-
ers in-patient discharges from all hospitals nationwide after
1968 and includes the ID code of the patient, dates of admis-
sion and discharge for each hospitalization, and up to four dis-
charge diagnoses. Since the HDR data collected during the
first 2 years were incomplete [20], we included hospitalizations
starting from 1 January 1970 to 31 December 1989 in the pre-
sent analyses. Mistakes in the ID codes in HDR were found,
leading to unsuccessful record linkage in about 5 % of the cases
diagnosed before 1985 [20, 21]. In 1986, when computer logical

checks were introduced, the proportion of unsuccessful record
linkage fell to 0.3 % [20]. The attained age at the end of the fol-
low-up ranged from 10 years to 42 years, and the mean age at-
tained was 26.7 years.

For record linkage we based the identification of diabetic
nephropathy on hospitalizations with a discharge diagnosis of
diabetic renal disease. A similar procedure was used for
CVD. Non-fatal acute CVD events not leading to hospitaliza-
tion could be ascertained only if the patient was later hospital-
ized with a CVD diagnosis; fatal cases were fully covered. It
has been shown that patients below the age of 65 years suffer-
ing from acute CHD or stroke are almost always hospitalized.
In Finland, a Nordic variant of the 8th version of the Interna-
tional Classification of Diseases (ICD) (adding a fifth digit af-
ter the usual 4 digits given to each disease) was used from
1968 to 1986. From 1987 onwards, the Nordic variant of 9th re-
vision was adopted. In ICD 8 the code 250.04 and in ICD 9 the
code 2503 was used to identify cases of nephropathy. The first
three digits of the ICD code in both ICD 8 and ICD 9 were
used for identifying CHD: 410±414, stroke: 430±438, CVD
(CHD, stroke and other heart diseases): 410±414, 420±429,
430±438. Thus CVD refers to the broader category of cardio-
vascular and cerebrovascular diseases. Rheumatic heart dis-
ease as well as atherosclerotic and other diseases were not in-
cluded, both because the cohort was still relatively young at
the end of follow-up, and because they represent mostly chron-
ic and unspecified disorders. The date of diagnosis was, by def-
inition, the admission date of the first hospitalization with one
of the above-mentioned diagnoses. In Finland, the treating
physician assigns all clinical diagnoses on admission and dis-
charge, including the ICD codes appearing in the HDR.

A few patients (n = 18) died of CVD without being hospi-
talized. Therefore these cases were only found in the National
Death Register and not in the HDR. The date of death was
used as the date of diagnosis of the CVD events in these pa-
tients. Fatal cases of CHD were defined as having died within
30 days of the first diagnosis of CHD.

For simplicity, we refer in the text to ªdiabetic nephropathy
(DN)º when talking about ªfirst hospitalization for diabetic
nephropathyº. Accordingly, ªcoronary heart diseaseº,
ªstrokeº, and ªall CVDº should thus be read as ªfirst hospital-
ization for acute coronary heart diseaseº, ªfirst hospitalization
for acute strokeº, and ªfirst hospitalization for any CVDº, re-
spectively.

The cumulative incidence, life-table and Cox regression
analyses were produced with SAS software (Cary, NC, USA).
The cumulative incidence was calculated according to the life-
table method using the SAS LIFETEST procedure, with neph-
ropathy as a categorical variable. This means that a subject
who has developed nephropathy belongs to the DN group re-
gardless of the date of onset of nephropathy. A p-value below
0.05 was considered statistically significant. In the Cox regres-
sion models presented in Tables 3 and 4, where we explored
the effect of the age at onset of Type 1 diabetes on the risk of
CHD, stroke, and all CVD, the patients with onset between
0±4 years were used as the reference group. As age, age at on-
set of diabetes and diabetes duration are direct functions of
each other, it is not possible to introduce age at onset of Type
1 diabetes, duration of diabetes and attained age at the end of
the follow-up in the same model. We thus made two separate
models, one including age at Type 1 diabetes onset with the du-
ration of diabetes as covariate, and another including age at
onset with attained age as covariate. In the Cox model in Ta-
ble 2, the patients with nephropathy were compared with pa-
tients without nephropathy (reference group). Unlike in the
life-table analyses, in the Cox models nephropathy was mod-
eled as a time-dependent variable. Therefore patients who de-
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veloped DN were included in the non-nephropathic group un-
til the diagnosis of DN had been made, as described previously
by Borch-Johnsen et al. [6].

Results

Of the 5148 patients, 159 were diagnosed as having
had CVD during the follow-up. Of these, 58 had suf-
fered from CHD and 57 from stroke and 44 from oth-
er heart diseases (Table 1). Type 1 diabetic patients
suffering from CHD, stroke or any CVD were on av-
erage slightly older at diagnosis of these CVD events
(29.0) in the DN group than in the non-DN group
(26.5).

The cumulative incidence of CVD by the age of
40 years was 43% in Type 1 diabetic subjects with
DN and only 7% in subjects without DN. The respec-
tive cumulative incidences of CHD and stroke by the
age of 40 were 13% and 20 % in diabetic patients
with DN but only 4% and 2% in patients without
DN (Fig.1).

In patients with DN, cardiovascular complications
occurred at approximately 12±13 years after the diag-
nosis of diabetes, whereas in subjects without DN the
lag time was slightly longer, 16±17 years (Fig.2). The
incidence of CHD and stroke increased linearly,
both reaching approximately 11% after 24 years du-
ration of diabetes. The cumulative incidence of
CVD after 24 years of diabetes was 24% in this co-
hort.

The incidence of CVD was clearly related to the
duration of nephropathy (Fig.3), the trend being
2.3% per year after the diagnosis of nephropathy. In
patients with nephropathy there was a linear increase
of 1.6% per year in the cumulative incidence of
CHD, which was even steeper than that of stroke
(0.8% per year), starting at the time of diagnosis of
nephropathy. Applying the Cox regression model we
found that the risk of getting CHD, stroke or any
CVD, was approximately 10 times higher in DN

than non-DN patients (Table 2). The impact of DN
on fatal CHD (relative hazard rate: 10.6, 95% CI:
3.5±32.4) was comparable with that on non-fatal
acute CHD events (relative hazard rate: 9.7, 95%
CI: 6.3±15.0).

No differences were found between men and
women in the cumulative incidence of CVD concern-
ing duration of diabetes (Table 3) or the age attained
at the end of follow-up (Table 4). Also the age at on-
set of Type 1 diabetes did not seem to influence the
risk of cardiovascular disease (Tables 3 and 4). In
fact, the apparently higher cardiovascular risk in sub-
jects with later onset of diabetes (Table 3) was totally
reversed when the attained age at the end of follow-
up was introduced in the model (Table 4). This is
due to the shorter duration of diabetes in patients di-
agnosed at an older age. The risk of CHD, stroke,
and all CVD imparted by DN in these larger models
did not substantially change, remaining over 9 times
higher in DN compared with non-DN subjects.
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Table 1. Number of cases of CHD, stroke and all CVD during
the follow-up from 1975 to 1989 in subjects in the Finnish
Type I diabetes mellitus register with (DN) and without (non-
DN) diabetic nephropathy

DN
(n = 446)

Non-DN
(n = 4702)

All
(n = 5148)

CHD Men
Women

17
10

18
13

35
23

Both 27 31 58

Stroke Men
Women

13
12

14
18

27
30

Both 25 32 57

All CVD Men
Women

38
26

53
42

91
68

Both 64 95 159
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Fig.1. Cumulative incidence of CHD, stroke and all CVD in
patients with Type I diabetic subjects with (n = 4702) (± ± ±)
and without (Ð) diabetic nephropathy (n = 446), by age



Discussion

In our large population-based cohort we found that
the risk of developing CHD, stroke or any CVD is 10
times increased in the Type 1 diabetic patients with

DN compared with those without DN. We did not ob-
serve any differences in the risk of CVD between men
and women. The risk of both nephropathy and CVD
increases with diabetes duration. Our results are in
keeping with findings from previous studies [4±7].
Lounamaa [14] compared the risk of fatal CVD
among Type 1 diabetic patients with the general popu-
lation in Finland. The excess mortality due to circula-
tory diseases was 126-fold among females and 58-fold
among males with DN when compared with the gen-
eral population. In the Type 1 diabetic patients with-
out DN the excess mortality was considerably lower,
in females 3.8-fold and males 4.5-fold when compared
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Fig.3. Cumulative incidence of CHD (Ð), stroke (±± ±) and
any CVD (. . . . .) by the duration of diabetic nephropathy
(n = 446)

Table 2. Relative hazard rates for the risk of developing CHD,
stroke or any CVD in Type 1 diabetic subjects with diabetic
nephropathy (n = 446) compared with Type 1 diabetic subjects
without nephropathy (n = 4702) during the 10±24-year follow-
up

Number
of cases

Relative
hazard rate

95% CI p -value

CHD 58 10.3 6.0±17.7 0.0001
Stroke 57 10.9 6.0±19.8 0.0001
CVD 159 10.3 7.0±14.1 0.0001

Nephropathy was entered in the Cox-regression model as a
time-dependent variable

Table 3. Relative hazard rates of nephropathy, sex, and age at
onset of Type 1 diabetes for CHD, stroke, and all CVD in all
diabetic subjects, by duration of diabetes

Risk factor CHD Stroke All CVD
Relative
hazard rate

Relative
hazard rate

Relative
hazard rate

Nephropathy 8.2d 6.4d 7.7d

Gender 0.7 1.2 0.9
Onset at 5±9 yearsa 3.2 1.3 1.6
Onset at 10±14 yearsa 5.0b 1.6 2.6c

Onset at 15±17 yearsa 6.3c 1.6 3.1d

Nephropathy was entered in the Cox-regression model as
time-dependent variable.
a Compared with those whose onset of Type I diabetes was at
0±4 years of age; b p < 0.05; c p < 0.01; d p < 0.001

Table 4. Relative hazard rates of nephropathy, sex, and age at
onset of Type I diabetes for CHD, stroke, and all CVD in
Type I diabetes subjects, by attained age at the end of the fol-
low-up period

Risk factor CHD Stroke All CVD
Relative
hazard rate

Relative
hazard rate

Relative
hazard rate

Nephropathy 9.1c 9.0c 9.3c

Gender 0.8 1.3 0.9
Onset at 5±9 yearsa 1.0 0.6 0.8
Onset at 10±14 yearsa 0.6 0.4 0.7
Onset at 15±17 yearsa 0.4 0.2b 0.5

Nephropathy was entered in the Cox-regression model as
time-dependent variable.
a Compared with those whose onset of Type I diabetes was at
0±4 years of age; b p < 0.01; c p < 0.001



with the general population [14]. Non-fatal CVD
events were not included in that analysis.

The present study was based on record linkage of
routinely collected data. Analyses are based on hos-
pital discharge diagnoses, leaving the possibility of
misclassification of patients with respect to DN as
well as CVD. The number of false positive DN in
our diabetic patients should be very small, since our
study included hospitalized cases only. Unfortunate-
ly, no study in Finland has thus far validated the prev-
alence of DN among hospitalized compared to non-
hospitalized Type 1 diabetic subjects. Assuming that
the non-hospitalized DN subjects have the same risk
of developing CVD as hospitalized subjects, this
would underestimate the real risk of CVD in DN,
which we found to be approximately 10-fold. In addi-
tion, it is unlikely that the incidence of DN was gross-
ly underestimated in our study. If it were, one would
expect that an excess of DN cases are diagnosed dur-
ing the hospitalization for CVD. This was, however,
not the case in our cohort, since no peak in CVD inci-
dence at the onset of DN was seen (Fig.3). The inci-
dence of non-fatal cardiovascular and cerebrovascu-
lar disease could instead be underreported, especially
in subjects without DN, since they are hospitalized
less often than subjects with DN. This would in turn
overestimate the risk of CVD in DN subjects. How-
ever this is unlikely to produce a significant bias,
since the validity of the acute myocardial infarction
(AMI) diagnoses in the HDR is good and has been
found to be adequate for both epidemiological and
clinical studies [20]. The incidence of hospitalization
for DN is comparable to other European countries
and has not changed during the last decades [22].

In the FINMONICA AMI register, between 1983
and 1992, the proportion of non-hospitalized myocar-
dial infarctions (including definite and possible myo-
cardial infarctions) in the age group 35±64 years was
between 21 and 34% in men and 12 and 18% in
women [23]. Even admitting a similar (although im-
probable, given that in the age range of our popula-
tion the prevalence of CVD is much lower) range of
underestimation of cases in our Type 1 diabetic sub-
jects without DN, the risk of CVD would remain sub-
stantially lower in this group compared with diabetic
subjects with DN. In the age group 25±44 years, the
incidence of AMI was 99 [11] and of stroke 57 [24]
per 100 000 individuals.

There were no substantial differences in the inci-
dence of cardiovascular and cerebrovascular disease
in diabetic men and women. This is in accordance
with previously observed data [7], but different from
the general population, where the incidence of AMI
and stroke is higher in men [11, 12] than women. It
has been suggested [3, 5, 6] that low age at onset is a
risk factor for micro- and macrovascular complica-
tions. This is controversial and difficult to analyse. In
our cohort, the risk of CHD, stroke, or any CVD de-

pended substantially on the presence or absence of
DN and on the duration of diabetes, but not on the
age at onset of diabetes. The risk of any of these car-
diovascular events was similar in men and women,
which is in keeping with the previous observation
that the female advantage regarding CVD is lost in
diabetic patients [25].

The risk of stroke among patients with DN was 10
times higher than among those without DN, an in-
crease similar to that observed for CHD. Type 2
(non-insulin-dependent) diabetes is an established
risk factor for stroke, and in a previous study we
found a sixfold increased risk of dying from cere-
brovascular disease among adult diabetic subjects
(primarily Type 2 diabetic), compared with the non-
diabetic population [26]. This is, however, the first
prospective population-based study showing a strong
relation between Type 1 diabetes and stroke in pa-
tients aged less than 40 years.

The causes of the increased frequency of both
CHD and stroke among Type 1 diabetic patients with
clinical DN remains largely unknown, but it may in
part be explained by differences between patients
with and without DN in conventional risk factors,
such as high blood pressure, lipids and lipoproteins,
modified by genetic factors. Diabetic patients with
nephropathy have been reported to have higher blood
pressure [27±29], higher prevalence of smoking [30],
increased plasma fibrinogen and increased serum to-
tal cholesterol [10, 31±33] when compared with pati-
ents without clinical nephropathy. These are all risk
factors for macrovascular disease, and together with
the increased transcapillary escape rate of albumin
[31] (a marker of generalized increase in vascular per-
meability), they may explain the increased risk of
macrovascular disease as also suggested by Deckert
et al. [9]. Perturbations in plasma lipoproteins have
been proposed as one pathogenic mechanism respon-
sible for the increase of CHD risk in diabetic nephrop-
athy [8, 34]. The same mechanisms could also inter-
vene in increased stroke risk. In contrast to normoal-
buminuric Type 1 diabetic patients with good to mod-
erate glycaemic control [35, 36], proteinuric diabetic
patients show elevations of serum low-density lipo-
proteins (LDL), cholesterol and serum triglycerides,
and lowering of plasma high-density lipoprotein
(HDL) [8, 34, 37]. In the general population, these
are also risk factors for CHD [38, 39]. The relationship
between perturbation in plasma lipoproteins in dia-
betic subjects and the increased risk of cardiovascular
and cerebrovascular disease is largely unexplained
and certainly not unequivocal. In a study by Karhi
et al. [37], for example, the slight decreases in serum
HDL cholesterol in albuminuric groups was not suffi-
cient to explain the excess CHD risk.

Low cardiac parasympathetic activity has been
shown, both in experimental [40] and clinical studies
[41] of non-diabetic patients with CHD, to be a major
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risk factor for sudden cardiac death by lowering the
threshold for malignant arrhythmia [40, 42]. Damage
to the cardiac autonomic system is prevalent in dia-
betic subjects [43], particularly in patients with ne-
phropathy [44]. This could explain the high rate of
sudden cardiac death in patients with DN.

In conclusion, this study shows that DN severely
increases the risk of CHD, stroke, and all CVD. In a
country such as Finland, where the occurrence of
CHD and stroke is high, we observed a 10-fold in-
crease in the risk of such diseases in Type 1 diabetic
patients with DN compared with those without DN.
In our study the increased risk was similar in men
and women, and depended substantially on the dura-
tion of diabetes and on the presence of DN, but not
on the age of onset of Type I diabetes mellitus.
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