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Proteinuria: value as predictor of cardiovascular mortality in
insulin dependent diabetes mellitus
KNUT BORCH-JOHNSEN, SVEND KREINER
Abstract
The relation between diabetic microangiopathy and macroangiopathy was studied by analysing the relative mortality from
cardiovascular disease in patients with insulin dependent diabetes
mellitus with and without persistent proteinuria. The study group
comprised 2890 diabetics diagnosed between 1933 and 1972
before the age of 31, and the study was conducted by using the
linear logistic discrete failure time model. In patients with
proteinuria the relative mortality from cardiovascular disease
was 37 times that in the general population; in patients without
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proteinuria it was 4-2 times that in the general population. In both
groups women had a relative mortality twice to 2-6 times that of
men. In neither group was relative mortality correlated with
duration of diabetes, suggesting that the association between
diabetes and cardiovascular disease may be conferred by factors
other than hyperglycaemia and hyperinsulinaemia.
The high relative mortality from cardiovascular disease in
diabetics with proteinuria indicates a strong association between
diabetic microangiopathy and macroangiopathy, suggesting a
common (pathogenetic?) mechanism for these two late diabetic
complications.
Introduction
Insulin dependent diabetes is characterised by a high relative
mortality,' which recent studies have shown is confined almost
entirely to patients developing persistent proteinuria. Furthermore, mortality from cardiovascular disease also tends to be higher
in patients with proteinuria than in those without.2 Previous studies
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Present study
SUBJECTS

The study group comprised all 2890 insulin dependent diabetics admitted
the Steno Memorial Hospital (a specialised diabetes care unit) whose
disease was diagnosed before the age of 31 between 1933 and 1972. The
study population and the incidence of proteinuria are detailed elsewhere.9
Estimated on the basis of a Danish incidence study'0 the population
represented between 25% and 35% of all insulin dependent diabetics
diagnosed between 1933 and 1972. The distribution of sex and age at onset of
diabetes showed no difference between our population and the incidence
study. All patients were admitted to the Steno Memorial Hospital between
1933 and 1982 for specialist advice on diabetes care. Two thirds were
followed up regularly at the hospital and the remaining patients by their
general practitioners backed by local departments of internal medicine.
Treatment at the hospital is free and patients are referred by their general
practitioners or the departments of internal medicine. The Steno Memorial
Hospital is one of the two main Danish centres for treatment of diabetes.
All patients were followed up from admission to the hospital until death,
emigration, or 1 January 1984 by tracing their personal identification
numbers at the National Central Register. A total of 716 of the patients had
died. In all these cases a copy of the death certificate, the necropsy report (if
any), and the records from the last admission were obtained to verify the
cause of death. Data on proteinuria were obtained from the hospital records
at the Steno Memorial Hospital or the medical or paediatric departments and
general practices where the patients had been followed up. Persistent
proteinuria was defined as urinary protein excretion exceeding 0 5 g in 24
hours in four consecutive urine samples from patients without urinary tract
infection, congestive heart failure, or pregnancy. The screening procedure
for proteinuria was Heller's test until 1965, and thereafter reagent strips
(predominantly Albustix) were used. " '2 If proteinuria was detected quantitative determination was carried out by the Esbach method." All patients
were screened routinely at each outpatient clinic visit and while in hospital.
Of the 2890 patients who could be traced, data on proteinuria were
unobtainable in 232, nine had died before 1943, and seven had developed
non-diabetic proteinuria before admission and 49 non-diabetic proteinuria
after admission to the hospital. Thus 248 patients were excluded from the
analysis and 49 excluded from the onset of non-diabetic proteinuria. A total
of 2642 patients were included in the analysis of relative cardiovascular
mortality, of whom 197 had proteinuria on admission and 525 developed
proteinuria during the study period (see fig 1). In 110 patients the exact date
at onset of proteinuria was unknown; nevertheless, having recorded the last
time the patient had been seen without proteinuria and the first time with
proteinuria, we estimated the most probable time of onset, as described.2
For analysis of the cardiovascular relative mortality the cause of death of
the insulin dependent diabetics was taken from the death certificates. For
comparison the age specific, sex specific, and calendar year specific mortality
rates for cardiovascular disease were obtained from the Danish Institute of
Clinical Epidemiology. As the central registration of death certificates in
Denmark began in 1943, this study covers the relative mortality from
cardiovascular disease for 1943-83 only. The coding procedure for death
certification in Denmark changed during the study period. Not until 1951
did Denmark adopt the international coding system for death certification
(World Health Organisation's International Classification of Diseases).
Before then Scandinavian countries had used their own standardised
nomenclature. Thus the following codes were used to define cardiovascular
disease: 1943 to 1950 (Scandinavian nomenclature of 1926'3) codes 250, 300,
and 400 to 430; 1951 to 1%8 (ICD (7th revision)), codes 330 to 334 and 400
to 468; 1969 to 1983 (ICD (8th revision)), codes 390 to 458. The definition
to

525

Observed 101
(expected 2343)

FIG

109 Observed
( 297 expected )

1-Flow chart of patients studied.

TABLE i-Clinical data on patients developing persistent proteinuria and patients not
developing proteinuria

Proteinuric group
Non-proteinuric
group
X2 Test.

Median age at
diagnosis (years)
(range)

Median calendar year
of diagnosis (range)

476 (66)

14 (1-30)

1949 (1933-72)

992 (53)
p<O-001*

15 (1-30)

1959 (1933-72)
p<O-0001t

No
studied

No (%)
male

722

1871

P<O-Olt

tMann-Whitney test.

TABLE II-Predictors of increased cardiovascular relative mortality in patients with
protemnuria
Degrees
of
-2 log Q freedom

p

Significant predictors of cardiovascular mortality
Sex (M/F)
1
18 78
0-00001
Age (years):
-25
23-15
3
0100004
26-35
36-45
346
Year of diagnosis:
1933-40
905
3
003
1941-45
1946-55
1956-65
Calendar year during follow up:
1943-55
11-78
0-02
4
1956-65
1966-70
1971-75
1976-83
Age at onset of proteinuria (years):
s20
12-10
2
0 003
21-30
¢31
Variables with insignificant effect
5
Age at diagnosis
6-61
0-25
Duration of proteinuria
0-99
0-01
2
Duration of diabetes on admission
3-29
2
0-19
Year of onset of proteinuria
3
4*40
0-22
Duration of diabetes at onset of proteinuria
0-01
1
0-92

Odds
ratio
1-0/2-6
1-0
1-5
1-4
03

10
0-6
05
0-6
1.0
1-2
3-9
3-3
2-8

1-0
0-8
04
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on non-insulin-dependent diabetics have shown diabetes mellitus
to be associated with increased cardiovascular morbidity and
mortality3 4 but the underlying pathogenetic mechanism remains
unknown.5 The few similar studies on insulin dependent diabetics
also suggest an excess of cardiovascular morbidity and mortality in
these patients.2 Recent Danish and British studies on non-insulindependent diabetics have shown that patients with abnormally high
urinary albumin excretion rates but without clinical nephropathy
have an excess cardiovascular mortality rate.7 I We therefore
hypothesised that persistent proteinuria is a marker of a generalised
severe (malignant) vasculopathy including microangiopathy as
well as macroangiopathy, suggesting a common (pathogenetic?)
mechanism for the two types of diabetic angiopathy. The aim of the
present study was to analyse the relative mortality from cardiovascular disease in a dynamic cohort of insulin dependent diabetic
patients with and without persistent proteinuria.
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STATISTICAL MODEL AND METHODS

Analysis of the relative mortality from cardiovascular disease was
performed within the framework of a linear logistic discrete failure time
model,'4 1' where time (duration of diabetes) was measured in years.
Statistical analysis was by likelihood ratio test statistics (-2 log Q). For each
subject the sex specific, age specific, and calendar year specific cardiovascular
disease death intensities were included as an additional part of the logistic
parameter. The state of the patient (dead, alive, or censored due to loss to
follow up or termination of study before death) was the dependent variable.
The cohort was analysed separately for patients with and without proteinuria.
This was necessary, as we knew from a previous study2 that (a) the overall
relative mortality was five to 20 times higher in patients with proteinuria
than in those without, (b) several variables were associated with increased
relative mortality in patients with proteinuria but not in patients without
proteinuria, (c) some relevant variables may be estimated only for patients
with proteinuria, and (d) development of proteinuria is such a strong risk
factor for death that the relevant time scale changes from age or duration of
diabetes to duration of proteinuria. In patients without proteinuria death
from any cause other than cardiovascular disease, emigration, or development of proteinuria (diabetic or non-diabetic) led to censoring (loss to follow
up as a patient without proteinuria). In patients with proteinuria death from
any cause other than cardiovascular disease and emigration led to censoring.
In patients without proteinuria the following explanatory variables were
included in the analysis: sex, age at diagnosis, current age, year of diagnosis,
calendar year during follow up, and duration of diabetes on admission to the
Steno Memorial Hospital. In patients with proteinuria the following
explanatory variables were also included: year of onset of proteinuria,
duration of diabetes at onset of proteinuria, and age at onset of proteinuria.
Testing for significant effect of the explanatory independent variables was
done by backward selection strategy with exclusion on the basis of a 5%
level.
The logistic failure time model is a so called generalised linear model'6 in
which the death rates from cardiovascular disease for the population at
large-or more precisely the logistic transform of the mortality ratesappear as an offset term (McCullagh and Nelder, p 138).16
All continuous explanatory variables were isolated and thereafter introduced as qualitative factors in the systematic component of the mortality.
This procedure was adhered to for two reasons. Firstly, there is no reason to
assume that the systematic component of the model is a linear function of the
continuous covariates. Instead, each level of the separate covariates is
assumed to contribute distinct quantities to the systematic component. The
estimated parameters (odds ratios) shown in tables II and III seem to justify
this view. The parameter specifying the effect of age increases until ages 2645 and thereafter decreases. Secondly, the categorisation of the quantitative
variables reduces the problems of aliasing (non-estimability) caused by
linear relations among age at diagnosis, year of diagnosis, duration of
diabetes, current age, and calendar year during follow up. Intrinsic aliasing
due to linear dependence among different terms of the systematic component
of the risk of cardiovascular mortality disappears completely when the
continuous variables are categorised, whereas extrinsic aliasing still may
occur as a result of inexpedient choice of categories combined with
unfavourable distribution of the explanatory variables. To ensure that

TABLE IiI-Predictors of increased cardiovascular relative mortality in patients without
proteinuria

Degrees

of
-2 log Q freedom

Significant predictors of cardiovascular mortality

Sex (M/F)
Age at diagnosis (years):
_- 5
6-10
11-15
16-20
21-25
26-30

p

Odds
ratio

10-02

1

0-002

1-0/2-0

15 70

5

0008

10
07

Variables with insignificant effect
4
4-86
Age
1-81
4
Year of diagnosis
4
1-68
Calendar year during follow up
2
0 05
Duration of diabetes
2
2-25
Duration of diabetes on admission

1-0

100
as

E 75.

0

a)

(a

50'
25z
/
--l

20

3o

,'I,

NI.-/

I

I-------

-1

40
50
Age in years

6o

io

FIG 2-Relative mortality from cardiovascular disease in insulin dependent

diabetics with persistent proteinuria (

) and without proteinuria ( ---- ).

extrinsic aliasing was not present special care was therefore taken when
deciding how to categorise the continuous variables. McCullagh and Nelder
(pp 45-53) examined the problems connected with aliasing in more detail.'6

Results
The 232 patients for whom data on proteinuria were unobtainable (fig 1)
study group in their sex distribution, age at onset of
diabetes, and calendar year of diagnosis.
Table I shows the basic characteristics of the 722 patients with proteinuria
and the 1871 patients who did not develop proteinuria. Patients developing
proteinuria were characterised by male preponderance, lower age at
diagnosis, and having been diagnosed in the first part of the observation
period. The total number of deaths in the study period (1943-83) was 716. Of
the 722 patients who had proteinuria on admission or developed it during the
study period, 455 died, 109 of cardiovascular disease. Among patients not
developing proteinuria 261 died, 101 of cardiovascular disease. The total
number of years of observation in the two groups was 4943 years in patients
with proteinuria and 40 680 years in patients without proteinuria.
Cardiovascular relative mortality in patients with persistent proteinuriaFigure 2 shows the relative mortality from cardiovascular disease in patients
with and without proteinuria. Among the 682 patients with proteinuria a
total of 109 deaths from cardiovascular disease occurred compared with 2-97
expected. Thus the overall relative cardiovascular disease mortality was 36-7
(p=0-00002). In women the relative mortality was 2-6 times that of men
(p=0-00001) (table II). Relative mortality was highest at ages 26-45
years (p=0 00004) and decreased with increasing calendar year of diagnosis;
relative mortality increased with calendar year during follow up from 1943 to
1966 and then remained relatively stable (p=0 02). Patients developing
proteinuria before the age of 20 had the highest relative mortality from
cardiovascular disease (p=0 003). Neither age at diagnosis, duration of
diabetes at onset of proteinuria, duration of proteinuria, calendar year of
onset of proteinuria, nor duration of diabetes on admission to the Steno
Memorial Hospital significantly influenced relative mortality.
Cardiovascular relative mortality in patients without persistent proteinuriaAmong the 2445 patients without proteinuria on admission (fig 1) a total of
101 deaths from cardiovascular disease occurred compared with 23-3
expected. Thus the overall relative mortality from cardiovasular disease was
4-3 (p=0-00001). Women had a relative cardiovascular disease mortality
twice that of men (p=0 002) (table III), and patients aged < 16 at diagnosis
had the highest relative mortality (p=0008). Neither duration of diabetes
nor current age had any significant effect (table III).
were similar to the

0-7

0°5

0-3

0 30
0 77
0-79
0-98
0 32

Discussion
It has previously been shown that the high relative mortality in
insulin dependent diabetes can predominantly be ascribed to the
development of persistent proteinuria. Our study, comprising a
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included Morbi Organorum Cirkulationis-that is, ischaemic heart disease,
cardiac valvular disease, unspecified cardiac disease, cerebrovascular disease,
peripheral vascular disease, thromboembolic events, and hypertension.
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role of standard cardiovascular risk factors in insulin dependent
diabetes.
In conclusion, our study shows a strong association between
diabetic microangiopathy and macroangiopathy. The increased
mortality from cardiovascular disease was found predominantly in
patients who had developed persistent proteinuria. A significantly
increased mortality, however, was found even in patients without
proteinuria, suggesting that diabetes by itself either directly or more
likely indirectly confers a risk of developing cardiovascular disease.
Both in patients with and in patients without proteinuria the relative
mortality was higher in women than in men.
This study was supported by grants from the Danish Diabetes Association
(Diabetesforeningen) and Nordisk Insulinlaboratorium. We are grateful for
the help of Mrs V Rosenkrantz, of the National Board of Health, department
B, in obtaining the death certificates and to Mr Knud Juhl, Danish Institute
of Clinical Epidemiology, for providing the cause specific mortality rates.
We also acknowledge the general practitioners and departments of internal
medicine for information about the patients and Dr Allan KofoedEnevoldsen, who collected data on the development of proteinuria.
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representative sample of 2890 Danish insulin dependent diabetics,
confirms that this is also true for relative cardiovascular mortality.
The most frequent causes of death were myocardial infarction and
cardiac insufficiency, but detailed analysis of the causes ofdeath was
not undertaken owing to the potential difference in bias between the
diabetic and background populations in recording causes of death.
The relative mortality from cardiovascular disease was 36-7 in
patients with persistent proteinuria compared with only 4-3 in
patients without proteinuria. This suggests that the two types of
angiopathy seen in insulin dependent diabetes-that is, microangiopathy and macroangiopathy-may be closely related. Other studies
have shown that proliferative retinopathy and persistent proteinuria
are related,'7 18 whereas the association between microangiopathy
and macroangiopathy has only been suggested for non-insulindependent diabetes.7 8
Persistent proteinuria is associated with the development of
raised blood pressure and hypercholesterolaemia'9 (F ValdorfHansen, unpublished observations). Both factors are known risk
factors for cardiovascular disease in non-diabetic subjects.`0 21
Valdorf-Hansen et al (unpublished) have also shown that insulin
dependent diabetics with proteinuria have higher serum fibrinogen
concentrations and increased platelet adhesiveness in vivo than
insulin dependent diabetics of comparable age and duration of
diabetes without proteinuria. These studies therefore suggest that
patients with persistent proteinuria have a different profile of
cardiovascular risk factors from patients without proteinuria.
Whether these differences are primary or secondary to the development of persistent proteinuria is, however, unknown, but it is
unlikely that these risk factors can explain the 10-fold increase in
cardiovascular mortality in diabetics with proteinuria. Genetic
factors22 or factors affecting the permeability of vessel walls23 may be
equally important.
Patients without proteinuria also showed a significantly increased
relative mortality from cardiovascular disease, though much lower
than that of patients with proteinuria. This suggests that diabetes by
itself is also a significant risk factor for cardiovascular disease,
independent of the development of proteinuria, though some of
these patients may have had microalbuminuria undetectable by the
screening procedures used in our study. Relative mortality was
independent of the duration of diabetes, which agrees with findings
in non-insulin-dependent disease.24 25 It is therefore questionable
whether the association between diabetes and cardiovascular disease
is causal or independent, as discussed by Jarrett.5 If diabetes-that
is, hyperglycaemia and peripheral hyperinsulinaemia-is the risk
factor for cardiovascular disease an effect of duration of the disease
should be expected, but this was not the case. Genetic factors
associated with the development of insulin dependent diabetes as
well as atherosclerosis might therefore explain the observation.
In patients with and without proteinuria a higher relative
mortality from cardiovasular disease was found in women than in
men. Hence diabetes seems to have different impact as a risk factor
in the two sexes. This agrees with studies on non-insulin-dependent
diabetes by Barrett-Connor and Wingard26 and the Framingham
study,' though other groups have reached opposite conclusions.28 A
similar trend has been found in insulin dependent diabetics but, as
discussed by Jarrett,28 previous studies were based on small groups
of patients. In the non-diabetic population cardiovascular morbidity
as well as mortality were higher in men, certainly up to age 60.? In
our study men and women had identical absolute mortality rates,
whether in the groups with or without proteinuria. Thus women
with insulin dependent diabetes appear not to have the usual relative
protection from cardiovascular disease.
Our findings show an association between proteinuria and
cardiovascular disease. A significant increase in cardiovascular
disease was also found in patients without proteinuria. The
reason for this remains unknown, though clustering and interaction of cardiovascular risk factors-for example, smoking, hypertension, and hypercholesterolaemia in diabetic patients-have been
suggested?"0 We were unable to evaluate the impact of these well
known risk factors, as data on blood pressure, smoking habits, and
blood lipid concentrations wer~e unobtainable in the reference
population. Further prospective studies are needed to evaluate the
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