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Summary. We followed 1, 134patients with Type I (insulin- 
dependent) diabetes, diagnosed between 1933 and 1952, until 
1982 or death or until their emigration. Their age at onset of 
diabetes was under 31 years. Information concerning the de- 
velopment of persistent proteinuria was sought in every case. 
In 104 cases, the data were either questionable or the patient 
could not be traced. Twenty-nine patients developed non-dia- 
betic proteinuria. Among the remaining 1,001 patients, 406 
developed persistent proteinuria (350 died) and 595 did not 
(166 died). The incidence of persistent proteinuria was highest 
among men; it decreased with increasing year of diabetes on- 
set from 1933 to 1952, and decreased with increasing age at 
onset. The relative mortality was extremely high among pat- 
ients with persistent proteinuria, increasing to a maximum of 
about 100 at age 35 years. Patients not developing proteinuria 
had a relatively constant low relative mortalky of about 2. 
The decreasing incidence of persistent proteinuria and the de- 
creasing mortality with increasing calender year of diabetes 

onset resulted in a 50% increase in life-expectancy among pat- 
ients diagnosed in 1950 compared with patients diagnosed in 
1935. In patients who developed persistent proteinuria, rela- 
tive mortality was higher in women than men at all ages. In 
patients who did not develop proteinuria, relative mortality 
was similar in men and women after the age of 35. Uraemia 
was the main cause of death in patients with persistent pro- 
teinuria, although cardiovascular deaths were more frequent 
than in patients without proteinuria. Thus, proteinuria is asso- 
ciated not only with death from uraemia but also from cardio- 
vascular disease. It is concluded that the development of per- 
sistent proteinuria is a major life-threatening complication in 
patients with early-onset Type I diabetes. Patients who do not 
develop proteinuria have almost a normal life expectancy. 
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The substantially increased mortality from arterial dis- 
eases in subjects with diabetes mellitus has long been 
recognized [1, 2]. It is also well-known that the reduced 
incidence of severe arterial disease in women is not 
found in diabetic patients [1, 3]. These findings are, 
however, mostly based upon epidemiological observa- 
tions in Type 2 (non-insulin-dependent) diabetic pat- 
ients. Recent observations in patients with early onset 
Type 1 diabetes have demonstrated that relative mortali- 
ty decreases with increasing age, indicating that mortali- 
ty from arterial diseases in diabetic patients was less 
important than previously believed. These studies also 
demonstrated relative mortality to be identical in male 
and female diabetic patients, indicating that the usual 
protection of females was present [4, 5]. This discrepan- 
cy between the mortality of Type 2 and Type 1 diabetic 
patients may have been due to heterogeneity of the sub- 
jects studied. In fact, relative mortality in insulin-depen- 
dent diabetes is highly variable, being much higher in 
patients who develop persistent proteinuria than in pat- 
ients who do not [4]. Furthermore, the incidence of clini- 
cal nephropathy was found to be significantly higher in 
men compared with women with Type 1 diabetes [6], an 

observation which probably influences sex-dependent 
relative mortality. It has also been shown that patients 
with Type 2 diabetes with an increased urinary albumin 
excretion rate have an increased risk for cardiovascular 
death compared with patients with a normal albumin 
excretion rate, again indicating that mortality figures 
are influenced by proteinuria [7, 8]. These observations 
suggest the need for further study of relative mortality 
in insulin-dependent diabetic subjects. In this study, 
the relative mortality of a large number of early-onset 
Type 1 diabetic patients is analysed in relation to the oc- 
currence of persistent proteinuria. 

Study population 

We studied all patients admitted to the Steno Memorial 
Hospital with early-onset, Type I diabetes (onset before 
age 31 years) and diagnosed between 1933 and 1952. 
The patients were referred between 1933 and 1975 for 
diabetic advice. 

After the first admission to the Steno Memorial 
Hospital, 40% were followed there, while 60% were fol- 
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Fig.1. The subdivision of the cohort of 1,134 insulin-depen- 
dent diabetic patients (see text for details). 20 = death intensity 
of patients without persistent proteinuria )L0~ = incidence of 
persistent proteinuria 21 ~ death intensity of patients with per- 
sistent proteinuria 

Table 1. Clinical data of patients with a known date of onset of pro- 
teinuria and those with an unknown onset of proteinuria 

Patients with Patients with 
ki3own onset n~k~own 
of proteinuria onset of 

proteinuria 
(n=291) (n =115) 

Sex M : F  178:113 80:35 0.11 

Year ofdiabetes onset 
1933-t937 81 36 
1938-1942 81 36 0,55 
1943-1947 71 21 
1948-1952 58 22 

Age at onset (years) 
0-10 112 38 

11-20 121 53 0,58 
21-30 58 24 

Significance according to z2test 

lowed by general practitioners, possibly in collabora- 
tion with a local department of internal medicine. Re- 
cords from the general practitioners and/or  the depart- 
ment of internal medicine were requested in every pat- 
ient. All patients were followed until January 1982, or 
until their emigration or death. The study population 
consisted of 1,134 patients (Fig. 1) and was the same as 
previously described [6], although those who developed 
diabetes before 1933 were excluded because diabetes 
care was not properly organized and long-acting insulin 
preparations were not in use. From this population, 
29 patients were excluded because persistent protein- 
uria developed from renal diseases other than diabetic 
nephropathy. Furthermore, in 104 patients, the develop- 
ment of proteinuria was questionable or the patients 
could not be followed for more than 25 years and were 
consequently excluded. Among the remaining 1,001 
patients (556men, 445 women), 595 did not develop 
persistent proteinuria (>  0.5 g protein/24 h in at least 
four consecutive samples of 24-h urine with intervals of 
at least I month) and 166 of these patients died during 
the observation period (before 1982). Four hundred and 

six patients either had persistent proteinuria at admis- 
sion (n = 95) or developed persistent proteinuria during 
the observation period (n= 311). In these patients, 350 
died during the observation period. In 291 patients, the 
onset of persistent proteinuria could be accurately de- 
termined to _+ 1 year, while precise information on the 
time of onset of persistent proteinuria was unknown in 
115 patients. 

In these 115 patients, we had information about the 
last time each patient was seen without proteinuria, and 
the first time proteinuria was observed. The male/fe- 
male ratio, age at onset of diabetes, and year of diabetes 
onset did not differ between patients with a precisely 
defined onset of persistent proteinuria and patients in 
whom the year of onset of persistent proteinuria could 
not be exactly determined (Table 1). Using data from 
patients in whom the time of onset was known, the most 
probable time of onset of  persistent proteinuria was es- 
timated as the conditional mean given: sex and time of 
the last visit without proteinuria and the time of the first 
visit with proteinuria. 

The main causes of death were taken from death 
certificates and/or  hospital records. In several cases, 
multiple causes of death were present. If, however, the 
serum creatinine level[ was > 500 p~mol/1, uraemia was 
taken as the cause of death. 

Definitions used 

'Relative mortality' is defined as the observed number 
of deaths given the sex, age (a) and calendar-year (t) in 
the diabetic population, divided by the expected num- 
ber of deaths given the sex, age (a) and calendar-year (t) 
based on the non-diabetic population. 

'Absolute mortality' is defined as the percentage of a 
population with a given set of characteristics dying per 
year. 

'Survival probability' is defined as the probability of 
being alive at age a + x, given the individual was alive 
at age a. 
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'Persistent proteinuria' is defined as a protein excre- 
tion > 0.5 g/24 h in at least four consecutive urine sam- 
ples with an interval of at least I month in patients with- 
out renal infection. 

The following symbols are used; 20 = death intensi- 
ty of patients not developing persistent proteinuria; 
/t0g=intensity (=incidence) of persistent proteinuria; 
2 5 = death intensity of patients with persistent proteinu- 
ria. 

Statistical model 

In the statistical analyses, separate models were devised 
for the three intensities shown in Figure 1 : the death in- 
tensity 20(.)  for patients without persistent proteinuria, 
the death intensity A5 ( ' )  for patients with persistent 
proteinuria, and the intensity (incidence) 205 (.) of per- 
sistent proteinuria. As the present study covers a long 
period (1933-1981), considerable changes in the mortal- 
ity in the general population took place, and, therefore, 
at the first stage, a modified Cox regression model for 
relative mortality was used for the analysis of the death 
intensities 2o( ' )  and 21 ( ' )  [9]. 
Thus, the models are expressed as 

/t0(a, z) =#~(a, t) v0(a)exp (fl01zt (a) + . . .  + fl0kZk(a)) 

25 (a, z) = #~ (a, t) vl (a) exp (fix 5zl (a) + . . .  + fllkZk (a)) 

where 20(a, z) and/ t l  (a, z) were the death intensities at 
age a for diabetic patients with covariates Za (a),..., zk(a) 
without and with persistent proteinuria, respectively. 
Furthermore, #s (a, t) was the death-intensity of the gen- 
eral population for a person of same sex and current 
age at calendar time t, fl01,. �9 -, fl0k and flll . . . . .  ]~lk were 
unknown regression-coefficients to be estimated v0(a) 
and vl(a) represent the age-specific baseline relative 
mortalities, i.a. the relative mortalities for patients of 
age a, in whom z l ( a )= . . .=Zk(a )=0 ,  in patients with- 
out or with persistent proteinuria, respectively. 

The covariates included sex, age at diagnosis, calen- 
dar-year of diagnosis, and calendar time during follow- 
up. Analysing the mortality of patients with persistent 
proteinuria, we first studied relative mortality using the 
above model, and, second, used an ordinary Cox re- 
gression model for absolute mortality, i.e. without in- 
clusion of  the factor #s(a, t). 

For analysis of  the incidence of  persistent protein- 
uria, a Cox regression model with time defined as dura- 
tion of diabetes was used. Since information on sex was 
used in the prediction of the time of onset of persistent 
proteinuria for those patients where the exact year of  
onset was unknown, a Cox regression model stratified 
by sex was used in the analysis of the incidence of per- 
sistent proteinuria. Thus, separate intensities of persis- 
tent proteinuria were estimated for men and women 
and no statistical comparisons between the two were 
performed. 

Table 2. Clinical characteristics of the patients studies according to 
the development of proteinuria 

Patients who Patients who 
did not devel- develop pro- 
op proteinufia teinnria 
(n=595) (n=406) 

P 

Sex M:F 298:297 258:148 <0.001 

Year ofdiabetes onset 
1933-1937 131 117 
1938-1942 149 117 0.002 
1943-1947 141 92 
1948-1952 174 80 

Age atonset(years) 
0-10 193 150 

11-20 225 174 0.003 
21-30 177 82 

Significance according to Z z test 

For each of the three separate models, the patients 
were included in the 'risk set' from entry into the study 
(i. e. first admission to the Steno Memorial Hospital). 

The regression coefficients were estimated by maxi- 
mizing the partial likelihood function [10], and the un- 
derlying intensities were estimated according to Ram- 
lau-Hansen [11]. Hypotheses concerning the regression 
coefficients were tested by means of the partial likeli- 
hood ratio rest statistic - 2  log Q having an approxi- 
mate Z 2 distribution with the number of degrees of free- 
dom equal to the difference between the number of re- 
gression coefficients outside and under the hypothesis 
tested. First the variables were entered in singlefactor 
analyses and only the significant variables were in- 
cluded in the mulfivariat Cox regression models. 

From estimates of  the intensities /t0('), 21(.)  and 
201 ('), it is possible to obtain estimates for the survival 
probability corresponding to any value of diabetes du- 
ration for an individual for a given sex, age at diagnosis 
and calendar year at diagnosis. 

Results 

Table 2 shows the clinical characteristics of patients de- 
veloping and not developing persistent proteinuria. 

Incidence of persistent proteinuria 

Only patients without proteinuria at admission were in- 
cluded in the incidence study. Figure 2 shows the inci- 
dence of persistent proteinuria in the entire material. It 
can be seen that the incidence rose dramatically after 
10years of  diabetes, reached a maximum after 13-18 
years of diabetes, after which it decreased. No second 
peak of incidence was found. Women had a reduced in- 
cidence of persistent proteinuria compared with men. 
The difference between men and women was most pro- 
nounced at 10-30 years of diabetes, while no sex differ- 
ence was found, for a duration of less than 10 years or 
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Fig.  2. The  i n c i d e n c e  o f  d i a b e t i c  n e p h r o p a t h y  (pers i s ten t  p r o t e i n u r i a )  
as a f u n c t i o n  of  d i abe t e s  du ra t i on .  - . . . .  w o m e n ; -  m e n  

diagnosis, but then it declined considerably in patients 
who were older at diagnosis ( -21ogQ=11.66,  2 d.f., 
p =0.003). 

The incidence of persistent proteinuria was highest 
among patients diagnosed between 1933 and 1938, after 
which the incidence declined, the lowest incidence oc- 
curring in patients diagnosed between 1948 and 1952 
( -21ogQ=16.02,  3 d.f., p=0.001).  In the singlefactor 
analysis, a significant effect of the calendar year during 
follow up on the incidence of persistent proteinuria was 
found. The highest incidence was seen in the period 
1951-1960, but when the effect of calendar year at diag- 
nosis, age at diagnosis, and sex were included in the 
analysis, the effect of the calendar year during follow up 
on the incidence of persistent proteinuria was not sig- 
nificant (2 logQ = 6.48, 3 d. f., p = 0.09). 
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Fig. 3. The relative mortality among patients with persistent protein- 
ufia (upper curves) and without proteinu~a (lower curves) as a func- 
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Fig.4 .  The  re la t ive  m o r t a l i t y  o f  pa t i en t s  w i t h o u t  p r o t e i n u r i a  as a 
func t ion  o f  cu r ren t  age. - . . . .  w o m e n ;  - -  m e n  

longer than 30 years. The incidence of persistent pro- 
teinuria decreased with increasing age at diagnosis 
( -21ogQ=6.56 ,  I d.f., p =0.01). When stratifying the 
age at diagnosis in 10-year intervals, the incidence could 
be considered constant from the ages of 1-20 years at 

Mortality 

A marked difference was found in relative mortality be- 
tween patients with persistent proteinuria and those 
without proteinuria (Fig. 3). Among patients with per- 
sistent proteinuria, a steep increase in relative mortality 
was found at the age of 20 years, with a maximal rela- 
tive mortality of nearly 100 in the age range 30-40 years 
(corresponding to a median duration of diabetes of 
15-25 years). After this peak, a sharp decline in relative 
mortality was seen. Among patients not developing per- 
sistent proteinuria, the relative mortality was about two 
and remained relatively constant throughout life. 

Among patients not developing persistent protein- 
uria, significantly higher relative mortality was found 
among women than among men ( -21ogQ = 6.16, 
1 d. f., p < 0.01; Fig. 4). However, when stratifying age in 
the intervals 0-17 (childhood and puberty), 18-35 
(child-bearing), 36-50 (pre-menopausal)and 50 + years 
(post-menopausal), a higher relative mortality among 
women was only seen in the first two age intervals. 

A non-significant trend towards decreasing relative 
mortality with increasing age at diagnosis was found 
( -21ogQ=3.38 ,  1 d.f., p=0.07).  When grouping the 
subjects according to 5-year intervals of onset of diabe- 
tes from 1933 to 1952, the relative mortality was highest 
among patients diagnosed from 1938 to 1942, but it 
then decreased significantly ( -21ogQ=13.04,  3 d.f., 
p = 0.005). With time during the follow-up period as a 
continuous variable, no change was found during the 
follow-up period from 1933 to 1981 ( -21ogQ=2.10 ,  
3 d.f., p --0.55), i.e. patients not developing persistent 
proteinuria had the same relative change in mortality 
during the observation period as the non-diabetic popu- 
lation. 

In patients with persistent proteinuria, relative mor- 
tality was also significantly higher among women than 
among men. However, relative mortality was much 
higher than in patients not developing persistent pro- 
teinuria, reaching a maximum of 110 among women 
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Fig. 6. Estimated survival probability of Type 1 diabetic patients; age 
at diagnosis 10 years, - -  women ..... men, Time of diagnosis: upper 
curves 1950, lower curves 1935 

aged 36-38 years, and 80 among men aged 34-36 years 
(Fig.3). 

Since median  survival after onset of  proteinuria is 
only 7-8  years [6], and since the  mortality in the non- 
diabetic popula t ion  is higher among men than among 
women  up to 85 years of  age, we used absolute mortali- 
ty in the analyses of  prognostic factors of  patients with 
persistent proteinuria. The mortality in patients with 
persistent proteinuria (Fig. 5) shows that mortali ty was 
low during the first 3 years of  proteinuria, after which 
it increased to a constant level of  17% per year, 
10-20 years after the onset of  proteinuria. Patients with 
proteinuria for  more  than 20 years demonstra ted a low- 
er mortality. After the onset of  proteinuria,  mortality 
was the same in men  and women ( - 2 1 o g Q = 0 . 2 6 ,  
I d.f., p = 0.61). This means that the difference in the 
relative mortality between men and women was due to 
differences in mortality in the non-diabetic populat ion 
and not  due to different influences of  persistent protein- 
uria in men  and women.  The highest mortality was 
found  among patients with onset o f  diabetes between 
1938-1942. After this, the mortality decreased signifi- 
cantly ( - 2 logQ = 11.37, 3 d. f., p = 0.01). The age at on- 
set of  diabetes showed no effect on the mortality of  dia- 

Table 3. Cause of death among patients with persistent proteinuria, 
patients without proteinuria and in a reference population ~ 

Patients with Patients with- Reference a 
persistent pro- out protein- population 
teinuria uria (1972) aged 

35-59 years 
(%) (n = 350) (%) (n = 166) (%) (n = 7279) 

Uraemia 66 - 0.3 

Cardiovascular 23 45 25.3 
diseases 

Hypoglycaemia 1 4 0 

Ketoacidosis 1 8 0 

Diabetes mellitus 0.3 0 0 

Infections 4 20 4.1 

Neoplasia 0.3 7 34.9 

Suicide 0.3 2 8.5 

Others and 5 15 26.9 
unknown 

Danmarks Statistik, Statistical Yearbook, Denmark 1972 

betic patients with proteinuria ( -  2 logQ = 0.011,1 d.f., 
p = 0.92). Year at onset of  persistent proteinuria showed 
a significant effect on  mortality. However, when year of  
diagnosis, diabetes durat ion at onset o f  persistent pro- 
teinuria and durat ion o f  persistent proteinuria were 
included in the analysis, no significant change in 
mortality during the observation period was found 
( -  21ogQ = 6.23, 3 d. f., p =0.10). 

Early onset of  persistent proteinuria was a more 
serious event than late onset. When the interval between 
diabetes onset and onset of  proteinuria was stratified 
into the intervals: 0-10 years, 11-15 years, 16-20 years 
and 21 + years, a highly significant effect of  mortality 
was found ( - 2 1 o g Q  = 31.2, 3 d.f., p < 0.0001), indicat- 
ing that patients developing persistent proteinuria after 
more than 15 years of  diabetes had a better prognosis 
than patients developing it earlier. 

I f  sex, year of  onset of  diabetes, year during follow- 
up, incidence of  persistent proteinuria and changes in 
mortality in the non-diabetic populat ion were taken in- 
to consideration, the survival probabili ty of  all Type 1 
diabetic patients with fixed age at onset, and fixed year 
of  onset could be estimated (Fig. 6). Figure 6 shows that 
median survival was 50% longer if  patients who were 
10years  of  age at diagnosis were diagnosed in 1950 
compared  with 1935. 

Cause of  death 

Eighty-six percent  o f  patients who developed persistent 
proteinuria died, whereas only 28% of  the others died 
before 1:982. The causes of  death are seen in Table 3. 
Since the deaths occurred during the period 193351982, 
it was impossible to compare  causes of  death in our  ma- 
terial with those in the non-diabetic population. There- 
fore, causes of  death in a recent Danish populat ion of  
comparable  age are given. 
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A comparison of the causes of death between the 
two diabetic populations demonstrated differences in 
death from uraemia, cardiovascular diseases (ischaemic 
heart and cerebrovascular disease), ketoacidosis, infec- 
tious diseases, neoplasm and others. Eighty out of the 
406 patients in the group with proteinuria died from 
cardiovascular events (these patients with proteinuria 
were followed for a total of 3,295 years), whereas 75 out 
of the 595 patients without proteinuria died from these 
causes (these patients without proteinuria were fol- 
lowed for a total number of 19,443 years), indicating 
that the mortality from cardiovascular events was high- 
er among patients with persistent proteinuria than in 
patients without persistent proteinuria. 

Discussion 

The present study material consists of patients with 
Type 1 diabetes diagnosed between 1933 and 1952, and 
under 31 years of age. It has been shown previously that 
this population is well characterized and representative 
of diabetic patients of a similar age in Denmark with re- 
spect to age at diagnosis and relative mortality [5, 6]. As 
only patients without proteinuria at admission were in- 
cluded in the incidence study, it is unlikely that the ef- 
fects of age at diagnosis and year of onset of diabetes 
we observed were due to changes in patient admission 
to the hospital. 

The incidence of persistent proteinuria in this study 
was very similar to that found previously [6], although 
patients with diagnosis before 1933 were excluded here, 
and the precise time of onset of proteinuria was un- 
known in 115 patients. However, the second incidence 
peak after 32 years of diabetes found in the previous 
study [6], was not seen, probably because many long- 
term survivors among patients diagnosed before 1933 
were excluded. As shown previously [6, 12], the inci- 
dence of persistent proteinuria was higher among men 
than among women. The reason for this sex bias is still 
unknown. It is, however, also present in other renal dis- 
eases, such as glomerulonephritis [13]. A new observa- 
tion here is that a young age at diagnosis is associated 
with an increased incidence of persistent proteinuria. 
This probably explains our previous findings [5] of 
highest relative mortality among patients diagnosed at 
0-10 years of age. The cause of this difference remains 
unexplained, but may be attributed to the deleterious 
effect of poor metabolic control compounded by the 
difficulties in treating teenagers. The decreasing inci- 
dence of persistent proteinuria with increasing year of 
diagnosis probably explains the previously reported de- 
creasing relative mortality with increasing year of diag- 
nosis [4, 5]. Indeed, life expectancy for patients diag- 
nosed aged 10 was much longer in 1950 than in 1935. 
The cause of this decreasing incidence of persistent pro- 
teinuria remains unknown, but it is likely to reflect im- 
provements in the management of diabetes from 1933 
onwards. 

In a recent study, we demonstrated that relative 
mortality increased with increasing duration of diabetes 
to a maximum at 15-25 years, after which it declined 
considerably, and that relative mortality was indepen- 
dent of sex [4, 5]. However, we were unable to analyse 
the impact of proteinuria on prognosis in this study as 
data concerning development of persistent proteinuria 
were not available in approximately 50% of the pat- 
ients. 

The present study reveals that high relative mortality 
is mainly related to the development of persistent pro- 
teinuria. While relative mortality among patients not 
developing persistent proteinuria was virtually constant 
at about twice the mortality in the reference population, 
relative mortality among patients developing persistent 
proteinuria reached a maximum of 80 in men and 110 in 
women, the difference between the sexes being signifi- 
cant. This difference was, however, due to the fact that 
mortality rates in Denmark, as in most other countries, 
are higher among men than among women in all age 
groups up to 85 years of age (Danmarks Statistik, Sta- 
tistical Yearbook). Absolute mortality was similar be- 
tween the sexes in patients with persistent proteinuria, 
indicating that the usual protection of women from se- 
vere vascular complications is abolished in this group of 
patients. The lack of sex difference in relative mortality, 
which was found previously [5] among unselected 
groups of Type 1 diabetic patients (including patients 
with and without proteinuria), results from a combina- 
tion of the higher incidence of persistent proteinuria 
among men, and the ]higher relative mortality in diabet- 
ic women with proteinuria. 

We also observed that mortality in the group of pat- 
ients with persistent proteinuria decreased with increas- 
ing year of diagnosis. This means that the median sur- 
vival after the onset of proteinuria increased with in- 
creasing year of onset of diabetes. It has been shown 
that intensive anti-hypertensive treatment can reduce 
the decline of renal function in patients with diabetic 
nephropathy. However, this could not explain the pre- 
sent finding, since intensive anti-hypertensive treatment 
was uncommon before 1980. 

Recent studies have shown that increased urinary 
albumin excretion rate is a predictor, not only of clinical 
diabetic nephropathy, but also of cardiovascular dis- 
ease [7, 8]. This is also the case in the present study. The 
number of cardiovascular deaths in patients who devel- 
oped proteinuria was higher than in those who did not 
develop proteinuria, despite a smaller number of pat- 
ients, and a shorter observation period in the former 
group. The cause of increased cardiovascular mortality 
in diabetic patients with increased urinary albumin 
excretion rates remains unknown. However, it has been 
shown previously that Type 1 diabetic patients with in- 
creased urinary albumin excretion rates have increased 
blood pressure [14], higher cigarette consumption [15] 
enhanced platelet adhesion [16], higher blood viscosity 
[17], increased transcapillary escape rate [18, Feldt- 
Rasmussen, unpublished observations], and elevated 
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p l a sma  f ibr inogen concen t ra t ions  [191, c o m p a r e d  with 
diabet ic  pat ients  o f  similar  dura t ion  wi thou t  compl ica-  
tions. Thus ,  these mult iple,  c om p l e x  card iovascu la r  risk 
factors  m a y  explain the substant ial  increase in cardio-  
vascular  morta l i ty  in subjects with persis tent  pro te inu-  
ria. 

In  pat ients  no t  deve lop ing  persistent  proteinuria ,  
the ma in  causes o f  dea th  dur ing  the first 20 years  o f  dia- 
betes  were  infections,  such  as tuberculosis  a nd  ketoaci-  
dosis. Higher  relative morta l i ty  a m o n g  w o m e n  in this 
early per iod  o f  diabetes  indicates tha t  ke toacidosis  is a 
special  risk fac tor  for  y o u n g  female  patients.  Indeed ,  9 
ou t  o f  21 patients,  dy ing  before  the  age o f  25 years,  died 
f r o m  ketoacidosis  (6 w o m e n  a nd  3 men).  A m o n g  pat-  
ients dy ing  after 20 years  o f  diabetes,  the ma in  cause o f  
dea th  was ca rd iovascu la r  disease. We do  no t  k n o w  
whe the r  the inc idence  o f  ca rd iovascu la r  dea th  in this 
g r o u p  o f  diabet ic  subjects was  h igher  t han  in the  non-  
d iabet ic  popu la t ion ,  since c o m p a r a b l e  da ta  are no t  
available.  Nevertheless ,  over - representa t ion  o f  cardio-  
vascular  deaths  was  small, a nd  after  age 35 years,  w h e n  
ca rd iovascu la r  disease was  the m a i n  cause o f  death,  a 
sex difference in relative morta l i ty  cou ld  no t  be  seen in 
this g r o u p  o f  patients.  

The  observa t ion  that  the major i ty  o f  Type 1 early- 
onset  diabet ic  pat ients  who  do  no t  deve lop  persistent  
p ro te inur ia  have an  a lmos t  no rma l  life expec tancy  was  
unexpec ted .  This, toge ther  with the  fact  tha t  capil lary 
b a s e m e n t - m e m b r a n e  thickening,  m i c r o a n e u r y s m s  in 
the retina, and  a c c u m u l a t i o n  o f  ba semen t  m e m b r a n e -  
like mater ia l  in the m e s a n g i u m  o f  the g lomerul i  can  be 
seen in near ly  all pat ients  with long- te rm diabetes with- 
ou t  severe compl ica t ions ,  makes  it possible  to speak  o f  a 
ben ign  va scu lopa thy  in such  cases. H i g h  relative mor-  
tality in pat ients  w h o  d id  deve lop  persis tent  proteinuria ,  
the increased  risk o f  ca rd iovascu la r  death,  the high 
preva lence  o f  ca rd iovascu la r  risk factors,  a nd  severe 
vascular  renal  and  retinal changes  seen in mos t  o f  these 
pat ients  m a k e  it possible  to  speak  o f  'ma l ignan t  vascu-  
Iopa thy '  in these patients,  Such  diabet ic  pat ients  are 
charac ter ized  by  a b r e a k d o w n  o f  the integri ty o f  the  vas- 
cular  wall, no t  on ly  in capillaries o f  the g lomeru la r  tuft, 
bu t  also in the retina, muscles  [20] and  the int ima o f  
large arteries [21, 22]. This 'ma l ignan t  vascu lopa thy '  re- 
mains  a great  chal lenge for  diabetologists  today.  

In  conclus ion ,  ou r  s tudy  shows that  h igh relative 
mor ta l i ty  in pat ients  with Type I diabetes is ma in ly  re- 
stricted to those  w h o  deve lop  persis tent  proteinuria .  
Decreas ing  relative mor ta l i ty  a m o n g  pat ients  d i agnosed  
after  1933 was  pr imar i ly  due  to the decreas ing  inc idence  
o f  persistent  prote inur ia ,  result ing in an  increase in life 
expectancy.  
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