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Summary. This study included 2930 (1642 male, 1288 female) 
Type 1 (insulin-dependent) diabetic patients diagnosed before 
the age of  31 years and between 1933 to 1972. The patients 
were followed from first admission to Steno Memorial Hospi- 
tal until death, emigration, or until 1 January 1983. Relative 
mortality was studied, and the influence of calendar year of  
diagnosis, diabetes duration, age at diagnosis, current age and 
sex were studied. Relative mortality decreased continuously 
during the period, and patients diagnosed after 1956 had a rel- 
ative mortality 30-40% lower than patients diagnosed from 
1933 to 1946. Relative mortality increased with increasing dia- 
betes duration until about 20 years of  duration, after which 
it declined. It also increased with increasing age until 
31-40 years. It decreased with increasing age at diabetes on- 
set. Factors like calendar year of  diabetes onset, age at diagno- 

sis, current age and sex had no influence on relative mortality 
within the first 15 years of  duration, although the relative mor- 
tality increased with diabetes duration. In the interval of  16 to 
40 years of  diabetes duration, the relative mortality decreased 
with increasing calendar year of  diagnosis and age at diagno- 
sis. In patients with a diabetes duration of  more than 40 years, 
the relative mortality decreased with increasing age and dia- 
betes duration. These results show that the prognosis of  
Type 1 diabetic patients has improved considerably during the 
last 40 years. Furthermore, they show that diabetes duration is 
the most important determinant of relative mortality. 

Keywords: Type 1 diabetes, relative mortality, prognosis, ep- 
idemiology. 

Studies of absolute and relative mortality in diabetic 
populations have consistently shown increased but 
varying relative mortality. These variations may in part 
be explained by differences in the composition of the 
study populations (e. g. race, sex and type of diabetes), 
and in the sample procedures and statistical methods 
applied [1]. Relative mortality also depends on diabetes 
duration [2, 3], and thus differences in age and diabetes 
duration composition may have contributed to the vari- 
ations in the relative mortality. Furthermore, improve- 
ment in the prognosis of Type 1 diabetes during the last 
decades might have contributed. 

In a recent study we [2] found that the relative mor- 
tality of Type 1 diabetic patients in Denmark had de- 
creased during the period from 1933 to 1981, and that it 
was highest after 15 to 25 years of diabetes duration. 
However, this study included two different populations, 
one collected from a specialized diabetes care center 
and the other population-based. 

The first aim of the present study was to re-evaluate 
possible seqular trends in the relative mortality of 
Type 1 diabetes within a homogenous and representa- 
tive sample. 

Our second aim was to evaluate interactions be- 
tween previously reported indicators of diabetes mor- 
tality and diabetes duration, since relative mortality 
shows substantial variations with increasing diabetes 
duration. 

Subjects and methods 

The study included 2930 (1642 male, 1288 female) Type 1 (insulin-de- 
pendent) diabetic patients. In all cases, diabetes was diagnosed before 
the age of 31 years and between 1933 and 1972. Of these patients, 1163 
were diagnosed prior to 1953. Results on the relative mortality of 
these patients have been reported previously [2-4]. The remaining 
1767 patients, diagnosed between 1953 and 1972, were identified from 
our hospital records, and data on these patients have notbeen report- 
ed previously. These patients were included to evaluate seqular 
changes in the relative mortality. 

Continuous insulin treatment from diabetes onset was necessary 
in all cases (Fig. 1). The patients were admitted to Steno Memorial 
Hospital before 1972 and were followed from admission until death, 
emigration, or until 1 January 1983. The patients were referred to the 
Steno Memorial Hospital from all parts of Denmark, but predomi- 
nantly from greater Copenhagen (39%) or larger cities (40%). They 
were always referred from a general practitioner or a hospital, and 
treatment was always given free of charge. Median diabetes duration 
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Study population 
n = 2930 

Diagnosed 
1933-1952 

n=1163  

i 

Emigrated or I- Population 
untraceable in study 

n = l  n=1162  

Diagnosed 
1953-1972 
n = 1767 

Emigrated or Population 
untraceable in study 

n = 75 n = 1692 

Fig. 1. The subdivision of the cohort of 2930 Type 1 diabetic patients 

at referral was 4years (range 0-39years). After the first admission, 
53% of patients were followed at the Steno Memorial Hospital, while 
47% were followed by their general practitioner, often supported by 
local medical departments. All patients were identified through the 
central national register, using their name, address and personal iden- 
tification number. 

Assuming a constant age-specific incidence of Type 1 diabetes in 
Denmark, the present population represents 25-30% of all Danish 
Type 1 diabetic patients diagnosed from 1933 to 1972 [5]. The assump- 
tion of a constant incidence is supported by a recent Danish study 
(A.G.Molbak, personal communication). If  the incidence has in- 
creased over the observation period as suggested by Danish [6] and 
Swedish [7] studies, the present study population represents an even 
higher percentage of all Danish Type 1 diabetic patients. Distribution 
of age at diagnosis (p = 0.15) and sex (t7 = 0.42) did not differ between 
the present study and a population-based incidence study [5]. The im- 
pact of previously reported indicators of diabetes mortality was also 
shown to be the same in the first part of the present population and in 
a population-based sample of Type 1 diabetic patients [1, 2]. 

The hospital records allowed us to collect data concerning sex, age 
at diagnosis, year of diagnosis and diabetes duration at admission. 

For analysis of relative mortality, the age, sex, and calendar year, 
specific death rates for the total Danish population were obtained 
from the statistical yearbook of the Department of Statistics. 

Statistical model and analysis 

Analysis of the relative mortality was performed using discrete logistic 
failure time models [8]. 

Let 
T = time from diagnosis to death measured in years 
Yd = the calendar year of diagnosis 
Ad = the age at diagnosis 
S ~ sex 
Y(t) = Y d + t = t h e  "current" year 
A(t) = Ad + t = the "current" age 
X1,. •., Xk = additional covariates or explanatory factors. 

The hazard at a given number of years, t, since diagnosis is defined as 
the conditional probability of death at t, 

P (T=t lW>t)  . 

We will consider the hazard as dependent on the above mentioned co- 
variates and factors and will therefore consider 

P (T= t IT>  t, Yd, Ad, S, Y(t), A(t), Xl . . . . .  Xk) 

Even if there were no excess mortality among diabetic patients, the 
hazard would be dependent on current age, sex and current calendar 
year reflecting the known age-, sex-, and calendar year-dependent 
death rates of the population at large. 

To distinguish between the "normal" mortality and the excess or 
relative mortality characterizing the diabetic patients, the death rates 
have to be introduced in the formula for the hazard rate. 

Let ¶ (y, a, s) = the probability of death in year, y, for a given age, a, 
and sex, s. 

We will presume that the hazard may be described by some kind 
of general linear model, i.e. that a so-called link-function, 1, exists for 
which 

P(T = t] T > t,Ya,Ad,S,Y(t),A(t),X1 ... . .  Xk) 
= 1 (a  (Y(t),A(t),S) + to + ,Sfli (Xi) 
-]-/~k+l (gd) + i lk+2  (Ad) "[-/~k+3 (S) 
-}-/~k+4 (Y(t)) +flk+5 (A(t)) + flk+6(t)) 

The parameters, ill,...,ilk+6 describe the effect of factors and co- 
variates on the relative mortality. Note that it is presumed that age, sex 
and calendar year may be of importance for relative mortality as well 
as for the population-specific normal mortality, to  is the general level 
of excess mortality among the diabetic patients, a(y,a,s) specifies the 
normal level of mortality within the framework given by the link-func- 
tion of the general linear model. No excess mortality among diabetic 
patients corresponds to to  = fla . . . . .  flk +6 = 0, in which case the haz- 
ard rate equals the death rate of the population at large. It follows that 

¶ (y,a,s) = l(a(y,a,s)). 

With ¶ and 1 known, it follows that a may be determined as well. The 
t-parameters  are therefore the only unknown parameters of the mod- 
el. 

Several different link functions for binary data (deceased/living) 
have been suggested. In the present sutdy a logistic link was applied, 
i.e. 

P (T = tiT >_ t,Yd,Aa,S,Y(t),A(t),X1 ..... Xk) 
i 

exp(a(Y( t ) ,A( t ) ,S)  + t o  + • fli(Xi) --}- flk+l(Yd) - t - . . .  q- flk+6(t)) 
1 

1 + exp(c~(Y(t),A(t),S) + . . .  + flk + 6(t) ) 

The data was analysed according to this model and the following gen- 
eral considerations: 
1) A backward variable-selection strategy was applied eliminating 
one factor/covariate at a time (a more demanding, but also a more re- 
liable strategy than forward selection, where the initial calculations 
concern choices between equally unrealistic models). 
2) No linear assumptions concerning the t-parameters were made 
(e. g. fli(Xi) = fli" Xi), as non-linear and even non-mon0tonous effect of 
covariates on relative mortality were presumed possible. 
3) The years of entry and the years in which censoring occurred were 
excluded from the analysis because the exact data of entry or censor- 
ing were not available. For these years the normal probability of death 
was not known. The number of years excluded from the study in this 
way were neglible compared to the total number  of years at risk which 
were analyzed. 
4) Standard likelihood ratio tests were used in the analysis. 
5) Given the estimated parameters of the model, the expected num- 
bers of deaths occurring under specified conditions may be calculat- 
ed. In connection with the evaluation of the results of the analysis, 
specific care was taken to check the correspondence between ob- 
served and expected numbers of deaths in high risk years. No discrep- 
ancy was found. 
6) To analyze the interaction of the effects of factors and the effect of 
diabetes duration on relative mortality the material was analyzed both 
as a whole and divided into submaterials defined by stratification ac- 
cording to 5-year intervals of diabetes duration. 
The results may be easier to evaluate using a multiplicative formula 
for the hazard. 

Set 0 = exp (a)  
@ = exp (fl) 
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Table 1. Basic characteristics of the study population 

Year of Percent Age at 
diagnosis males diagnosis 

(median + 
range) 

Duration at Number of 
admission to out-patient 
Steno Memo- clinic visits 
rial during the 
Hospital first 20 years 
(median + of diabetes 
range) duration 

(median/range) 

1933-1952 55.4 14 years 5 years 0 
(n =1163) (0-30) (0-36) (0-193) 

1953-1972 56.5 15 years 3 years 16 
(n = 1767) (0-30) (0-27) (0-201) 

p 0.55 a 0.28 b < 0.0001 b < 0.0001 b 

a zZtest; b Mann-Whitney test 

Expressed in terms of the 0 and O parameters, the hazard may be 
written 

P(T = tiT > tl,Yd,. • .,Xk) 
k 

0 ( Y ( t ) , A ( t ) , S )  • O o .  ¶~i(Xi) ' ~ k  + l ( Y d ) '  • • ." I~0k+6(t) 
1 

1+ 0(Y(t),A(t),S) Oo. . . . -  Ok+6(t) 

when the hazard - normal and with diabetes - is low, the denomina- 
tor will be close to 1, for which reason we have an approximatively 
multiplicative hazard rate. In this case it is reasonable to talk of the 
O-parameters as relative hazard factors. 

The ratio between the parameters for men and women will corre- 
spond approximatively to the ratio between hazard rates for men and 
women, given that all other factors are the same. 

All parameters reported later in this paper are parameters corre- 
sponding to the multiplicative version of the model. 

The product of all O-parameters - including @o - characterizing a 
given situation/year may be used as an approxirnative factor of excess 
mortality. Exact calculations will of course require knowledge of the 
normal death rate, but as long as this is small, the product of the 
O-parameters will provide an usable approximation. 

Results  

Basic characteristics of patients diagnosed from 1933 to 
1952 and from 1953 to 1972 

When comparing patients diagnosed from 1933 to 1952 
[2-4] with patients diagnosed from 1953 to 1972 
(Table 2), no difference in sex distribution or age at on- 
set was found. Patients diagnosed from 1953 to 1972 
had, however, shorter diabetes duration at admission to 
the Steno Memorial Hospital than patients diagnosed 
from 1933 to 1952 (median 3 years versus 5 years, range 
0-27 years versus 0-36 years, p < 0.0001). Also the num- 
ber of out-patient clinic visits during the first 20 years of 
diabetes duration was significantly higher in patients di- 
agnosed from 1953 to 1972 than in patients diagnosed 
from 1933 to 1952 (p < 0.001). 

Factors influencing relative mortality 

Calendar year of diagnosis significantly influenced the 
relative mortality (p < 0.0005), and a decrease in the rel- 

Table 2. Hazard rate ("odds ratio") for relative mortality in the logis- 
tic model with diabetes duration as independent variable 

Factor "Odds ratio" p 

Diabetes 1- 5 1 
duration 6-10 0.7 
(years) 11-15 1.0 

16-20 2.6 
< 0.00001 

21-25 2.3 
26-30 2.1 
31-39 1.4 
40 + 1.3 

Calen- 1933-40 1.0 
dar 1941-45 1.1 
year of 1946- 55 0.7 < 0.0005 
diagno- 1956-65 0.7 
sis 1966-72 0.6 

Age at 0- 5 1.0 
diagnosis 6-10 1.0 
(years) 11-15 0.8 

< 0.00001 
16-20 0.6 
21-25 0.5 
26-30 0.4 

Current 0-20 1.0 
age 21-31 1.4 
(years) 31-40 1.9 < 0.00001 

41-50 1.2 
51 + O.8 

Calen- 1940-45 - 
dar 1946-50 - 
year 1951-55 - 
during 1956-60 - 

0.53 follow- 1961-65 - 
up 1966-70 - 

1971-75 
1976 + 

Diabetes 0- 5 1.0 
duration 6-15 1.4 

< 0.00001 at admis- 16 + 1.9 
sion (years) 

Sex M - 
1.0 

F 

Underlying hazard 6.5 
rate (Oo) 

- Means insignificant. The relative,mortality of an individual with 
the characteristics i in the 7 parameters can be estimated in the multi- 
plicative model by multiplying the "odds ratio" as described in the 
text 

ative mortality was found with increasing calendar year 
of diagnosis. During the observation period of 40 years, 
a 30-40% decrease in relative mortality was observed 
(Table 2). 

Diabetes duration also significantly influenced the rela- 
tive mortality (p <0.00001), with the highest relative 
mortality after 15 to 30 years of duration, leading to a 
"bell-shaped" configuration of the relative mortality. 

Low age at diagnosis significantly increased the rel- 
ative mortality (p < 0.0001). Furthermore, current age 
was of significant importance (p < 0.00001), with the 
highest relative mortality in the age interval 31 to 
40 years. 
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Table 3. Hazard rate ("odds ratio") for relative mortality in the logistic model after stratification according to diabetes duration 

Diabetes dura- 1-5 6-10 11-15 16-20 21-25 26-30 31-39 40+ 
tion (years) 

Calendar 1933-40 . . . . .  1.0 ° - - 
year of 1941-45 . . . . .  0.8 - - 
diagnosis 1946-55 . . . . .  0.6 - 

1956-65 . . . . . .  
1966-72 . . . .  

Age at 0- 5 - - - 1.0 d 1.0 d 1.0 d 1.0 d _ 
diagnosis 6-10 - - - 1.3 1.9 0.9 0.8 - 
(years) 11-15 - - - 1.5 1.2 0.5 0.5 - 

16-20 - - - 1.2 0.8 0.18 0.4 - 
21-25 - - - 0.7 0.6 0.20 0.23 - 
25-30 - - - 0.4 0.2 0.12 0.20 - 

Current 0-20 . . . . .  
Age 21-30 . . . . . .  
(years) 31-40 . . . . . . .  

41-50 . . . . .  1.0 b 
51 + . . . .  O.4 

Calendar 1940-45 - - 
year 1946-50 - - 1.0 a 
during 1951-55 - - 3.1 - 
followup 1956-60 - - 1.3 - - 

1961-65 - - 0.7 - - - 
1966-70 - - 0.8 . . . .  
1971-75 - - 1.3 . . . . .  
1976 + - - 1.0 . . . . .  

Duration 0- 5 - -  - -  - -  1 . 0  d 1.0 c - 1.0 a _ 
at admis- 6-15 - - 1.7 1.3 - 1.3 - 
sion (years) 16 + 3.3 2.3 - 1.7 - 

Sex M . . . . . . . .  
F . . . . . . . .  

Diabetes 40-44 1.0a 
duration 45 + 0.6 

Underlying hazard 3.9 3.6 4.6 12.1 13.6 41.6 13.8 10.9 
rate (~o) 

- Means insignificant ("odds ratio" = 1.0), a p < 0.05 b p < 0.005 ° p < 0.001 d p < 0.00001. The relative mortality of an individual with the 
characteristics i in the 7 parameters can be estimated in the multiplicative model by multiplying the "odds ratio" as described in the text 

L o n g  diabetes duration at admission tO h o s p i t a l  s ig-  

n i f i c a n t l y  (p  < 0 . 0 0 0 0 1 )  i n c r e a s e d  t h e  r e l a t i v e  m o r t a l i t y .  

N e i t h e r  sex n o r  calendar year during follow-up sig-  

n i f i c a n t l y  i n f l u e n c e d  r e l a t i v e  m o r t a l i t y .  

Interaction between diabetes duration and factors 
influencing relative mortality 

T o  d i s c l o s e  i n t e r a c t i o n s  b e t w e e n  t h e  e f f e c t  o f  r i s k  f ac -  

t o r s  a n d  d i a b e t e s  d u r a t i o n ,  t h e  d a t a  w e r e  r e a n a l y s e d  a f -  

t e r  s t r a t i f y i n g  d i a b e t e s  d u r a t i o n  i n t o  5 - y e a r  i n t e r v a l s  

( T a b l e  3). 

I n  the first 3 intervals of  duration ( 0 - 1 5  y e a r s )  n e i t h e r  

c a l e n d a r  y e a r  o f  d i a g n o s i s ,  d i a b e t e s  d u r a t i o n ,  a g e  a t  d i -  

a g n o s i s ,  c u r r e n t  age ,  sex ,  n o r  d i a b e t e s  d u r a t i o n  a t  a d -  

m i s s i o n  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  r e l a t i v e  m o r t a l i t y .  

T h e  o n l y  s i g n i f i c a n t  f a c t o r  w a s  c a l e n d a r  y e a r  d u r i n g  fo l -  
l o w - u p ;  t h i s  w a s  s i g n i f i c a n t  i n  t h e  d u r a t i o n  i n t e r v a l  

1 1 - 1 5  y e a r s  on ly ,  a n d  w a s  w i t h o u t  a n y  t r e n d  (p  < 0.05).  

I n  t h e  interval 16 to 40years of  duration t h e  p a t t e r n  

c h a n g e d .  C a l e n d a r  y e a r  o f  d i a g n o s i s  w a s  n o w  o f  s ign i f i -  

c a n t  i m p o r t a n c e ,  as  s h o w n  i n  T a b l e  3. A l t h o u g h  t h i s  w a s  

s i g n i f i c a n t  i n  t h e  d u r a t i o n  i n t e r v a l  26  t o  30  y e a r s  on ly ,  

i d e n t i c a l  b u t  i n s i g n i f i c a n t  i n f l u e n c e s  w e r e  f o u n d  i n  a l l  

s t r a t a  o f  d i a b e t e s  d u r a t i o n .  A g e  a t  d i a g n o s i s  h a d  a 

s t r o n g  i n f l u e n c e  i n  r e l a t i v e  m o r t a l i t y  i n  t h i s  i n t e r v a l  

(p  < 0 .00001) .  P a t i e n t s  d i a g n o s e d  a f t e r  t h e  a g e  o f  

2 0  y e a r s  c o n s t a n t l y  s h o w e d  t h e  l o w e s t  r e l a t i v e  m o r t a l i t y .  

A l t h o u g h  c u r r e n t  a g e  w a s  n o t  s i g n i f i c a n t l y  c o r r e l a t e d  t o  

t h e  r e l a t i v e  m o r t a l i t y ,  t h e  h i g h e s t  r e l a t i v e  m o r t a l i t y  w a s  

c o n s t a n t l y  f o u n d  i n  t h e  a g e  i n t e r v a l  30  t o  35 y e a r s  d u e  t o  

t h e  i n t e r a c t i o n  b e t w e e n  a g e  a t  d i a g n o s i s  a n d  d i a b e t e s  

d u r a t i o n .  L o n g  d i a b e t e s  d u r a t i o n  a t  a d m i s s i o n  s ign i f i -  

c a n t l y  i n c r e a s e d  t h e  r e l a t i v e  m o r t a l i t y  (p  r a n g i n g  f r o m  

0 .00001  to  0.30).  

I n  p a t i e n t s  w i t h  a diabetes duration of  40years or 
more, t h e  p a t t e r n  c h a n g e d  a g a i n .  C a l e n d a r  y e a r  o f  d i a g -  

n o s i s ,  a g e  a t  d i a g n o s i s  a n d  d i a b e t e s  d u r a t i o n  a t  a d m i s -  

s i o n  w e r e  n o  l o n g e r  s i g n i f i c a n t ,  n o r  w e r e  s e x  o r  c a l e n -  
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Diabetes  duration 

Fig. 2. Relative mortality as a function of diabetes duration indepen- 
dent of sex, age at diagnosis and calendar year of diagnosis 

dar year during follow-up. Age exceeding 50years 
(p<0.01) and diabetes duration exceeding 45years 
(p < 0.05) both resulted in decreasing relative mortality. 

Discussion 

The present study consisted of 2930 Type I diabetic pat- 
ients diagnosed before the age of 31 years and between 
1933 and 1972. The patients may be regarded as repre- 
sentative of Danish Type 1 diabetic patients with re- 
spect to sex, age at diagnosis and factors influencing rel- 
ative mortality [2, 5]. As treatment at hospital has always 
been free of charge, and as patients have always been 
referred to the hospital by their general practitioner or a 
department of internal medicine/paediatric depart- 
ment, selection on the basis of socio-economic status is 
unlikely. 

The observation that long diabetes duration at ad- 
mission increased the relative mortality, however, indi- 
cates that patients admitted after _> 15 years in some 
cases are admitted because they already have complica- 
tions, or that early treatment and instruction at a spe- 
cialized diabetes care center is of prognostic benefit for 
the patient [91. 

The analysis revealed that several interrelated vari- 
ables had to be taken into account to describe the rela- 
tive mortality of the population. This mutual relation- 
ship between the variables complicates the separate 
evaluation of each variable. The use of backward selec- 
tion strategy and the classification of continuous vari- 
ables in the statistical analysis diminish these problems, 
but the results still represent the "best fit" of the model 
to the observed data. However, when the combined ef- 
fect of the variables was taken into consideration, sever- 
al characteristics were revealed. 

The relative mortality decreased considerably over 
the last 50 years, confirming observations from the USA 
[10, 11], as well as the results of our own previous 

studies (including the first part of the present study pop- 
ulation) [2, 3]. The decrease in relative mortality may be 
due to the decreasing incidence of persistent protein- 
uria found in USA [12], as well as in Denmark [13], in 
combination with the very high relative mortality of pat- 
ients with proteinuria [4]. 

The highest relative mortality was found after 16 to 
30 years of diabetes duration, leading to a "bell-shaped" 
configuration of the relative mortality (Fig. 3). As shown 
previously [4], this peak represents patients developing 
persistent proteinuria, while patients not developing 
proteinuria had a low and constant relative mortality. 
The peak may thus be explained by a maximal inci- 
dence of proteinuria after 15-17years [13, 14], and a 
median survival of 7 years after onset of proteinuria [14]. 

In concordance with previous studies [2, 15], low age 
at diagnosis resulted in a high relative mortality. The 
cause of this is unknown, but it may be due to the thera- 
peutical problems of maintaining good metabolic regu- 
lation during childhood and puberty. 

Some controversy exists on the question whether 
diabetes duration or age is the main predictor of high 
relative mortality. Dorman et al. [10] showed that at- 
tained age rather than diabetes duration and age at di- 
agnosis was the main predictor. This result is in concor- 
dance with the study by Krolevski et al. [12], where the 
incidence of proteinuria in 292 Type i diabetic patients 
was related to attained age rather than diabetes dura- 
tion. The present study suggests that age at diagnosis in 
combination with diabetes duration were the main 
predictors. However, the study by Dorman et al. [10], as 
well as the present study, indicates that the highest rela- 
tive mortality is found in the age interval 30 to 40 years. 

As shown previously [2], the relative mortality is 
generally low within the first 15 years and after more 
than 40 years of duration. To study this phenomenon in 
further detail and to evaluate the interaction between 
the potential predictors for increased relative morta- 
lity and diabetes duration, the data were reanalysed 
after subdividing the material according to short 
(>_ 15 years), median (16-39 years) and long (>  40 years) 
diabetes duration. 

In patients with short diabetes duration none of the 
factors significantly influenced the relative mortality. 
Dorman et al. [101 demonstrated a decreasing mortality 
over the last 30 years. This was mainly due to a decreas- 
ing mortality at diagnosis due to ketoacidosis. In our 
population, patients with very severe ketoacidosis are 
initially admitted to intensive care units of other hospi- 
tals. Changes in the mortality at diagnosis would thus 
not be registered in the present study, and this may ex- 
plain the difference between the two studies. 

In patients with median diabetes duration, age at 
onset and diabetes duration at admission were the main 
predictors for increased relative mortality. This is con- 
cordant with the observation that both these factors in- 
fluence the risk of developing persistent proteinuria [3, 
12, 131. 
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The most interesting finding in this part of the study, 
however, was that after 40 years of duration, almost all 
the factors lost their significant effect. At this point, 
where 40% of the patients were still living, only age and 
diabetes duration influenced the relative mortality; rel- 
ative mortality even decreased with increasing age and 
diabetes duration. This finding suggests that the popu- 
lation of Type 1 diabetic patients consists of two or 
more subpopulations with different survival character- 
istics. 

In conclusion, the present study reveals (1) that the 
relative mortality of Type 1 diabetic patients has de- 
creased 30-40% during the last 40 years; and (2) that 
diabetes duration has a strong but varying impact on 
relative mortality. These findings are in concordance 
with the presence of a subgroup of patients character- 
ized by a highly increased mortality manifest after 
15-40 years of diabetes duration. 

Future studies, aiming at characterizing these sub- 
groups in detail might reveal important differences be- 
tween the groups. 
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