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Summary. A 7-year follow-up study is reported on the preva- 
lent population of all insulin-treated diabetic patients 
(n = 1499) as of 1 July 1973 in the Funen County, Denmark. 
The analysis of mortality was based on data from 395 dead 
and the remaining 1104 living patients. Males had a signifi- 
cantly higher mortality than females and a lower age at onset 
was associated with a significantly higher mortality. An analy- 
sis of the causes of death revealed a higher than expected 
number of deaths in all categories studied, although the excess 
mortality was highest for diabetes mellitus itself and cardio- 
vascular diseases. Diabetes mellitus was not notified on 15% 

of the death certificates, and this under-reporting varied ac- 
cording to duration of the disease and place of death. It is 
concluded that studies based solely on death certificates will 
underestimate the mortality of diabetes mellitus, and that fur- 
ther longitudinal studies of well-defined, population-based 
patient groups are needed to evaluate the determinants of 
mortality in diabetes. 
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Irrespective of clinical type and treatment, diabetes 
mellitus is associated with a considerable excess mortal- 
ity which has been shown to be due primarily to cardio- 
vascular diseases [1, 2]. In spite of the universal agree- 
ment on this excess mortality, a detailed evaluation is 
difficult for the following reasons: if a mortality study is 
based on a long-term follow-up of a group of patients 
attending a diabetic clinic, it is necessary to ensure, if 
possible, that the patients are representative of the dia- 
betic population at large. Furthermore, bias will possi- 
bly be introduced because patients may be lost to fol- 
low-up. An alternative basis for prognosis evaluation is 
population-based samples of death certificates which 
inform about the relative importance of diabetes as a 
determinant of death. However, the value of such a 
study is inherently dependent upon the validity and reli- 
ability of the information on the certificates. 

One approach that circumvents these problems is to 
perform a longitudinal mortality study on a well-de- 
fined, population-based patient group in which all indi- 
viduals can be followed. The present study comprises a 
7-year follow-up of a prevalent population of insulin- 
treated diabetic patients [3, 4]. 

Subjects and methods 

The patient group 

Using insulin prescriptions from a 5-month period, the prevalent pop- 
ulation of insulin-treated diabetic patients in the Funen County, Den- 
mark, as of 1 July 1973, was ascertained as described earlier [3, 4]. The 
final material, comprising 783 males and 716 females (Table1), all 
with diabetes verified from hospital records or certificates from gener- 
al practitioners, has been estimated to be more than 98% complete 
and representative of the total Danish population of insulin-treated 
diabetics [3]. For all patients, basic clinical data (age at onset [deter- 
mined as age at diagnosis), history of insulin treatment, daily dosage 
on the prevalence date] as well as information on contact with a dia- 
betic clinic were obtained from medical records. Personal identifica- 
tion number (including date of birth) and current address were re- 
corded from the prescriptions and substantiated from the public 
registries. 

Follow-up data 

Survival status was assessed with reference to 1 July 1980, that is 
7 years after the prevalence date. This was done by a record linkage 
with the Funen County part of the Danish centralized person registry 
(which comprises data from all public registries in the region), supple- 
mented by requests to local public registries for those individuals who 
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Table 1. The size of the prevalent population of insulin-treated diabetic patients in the Funen County, Denmark as of 1 July 1973 
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Age at onset Sex Age as of I July 1973 (years) Total 
(years) male/female 

0-29 30-39 40-49 50-59 60-69 70 + 

M 209(6) 94(16) 61 (12) 34 (7) 10 (6) 5 (3) 413 (50) <30 
F 147(3) 77 (8) 46 (7) 30 (9) 14 (8) 0 (-) 314 (35) 

M (-) 19 (0) 64 (7) 88 (23) 115 (56) 84 (68) 370 (154) >~30 
F - (-) 12 (0) 38 (2) 76 (12) 128 (46) 148 (96) 402 (156) 

M 209 (6) 113 (16) 125 (19) 122 (30) 125 (62) 89 (71) 783 (204) Total 
F 147 (3) 89 (8) 84 (9) 106 (21) 142 (54) 148 (96) 716 (191) 

In parentheses: number of deaths during the follow-up period (1 July 1973-30 June 1980) 

Table 2. The deaths distributed according to age at death and duration of diabetes mellitus: the prevalent population of insulin-treated diabetic 
patients in the Funen County, Denmark followed during the period 1 July 1973-30 June 1980 

Duration of Sex 
diabetes at male/female 
death 
(years) 

Age at death (years) Total 

0-29 30 39 40-49 50-59 60-69 70+ 

M 0(-)  1 (1) 1 (t) 4 (3) 6 (3) 20(12) 32 (20) 0-9 
F 0( - )  0 (-) 2 (2) 4 (1) 10 (8) 17(15) 33 (26) 

M 2 (2) 6 (5) 3 (3) 13 (8) 20 (19) 30(29) 74 (66) 10-19 
F 2(2) 1 (1) 1 (1) 1 (1) 17(14) 49(38) 71 (57) 

M 0 (-) 7 (7) 12 (12) 10 (10) 26 (24) 42 (37) 97 (90) 20+ 
F 0 (-) 6 (5) 4 (4) 12 (11) 19 (19) 45 (36) 86 (75) 

M 2 (2) 14 (13) 16 (16) 27 (21) 52 (46) 92 (78) 203 (176) Total 
F 2 (2) 7 (6) 7 (7) 17 (13) 46 (41) 111 (89) 190 (158) 

In parentheses: diabetes notified on death certificate. Two deaths excluded (see text) 

appeared to have moved out of the county. For deceased individuals 
and emigrants the date of death or emigration, respectively, was ob- 
tained from the registries as described above, and copies of the death 
certificates were collected at the National Registry for Deaths, kept at 
the Danish National Board of Health. 

Statistical analysis 

The statistical analysis was based on Cox's regression model for sur- 
vival data [5, 6] in which the hazard (force, intensity) of mortality for a 
given patient is a product of a function of age, sex and a term describ- 
ing the effect of other covariates. The general formulation is 
2z,s(t) = A0,s(t)exp(flizl + . . .  + flkZk), 
where t denotes actual age, s sex and 21 . . . .  ,Zk values of other covari- 
ares. For each s the hazard 20,s(t) is an unspecified function of age. The 
regression coefficients fla, -. . ,  ]?k describe the influence of the corre- 
sponding covariates Za,. �9 Zk. The set of covariates of a given individ- 
ual is denoted z. 

All individuals were included in the risk set from age on 1 July 
1973 until death or censoring (i. e. being alive on 1 July 1980 or on date 
of emigration). 

The values of regression coefficients (/3) and their standard errors 
t 

as well as the integrated hazards Ao,s(t)= f 20,~(u)du were estimated. 
0 

The test of the hypothesis that some/~-value is 0 was based on the 
s t a t i s t i c / 9 / ~  which is approximately normally distributed [6]. 
From the estimated integrated hazards survival rates, specified for age 
intervals and values of covariates, were estimated according to stan- 
dard actuarian statistical methods. One basic assumptions underlying 
the regression model is that the logarithm of the hazard is linear; this 
was checked by introducing a square term and testing that the corre- 
sponding regression coefficient was 0. 

Results 

Overview 

Of the 1499 patients, one male and one female emigrat- 
ed at age 33 and 9years, respectively; these persons 
have been considered under observation until date of 
emigration. Among the remaining patients, 204 males 
and 191females died during the follow-up period 
(Table 1). In all cases except two (one male who died at 
age 62 after 18 years of diabetes and one female who 
died at age 50 after 37 years of diabetes) copies of death 
certificates were obtained. A survey of the deaths (ex- 
cluding the two for which the death certificate could not 
be found) is given in Table 2 showing the distribution 
according to age and disease duration at death; in addi- 
tion the number of death certificates on which diabetes 
was notified is shown. For males and females combined 
diabetes was notified on the death certificate in 
334 cases (85%), but with variation as to diabetes dura- 
tion; thus the proportion of diabetes-positive certifi- 
cates among deaths after 0-9, 10-19 and 20 or more 
years of diabetes were 71%, 85% and 90%, respectively. 

Of the 393 deaths, 131 (33.3%) took place outside 
hospital; these latter deaths were similar in distribution 
with respect to sex, age and duration of diabetes to 
deaths in hospital. The proportion of diabetes-positive 
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Table 3. Regression analysis of mortality, expressed as hazard (.~), of 
insulin-treated diabetes: the prevalent population of insulin-treated 
diabetic patients in the Funen County, Denmark, followed during the 
period 1 July 1973-30 June 1980 

Specification of covariates Estimate of re- p-value of 
gression coeffi- test o f~=0  
cients fl (with 1 (two-sided) 
standard error) 

z~: Age at onset (years) ~ 

zl : Age at onset (years) ab 

z2: History of insulin treatment ab 

z2 = 1 : continous insulin treat- 
ment, initiated at latest 
one year after diagnosis 

z2 = 2: other history 

~l = - 0.014 0.002 
(0.005) 

fll = -0.015 0.002 
(0.005) 

~2 = 0.08 0.53 
(0.33) 

zl: Age at onset (years) a fll = -0.013 0.004 
(0.005) 

z2: Contact with diabetes clinic ~ ~2 = - 0.08 0.53 
z2=l:yes, z2=2:no. (0.13) 

zl: Age at onset (years) a fll = - 0.014 0.002 
(0.005) 

z2: Calendar time (years) ~ ~2 = - 0.042 0.10 
(0.026) 

zl : Age at onset (years) j)~ = - 0.012 0.002 
(O.OO4) 

z2: Sex (z2 = 1: female. ~2 = 0.38 0.008 
z2 = 2: male) (0.10) 

a The analysis was performed with stratification of sex. b In this sub- 
set of the analysis only 1290 patients with known history of insulin 
treatment were included. 
General formulation: A~(t)= 20s(t)exp(fllzl + . . . . .  ~Zk) (see text) 
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Fig. 1. Estimated survival curves for insulin-treated diabetic patients 
according to sex, selected levels of current age and age at onset. Cur- 
rent age: broken vertical line. Age at onset: 10years; 
- - - 30 years; . . . . . .  50 years 

hazards .  As it a p p e a r e d  tha t  the es t imated  in tegra ted  
haza rds  were  a lmos t  p r o p o r t i o n a l  for  the two  sexes,  the  
f inal  regress ion  m o d e l  was  ba sed  on  the  a s s u m p t i o n  o f  
p ropor t iona l i ty ,  i.e. sex was  inc luded  as covar ia te  to- 
ge ther  wi th  age at onse t  and  2O,s was  a s s u m e d  indepen-  
den t  o f  sex. The  regress ion  coeff ic ients  (with one  stan- 
d a r d  er ror  in pa ran theses )  were  - 0 . 0 1 2  (0.004) for  age 
at onse t  and  0.38 (0.10) for  sex, b o t h  h ighly  s ignif icant ;  
the  coeff ic ient  for  sex impl ies  a h igher  mor ta l i ty  for  
ma les  t h a n  for  females .  

dea th  cert if icates a m o n g  dea ths  outs ide  hosp i ta l  was  
124 out  o f  131 (95%). 

Regression analysis 

T h e  results  o f  the  regress ion  analysis  are g iven in 
Table  3. O f  the  var iab les  inc luded  on ly  age at  onse t  ap-  
p e a r e d  to inf luence  the  mor ta l i ty  s ignif icant ly;  the  neg-  
at ive s ign o f  the regress ion  coeff ic ient  impl ies  that ,  wi th  
levels o f  o the r  d e t e r m i n a n t s  be ing  equal ,  low age  a t  on-  
set a p p e a r e d  to be  assoc ia ted  with  h igh  morta l i ty .  As 
the  fo l low-up  pe r iod  h a d  a length o f  7 years  it has  b e e n  
poss ib le  to inc lude  the  ca l enda r  t ime  as va r iab le  in or- 
der  to eva lua te  secu la r  t rends  in mor ta l i ty ;  the  nega t ive  
s ign and  the  m a g n i t u d e  o f  the  c o r r e s p o n d i n g  regress ion  
coef f ic ien t  imp ly  tha t  the  haza rd  o f  mor ta l i ty  dec rea sed  
b y  rough ly  4% annua l l y  dur ing  the  fo l low-up  pe r i od  
( the levels o f  all o the r  de t e rminan t s  kep t  constant ) ,  bu t  
the  p va lue  o f  10% ( two-s ided)  ind ica ted  non-s ignif i -  
cance.  T h e  ana lyses  desc r ibed  a b o v e  were  p e r f o r m e d  
wi th  a l lowance  fo r  d i f ferent  sex-speci f ic  under ly ing  

Predicted survival curves 

Using  the f inal  regress ion  m o d e l  descr ibed  above ,  sur- 
vival  curves were  d r a w n  for  each  sex accord ing  to se- 
lected levels o f  cur ren t  age (20, 30, 40 a n d  50 years)  and  
selected levels o f  age at onse t  (10, 30 and  50years )  
(Fig. 1); for  c o m p a r i s o n  c o r r e s p o n d i n g  survival  curves 
fo r  the genera l  D a n i s h  p o p u l a t i o n  were  ob t a ined  f r o m  
p u b l i s h e d  vital  statistics [7]. Fo r  example ,  a m o n g  ma le  
d iabe t ic  pa t ients  wi th  cur ren t  age o f  20 years  and  age 
10 years  at onset ,  59% will survive to  age  50 years  c o m -  
p a r e d  with  94% in the genera l  popu la t i on .  The  corre-  
s p o n d i n g  values  for  f ema le  pat ients  are  70% and  96%, 
respect ively.  The  survival  curves i l lustrate tha t  ma le  pat-  
ients have  h igher  mor ta l i ty  t han  c o m p a r a b l e  f emales  
a n d  tha t  low age at onse t  is a ssoc ia ted  wi th  h igh  mor ta l -  
ity. 

Causes of  death 

T h e  dea ths  were  classif ied acco rd ing  to the r e c o m m e n -  
da t ions  o f  W H O  [8], a n d  T a b l e 4  shows  the dea ths  
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Table 4. The observed and expected ~ deaths distributed according to cause of death b and age at death: The prevalent population of insulin-treated diabetic patients in the F~nen County, Den- 
mark followed during the period 1 July 1973 30 June 1980 

Cause of death Age at death (years) Total Total Ob- 
(male + served/ 

1-29 ~ 30-39 40 49 50-59 60-69 70+ female) expected 

Male Female Male Female Male Female Male Female Male Female Male Female Male Female 

Diabetic nephropathy Observed 1 0 6 2 3 1 3 1 2 5 1 3 16 12 28 

Diabetes, other causes Observed 0 0 0 3 0 1 1 5 3 6 4 5 8 20 28 

Diabetes, total Observed 1 0 6 5 3 2 4 6 5 11 5 8 24 32 56 (14) d 
Expected 0.01 0.01 0.02 0.01 0.05 0.02 0.09 0.03 0.16 0.17 0.18 0.48 0.51 0.72 1.23 (1) 45.5 

Cardiovasculardiseases Observed 1 2 4 / 9 1 I8 8 38 24 62 71 132 107 239 (61) 4.9 
Expected 0.03 0.01 0.12 0.04 1.00 0.20 3.15 0.78 7.52 3.39 13.19 19.24 25.01 23.66 48.67 (45) 

Malignant diseases Observed 0 0 0 0 1 1 2 2 6 8 13 6 22 17 39 (I0) 
Expected 0AI 0.05 0.15 0.16 0.09 0.67 2.24 2.06 5.12 4.14 5.71 6.98 13.42 14.06 27.48 (25) 1.4 

Other natural causes Observed 0 0 2 0 1 3 2 1 2 3 9 21 16 28 44 (11) 1.8 
Expected 0.18 0.12 0.17 0.08 1.24 0.28 1.46 0.82 3.28 2.03 6.23 9.21 12.56 12.54 25.10 (23) 

Non-natural causes Observed 0 0 2 1 2 0 1 0 1 0 3 5 9 6 15 (4) 2.3 
Expected 0.65 0.16 0.47 0.16 0.65 0.23 0.62 0.35 0.70 0.51 0.75 1.26 3.84 2.67 6.51 (6) 

Total Observed 2 2 14 7 16 7 27 17 52 46 92 111 203 190 393 (100) 3.6 
Expected 0.98 0.35 0.93 0.45 3.03 1.40 7.56 4.04 16.78 10.24 26.06 37.17 55.34 5 3 . 6 5  108.99 (100) 

'~ Expected values calculated on the basis of data from the Danish National Board of Health [9]. 
Cause of death classified according to the recommendations of WHO [8]. Two deaths excluded (see text). 

c Infant deaths excluded fr~ the calculati~ ~  the number ~  expected deaths" 
d Percentage proportion of total in parentheses 

grouped by sex and age at death. Expected numbers 
were calculated from mortality statistics [9]. Diabetes 
was the cause of death in 56 cases (14%), but in half of 
these cases diabetic renal failure was specifically stated 
as the cause of death. 

For both sexes a higher than expected number of 
deaths was found in all categories of causes, the ob- 
served/expected ratio being highest for diabetes itself 
and cardiovascular diseases. In total (both sexes and all 
categories combined) the observed/expected ratio (giv- 
en the actual age and sex structure) was 3.6. In the total 
column (males and females combined) the cause-speci- 
fied absolute numbers of observed and expected deaths 
has been compared with the respective relative distribu- 
tions. Although cancer deaths and deaths due to other 
natural causes in absolute numbers exceeded expected 
values, there were proportionately fewer deaths than 
expected in both of these groups; the discrepancy arises 
from the overwhelmingly high excess mortality due to 
diabetes itself and cardiovascular diseases. 

Discussion 

Our study has confirmed previous findings [10-14] that 
diabetes is associated with an excess mortality; thus, the 
overall observed/expected ratio of  the number of 
deaths during the 7 years follow-up period in the pres- 
ent study was 3.6. Among the variables included in our 
analysis only age at onset and sex were significant de- 
terminants of mortality: the longer disease duration, the 
higher death risk, given sex and actual age. 

As in previous studies [10, 13], we found a pro- 
nounced excess mortality due to cardiovascular deaths, 
but we also found an excess mortality in all other cate- 
gories, even the malignant diseases. However, these 

findings should only be considered as indications for 
further and more detailed studies of mortality because 
of  the well-known errors associated with death certifi- 
cates [2]. Our study also demonstrates that there is a 
considerable proportion of death certificates of de- 
ceased insulin-treated diabetic patients without diabe- 
tes mentioned at all on the certificates. Thus we con- 
clude, as did Bale and Entmacher [11], that from an 
epidemiological point of view a study solely based on 
death certificates leads to an underestimate of the mor- 
tality in diabetes. 

In contrast to a large recent Danish study [12], we 
could not demonstrate a better survival for patients at- 
tending a diabetic outpatient clinic. However, interpret- 
ing the data is difficult because it was impossible for us 
to assess the attendance pattern for each patient during 
the total disease course. Also attending a diabetic clinic 
may vary from mere control of urinary and blood glu- 
cose levels without personal contact with a physician to 
regular interviews combined with clinical and biochem- 
ical examinations. Finally, the factors determining 
which patients attended an outpatient clinic are un- 
known; these patients are probably selected and not di- 
rectly comparable with those not attending a clinic on a 
regular basis. 

In conclusion, we recommend that further longi- 
tudinal studies, evaluating the disease course of a popu- 
lation-based patient group should be performed by 
means of  standardized medical records and clinical ex- 
aminations. This will provide important additional in- 
formation and, hopefully, explanation of the excess 
mortality from diabetes and its potential reducibility. 
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