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Summary. The relative mortality of Type 1 (insulin-dependent)
diabetes in Denmark during the period 1933-1981 was stud-
ied using a modification of Cox’s regression model on the ba-
sis of two patient populations, ascertained in different ways
and independently of each other. Initial analysis showed that
the two groups could be combined completely into one com-
mon analysis. Relative mortality was the same for both sexes.
The additional variables studied were age at diagnosis, cur-
rent age, calendar year at diagnosis and calendar time during

follow-up. All these interrelated variables were accounted for
in the analysis. The analysis showed that relative mortality (a)
decreased with increasing age at diagnosis; (b) increased from
1933 to a maximum in about 1965, after which it decreased;
(c) increased with increased duration of diabetes to a maxi-

" mum at 15-25 years, after which it declined.
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The introduction of insulin treatment by Banting and
Best in 1922 {1] dramatically improved the prognosis of
Type 1 (insulin-dependent) diabetes mellitus. However,
long-term follow-up studies of patients treated with in-
sulin since diagnosis have consistently demonstrated an
excess mortality, so that the life expectancy for these
patients is only about two-thirds of that for normal sub-
jects [2-4].

It is well-known that this excess mortality is clinical-
ly associated with the development of renal and cardio-
vascular complications [5, 6]. Among the epidemiologi-
cally identified indicators of the diabetes mortality are
low age at the diagnosis of disease, high insulin dosage,
lack of attendance at a diabetes clinic, and calendar
year of diagnosis [3, 7]. In addition to these factors, sex,
the calender time during which the patients were fol-
lowed and current age must be considered. This is par-
ticularly necessary when studying patients, diagnosed at
different ages and at different calendar times, during
long periods. Thus, analysis of diabetes mortality is
complicated, which may explain why relatively little is
know about the basic causes of the excess mortality.

The present report presents a statistical analysis of
the relative mortality of Type1 diabetes in Denmark
during the period 1933-1981, with particular emphasis
on the evaluation of possible secular trends and of ef-
fects of some previously reported indicators of the dia-
betes mortality. The study is based on a combined anal-

ysis of two patients populations, ascertained in different
ways and independently of each other, but both judged
to represent Danish patients with Type 1 diabetes.

Materials and methods

The patient populations

Two different groups of diabetic patients were subject to analysis:

The Fyn County patient group. Using insulin prescriptions from a
S-month period, the prevalence population of insulin-treated diabetic
patients in the Fyn County, Denmark, as of 1July 1973, was ascer-
tained as described previously [8]. The verification of diagnosis and
the collection of supplementary clinical and personal data have also
been described [6, 8, 9]. In the total patient group of 1499 subjects,
judged to be>98% complete and representative of the total Danish
population of insulin-treated diabetic patients [8], all individuals were
selected (429 males and 320 females) whose diagnosis was established
before the age of 31 years.

The Steno Memorial Hospital patient group. The Steno Memorial Hos-
pital in Greater Copenhagen was established in 1933 and has since
then served as a diabetes specialist hospital for patients from the
whole of Denmark. Patients are referred to the Steno from general
practitioners and/or other hospitals. About two-thirds of the patients
return to the referring physician or local hospital for continued con-
trol, while the remainder attend the outpatient clinic at the Steno for
longer periods i. e. more than seven visits within the first 20 years after
diagnosis. From the medical records at the Steno all patients (796
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Table 1. Clinical characteristics of the patient groups studied

Fyn County Steno

patients Memorial
(n="1749) Hospital
patients
(n=1444)
No. of patients
Male 429 796
Female 320 648
Observation period July 1973-1981 1933-1981

No. of deaths recorded 111 829
during observation period

At diagnosis:
No. aged 0-10years 266 (36%) 518 36%)
No. aged 11-20 years 266 (36%) 547 (38%)
No. aged 21-30 years 217 (29%) 379 (26%)
Median age (years) 14 13
At entry into the study:
No. aged 0-20years 178 (24%) 581 (40%)
No. aged 21-40 years 369 (49%) 686 (48%)
No. aged 41-60 years 173 (23%) 172 (12%)
No. aged > 60 years 29 (4%) 5 (0.3%)
Median age (years) 32 25
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Fig.1. Relative mortality as a function of current age and selected lev-
els of age at diagnosis. (a) (@—@): age at diagnosis =3 years; (b)
(A— A): age at diagnosis=15 years; (c) (3¢—3¢): age at diagno-
sis =25 years. Calendar year at diagnosis fixed at 1940
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Fig.2. Relative mortality as a function of current age and selected cal-
endar years at diagnosis. (a) (@—@®): year at diagnosis=1935; (b)
(A—A): year at diagnosis=1945; (¢) (3¢——3t): year at diagno-
sis = 1955. Age at diagnosis fixed at 15 years
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males and 648 females) whose Type 1 diabetes was diagnosed before
age 31 years and before 1953, and who were admitted to the Steno for
the first time before 1975, were included in the study.

Follow-up of the patients

For all patients in both groups survival status was assessed as of 1 Jan-
uary 1982 from local public registries and/or the Danish centralized
person registry, as described previously [3, 6]. For deceased patients
and emigrants, the date of death or emigration was recorded.

Mortality data for the general population

Mortality rates for the Danish population, specified according to age,
sex and calendar time within the period 1933-1981, were obtained di-
rectly from Danmarks Statistik.

Statistical analysis

As the present study covers a long time (1933-1981) during which
considerable changes in mortality in the general population took
place, we decided to study diabetes mortality relative to population
mortality, rather than in absolute terms. To this purpose a modifica-
tion of Cox’s regression model for survival data [10] was developed
and applied here. In our model the covariates z(a), . . ., z(a) are as-
sumed to have a multiplicative effect on relative mortality. The gener-
al formulation of the model is

Aa,z)=uda,)u(@expBizi(a) + . . .+ frada)) *

where A(a,z) is the death intensity (or hazard or force of mortality) at
age a for a diabetic patient, with covariates z((a), . . ., Z(a). The covar-
iates include sex (s) and age at diagnosis of diabetes; uga,t) is the
death intensity in the general population for a person of sex s and cur-
rent age a at calendar time t; f4, . . ., f are unknown regression coeffi-
cients to be estimated, and v(a) represents the age-specific base-line
relative mortality, i.e. the relative mortality for a patient of age a for
whom z,(a)=...=z(a)=0.

In addition to sex and age at diagnosis, calendar year at diagnosis
and the calendar time during which the patients were followed have
been included as covariates. Because of the close interrelationship be-
tween the time-related covariates (for example, [calendar year at diag-
nosis] and [age at diagnosis] tie together [current age] and [follow-up
period]), it is difficult to judge their effects independently. We there-
fore modelled these effects in a flexible way by means of stepwise
constant functions, or quadratic or cubic polynomials, and evaluated
their simultaneous influence by keeping some of the variables fixed
and studying how the relative mortality varied as a function of the re-
maining variables.

The patients were included in the ‘risk set’ from age at entry into
the study (from first admission to the Steno for the Steno patients, and
from 1 July 1973 for the Fyn County patients) until age at death, emi-
gration, or 1January 1982, respectively.

The regression coefficients 4, . . ., fx were estimated by maximiz-
ing the partial likelihood function [10], and v, was estimated by
smoothing the Breslow-estimate of the cumulative base-line relative
mortality as suggested by Ramlau-Hansen [11]. Hypotheses concern-
ing the B’s were tested using the partial likelihood ratio test-statistic
-2 1ogQ, and the assumption of proportional relative mortalities in the
model was checked by means of the graphical methods and the test-
statistic Qy, described by Andersen [12].

Results

Clinical characteristics of the two patient groups are
given in Table 1. As a consequence of the different as-
certainment procedures and delineation criteria em-
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Table?2. Estimated values of relative mortality for selected values of
age at diagnosis, current age and calendar time during follow-up

Age at Current Relative Mortality by Calendar year at ob-

diagnosis age servation

(years) ears) o35 1948 1958 1968 1978

10 25 38 9.1 12.5 9.9 45
35 - 14.6 25.6 26.0 15.2
45 - - 9.6 12.4 11.5

20 35 49 119 16.4 13.0 59
45 - 53 9.4 9.5 5.5
55 - - 34 45 33

30 45 22 5.2 7.2 5.7 2.6
55 - 23 4.0 441 24
65 - - 3.0 39 29

ployed, all information regarding the mortality pattern
before 1973 originates from the observation of the Steno
patient group, which is also characterized by showing a
younger median age at entry into the study. On the
other hand, all information regarding the mortality pat-
tern among patients diagnosed after 1952 originates
from the Fyn County patients.

The study groups were initially analysed separately.
Since neither the individual regression coefficients nor
the entire sets of coefficients from the two groups dif-
fered significantly (-2 logQ=6.18, 8df, p=0.63), the
model was reduced to one with common coefficients
for the groups, but with different base-line relative mor-
talities. To reduce the model further, it was tested to see
whether these base-line relative mortalities could be
considered first proportional and, finally, identical.
Since neither hypothesis could be rejected (Q;=8.85,
5df, p=0.12; and -2 logQ=1.92, 1 df, p=0.17, respec-
tively), the two patient groups were combined in a com-
mon model. In this model the relative mortality was
slightly lower for male than for female patients (the
maximum partial likelihood estimate for males,
Bmale=-0.041; Bremale set to zero). However, since this ef-
fect of sex was small and far from statistical significance
(p =0.54), sex was excluded from the model.

The remaining covariates in the final model are all
related to time. Stepwise checking of the model assump-
tions during the analysis demonstrated that the effect of
age at diagnosis depended on (“interacted with™) the
current age (p for interaction: <0.001). In addition to
the effect of age at diagnosis, both calendar year at diag-
nosis and calendar time during follow-up (p <0.0001)
had to be accounted for.

An overall evaluation of the results is best done by
examination of the values of relative mortality corre-
sponding to selected covariate values.

Age at diagnosis combined with current age; fixed calen-
dar year at diagnosis. The relative mortality decreased
with increasing age at diagnosis (or, equivalently, with
decreasing duration of disease), for values of current
age less than approximately 40 years. For higher values
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of current age there was no effect of age at diagnosis.
This trend is illustrated in Figure 1 for selected ages at
diagnosis and with 1940 as year at diagnosis.

Calendar year at diagnosis combined with current age;
fixed age at diagnosis. The relative mortality increased,
for values of current age less than 35 years, as calendar
year at diagnosis increased up to approximately 1945.
As calendar year at diagnosis increased after 1950, the
relative mortality decreased. This trend is illustrated in
Figure 2 for selected calendar years at diagnosis and
with age at diagnosis fixed at 15 years.

Calendar time during follow-up. For fixed values of the
other covariates, there was a generally increasing rela-
tive mortality for calendar time during follow-up until
the mid-1960s, after which time the relative mortality
declined considerably. Examples are given in Table 2,
which also illustrates in further detail the trends de-
scribed above.

When the covariates were accounted for, the esti-
mated relative mortality had a characteristic form
(Figs.1 and 2) with a maximum corresponding to values
of current age between 30 and 40 years (or duration of
diabetes between 15 and 25 years), after which age it de-
clined towards a level of approximately 2 at age 55 years
(or after 40-50 years of diabetes).

Discussion

Both patient groups in our study have previously been
judged representative of Danish diabetic patients, and
since only insulin-treated patients with diagnosis estab-
lished before age 31 years were included we believe that
our results give a valid picture of mortality in Type 1
diabetes in Denmark. Because of secular changes in the
mortality pattern in the general population, we decided
to study and present estimates of the relative mortality,
but absolute mortality rates can be estimated by multi-
plication of the values in Table 2 with the relevant age-,
sex- and calendar time-specific rates for the general
population (equation (*)). Alternatively, we could have
attempted to analyse the absolute mortality for the pat-
ients directly, in a regression model including calendar
time as a covariate. However, such an approach would
not have produced a description, common for males
and females, as simple as that given above.

Our analysis has shown that several time-related
variables must be simultaneously accounted for in the
description of the relative mortality of Type 1 diabetes.
Due to the mutual relationship between these variables,
separate evaluation of each of them is difficult. How-
ever, when their effects are combined with the underly-
ing (base-line) relative mortality in estimates for various
levels of the variables, certain characteristic features ap-
pear.
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First, it has been confirmed that Type 1 diabetes is
associated with a considerable relative mortality.
Studies of the absolute mortality have shown a higher
mortality in males than in females [3, 6], but our analysis
of the relative mortality indicates that the impact of
Type 1 diabetes regarding mortality is the same for both
sexes.

The secular trend in relative mortality with an in-
crease up to about 1960 is surprising. One would have
expected an opposite trend because of the gradual im-
provement in diabetes care since the introduction of in-
sulin. Even so the period 1933-1960 was characterized
by a steady decrease in population mortality which
might not necessarily influence the absolute mortality
among diabetic patients. Also, the maximum at about
1960 coincides with the finding of an increasing inci-
dence of nephropathy among patients with Type 1 dia-
betes from 1940 to 1960, with a mean survival time of
7 years after the onset of disease [5]. The trend could al-
so be at least partly explained by secular trends in the
clinical features of patients referred to the Steno, but
this seems unlikely since it has been shown previously
that Steno patients do not differ from patients from
population-based Danish studies with respect to certain
clinical characteristics [13]. Regardless of these aspects,
our study clearly demonstrates that relative mortality of
Type 1 diabetes has decreased considerably during the
last 20 years, maybe as a result of efforts to improve dia-
betes care.

The present study also confirms that onset of diabe-
tes early in life is associated with increased relative mor-
tality. However, because of the interaction between cur-
rent age, age at diagnosis, and duration of diabetes, we
cannot directly determine the effect of age at diagnosis.
The maximal relative mortality at age 30-40 years corre-
sponds with the finding that diabetic patients in this age
group have the highest proportion of deaths due to re-
nal complications [6, 14]. The associations between rela-
tive mortality and age at diagnosis (or duration of dia-
betes) and current age could be explained by the hy-
pothesis that Type1 diabetes involves a progressive
pathological process leading to the development of
complications, but that certain patients escape the fatal
complications, such as nephropathy so that, after
20-25 years the relative mortality gradually decreases.
If correct, this hypothesis has important implications re-
garding the identification of measures that can prevent
or at least decelerate this process.

Finally, our study has shown that many mutually in-
terrelated factors determine the mortality in Type 1 dia-
betes. Therefore, analysis of the mortality of diabetes is
a complicated task that requires the use of advanced
statistical methodology. However, we find it important
and encouraging that the use of such techniques makes
it possible to combine two patient groups ascertained in
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completely different ways into one common analysis,
thereby maximizing the utilization of information in
each of the groups. We recommed that a similar me-
thodological approach be applied to the analysis of
mortality and morbidity of Type1 diabetes in other
well-defined patient populations, so as to improve our
understanding of the causes and potential for reduction
of the complications and mortality associated with this
disease.
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