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Summary. This study presents the clinical-epidemiological 
analysis of data from 769 individuals, representing >95% of 
all cases of diabetes mellitus diagnosed during the first 20 
years of life among the Danish male birth cohorts 1949-1956 
inclusive. It is concluded that except for a very few, all cases of 
diabetes developing during the first 20 years of life are insulin- 
dependent with a duration of symptoms < 2 months before 
diagnosis in > 75% of the cases. The cases were evenly dis- 
tributed within Denmark at the time of birth as well as of diag- 
nosis, and > 98% were admitted to hospital at diagnosis. A 
relatively higher proportion of cases diagnosed during au- 
tumn and winter periods was found, but was not statistically 

significant. Incidence was analysed in a regression model with 
age and calendar time as variables; the variation of age at on- 
set was similar to previous studies with a peak at pre-school 
age and at puberty. Contrary to previous Danish analyses, we 
found a significant calendar time variation with steadily in- 
creasing age-specific incidences from the beginning of 1950s 
until an apparent maximum in mid-1970s. 

Key words: Epidemiology, early onset diabetes mellitus, inci- 
dence, secular trend, seasonality, geographical distribution, 
symptom duration. 

To ob ta in  new a n d  more  deta i led  i n f o r m a t i o n  on  the 

ep idemiolog ica l  a n d  pub l i c  hea l th  aspects of  diabetes  
mell i tus ,  we u n d e r t o o k  two p o p u l a t i o n - b a s e d  studies  as 
p resen ted  earlier [1, 2]. This  repor t  describes the cl inical  
a n d  ep idemiolog ica l  characterist ics of  diabetes  f rom a 
series of  D a n i s h  male  bir th  cohorts,  observed du r ing  the 

first 20 years of  life [1]. 

Materials and Methods 

Ascertainment and Verification of Cases 

From the files of the Danish National Conscript Registry all males 
were identified who were (1) born in Denmark between 1 January 
1949 and 31 December 1956, and (2) rejected by the Conscript Regis- 
try Board with diabetes or possible diabetes notified as a cause of re- 
jection [1]. This was supplemented with a search in the computerized 
National Registry of deaths for anyone from these birth cohorts for 
whom diabetes was mentioned as a cause of death [1]. For all cases 
hospital records, whenever possible referring to the first admission 
with diabetes, were traced and scrutinized to verify and establish the 
time of diagnosis of diabetes; in three cases this information was ob- 
tained from general practitioners only. The only diagnostic criterion 
used was that diabetes should be diagnosed by a doctor; the time of 
diagnosis, and correspondingly the age at onset, referred to the time 
when the diagnosis was established in this way. Only cases with age at 

onset before 20 years were included. From hospital records informa- 
tion was obtained on the duration of symptoms before diagnosis as 
well as data on hospitalization at onset and - whenever possible - on 
treatment and conditions to which diabetes might be secondary. 

The final material comprised 748 cases, traced in the Conscript 
Registry, supplemented with 21 cases from death certificates, in total 
769 cases. We have estimated that the degree of ascertainment is ap- 
proximately 95% [1]. 

Population Data 

Data on the number of live-born males from the cohorts under study 
were obtained from Danmarks Statistik [3, 4]. From vital statistics 
published annually, it was possible to assess the number of deaths and 
emigrations at each one year age level in the study population, provid- 
ing estimates of the number of person-years at risk of diabetes for var- 
ious age and calendar time intervals. 

Statistical Analysis 

Intensities (incidence rates) of the diagnosis of diabetes, Z0.o, specified 
for age intervals (a) and calendar time periods (c), were estimated by 
the maximum likelihood method by ma.c/S~.c [5]. Here m~.c is the num- 
ber of new cases in the interval (a, c) and S,,c, the corresponding num- 
ber of person-years at risk, was estimated from the population data as 
described in [6] after subtraction of the contributions from individuals 
who emigrated before the age of 20 years. This was done because such 
persons, if diabetic, would be missed [1]. It has been demonstrated 
(Andersen and Green, unpublished data) that this procedure ensures 
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Table 1. Cases of diabetes mellitus diagnosed before age 20 years amongst Danish male birth cohorts 1949-1956 inclusive: distribution on sea- 
sonality of time at diagnosis and duration of symptoms before diagnosis 

Duration of symptoms Seasonality of diagnosis 
before diagnosis 

December-February March-May June-August September-November Not specified Total 

~> 2 months 45 32 37 35 1 150 
< 2 months 148 149 117 161 0 575 
No symptoms a 7 5 4 7 0 23 
Not specified 2 2 2 4 11 21 
Total 202 188 160 207 12 769 

a Observation of glycosuria in relation to, for example, routine examinations 

Table 2. Cases of diabetes mellitus diagnosed before age 20 years 
amongst Danish male birth cohorts 1949-1956 inclusive, distributed 
according to address within regions of Denmark at birth and at time 
of diagnosis 

Address at time of Address at birth 
diagnosis 

Jylland Fyn Greater Rest of Total 
Copen- Den- 
hagen mark 

Jylland (Jutland) 329 4 10 5 348 
Fyn (Funen) 7 74 1 4 86 
Greater Copenhagen 10 3 164 12 189 
Rest of Denmark 7 1 19 116 143 
Outside Denmark 
(temporarily) 1 0 2 0 3 
Total 354 82 196 137 769 
% of total 46.0 10.7 25.5 17.8 100.0 
Percentage distribution 
of live-born males from 
the cohorts 1949-1956, 
inclusive a 48.1 9.1 25.1 17.7 100.0 

a According to vital statistics [3, 4] 

consistent estimation even if the ratio between the death rate of dia- 
betics and that for non-diabetics is 10. 

The effects of age and calendar time on the intensities were ana- 
lysed in a log-linear model followed by reduction to a model with 
quadratic or linear regression on the calendar time in order to further 
evaluate the calendar time effect. Finally, seasonality of the diagnosis 
was entered in the log-linear model. 

Results 

Clinical Characteristics 

In three of  the 769 patients (0.4%), diabetes was prob-  
ably secondary to steroids, pancreat ic  aplasia and pan-  
creatitis, respectively. In three other cases (0.4%) an- 
other disease or condit ion may  have been associated 
with the deve lopment  of  diabetes (drug addiction, ex- 
t reme obesity and chronic glomerulonephri t is ,  respec- 
tively). In  the rest (99.2%), no predisposing conditions 
were indicated, and these cases were considered idio- 
pathic. 

After consulting the hospital  records of  the idio- 
pathic cases, it was found that  insulin therapy was not  
instituted in one patient, and  in ten other cases insulin 

therapy was started > I year  after diagnosis (in nine 
patients it became permanen t  therapy within 6 years 
f rom diagnosis, and in one pat ient  remained intermit- 
tent). In the remainder  of  patients (98.6%), insulin ther- 
apy  was started within 1 year of  diagnosis and contin- 
ued  f rom then. 

Only 10 patients (1.3%) were not admit ted to hospi- 
tal at diagnosis, and seven (0.9%, all hospitalized) died 
in coma  at the t ime of  diagnosis. 

A survey of  the cases distributed by  seasonality of  
t ime at diagnosis and durat ion of  symptoms  is given in 
Table 1. Of  the 748 cases with positive informat ion on 
durat ion of  symptoms,  23 (3.1%) had  diagnosis estab- 
lished at a routine medical  examinat ion without  preced- 
ing symptoms,  and 575 (76.9%) had  symptoms  for < 2 
months  before diagnosis. The rest (20%) had symptoms  
for >/ 2 months.  

Among  the 757 cases with informat ion on the exact 
t ime at diagnosis, there was an excess of  cases diag- 
nosed during the au tumn  and winter months  (Z~ = 7.05, 
p =  0.07). 

Geographical Distribution 

Table 2 shows the geographical  distribution of  patients 
in various regions of  D e n m a r k  with reference to the 
t ime of  birth as well as o f  diagnosis. The relative distri- 
bution at birth is in close agreement  with the corre- 
sponding distribution of  the total birth cohorts under  
study. Furthermore,  683 of  the patients (88.8%) devel- 
oped  the disease in the region in which they were born. 

Epidemiological Analysis 

Table 3 shows the patients, with reference to age at di- 
agnosis, in each of  the birth cohorts under  study; the 
n u m b e r  of  cases f rom the 1949-cohort is significantly 
smaller than the rest o f  the cohorts which are very simi- 
lar [1]. The cohorts are combined,  and the age-specific 
cumulat ive incidence rates (defined as the cumulat ive 
n u m b e r  of  cases divided by the number  at risk at birth) 
are given. Thus, the cumulat ive incidence rate for the 
age interval 0-19 years inclusive shows that 0.24% of  a 
Danish  male birth cohort  develop diabetes before 
reaching the age of  20 years;  this figure also gives a r e a -  
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Table 3. Cases of diabetes mellitus diagnosed before age 20 years amongst Danish male birth cohorts 1949-1956 inclusive, distributed on year of 
birth and age at diagnosis 

Age at diagnosis Year of birth and number in birth cohort Cumulative incidence 
rate a (95%-confidence 

(years) 1949 1950 1951 1952 1953 1954 1955 1956 Total interval) per 1,000 
41,117 40,734 39,608 39,632 40,499 39,309 39,725 39,538 320,162 

0 0 0 0 0 1 1 1 0 3 0.01 (0 0.02) 
1 0 0 2 2 3 5 2 0 14 0.05 (0.03-0.07) 
2 0 0 I 2 2 5 4 1 15 0.10 (0.06-0.14) 
3 3 1 2 5 11 0 5 3 30 0.19 (0.14-0.24) 
4 2 1 4 3 2 4 3 3 22 0.26 (0.21-0.31) 
5 1 5 2 1 6 3 7 9 34 0.37 (0.31-0.42) 
6 4 8 2 2 9 3 12 5 45 0.51 (0.43-0.59) 
7 1 4 3 9 2 4 3 4 30 0.60 (0.51-0.69) 
8 2 8 7 4 6 3 4 7 41 0.73 (0.63-0.83) 
9 3 4 4 5 4 3 4 9 36 0.84 (0.74-0.94) 

10 3 4 6 6 7 6 6 5 43 0.98 (0.87-!.09) 
11 2 2 8 4 3 13 2 9 43 1.11 (0.99-1.23) 
12 3 12 5 5 12 9 3 7 56 1.29 (1.16-1.42) 
13 7 10 3 10 4 8 10 6 58 1.47 (1.33-1.61) 
14 3 8 9 7 9 11 8 14 69 1.68 (1.54-1.82) 
15 3 7 6 6 4 6 7 11 50 1.84 (1.69-1.99) 
16 3 9 7 4 4 6 9 8 50 2.00 (1.84-2.16) 
17 3 4 8 3 3 8 1 8 38 2.11 (1.95-2.27) 
18 5 4 7 5 6 7 4 10 48 2.26 (2.09-2.43) 
19 4 12 6 4 2 4 3 9 44 2.40 (2.23-2.57) 
Total 52 103 92 87 100 109 98 128 769 

a The cumulative incidence rate is the cumulative number of cases divided by the number at risk at birth 

Table 4. The effects of age (a) and calendar time (c) a on diabetes in- 
tensities 0l~c per 105 year) analysed in a regression model. Specifica- 
tion of model: In ~ao = aa + y+  8 (to - t) + 7/(to- ~)2 

Variable Estimate (standard error) 

ao-3 0.171 (0.25) b 
a4-7 0.422 (0.19) b 
as_n 0.310 (0.15) b 
a12-15 0.417 (0.12) b 
a16-19 set to zero 
~, -9.123 (0.14) 
a o.305 (0.058) 
7/ - 0.045 (0.022) 

a t~ = (1,.....,7) corresponding to (1949-1952,.....,1973-1976); t=t4, 
corresponding to 1961-1964; b standard errors of differences be- 
tween a16-19 and the respective &value 

sortable estimate of the risk of diabetes during this age 
interval [7]. Assuming that the excess mortality amongst 
diabetic patients is small in the first decades of life, the 
cumulative incidence rate at a given age corresponds to 
the prevalence rate at this age level. Accordingly, from 
Table 3 an estimate of the male prevalence of diabetes at 
age 10 and at age 20 years is 0.10% and 0.24%, respec- 
tively. The traditional incidence rates may also be calcu- 
lated, based on the estimated number of person-years at 
risk observed in various age intervals. For the birth co- 
horts combined estimates of incidence rates (per 
100,000 individuals/year) for the age intervals 0-4, 5-9, 
10-14 and 15-19 years are 5.9, 13.1, 19.0 and 16.3. 

(These figures are given for comparison with other stud- 
ies, but are not directly comparable with figures based 
on the regression model where the effect of the calendar 
time is analysed). 

After calculation of maximum likelihood estimates 
of the diabetes intensities, 2a,c, the intensities were ana- 
lysed in a log-additive model, namely In • a , c=aa -F f l c  

where aa is the effect corresponding to age interval a 
and flo the effect corresponding to calendar time period 
c; this model was clearly accepted (Z24 = 1.49; p =  0.83). 
The calendar time effect was further evaluated in a re- 
duced regression model as specified in Table 4; this 
model was also accepted (Z2=4.43; p=0.35). The age 
effects as well as both of the terms describing the calen- 
dar time effect were significant, and the model cannot 
be further reduced. From these estimates it appears that 
the calendar time effect increased from 1949 to 1952 to 
reach a maximum in 1973-1976. 

Table 5 shows the diabetes intensities estimated on 
the basis of the regression model. For those age and cal- 
endar time intervals not studied predicted values are in- 
dicated with asterisks. For those intervals observed, the 
estimates from the regression model were generally very 
similar to the initial maximum likelihood estimates 
(shown in parentheses). 

Finally, seasonality of time at diagnosis was entered 
together with age and calendar time in a log-additive 
model, but the effects of the seasons were insignificant 
(Z2=6.28; p=0.10), thus confirming the initial rough 
analysis (Table 2) without consideration of age and cal- 
endar time. 
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Table 5. Diabetes intensities per  105 year, specified for age intervals and  calendar  time-periods estimated from regression analysis (see Table 4) 

Calendar  t ime period Age interval (years) 

0-3  4-7  8-11 12-15 16-19 

1949-1952 3.34 (1.11) 4.30 a 
1953-1956 5.69 (6.54) 7.31 (7.54) 6.54 a 
1957-1960 8.85 (8.22) 11.37 (10.89) 10.16 (11.68) 11.32 a 
1961-1964 12.57 a 16.15 (16.88) 14.44 (13.38) 16.07 (16.18) 
1965-1968 16.30 a 20.95 a 18.73 (19.09) 20.84 (20.82) 
1969-1972 24.82 c 22.15 a 24.68 (24.56) 
1973 -1976 24.04 a 26.65 a 
1979-1980 26.49 a 

10.59 a 
13.73 (13.80) 
16.26 (15.94) 
17.58 (18.14) 
17.36 a 

In parentheses:  initial max im um  likelihood estimates; ~ predicted values according to regression model  

Discussion 

It has been established previously that the present mate- 
rial comprises a virtually complete, nation-wide sample 
of male diabetic patients within the limits defined by the 
inclusion criteria [1]. 

The small number of secondary diabetes cases indi- 
cates that early onset diabetes is almost completely of 
the primary (idiopathic) type, and based on the clinical 
characteristics presented here it is likely that most cases 
represent Type 1 diabetes; the duration of symptoms 
before diagnosis is < 2 months in 75% of the cases. 
However, the existence of cases, though few in number, 
with long periods without insulin treatment indicates 
that a proportion (probably small) represent other types 
of diabetes; because of the small number of such cases 
we have based our analysis on all subjects. 

Unfortunately, alterations in the administrative divi- 
sion of Denmark in the early 1970s, followed by 
changes in the compilation and reporting of vital statis- 
tics, restricted our analysis of the geographical varia- 
tion. With this reservation, our findings confirm the re- 
sults from another recent Danish incidence-survey of 
Type 1 diabetes, covering almost 50% of Denmark [8], 
that no major geographical variation within Denmark 
exists. However, there may be differences within the 
main Danish regions, e.g. between rural and urbanized 
districts, but it is noteworthy that the number of cases 
from Greater Copenhagen with the highest population 
density in Denmark corresponded very well with the 
number from the rest of Denmark when corrected for 
the size of the background population (Table 2). 

Several studies have reported a relatively increased 
incidence of Type 1 diabetes during the autumn and 
winter periods [9 reviewl, which others have not been 
able to confirm [10]. We also found an excess of cases at 
these times, although not statistically significant, even 
after adjustment for age and calendar time effects on in- 
cidence in the regression model. 

Some authors have attempted to explain seasonal 
variation by delay in diagnosis and admission, in partic- 
ular for cases in which symptoms of diabetes start in the 
summer holiday periods. Such a delay would imply that 
among cases diagnosed in the summer months there 

should be a relatively higher proportion of patients with 
acute onset (and therefore short duration of symptoms), 
and a relatively high proportion of cases, diagnosed in 
autumn and winter months, with longer duration. Such 
a systematical trend was not observed in the present 
study (Table 1). In fact, for the summer months which 
showed the smallest number of diagnoses, we found rel- 
atively fewer cases with short duration of symptoms, 
while the opposite was found for cases diagnosed dur- 
ing the autumn months. More detailed examination of 
the possible seasonality requires that all events and 
symptoms which lead to the final diagnosis be included 
as variables in the analysis. 

One important result from the present study is the 
demonstration of a significant increase in incidence 
with increasing calendar time; according to the most 
parsimonious regression model defining this trend the 
calendar time effect reached an apparent maximum in 
the beginning of the 1970s. Some other studies have re- 
ported similar findings while others have not [9 review]. 
Thus, Christau et al. [8] were unable to demonstrate a 
calendar time effect in their Danish study from 
1970-1975 (in some regions: 1970-1977). With refer- 
ence to a study from 1925 [11], Christau et al. found no 
evidence for an increasing incidence in Denmark dur- 
ing the last 50 years. However, studies which have failed 
to demonstrate a secular trend, have all been performed 
recently and covered a relatively short registration peri- 
od; for instance, Christau et al.'s Danish study [8] refers 
to a period during which the incidence rates remained 
rather stable according to the predictions from our 
model (Table 4). Furthermore, a detailed examination 
of the old study of Heiberg and Heiberg [11] reveals that 
the Danish incidence of Type 1 diabetes in 1924 was 
probably several times less than the present level; the 
discrepancy arises because Christau et al. in their re- 
analysis of the old figures took the original estimates of 
the number of Type 1 diabetes (Table 2 in [11]) as repre- 
senting incident cases, whereas the numbers are actual- 
ly estimates of prevalent cases; that is, they are several 
times higher than the number of incident cases. In sum- 
mary, there seems to be no substantial evidence against 
a secular increase in Type 1 diabetes in Denmark. 

The present study does not explain the secular 
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trend. It seems unrealistic to explain it by increasing 
population frequency of disease-favouring genetic fac- 
tors due to increasing fertility among diabetic patients, 
but a more accurate discussion of this possibility must 
wait for the clarification of the genetic background of 
Type 1 diabetes [12] as well as reliable data on the fertili- 
ty of diabetic subjects. We also feel that the secular in- 
crease cannot be explained by under-reporting of cases 
from the initial part of our registration period since the 
trend remained significant even after exclusion of the 
1949 birth cohort with its small number of cases. 

Further epidemiological studies will hopefully elu- 
cidate and validate the secular increase; such studies 
might, for example, be based on the inclusion of earlier 
and later adjacent birth cohorts, and this would also 
provide an opportunity for the elucidation of the small 
number of cases from the 1949 cohort. Determinants of 
the secular increase might be investigated by a compari- 
son of characteristics of cases with diagnosis in differ- 
ent calendar time periods; this approach however, re- 
quires that forthcoming intensive immunological, clini- 
cal and genetic studies will identify aetiological factors 
which can be examined in a retrospective (historical) 
study design. 
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