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Summary. The Central Drug Registry in Finland ascertained 
5,920 incident cases of Type i (insulin-dependent) diabe- 
tes mellitus diagnosed under the age of 15 years, during 
1965-1984. The incidence was higher for males 29.2/100,000 
(95% confidence intervals 28.2-30.2/100,000) than for fe- 
males 26.1/100,000 (25.1-27.1/100,000). A non-linear in- 
crease in incidence with age was confirmed, with peaks at 
ages 2, 9 and 14 years in males and at 3, 5-6 and 11 years in fe- 
males. A significant temporal variation in incidence was 
found, adjusting for age and sex. During 1965 to 1984 the in- 
cidence rose by about 57% or by 2.4% annually. However, a 
non-linear curve with two incidence peaks in 1978 and 1983 
would better describe the temporal pattern than a linear 
trend. There was no significant difference in the temporal 
variation between males and females. The changes in 

diabetes risk appeared to affect proportionally all age groups 
under 15 years. Two possible mechanisms were explored: a 
calendar period effect vs a birth cohort effect. The calendar 
time period effect was significant alone and also when ad- 
justed for the birth cohort effect. One the contrary, the birth 
cohort effect was not significant, when adjusted for the calen- 
dar period effect. In conclusion, over the past two decades, 
the incidence of childhood Type i diabetes in Finland has in- 
creased by about 57%. The pattern of change was a steady 
rising background incidence superimposed by sudden out- 
breaks suggesting environmental causative factors. 
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The adoption of standard epidemiological methods and 
criteria for Type i (insulin-dependent) diabetes mellitus 
in epidemiologic studies [1], has made it possible to study 
the variation in the incidence of Type 1 diabetes. Such re- 
search has largely focussed on geographic variation [1-4]. 
In some populations also temporal variation in the in- 
cidence has been assessed, but either the observation peri- 
od was short, or the number of cases diagnosed during 
each calendar year too small for a reliable trend assess- 
ment [5-11]. 

There  are three distinct sources that may result in a 
change in the incidence [12, 13]: 

1. period effect, i.e. a change with time across all age 
groups, 

2. age effect, i. e. a change in age relation of the disease risk 
and 

3. cohort effect, i.e. sustained differences in the risk 
among different birth cohorts. 

Age-period-birth cohort techniques are increasingly used 
in the evaluation of disease trends, particularly cancer [12, 

13, 15] and substance abuse [16]. Recently, these tech- 
niques have also been applied to incidence data of Type 1 
diabetes [10, 11]. Earlier data have demonstrated a 
marked increase in the incidence of Type i diabetes in 
Finnish children during the past decades [16, 17] in the 
country where the incidence is the highest in the world 
[3, 4]. 

The purpose of this paper is to describe the 20-year 
trend in the incidence of Type i diabetes in Finland and to 
determine which of the three potential effects account 
mainly for the variation in the incidence. 

Subjects and methods 

Case definition of childhood Type 1 diabetes 

Cases were selected for inclusion into the present analysis if they ful- 
filled the following standard case definition criteria for childhood 
Type 1 diabetes: 1.) Diagnosed as being diabetic. 2.) Placed on in- 
sulin therapy before the 15th birthday. 3.) Resident in Finland at the 
time of the first administration of insulin. 
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Table 1. Mean annual incidence (per 100,000), number of cases (n) 
and the 95% confidence interval (C.I.) for the mean incidence of 
Type 1 (insulin-dependent) diabetes in Finland in children aged less 
than 15 years at diagnosis during 1965 to 1984 

Age group (years) Age-adjusted 

0-4 5-9 10-14 0-14 

Males 
incidence 18.6 30.2 38.0 29.2 
(n) (662) (1,087) (1,469) (3,178) 
95% C.I. 17.2-20.1 28.5-32.0 36.1-40.0 28.2-30.2 

Females 
incidence 16.6 29.4 32.2 26.1 
(n) (532) (1,013) (1,197) (2,742) 
95% C.I. 15.2-18.1 27.5-31.2 30.4-34.1 25.1-27.1 

Total 
incidence 17.6 29.8 35.1 27.6 
(n) (1,154) (2,100) (2,666) (5,920) 
95% C.I. 17.2-20.1 28.5-31.1 33.8-36.5 26.9-28.3 

Case ascertainment 

Since 1965 drug treatment for diabetes has been free-of-charge in 
Finland. Patients have received reimbursement from the Social In- 
surance Institution after the Institution has received an application 
based on a certificate from the doctor treating the patient. Only oc- 
casionally does a diabetic child or adolescent not seek reimburse- 
ment for insulin costs and is thus not included in the nationwide Cen- 
tral Drug Registry. The ascertainment rate of childhood Type 1 
diabetes in Finland is therefore almost 100%. 

The Central Drug Registry only recorded the date of approval of 
the free-of-charge medication. During the 1960's and early 1970's the 
difference between the date of diagnosis and the approval of free 
medication could be large. For our present analysis the actual date of 
diagnosis for each subject was required. Therefore, we collected 
copies of the original certificates for the years 1965-1979 from the 
local offices of the Social Insurance Institution in 1987. A few cases 
which did not fulfill the criteria for Type i diabetes were excluded. 
For the years 1980-1984 the reports of the Central Drug Registry 
were adopted without checking the original certificates, because our 
validation showed that the dates in the Central Drug Registry were 
adequate since the late 1970's. The number of cases aged less than 
15 years at diagnosis and diagnosed during 1965 to 1984 was 5,920 
(3,178 males and 2,742 females). The birth cohorts included were 
from 1950 to 1983. 

Population at risk 

Population data were obtained from the Social Insurance Institu- 
tion. The denominator data were available by sex, calendar year and 
by 5-year age groups for the years 1965-1975, and by each year of age 
for the years 1976-1984. 

For the period 1965-1975 the estimated population denomina- 
tors by each year of age were obtained through a cohort-wise, mar- 
gin-adjusted interpolation [18] of the population data available for 
5-year age groups. 

Statistical analysis 
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GLIM [20]. The risk of developing Type 1 diabetes under the age of 
15 years was modelled as a function of age, sex, calendar year (peri- 
od), birth cohort, and interactions between these factors. To break 
the exact linear dependency between the age, period, and cohort in- 
dices, which creates the identifiability problem, the annual age and 
period categories were used and birth cohorts were grouped into 
20 categories. Patient's birth cohort was calculated as follows: 

birth cohort = year of diagnosis - (age + 1) 

The seven extreme birth cohort categories (1950-1954, 1955-1956, 
1957-1958 and 1972-1973, 1974-1975, 1976-1978, 1979-1983) con- 
sisted of more than one calendar year cohort. Thirteen central co- 
hort categories theoretically covered one year, with a maximal over- 
lap of one year on both sides. This technique of birth cohort 
categorization was used to assure a balance in the degree of adjust- 
ment for cohort effect vs calendar period effect and has been dis- 
cussed in more detail elsewhere [10]. 

The significance of the main effects and their interactions was as- 
sessed using likelihood ratio statistics, and a forward stepwise ap- 
proach was used to select the significant predictors. The number of 
incident cases (Y) in a particular group during a particular period 
was assumed to have a Poisson distribution with a mean (Nr), where 
(N) is the population at risk in that group and (r) is the risk of devel- 
oping diabetes during that period. The risk (r) is modelled as a mul- 
tiplicative function of the explanatory variables, or equivalently, 
the logarithm of the risk can be modelled as an additive function of 
the predictors [20]. 

Obtained 'deviance' is a measure of the discrepancy between the 
observed and fitted values in generalized linear models (21). The ba- 
seline was females in the youngest age category in 1965. No adjust- 
ment was made for multiple comparisons. 

Results 

Descriptive analysis 

D u r i n g  1965 to 1984, the  m e a n  a n n u a l  i n c i d e n c e  of  Type  1 
d i a b e t e s  in  F i n n i s h  males ,  29.2/100,000 (95% c o n f i d e n c e  
i n t e rva l s  [CI] 28.2-30.2) ,  was  s ign i f i can t ly  h ighe r  t h a n  in  
females ,  26.1/100,000 (CI  25 .1-27.1)  (Tab le  1). T h e  age 
d i s t r i b u t i o n  of  t he  i n c i d e n c e  is s h o w n  in  F i g u r e  1. T h e  in-  
c rease  in  i n c i d e n c e  wi th  age was  n o n - l i n e a r .  
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The direct age-standardization [19] assumed the standard popula- 
tion for both sexes to be distributed as follows: age-group 0-4 years, 
33%; age-group 5-9 years, 33%; age-group 10-14years, 34% ac- 
cording to the previous comparative studies for childhood Type 1 
diabetes [2, 3]. 

Poisson regression models were fitted to the annual incidence 
data using maximum likelihood estimation in the statistical package 

0 ~ I i i i i i i ~ i i l l 0  l l 2  
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Age [years] 

Fig.1. Average annual incidence of Type i (insulin-dependent) 
diabetes per 100,000 in Finnish males and females aged less than 
15 years at diagnosis by age. Incidence data for the years from 1965 
to 1984 are pooled together. /x male subjects, O female subjects 
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Fig.2. Age-adjusted annual incidence of Type i (insulin-depen- 
dent) diabetes per 100,000 in Finnish males and females aged less 
than 15 years at diagnosis during 1965 to 1984. Amale subjects, O fe- 
male subjects 

The age-adjusted annual incidence (males and fe- 
males together) varied markedly over time. It was lowest 
in 1966 (20.4/100,000) and highest in 1983 (38.0/100,000). 
For exploratory analysis of the temporal variation in the 
incidence of Type 1 diabetes, sex-specific age-adjusted 
rates (Fig. 2), and age specific rates separately for males 
and females in the three age-groups (Fig. 3) were plotted. 

There were some differences in the variation in in- 
cidence between males and females although not statisti- 
cally significant. The 1982-1983 peak was not clearly pres- 
ent in females. The increase in the age-adjusted incidence 
from 1965-1967 to 1982-1984 was 64% in males and 48% 
in females. The age group specific changes in the in- 
cidence were 103%, 74% and 32% in males and 34%, 
71% and 37% in females aged 0-4 years, 5-9 years and 
10-14 years, respectively. There was an overall parallel- 
ism of the age-specific time curves in both sexes (Fig. 3). In 
females, however, the incidence for these two oldest 
5-year age groups came somewhat closer in 1973 and re- 
mained nearly the same since that time. 

Regression modelling 
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regression model the overall age-adjusted incidence 
(males and females together) rose by about 57% or by 
2.4% annually (beta = 0.024 for trend) between 1965 and 
1984. 

An interaction term period*sex was added to model 5, 
but no significant difference in the time trend between the 
sexes was found (model 7). 

A possible interaction of calendar time period with age 
was formally tested in model 8 where age was grouped 
into three 5-year categories. There was no evidence for 
differences in the increase in the incidence by age, i. e. the 
relative increase with time was practically the same across 
all ages. 

Finally, we tested whether birth cohort effect could bet- 
ter explain the observed change in the incidence than the 
calendar period effect. The birth cohort effect was not 
statistically significant over and above the calendar time 
period effect (model 9). On the contrary, the calendar 
time period still remained significant, after the adjustment 
for the birth cohort effects, as demonstrated by worsening 
of the fit when the calendar time period effect was 
dropped from the model (model 10). 

The trend predicted from model 5 was plotted and 
compared to the crude observed rates (Fig. 4). No simple 
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Table 2 describes the overall results from the regression 
modelling of the risk of Type i diabetes. Age was the 
strongest predictor of the risk (model2). Both sex 
(model 3) and interaction of age and sex (model 4) were 
also significant. Therefore, the evaluation of the temporal 
variation in incidence, was done after adjusting for the ef- 
fects of age and sex. There was a statistically significant 
(p < 0.001) temporal variability (model 5), also evident 
from inspection of Figure 2. 

To assess whether this temporal pattern could ade- 
quately be described as a linear trend, the categorical peri- 
od variable was replaced by a linear term for period (with 
one degree of freedom). The resulting model (model 6) 
fitted the data significantly worse than the non-linear 
model (model 5). However, most of the increase in in- 
cidence was explained by a linear trend. According to the 
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Fig .3a ,  b. Age-specific annual incidence of Type 1 (insulin-depen- 
dent) diabetes per 100,000 in Finnish males (a) and females (b) aged 
less than 15 years at diagnosis during 1965 to 1984 by age. Age 
groups are the following: [] 0-4 years, A5-9 years, "10-14 years 
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Table 2. The selection of variables in age, 
calendar time period and birth cohort mod- 
els of the risk of Type 1 (insulin-dependent) 
diabetes in Finnish children aged less than 
15 years at diagnosis during 1965-1984. The 
likelihood ratio statistic (LRS), degrees of 
freedom (df) and the p-value correspond to 
the term last entered or removed 
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Model Model Last term 

df Deviance LRS df p-value 

1. constant 599 1,489.2 
2. c, age 585 813.2 676.0 (14) < 0.001 
3. c, age, sex 584 796.4 16.8 (1) < 0.001 
4. c, age, sex, age*sex 570 749.2 47.2 (14) < 0.001 
5. c, age, sex, age*sex, period 551 605.7 143.5 (19) < 0.001 
6. c, age, sex, age*sex, trend 569 636.0 30.1 (18) < 0.05 
7. c, age, sex, age*sex, period, period*sex 532 593.7 12.0 (19) NS 
8. c, age, sex, age*sex, period, period*age3 513 569.8 35.9 (38) NS 
9. c, age, sex, age*sex, period, cohort 532 584.0 21.7 (19) NS 

10. c, age, sex, age*sex, cohort 551 615.6 31.6 (19) < 0.05 

C denotes  constant.  Period and cohort s tand for, respectively, calendar  year  and birth cohorts  
categorized into 20 groups (Table 1). Trend represents a linear term for the calendar year ef- 
fect. Age3 denotes the age variable categorized into three groups 6-4, 5-9, and 16-14 years 

curvilinear function could be suggested from the plot. 
Using Wald's statistic [20], it can be estimated that the in- 
cidence during 1974-1978 and 1981-1984 was significantly 
higher than baseline. 

Discussion 

The present data from Finland covering the 20-year peri- 
od 1965-1984 demonstrated a marked increase of about 
60% or 2.4% per year in the incidence of Type 1 diabetes 
in Finnish children during the 20-year period 1965-1984. 
The incidence of childhood Type 1 diabetes in Finland in- 
creased continuously, but in a non-linear manner. The 
trend was similar in both sexes and in the three age groups 
of 0-4, 5-9 and 10-14 years. However, the two oldest 
5-year age groups became close to each other, and in fe- 
males the incidence trends for 5-9 year old and 10-14 year 
old were superimposed since 1973. These results were al- 
most identical with the findings from Sweden [11]. 

The incidence of childhood Type 1 diabetes in Finland 
has increased without any doubts since the early 1950's 
when the first nationwide incidence study was carried out 
[22]. Nevertheless, it has not beer~ clear whether this was 
due to a secular increase, a birth cohort  effect or a change 
in age distribution. To investigate this issue properly we 
applied an age-period-cohort analysis which has not been 
widely used for childhood Type 1 diabetes, mainly be- 
cause the standardized incidence estimates have not been 
available for most populations for a sufficiently long time 
period. Moreover, in many registries for childhood 
Type i diabetes, the number  of cases per year has been 
too small to detect spurious trends or to provide suffi- 
cient power for statistical inferences from the time trends 
in incidence. 

Our present study in Finland covers so far the longest 
period i. e. 20-years with a large number of cases per year. 
Roughly, about 200-300 cases per year are needed in. 
order to establish a statistically significant trend in in- 
cidence with about 2% increase per year. Another  import- 
ant issue for the assessment of incidence trends is the case- 
ascertainment rate which in Finland is high, approaching 
100% [16]. We can argue that the possibility that the false 
positives or false negatives have influenced the rates, is 
very small. 

According to our results the increase in the incidence 
of Type 1 diabetes was neither due to a change in the age 
distribution nor in the age-relation of the incidence 
among Finnish children during 1965-1984. Since the in- 
crease in diabetes risk appears to be real, two aetiologic 
possibilities need to be explored: genetic or environmen- 
tal influences. 

The major genetic susceptibility to Type 1 diabetes is 
conferred by genes in the H L A  region located on the short 
arm of the chromosome 6 and genetic differences may ac- 
count for much of the geographic variation in incidence. 
However, it is not likely that such a rapid increase ob- 
served in Finland over 20 years is mainly due to genetic 
factors. It is clear from twin studies that less than one-third 
of the people who are genetically susceptible will develop 
overt disease [23]. Since the discovery and availability of 
insulin the survival of Type 1 diabetic patients has grad- 
ually improved. With the ever improving survival of 
diabetic patients, the number of genetically susceptible 
people has surely increased. However, if this were the 
main reason for the increase in incidence the birth cohort 
effect should be more pronounced. 

Incidence ratio 
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Fig.4. The rate  ratios of crude annual  incidence rates and the  age- 
and sex-adjusted incidence rates of childhood Type i (insulin-de- 
pendent) diabetes in Finland during 1966 to 1984, compared with the 
annual incidence in 1965. �9 crude rates, ~ adjusted rates 
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Our  results lend strong support  to the importance of a 
common environmental  factor (or factors) for the high 
risk of Type i diabetes and for the steep increase in in- 
cidence. First, the increase was proportionally similar in 
different age groups. Secondly, the increase did not com- 
pletely follow a linear pattern, but the data are suggestive 
of "epidemic" peaks. Thirdly, our results are very similar 
to those recently reported f rom Sweden where the in- 
crease in incidence during the ten year period 1978-1987 
was about 25% [11]. 

A long latency period f rom the initial exposure to an 
environmental  triggering factor to overt  diabetes has been 
demonstrated [24]. Such an exposure could possibly occur 
already in utero [25]. Although we did not reveal any sig- 
nificant birth cohort effect, our results do not exclude the 
hypothesis of in utero exposure. Neither  do they support  
the view that  certain rather abrupt environmental  changes 
such as the start of rubella vaccination of young women in 
the 1970's or epidemics of common virus infections could 
have caused the increase in incidence. 

Some investigators have proposed that the fall in the 
duration of breast feeding could be associated with the 
increase in the risk of Type i diabetes [26]. The Finnish 
data do not confirm this hypothesis, because the duration 
of breast feeding has steeply increased among the 
Finnish mothers  since the early 1970's [27, 28]. It is, how- 
ever, possible that the protective effect of breast feeding 
is outweighed by other  factors. For  instance, the use of 
cow milk formulas may be one of them [29], and infants 
often start to receive such formulas while still being 
breast fed. 

The overall incidence in boys was significantly (about 
10% ) higher than in girls. The reason for this is unknown. 
A male excess has also been reported f rom some other 
populations, especially where the incidence of Type 1 
diabetes is high, whereas in low incidence populations 
a slight female excess is often found [3, 4]. The age-rela- 
tion of the risk of Type 1 diabetes was different between 
boys and girls. The male excess in our data was entirely 
due to the higher incidence in boys than in girls before 
the age of 3 years and in particular, after the age of 
11 years. 

It was interesting to note that the peak in the year 1983 
was not only observed in Finland, but also in Sweden [11], 
Poland [30] and the Allegheny county, Pennsylvania, 
USA [10]. Although in some populations the peak was not 
very prominent,  its consistency across the countries may 
carry some important  message about the environmental  
aetiology of childhood Type i diabetes. In Finland, it has 
been speculated that a mumps  infection epidemic may 
have contributed to the increasing incidence of Type 1 
diabetes in the early 1980's [31]. Viruses have also been 
speculated to be involved in the incidence peaks observed 
for instance in Poland [32] and Sweden [11]. 

Time trend analyses are needed for a bet ter  under- 
standing of the aetiology of Type 1 diabetes. Unfortunate-  
ly, data are presently only available for a few populations, 
but in the future through the W H O  D I A M O N D  
(DIAbetes  MONDiale)  study standardized incidence 
trends will be established in a large number  of countries in 
different parts of the world [33]. 

J. Tuomilehto et al.: Trend in Type 1 diabetes 
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Announcement 

The 4th International Immunology and Diabetes Workshop (IDW), 
the 3rd International Diabetes Immunotherapy Group (IDIG) 
Symposium and the 1st Islet Cell Antibody Register Users Study 
(ICARUS) Workshop 

These workshops and the symposium will be held from November 
14-17, 1991 in Nagasaki City, Japan. Deadline for submission of 
Abstracts: June 15, 1991. For further information please contact." 
11 th IDW Headquarters, Dr. S. Nagataki, The First D epartment of 
Internal Medicine, Nagasaki University School of Medicine, 
Nagasaki 852, Japan, Fax 81-958-43-0255. 

Erratum 

Diabetologia, Volume 33, Number 9, September 1990, pp. 542-548 

N. J. Morrish et al.: A prospective study of mortality among middle- 
aged diabetic patients (the London cohort of the WHO Multina- 
tional Study of Vascular Disease in Diabetics) II: associated risk fac- 
tors 

In the summary the estimate of relative risk for cardiovascular dis- 
ease in IDDM is quoted as 18.6; the actual figure as stated in Table 8 
is 4.6. 


