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Summary. A nationwide study of childhood Type i (insulin- 
dependent) diabetes mellitus was established in 1986 in Fin- 
land, the country with the highest incidence of this disease 
worldwide. The aim of the project called "Childhood 
Diabetes in Finland" is to evaluate the role of genetic, envi- 
ronmental and immunological factors and particularly the in- 
teraction between genetic and environmental factors in the 
development of Type 1 diabetes. From September 1986 to 
April 1989, 801 families with a newly-diagnosed child aged 
14 years or younger at the time of diagnosis were invited to 
participate in this study. The vast majority of the families 
agreed to participate in the comprehensive investigations of 
the study. HLA genotypes and haplotypes were determined 
in 757 families (95 %). Our study also incorporates a prospec- 
tive family study among non-diabetic siblings aged 3- 
19 years, and two case-control studies among the young- 
onset cases of Type i diabetes. During 1987-1989, the overall 

incidence of Type 1 diabetes was about 35.2 per 100,000 per 
year. It was higher in boys (38.4) than in girls (32.2). There 
was no clear geographic variation in incidence among the 12 
provinces of Finland. Of the 1,014 cases during these 3 years 
only six cases were diagnosed before their first birthday. The 
incidence was high already in the age group l-4-years old: 
33.2 in boys and 29.5 in girls. Of the 801 families 90 (11.2 %) 
were multiple case families, of which 66 had a parent with 
Type i diabetes at the time of diagnosis of the proband. The 
prevalence of Type i diabetes in the parents of these newly- 
diagnosed diabetic children was higher in fathers (5.7 %) 
than in mothers (2.6 %). 

Key words: Type 1 (insulin-dependent) diabetes mellitus, 
epidemiology, genetic-environmental interaction, incidence, 
familial occurrence. 

The incidence of Type i diabetes in Finnish children is 
higher than in children in other populations [1-5]. The in- 
cidence has increased steeply in Finland during the last de- 
cades [5-8]. The reasons for the high and rising incidence 
of childhood diabetes in Finland are not known. 

The aetiology of Type 1 diabetes is still rather poorly 
understood. The major genetic predisposition to Type 1 
diabetes is undoubtedly conferred by the HLA-region on 
chromosome 6 [9]. The question remains open whether a 
diabetes susceptibility gene (or genes) exists in the HLA- 
region, or whether structural configurations of specific 
HLA-haplotypes, which are increased in Type i diabetic 
patients play a role in conferring susceptibility to Type 1 
diabetes. H L A  haplotypes were used in this study as main 
markers for susceptibility to Type I diabetes. It is also 
commonly agreed that environmental factors play a role 
in the initiation of the disease [10, 11]. Environmental 
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determinants of Type i diabetes have not yet been identi- 
fied, nor has the potential mechanism of action of pro- 
posed factors. The present concept is that in some of the 
genetically susceptible individuals a triggering factor can 
affect pancreatic Beta cells which leads to an autoimmune 
process causing a gradual loss of insulin secretion and the 
manifestation of diabetes [12, 13]. Clearly, more informa- 
tion about the interaction between genetic and environ- 
mental factors in the development of Type 1 diabetes is 
essential for the prevention of Type i diabetes [14]. 

Finland is an ideal country to study the aetiology of 
Type 1 diabetes, because of the high incidence of the dis- 
ease, Finland's genetically homogeneous population and 
the well-organized care for diabetic children. In 1986 we 
started a nationwide study called "Childhood Diabetes in 
Finland" (abbreviated: DiMe). The aim is to evaluate the 
role of genetic, environmental and immunological factors 
and their interactions in the development of Type 1 
diabetes in a large cohort of newly-diagnosed diabetic 
children and their families. The purpose of this paper is to 



J. Tuomilehto et al.: Childhood diabetes in Finland 

Table 1. Recruitment to the DiMe study of newly-diagnosed 
diabetic children aged 14 years and under during September 1986 to 
April 1989 

Number of Number of 
participating newly-diag- 
hospitals nosed cases 

registered a 

September 1986- 
December 1986 13 60 

January 1987- 
February 1987 15 45 

March 1987- 
December 1987 31 248 

January 1988- 
December 1988 31 328 

January 1989- 
April 1989 31 130 

Total 811 a 

In 801 families, because 10 cases diagnosed in siblings aged 
14 years and under, occurred in eight families that already had an- 
other case diagnosed during the DiMe study 

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

o f  t h e  D i M e  study.  

S u b j e c t s  a n d  m e t h o d s  

Target population 

Finland, a relatively sparsely populated country has a homogenous 
population of 4.9 million of which 93.5 % are Finnish-speaking and 
6.3 % Swedish-speaking. There are about 1,300 ethnic Lapps and 
50,000 foreigners living in Finland. The majority of the population 
lives in the southern or southwestern part of the country. Thus, the 
population density markedly varies between the 12 provinces of Fin- 
land. In 1987-1989, the average number of inhabitants aged 14 years 
and under was 467,000 males and 488,000 females. 

In Finland all newly-diagnosed diabetic children are hospitalized 
for approximately 1-2 weeks. All 33 hospitals in which diabetic 
children are treated in Finland agreed to participate in the DiMe 
study (in two hospitals no new cases were diagnosed during the 
study). In each of the hospitals a paediatrician and a nurse in charge 
of the care of diabetic children were responsible for and trained in 
the study procedures and data collection of the DiMe study. 

In September 1986, data collection began first with the Depart- 
ments of Paediatrics of the five University hospitals and eight other 
hospitals covering different areas and about 75 % of the population 
of Finland (Table 1). During early 1987 the study was expanded to 
cover the entire country. Since i January 1987, basic epidemiological 
data and family information have been available nationwide from 
every newly-diagnosed case of Type i diabetes diagnosed in children 
aged 14 years and under. Detailed information was collected from 
the consequently registered cases and their families (Table 2). The 
recruitment of families into the DiMe study was closed by 30 April 
1989. The registration of newly-diagnosed cases and the collection of 
the basic epidemiological data is, however, still continuing nation- 
wide. 

Prospective registration of newly-diagnosed cases 
of Type 1 diabetes 

The aim of this part of the study is to provide a wide range of descrip- 
tive epidemiological, genetic, immunological, clinical and environ- 
mental risk factor (diet, viral exposures, life events) data in a large 

Table 2. Summary of data collection in the DiMe Study 
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Data component/Form Pro- Parents 
band 

Siblings Siblings 
3-19 years less than 3 

or more 
than 
19 years 

Family identification form 
- at diagnosis of the proband + + + 

Clinical data 
- at diagnosis + - - 
- at 6,12,18 and 24 months + - - 

Baseline data on personal 
and family history + + + 

HLA typing + + + 
DNA-samples + + + 

Serum ICA and IAA 
- at diagnosis of the proband + - + 
- at 6,12,18, 24,36 and - - + 
48 months 

Other organ and non-organ- 
specific autoantibodies 
- at diagnosis of the proband + - + 
- at 12, 36 and 48 months + - + 

Serum C-peptide 
- at diagnosis of the proband + - + 
- at 6,12,18 and 24 months + - + 

Intravenous glucose tolerance 
test (in ICA and/or IAA 
positives only) 
- at 6,12,18, 24, 36 and - - + 
48 months 

Fasting serum proinsulin 
- at diagnosis of the proband + - + 
- at 6, 12 and 24 months + - + 

Serum viral antibodies 
- at diagnosis of the proband + - + 
- at 6,12,18, 24, 36 and 48 - - + 
months 

Serum cow milk antibodies 
- at diagnosis of the proband + - + 
- at 6,12,18 and 24 months + - + 

Dietary data 
- at the diagnosis of the proband + (mother: + 
- at 12 and 24 months - pregnancy) + 

Life-event data 
- atthediagnosisoftheproband + - + 
- at 12 and 24 months - - + 

_/+a 

a Some siblings aged less than 3 years or 19 years and more were 
HLA typed when important or upon family request 
ICA, islet cell autoantibodies; IAA, insulin autoantibodies 

and unselected patient series. Each of the data components will be 
described and their data analysed separately in specific reports, but 
the main advantage of this extensive data set will be the possibility of 
testing hypotheses of genetic-environmental interaction. Briefly, 
dietary data consist of mainly qualitative assessment of dietary fac- 
tors that have been suggested to be associated with an increased risk 
of Type i diabetes, e.g. breast feeding, intake of cow's milk, nitros- 
amines and coffee, primarily using standardized food frequency 
questionnaires. One aim was to obtain data on dietary history for the 
entire lifetime of the probands prior to the diagnosis of diabetes in- 
cluding some possible in utero exposures. Dietary data were ob- 
tained through the parents. Viral exposure data consist of data on 
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Table 3. The prevalence of diabetes and the proportion of subjects HLA-typed among the family members of newly-diagnosed children with 
Type 1 (insulin-dependent) diabetes mellitus aged 14 years and tinder 

Family members Diabetesstatus Probands and their family Alive at the time of Subjects HLA-typed by March 
members the diagnosis pro- 1991 (of those known and alive) 
n % band n % 

Probands Diabetic 801 100 800 750 93.8 

Fathers a Non-diabetic 737 93.3 740 640 86.5 
Type 1 diabetes 45 5.7 43 37 86.0 
Type 2 diabetes 8 1.0 7 4 57.1 

Mothers Non-diabetic 779 97.3 777 720 92.7 
Type 1 diabetes 21 2.6 21 20 95.2 
Type 2 diabetes 1 0.1 1 1 100.0 

Siblings b Non-diabetic 833 96.8 819 720 88.1 
(3-19 years only) Type 1 diabetes 26 3.1 26 26 100.0 

Siblings Non-diabetic 1036 97.2 1020 733 74.1 
(all) Type 1 diabetes 28 2.7 28 28 100.0 

a In addition to the deceased fathers no information about the father was available in another 11 families because the father did not live with 
the family, mainly due to a divorce, b Of the 232 siblings who were not invited to the DiMe study 135 were less than 3 years of age and 70 over 
19 years of age 

history of infections and vaccinations, virus antibodies in sera, and 
virus culture of faeces. History data were collected both by a stan- 
dard questionnaire and the review of records from child health cli- 
nics, which all Finnish children visit at regular intervals. Life-event 
data were collected using pre-tested standard form and cover the en- 
tire lifetime up to the diagnosis of diabetes. 

Prospective family study 

The aim of the family study is to determine the familial occurrence of 
Type 1 diabetes and to assess prospectively the effect of genetic and 
environmental factors on the risk of the disease in non-diabetic 
siblings of the probands. Because of potential ethical and logistic 
problems, only siblings aged more than 3 and less than 19 years were 
included in the prospective study, as it required clinic visits and blood 
sampling every 6 months in addition to the questionnaire data 
(Table 3). The siblings were first investigated at the time of the diag- 
nosis of the proband and were subsequently followed for 2-4 years. 
Therefore, we were able to monitor the incidence of diabetes in the 
siblings in relation to various potential determinants of Type 1 
diabetes. 

The DiMe study is the first population-based family study, in 
which HLA genotypes and haplotypes of newly-diagnosed diabetic 
children and their first degree relatives have been determined. The 
HLA-identical and haploidentical siblings of the probands form a 
suitable cohort for a prospective study. Non-diabetic siblings who 
had a positive test result either for islet cell antibodies or insulin 
autoantibodies were invited every 6 months to an intravenous glu- 
cose tolerance test in order to investigate early signs of a disease pro- 
cess. 

Case-control studies 

Two separate case-control studies were incorporated in the DiMe 
study. The first one used age- and sex-matched control children ran- 
domly selected from the National Population Register for each 
proband. Three potential control subjects were chosen - one born on 
the same day, one born the day before and one the day after the pro- 
band. They were contacted by mail at least twice in this order, until 
a control subject was found. The parents of the control children 
received the study questionnaires and returned them by mail. Con- 
trol children (n = 112) matched with the early-onset diabetic cases 
(6 years and under, n = 122) during one year May 1988 - April 1989 

were interviewed during a home visit, and blood samples were 
collected for viral and other antibodies and for HLA typing. 
H L A  genotypes were determined in the control children, 109 of 
their mothers and in 101 fathers. 

The other case-control study primarily examines possible in- 
utero exposures. It comprises the probands of the DiMe study who 
were born after April 1983 (n =204). Since 1983 the National 
Public Health Institute has kept frozen serum samples from all Fin- 
nish pregnant women taken during the first trimester. Another con- 
trol will be chosen from the serum bank matching for the date of 
sample collection and for maternal age. Viral antibodies and pos- 
sibly some other putative in utero exposures will be determined in 
these sera. 

Data collection procedures 

Immediately after Type i diabetes was diagnosed in a child, the 
diabetes nurse from the local hospital telephoned the DiMe Central 
Office located at the Department of Epidemiology at the National 
Public Health Institute in Helsinki, where a serial number for each 
new family was assigned. During the subsequent clays the diabetes 
nurse filled in the first form (Family Identification Form) comprising 
a list of all first degree family members, i.e. biological parents and 
siblings, their life status and the willingness of each family member to 
participate in the detailed examinations and interviews of the study. 
The willingness to participate was very high (Table 2), but it was 
slightly less among fathers (8 of 42 Type i diabetic fathers who were 
alive refused) and siblings than among probands and mothers. Of 
the 14 parents who were deceased prior to the diagnosis of the pro- 
band 2 of 11 fathers had Type 1 diabetes and one father had Type 2 
(non-insulin-dependent) diabetes. 

The diabetes status of each case which was reported on the Fam- 
ily Information Form was checked against the data of the National 
Central Drug Registry based on the approvals for free-of-charge 
medication for diabetes at the Social Insurance Institution. Of the 
801 cases in the DiMe study, 800 had also been registered in the Cen- 
tral Drug Registry. One proband of the DiMe study died soon after 
diagnosis from diabetic ketoacidosis. This case was obviously not in- 
cluded in the National Central Drug Registry. Thus, the case-ascer- 
tainment of the DiMe study was complete. It also confirmed that in- 
sulin treatment in childhood diabetes is always started in hospitals in 
Finland. 

Information on the occurrence of other major diseases in the 
probands and other family members was obtained by the Family 
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Table 4. Number of newly-diagnosed diabetic children aged 
14 years and under invited to the DiMe study during September 1986 
to April 1989 by age and sex 

Age group Female Male Total 

(years) Number % Number % Number % 
of sub- of sub- of sub- 
jects jects jects 

0 2 0.6 4 0.9 6 0.7 
1-4 81 22.1 99 22.3 180 22.2 
5-9 150 41.0 162 36.4 312 38.5 

10-14 133 36.3 180 40.5 313 38.6 

Total 366 100.0 445 100.0 811 100.0 
% (46.2) (54.8)" (100.0) 

a p < 0.01 between males and females 

Table 5. Incidence of Type i (insulin-dependent) diabetes mellitus 
diagnosed in children aged 14 years and under in Finland during the 
full calendar years 1987 to 1989 by age group and sex 

Sex Age Popula- Number Yearly inci- 95 % con- 
group tion of cases dence per fidence in- 

100,000 terval 

Female < 1 29,913 2 2.2 0.3-8.1 
1-4 123,260 109 29.5 24.2-35.6 
5-9 158,287 175 36.9 31.6-42.7 

10-14 156,129 165 35.2 30.1-41.0 

All 467,589 451 32.2 29.3-35.3 

Male < 1 31,283 4 4.3 1.2-10.9 
1-4 128,542 128 33.2 27.7-39.5 
5-9 165,618 207 41.7 36.2-47.7 

10-14 163,513 224 45.7 39.9-52.1 

All 488,956 563 38.4 35.3-41.7 

All < 1 61,196 6 3.3 1.2-7.1 
1-4 251,802 237 31.4 27.5-35.6 
5-9 323,905 382 39.3 35.5-43.5 

10-14 319,642 389 40.6 36.6-44.8 

All 956,545 1014 35.3 33.2-37.6 

Questionnaire. At the hospitals the medical history of the probands 
was evaluated as proposed by the National Diabetes Data Group 
[15], in order to detect and exclude probands in whom diabetes could 
be secondary due to another disease e.g. Down's syndrome (two 
cases). The criteria for the diagnosis of Type I diabetes in the DiMe 
study were the same as recommended by the Diabetes Epidemiol- 
ogy Research International group [3-5]. 

This paper presents data for the DiMe study case recruitment 
period from September 1986 to April 1989. Because of the potential 
problems with seasonal variation in onset of clinical symptoms and 
in defining population denominators we will also present incidence 
data for three full calendar years 1987 to 1989 for which nationwide 
epidemiological data have been collected as part of the DiMe study. 
The population distribution in children of 14 years and under in the 
1980 census in Finland in 1-year intervals was used as standard 
for age standardization. 

Statistical analysis 

The 95 % confidence interval for the incidence was computed as- 
suming the Poisson distribution. Differences in proportions were 
tested with a chi2-test. 
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Results 

From September  1986 through April  1989, 801 families 
had a case of Type i diabetes diagnosed and were thus in- 
vited to participate in the DiMe Study. There  were 10 ad- 
ditional children in eight families, who also developed 
Type 1 diabetes during the study period. There  was a male 
predominance,  54.8 % of the cases were boys (p < 0.01). 
Out  of  the 801 probands (440boys and 361 girls) 
750 children agreed to participate in the full research pro- 
cedures of the DiMe Study. Only six probands were less 
than 1 year  old at the time of diagnosis (Table 4). The 
youngest  case was diagnosed at 9 months of age. 

During the three full calendar years 1987 to 1989 a total 
of 1,014 new cases of Type i diabetes in children aged 
14 years and under were diagnosed in Finland. The aver- 
age annual age-standardized incidence of Type I diabetes 
in children of 14years  and under  was 35.3/100,000 
(Table 5). It  was higher in males, 38.4/100,000 (95 % con- 
fidence interval (CI) 35.3-41.7) than in females, 
32.2/100,000 (95 % C129.3-35.3). The male predominance 
was found in all age groups, but it was most  pronounced in 
the 10-14-year age group. In males the incidence rose with 
age. It  was highest, 45.7 among 10-14 years old, whereas 
in females the highest age group specific incidence, 
36.9/100,000 was found already in the 5-9-year old group. 

The variation in incidence among the 12 provinces of 
Finland was not statistically significant (Fig. 1). The overall 
age-standardized annual incidence remained rather  stable 
during the 3-year period 1987-1989, approximately 35 per  
100,000. In males it increased slightly (yearly rates 36.3, 
36.8 and 40.5, respectively) whereas in females it decreased 
(yearly rates 34.0, 31.9,29.7 ). Thus, the male/female ratio of 
incidence increased f rom 1.07 in 1987 to 1.36 in 1989. 

The prevalence of Type 1 diabetes at the t ime of diag- 
nosis of the proband was significantly higher (p < 0.001) in 
fathers (5.7%) than in mothers  (2.6%) (Table 3). The 
number  of children in the families, where the mother  had 
Type i diabetes (1.8 children) was lower (p < 0.05) than in 
the families, where the father had Type i diabetes 
(2.3 children). No family where both parents had Type 1 
diabetes was registered in the DiMe study. The average 
number  of children in all 801 families of our study was 2.3. 
Of all 1064 biological siblings, 28 (2.6%) had Type 1 
diabetes at the t ime of the diagnosis of the proband.  Of  the 
845 siblings aged 3 to 19 years who were invited to the 
DiMe study 26 (3.1%) had Type1  diabetes. In 
163 families the proband was the only child. 

Discussion 

The prospective registration of cases of Type i diabetes in 
the DiMe study confirmed that the incidence of Type 1 
diabetes diagnosed under the age of 15 years in Finland is 
the highest in the world. Earlier epidemiological reports 
of Type I diabetes in Finland have mainly been  based on 
records f rom the Social Insurance Institution (Central 
Drug Registry) which reimburses drug costs for certain 
diseases including diabetes [1--8, 16]. An  earlier compari-  
son between the Central  Drug Registry and the hospital 
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Fig. 1. The incidence of Type 1 (insulin-dependent) diabetes melli- 
tus in 1014 Finnish children aged 14 years and under by province 
during 1987-1989 according to the province of residence at the time 
of diagnosis. The average annual incidence for 1987-1989 was 35 per 
100,000 (95 % confidence interval 33-38). Incidence for boys and 
girls is combined. 95 % confidence interval is given in parentheses 

discharge data collected in Northern Finland showed 
good agreement between these two sources [16]. During a 
period of approximately 3 years only one new case of our 
nationwide prospective diabetes register did not enter the 
Central Drug Registry, because he died shortly after the 
first hospital admission. The overall incidence during 
1987-1989, 35 per 100,000 per year, was slightly lower than 
that in 1986 (about 40 per 100,000), the highest ever re- 
corded nationwide annual incidence of diabetes for chil- 
dren of 14 years and under [7]. However, inferences re- 
garding the incidence trend after 1986 cannot yet be 
conclusive. 

A male predominance in the incidence of Type 1 
diabetes diagnosed under the age of 15 years was seen. 
This is in accord with previous Finnish data [1-8, 16]. The 
international comparison of the incidence data by the 
Diabetes Epidemiology Research International Group 
demonstrated that a male predominance is found in popu- 
lations with a high incidence, whereas in low incidence 
populations a slight female predominance is often seen [4, 
5]. Usually these gender differentials - although consis- 
tent do not reach the level of statistical significance, be- 

cause they have either not been very large or the number 
of cases has been small. In our present study the 19 % dif- 
ference in incidence was significant. 

Epidemiologically sound study designs combining 
strong immunogenetic, virological and other methods of 
basic research are essential for the search of the aetiology 
of Type i diabetes. During the present DiMe study we 
succeeded in recruiting the majority of all newly-diag- 
nosed Type i diabetic Finnish children aged 14 years and 
under, and their families. The ultimate aim of the DiMe 
study is to find the reasons for the very high incidence of 
diabetes in Finland and to provide new data on the aetiol- 
ogy of Type 1 diabetes. The present material of 750 par- 
ticipating families has sufficient power to test various 
aetiological hypotheses. Moreover, HLA genotypes and 
haplotypes have been determined in 2,933 family mem- 
bers in 757 DiMe families. To study HLA genetics on a 
population basis has not been attempted before. Detailed 
data on shared genetic factors and shared environmental 
exposures will permit us to estimate their relative effect on 
the risk of the disease among siblings. Therefore, we will 
have a solid and large genetic data base for testing differ- 
ent proposed models of the mode of inheritance of Type 1 
diabetes (17-20). One of the aims of our study was to find 
out whether there was a genetic reason for the high in- 
cidence of Type i diabetes in Finland. 

The family study design is essential for detailed genetic 
analyses and for estimation of the extent to which the high 
incidence of Type i diabetes in Finland is caused by 
genetic factors. The first results from the HLA genetic 
data suggested that genetic factors contribute to the high 
incidence of Type i diabetes in Finland [21]. However, 
given the steep increase in the incidence of childhood 
diabetes in Finland during the past decades [1, 5-8, 22], it 
is prudent to assume that much of the increase is due to en- 
vironmental exposure, which unmasks the underlying 
genetic susceptibility. Some of the proposed risk factors, 
such as dietary intakes of certain agents (e. g. milk proteins 
and caffeine) are common in the Finnish population 
[23-25]. 

The possibility that Type i diabetes is caused by a com- 
mon viral infection has been previously suggested [26, 27] 
and intensively investigated during the past 20 years [28, 
29]. Case reports and indirect evidence such as the seaso- 
nal variation in the manifestation of Type i diabetes exist 
that support this hypothesis. Otherwise the data are in- 
consistent [30, 31]. Finland experienced a major epidemic 
of mumps during 1979-1980 and it is possible that the 
steep increase in the incidence of Type 1 diabetes in chil- 
dren during the subsequent years could to some extent be 
associated with it [32]. Since 1982 measles-mumps-rubella 
immunization has been implemented in Finland nation- 
wide. 

The familial aggregation of a disease is a good indicator 
of the relative importance of genetic factors in the disease 
risk. Type i diabetes in any first degree relative of the 
newly-diagnosed diabetic probands was found in 11.2 % of 
the families and parental Type 1 diabetes in 8.2 % of the 
families. These proportions are similar to those found in 
the nationwide Swedish Childhood Diabetes Study [33]. 
Although family history is the strongest known determi- 
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nant of the disease the predictive power of family history of 
Type 1 diabetes in first degree relatives is, however, not 
very high. The majority of the cases are 'sporadic', with no 
his toryofType i diabetes amongfirst degreerelat ives.The 
prevalence of Type 1 diabetes in fathers of newly diag- 
nosed Type 1 diabetic probands was about twice the pre- 
valence in mothers in our study. This is in accord with 
previous findings from the USA [34] and Sweden [33]. The 
reasons for this phenomenon are not known. In general, 
diabetic women have less children than diabetic men. 

Only six children with Type 1 diabetes were diagnosed 
before their first birthday. If the incidence in the other  age 
groups were the same as under the age of i year, the over- 
all incidence for the entire age range from 0 to 14 years 
should have been only about 3 per 100,000. This illustrates 
that there is a potential for the primary prevention of 
Type i diabetes once the genetic susceptibility and envi- 
ronmental  risk factors can be properly identified. Already 
in 1-4-year old children the incidence was over 30 per 
100,000 in our present study. Obviously, something im- 
portant happens very early in life or probably even in 
utero which increases the disease risk in Finnish children. 
According to our present data, the incidence further in- 
creased by about 25 % from the 1-4-year old to 5-9-year 
old group. The previously reported pubertal peak in the 
incidence of Type 1 diabetes in Finland [16] was virtually 
missing. 

Many chronic diseases show distinct and large geo- 
graphic differences within Finland [35-39]. Earlier  data 
suggested that the incidence of Type 1 diabetes might be 
somewhat higher in eastern Finland, and lower in north- 
ern Finland [1]. According to our present results Type 1 
diabetes is equally distributed throughout  the country. 
This may either mean that genetic differences in Finland 
are not very large or that there is a major environmental 
exposure which has little geographic variation, or both. At  
the moment  we cannot exclude either of these possi- 
bilities. The incidence of Type I diabetes in children in 
northern Sweden [40], where a large proport ion of the 
population is of Finnish origin [41] is about 20 % lower 
than that in Finland. The Estonians are the population lin- 
guistically and ethnically most closely related to the Finns. 
They live geographically close across the Baltic Sea, but in 
a culturally, behaviourally and socioeconomically differ- 
ent environment. In Estonia the incidence of childhood 
diabetes is about one third of that in Finland [42]. These 
observations can be taken as support for the importance 
of environmental factors in the development of Type 1 
diabetes. We will evaluate the space-time clustering of the 
disease in further analyses in order to find out whether 
epidemic-like outbreaks occurred. 

In order  to be able to test hypotheses concerning the 
triggering mechanism of Type i diabetes in children who 
are genetically susceptible, similar epidemiologically- 
based studies need to also be carried out in middle and low 
risk populations. It is possible that the factors which will 
explain why one child develops Type 1 diabetes, while an- 
other child does not, may also determine the differences in 
the risk of  diabetes between populations. Population- 
based genetic-epidemiological studies of Type 1 diabetes 
are likely to be the key not only for a bet ter  understanding 
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of the development of Type i diabetes, but also for its 
prevention. 
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