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Summary  The risk of developing diabetes is higher in 
offspring of fathers than of mothers with insulin-de- 
pendent diabetes mellitus (IDDM). The reasons for 
this sex differential are unclear, as early studies were 
often selected and relatively small. We conducted a 
prospective study on the risk of IDDM in a cohort of 
9,453 offspring from 5,255 Finnish parents with diabe- 
tes diagnosed before age 30 years. Age of first admis- 
sion to the hospital was considered to be the age of di- 
agnosis of IDDM in the offspring; IDDM occurred in 
248 offspring. The risk of IDDM tended to be lower 
in the offspring of the same gender as the diabetic 
parent (adjusted risk ratio (RR) 0.78; p--0.50). 
When offspring were of same gender as the diabetic 
parent, male offspring had a higher risk of IDDM 
than female offspring (RR 2.28; 95 % confidence in- 
terval 1.53-3.38), whereas if the gender of the dia- 
betic parent and the offspring were different, the 
risk in male offspring was lower (RR 0.43; 95 % conf i -  

dence interval 0.31-0.62). For the offspring of dia- 
betic fathers, the cumulative risk by the age of 20 
was higher (7.6 %) than for those with diabetic moth- 
ers (3.5 %) (p < 0.0001). In a multivariate analysis sta- 
tistically significant predictors of IDDM in the off- 
spring were the sex of the parent, the year of birth 
and the birth order of the offspring. The risk of 
IDDM in the offspring increased by 9 % per year of 
birth cohort. By age 20, the cumulative risk of devel- 
oping IDDM in the offspring of diabetic parents was 
5.3 %, 10 times higher than in the background popu- 
lation. It is likely that genetic factors seem to have 
played a major role in the continuous increase of 
IDDM incidence in Finnish children. [Diabetologia 
(1995) 38: 975-982] 
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Although it is known that genetic factors play a maj or 
role in the aetiology of insulin-dependent diabetes 
mellitus (IDDM), not all genetically predisposed in- 
dividuals develop the disease. Only about 25 % of 
monozygotic twins are concordant for IDDM [1, 2] 
and only 15 % of all HLA identical siblings of a dia- 
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betic child will also become diabetic [3]. The mode 
of inheritance of IDDM has also remained elusive. 

It is clear that the risk for the offspring of IDDM 
parents is higher than that for the background popu- 
lation [4-9] and that the risk for offspring of fathers 
with IDDM is higher than for those with mothers 
with IDDM, as Warram et al. [6] were the first to 
point out. This differential in maternal and paternal 
risk is poorly understood. 

A number of studies have investigated the occur- 
rence of diabetes in offspring of parents with IDDM. 
Most of them have been based on small samples and 
were hospital-based. There are two basic ways of de- 
signing parent-offspring studies; to ascertain the prev- 
alence of diabetes in the parents of diabetic children, 
or prospectively to ascertain the incidence of diabe- 
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Table 1. Descriptive data of the study population 

J. Tuomilehto et al.: IDDM in offspring of IDDM parents 

Characteristics Female probands Male probands All probands 

n Age a n Age a 

Probands 2960 
Total offspring 5251 
Offspring with diabetes 89 
Percentage of offspring with diabetes 1.7 
Male offspring 2650 
Male offspring with diabetes 50 
Percentage of male offspring with diabetes 1.9 
Female offspring 2601 
Female offspring with diabetes 39 
Percentage of female offspring with diabetes 1.5 

Gender concordance between the diabetic 
parent and the offspring controlled for age at 
diagnosis 
RR 0.78 
95 % C1 0.52-1.19 

36 2295 37 5255 
11 4202 11 9453 
14 159 13 248 

3.8 2.6 
11 2150 11 4800 
14 72 14 122 

3.3 2.5 
11 2052 10 4653 
13 87 12 126 

4.2 2.7 

0.77 0.79 
0.56-1.05 0.61-1.01 

a Mean age (years) on 31 December 1989 

tes in the offspring of the diabetic parent. The major- 
ity of studies have assessed the prevalence of diabe- 
tes in parents of newly diagnosed diabetic children. 
A much more informative though more difficult ap- 
proach is to prospectively determine the cumulative 
risk of IDDM in the offspring of diabetic parents. 

Finland has the highest incidence of IDDM in the 
world: 35.2 per 100,000 per year during 1987-1989 in 
the age group 0-14 years [10, 11]. Data from the na- 
tionwide "Childhood Diabetes in Finland" (DiMe) 
study initiated in 1986 show that the prevalence of 
IDDM in parents of children with IDDM diagnosed 
before 15 years of age is 4.1%, in fathers 5.7 % and 
in mothers 2.6 % [10]. The aim of this paper is to 
find out whether a similar difference in the risk of 
IDDM can be detected between the offspring of dia- 
betic fathers and mothers using a prospective study 
design. Recently, we collected data on the incidence 
of diabetes in the offspring of parents with diabetes 
in Finland. Here we report the cumulative risk and 
predictors of IDDM in a large cohort of offspring 
from Finnish parents with diabetes diagnosed before 
the age of 30 years. 

Materials and methods 

The Finnish Hospital Discharge Register, initiated in 1970, 
contains information for each patient admitted to any hospital 
in Finland on the date of admission to the hospital, date of 
birth, personal identification number and up to four diagnoses 
as International Classification of Diseases (ICD) codes. To be 
eligible for the present study as a proband the subject had to 
be admitted to a hospital between 1970 and 1984, and diag- 
nosed as having diabetes (ICD-250) before the age of 
30 years. If the subject had been hospitalized more than once 
during that time period, the age at first admission was consid- 
ered the age when the diagnosis of diabetes established. 

These individuals were then linked through their personal 
identification number to the Finnish Population Register that 

contains information on every Finnish citizen that enabled us 
to link children to their parents. The diabetic status of the chil- 
dren was determined for the years 1970-1991 through the Hos- 
pital Discharge Register via the personal identification num- 
ber. If a child had been hospitalized more than once during 
that period, the age at first admission was considered to be 
the age when the diagnosis of diabetes was made. Virtually all 
children with newly-diagnosed diabetes are hospitalized in 
Finland [10]. The year of birth of the diabetic parents (pro- 
bands) varied from 1934 to 1970. 

We decided to restrict the analysis to offspring of probands 
who were discharged with a diagnosis of diabetes before the 
age of 30, assuming that nearly all diabetes in the first 30 years 
of life is IDDM as confirmed by studies done in Sweden [12, 
13]. The number of eligible female probands was 2,960, and 
there were 2,295 male probands (Table 1). These 5,255 dia- 
betic parents had 9,453 offspring, of whom 248 had been diag- 
nosed as having diabetes. The mean age was similar between 
males and females, both in probands and in the offspring. 

We compared the age at admission of the offspring given in 
the Hospital Discharge Register in a subset of 69 children to 
that registered in the Finnish Childhood Insulin-Dependent 
Diabetes Register. They had been discharged from hospital 
with the first established and validated diagnosis of diabetes 
during 1986-1989. The record linkage was again implemented 
through the personal identification numbers. In all 69 subjects 
the age at admission in the Hospital Discharge Register 
agreed with the age at diagnosis in the Finnish Childhood Insu- 
lin-Dependent Diabetes Register. Thus, the age at admission 
in the Hospital Discharge Register proved to be valid for the 
survival analysis. 

Statistical analysis 

Statistical analyses were done using SAS procedures LIFE- 
TEST and P H R E G  [14]. The risk of IDDM for the offspring 
was described as the proportion of offspring developing diabe- 
tes during the follow-up and as the cumulative incidence (cu- 
mulative risk). Cox proportional hazards model was used to in- 
vestigate the significance of several risk predictors of diabetes. 
The difference in the duration of the diabetes-free period in 
the offspring with different predictor vectors was estimated 
by the log-rank test. Relative risks and 59 % confidence inter- 
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vals (95 % CI) between different strata were estimated from a 
conventional 2 x 2 table or using a Cox proportional hazards 
model when adjusting for covariates. 

Results 

A total of 5,261 probands with diabetes diagnosed be- 
fore the age of 30 years had a total of 9,463 offspring 
(Table 1). Diabetes had developed in 248 offspring, 
122 boys and 126 girls. The mean family size of male 
and female probands was similar; males had 
1.83 _+ 0.89 and females 1.78 + 0.88 offspring. 

Diabetes had developed in 88 of the 5,261 off- 
spring of female probands. The occurrence of diabe- 
tes was much higher among the 4,202 offspring of 
male probands; 160 children had been diagnosed as 
diabetic. 

Female offspring of female probands tended to 
have a lower risk of developing diabetes than male 
offspring controlling for the age-at-diagnosis of 
I D D M  (risk ratio (RR) = 0.80) (Table 1). The same 
was found for the male offspring of male probands, 
whose risk of developing diabetes was less than that 
for female offspring (RR = 0.80). Thus, in the com- 
bined analysis the risk for offspring of the same gen- 
der as the proband was reduced with an RR = 0.79 
(95 % CI 0.61-1.0l). There was a clear interaction be- 
tween the gender of the offspring and the gender 
concordance between the diabetic parent and the off- 
spring (Fig. 1). If the offspring were the same gender 
as the diabetic parent, male offspring had a higher 
risk of IDDM than the female offspring (RR 2.28; 
95 % CI 1.53-3.38). On the contrary, if the gender of 
the offspring and the diabetic parent were different, 
the risk of I D D M  in male offspring was lower than 
that in female offspring (RR 0.43; 95 % CI 0.31- 
0.62). 

The cumulative risk in the offspring for developing 
diabetes by a certain age is given in Table 2 and Fig- 
ure 1. By the age of 20, the cumulative risk of devel- 
oping diabetes in the offspring of parents with diabe- 
tes diagnosed before the age of 30 years was 5.3 % in 
Finland. In the offspring of male probands the risk 
was significantly higher (7.6 %) than in those of fe- 
male probands (3.5 %). At  any age, the risk in the off- 
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Fig.1. Proportion of offspring with IDDM by gender of the 
offspring and by gender concordance with the diabetic parent 

spring of diabetic fathers was approximately 2 times 
higher than that in the offspring of diabetic mothers 
(Table 2). The risk curves of developing diabetes 
(Fig. 2) were significantly different for the offspring 
of male and female probands (Log-rank test: chi- 
square = 44.46, dr= 1; p < 0.0001). To illustrate a pos- 
sible birth cohort effect we also used an arbitrary cut- 
off point to classify offspring into two birth cohorts, 
born before and after 1975. The offspring born after 
1975 had a significantly higher cumulative risk of de- 
veloping diabetes than those born prior to that year 
(Log-rank test 15.59, df- 1, p < 0.0004) (Fig. 3). This 
effect was particularly strong in the offspring of dia- 
betic fathers (RR 1.953; 95% CI 1.35-2.83) and 
weaker in the offspring of diabetic mothers (RR 
1.34; 95 % CI 0.86-2.08). 

The distribution of diabetic cases within families of 
different sizes by birth order showed that the risk was 
about the same for each of the offspring (data not 
shown). In 3,259 families with at least two offspring 
the first-born child had a significantly lower risk of 

Table 2. Cumulative risk of developing diabetes in the offspring of probands with diabetes diagnosed before the age of 30 years in 
Finland 

Attained age of Cumulative Risk for the offspring RR male to Risk for all Risk of IDDM 
offspring (years) number of off- Male Female pro- female probands offspring of for Finnish 

spring diagnosed probands (%) bands (%) probands (%) background 
with IDDM population (%) 

5 70 1.3 + 0.4 0.5 + 0.2 1.9 + 0.25 0.8 + 0.2 0.09 
10 150 3.4 + 0.7 1.3 + 0.4 2.7 + 0.17 2.2 + 0.4 0.23 
15 230 6.4 + 1.1 3.0 + 0.7 2.3 + 0.14 4.5 + 0.6 0.41 
20 244 7.6 + 1.3 3.5 + 0.8 2.3 + 0.13 5.3 + 0.7 0.51 
Data are mean _+ 2 SEM 
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Table 3. The relative risk of diabetes in the offspring of diabetic parents by birth order of the offspring 

Birth order of the offspring Parent 

Male Female All 

First-born vs others RR 0.59 0.83 0.66 
(95 % CI) (0.41; 0.85) (0.51; 1.37) (0.50; 0.89) 

Last-born vs others RR 1.44 1.95 1.61 
(95 % CI) (1.00; 2.07) (1.18; 3.12) (1.20; 2.16) 

Table 4. The relative risk of diabetes in the offspring of dia- 
betic parents by parental age at the birth of the offspring 

Parental age at Diabetic parent 
the birth of the Male Female offspring 

Univ ariate 
linear 

dichotomized a 

Adjusted 
linear b 

dichotomized ~ 

RR 1.03 1.03 
(95 % CI) (1.00; 1.07) (0.98; 1.09) 
RR 1.19 1.30 
(95 % CI) (0.86; 1.63) (0.85; 2.00) 

RR 0.99 1.00 
(95 % CI) (0.95; 1.03) (0.94; 1.06) 
RR 0.88 1.09 
(95 % CI) (0.63; 1.23) (0.69; 1.71) 

a Parental age at the birth of the offspring 24 years or under vs 
25 years or more; 
b Adjusted for the sex of the offspring and the year of birth of 
the offspring 

2.41 times higher than that for those offspring of dia- 
betic mothers. The risk of I D D M  in the offspring in- 
creased each calendar year of birth by a factor of 
1.09. In this multivariate analysis the offspring and 
the diabetic parent having the same gender became 
significant (RR 0.78; 95 % CI 0.61-1.00; p = 0.05) af- 
ter adjusting for effects of other factors. The age of 
the parent  at birth of the offspring had no influence 
on the risk of I D D M  for the offspring. 

Birth order was a significant predictor of IDDM in 
the offspring. There was a tendency for the first-born 
child to have a lower risk of I D D M  compared with 
the later-born children (RR 0.85), but this was not 
statistically significant. The last-born child had an in- 
creased risk of I D D M  (RR 1.42; p = 0.008), an effect 
which was slightly stronger in families of diabetic 
mothers (RR 1.75; p = 0.013) than in families of dia- 
betic fathers (RR 1.27; NS). 

developing I D D M  (RR 0.66), or the risk in the last- 
born child was increased (RR 1.61) (Table 3). Two- 
thirds of these multiple-offspring families had only 
two children. 

The effect of the age of the diabetic parent  at the 
birth of the offspring was analysed in three different 
ways (Table 4). In the univariate analysis the risk of 
I D D M  in the offspring increased slightly with the in- 
creasing age of parents at the birth of the child (RR 
for linear effect 1.03). This effect of parental age 
seemed to be confined to the subgroup of parents 
aged 25 years or older at the birth of the child, but 
the RRs of 1.19 and 1.30 for diabetic fathers and 
mothers, respectively, were not statistically signifi- 
cant. Moreover,  adjustment for gender and year of 
birth of the offspring removed any possible effects of 
parental age at birth of the offspring on the risk of de- 
veloping I D D M  in the offspring. 

The multivariate analysis of several variables that 
may influence the risk of diabetes in the offspring of 
diabetic parents was carried out in all families, and 
separately in families with two offspring or more and 
also stratified by the sex of the diabetic parent  (Ta- 
ble 5). These analyses revealed that the sex of the dia- 
betic parent, of the offspring and the diabetic parent  
having the same gender, year of birth of the offspring 
and birth order were statistically significant. The ad- 
justed risk for the offspring of diabetic fathers was 

Discussion 

In contrast to other, smaller studies where male and 
female offspring were thought to be equally affected 
[15, 16], we found in our large population-based study 
that the gender of the offspring plays an important 
role in the transmission of the disease. Also, the fact 
that the incidence of IDDM under the age of 15 years 
is significantly higher in males than in females [10-12, 
17] is consistent with our hypothesis that some ge- 
netic, hormonal  or behavioural characteristics related 
to sex play a role in converting the underlying genetic 
susceptibility into overt IDDM. Also, in this study we 
found some evidence suggesting that the risk of 
I D D M  was reduced for the offspring of diabetic par- 
ents who were of the same sex as the parent. Neverthe- 
less, it is worth noticing that even though our prospec- 
tive study was very large, we had only "a borderline 
power" to show a 20 % effect of gender concordance 
between the diabetic parent  and the offspring on the 
risk for I D D M  in the offspring. 

The effect of gender concordance between the dia- 
betic parent  and the offspring depended on the gen- 
der of the offspring. When the diabetic parent  and 
the offspring shared the same gender, male offspring 
were at a higher risk of developing IDDM than fe- 
male offspring, whereas if they were not the same 
gender, female offspring showed a higher risk. This 
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Table 5. Predictors of risk of diabetes in offspring of parents with diabetes diagnosed before the age of 30 years 

979 

Variable df Parameter estimate Standard error RR p-value 

Offspring and diabetic parent having same sex 1 
Year of birth 1 
Male sex of parent 1 
Parent's age at the birth of the offspring 1 

All families 
- 0.250 0.127 

0.089 0.016 
0.870 0.136 
0.009 0.017 

Families with at least two children 
Father diabetic 
Offspring male 1 - 0.248 
Year of birth 1 0.104 
Parent's age at the birth of the offspring 1 - 0.257 
Birth ordera: 
- first-born vs others 1 - 0.289 
- last-born vs others 1 0.235 
Mother diabetic 
Offspring female 1 - 0.246 
Year of birth 1 0.059 
Parent's age at the birth of the offspring 1 0.003 
Birth orderS: 
- first-born vs others 1 0.077 
- last-born vs others 1 0.557 

All 
Sharing the same gender between the offspring 1 - 0.251 
and the diabetic parent 
Year of birth 1 0.088 
Parent's male sex 1 0.881 
Parent's age at the birth of the offspring 1 - 0.017 
Birth orderS: 
- first-born vs others 1 - 0.161 
- last-born vs others 1 0.351 

0.159 
0.020 
0.022 

0.173 
0.166 

0.214 
0.032 
0.032 

0.241 
0.274 

0.128 

0.016 
0.136 
0.018 

0.140 
0.133 

0.78 0.050 
1.09 < 0.0001 
2.39 < 0.0001 
0.99 0.597 

0.78 0.117 
1.11 < 0.0001 
0.98 0.254 

0.75 0.095 
1.27 0.155 

0.78 0.250 
1.06 0.025 
1.00 0.920 

1.08 0.751 
1.75 0.013 

0.78 0.050 

1.09 < 0.0001 
2.41 < 0.0001 
0.81 0.369 

0.85 0.249 
1.42 0.008 

a Two alternative parameters included in the model, each of them separately 

effect  was pr imar i ly  due  to the h igher  risk of  I D D M  
in the offspring of  diabet ic  fa thers  than  diabet ic  
mothers .  A sex d i f fe rence  found  for  the  t ransmission 
of  any genet ic  trai t  can be  expla ined  e i ther  because  
the trait  is sex-linked, sex-associated or  because  of  a 
lower  liability th reshold  or  a g rea te r  pene t r an ce  in 
one  sex. In sex-l inked gene t ransmiss ion a male  will 
always inheri t  his X c h r o m o s o m e  f rom his mother ,  
since his fa ther  must  con t r ibu te  the  Y ch romosome .  
Consequent ly ,  a male  can t ransmit  the genet ic  infor- 
ma t ion  of  his X c h r o m o s o m e  to his grandchi ldren  
only via his daughters.  A sex-associated effect  in 
I D D M  has b e e n  descr ibed  in a s tudy where  fa thers  
t ransmi t ted  a cer ta in  H L A  hap lo type  which confers  
genet ic  susceptibil i ty to I D D M  (A1, B8 hap lo type)  
m o r e  of ten  to male  than  to female  offspring [18]. 
This hap lo type  showed  prefe ren t ia l  zygotic assort- 
m e n t  over  the a l ternat ive  paren ta l  hap lo type  which 
could part ia l ly  explain the increasing incidence of  
I D D M .  In an analysis of  D R  locus alleles fa thers  
were  found  to be  m o r e  l ikely to t ransmit  D R 4  to 
thei r  chi ldren than  were  mo the r s  [19]. It  has also 
been  shown that  Finnish fa thers  with I D D M  are 
m o r e  l ikely to t ransmit  high-risk susceptibil i ty haplo-  
types to  the i r  offspring than  mothe r s  with I D D M  
[20]. 

Immunolog ica l  mechanisms  might  be  involved 
during pregnancy  leading to  to le rance  and subse- 
quent ly  to the lower  risk in offspring of mothe r s  with 
I D D M  c o m p a r e d  with fa thers  with I D D M .  The  risk 
for  chi ldren of  I D D M  mothe r s  is still 5 t imes that  for  
chi ldren of  non-diabet ic  parents  [6]. It  has b e e n  clear- 
ly shown that  per inata l  mor ta l i ty  is not  responsible  
for  the lower  risk in the  offspring of I D D M  mothe r s  
[16]. The  role  of ma te rna l  cytotoxic  ant ibodies  di- 
r ec ted  against the epi topes  of  the H L A  molecules  
which deve lop  during p regnancy  and are  elicited by  
fetal  lymphocytes  that  cross the  p lacenta  has not  
b een  s tudied p roper ly  in diabet ic  pregnancies.  

O t h e r  variables  tha t  inf luenced the risk of  I D D M  
in the offspring, besides the  sex shared  b e tween  the 
diabet ic  pa ren t  and the offspring, were  the  year  of 
bir th  of  the offspring (bir th cohor t )  and bir th  order .  
Accord ing  to our  es t imates  the risk of  d iabetes  in 
the offspring of  diabet ic  parents  d iagnosed u nde r  the 
age of  30 years  increases about  9 % per  each  year ly  
bir th  cohort .  There fo re ,  the  incidence of  I D D M  with- 
in these af fec ted  parent -chi ld  families increases fas ter  
than  usual in Finland. A prev ious  analysis of  age, cal- 
endar  pe r iod  and bir th  cohor t  effects  in 5,920 Finnish 
ch i ldhood  I D D M  pat ients  showed an increasing lin- 
ear  t rend  of  abou t  2.4 % per  year  in the overal l  inci- 
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dence of I D D M  [21]. Only a marginally significant 
birth cohort effect was seen in this previous study. It 
is possible that the birth cohort effect, which is rela- 
tively weak in the population at large, is due to a 
strong effect mainly coming from affected parent-off- 
spring families. 

Even though it has been claimed that the rapid in- 
crease in I D D M  incidence, which was around 57 % 
over the past 20 years in Finland, can only be ex- 
plained by environmental factors [21, 22], differ- 
ences in H L A  frequencies between I D D M  patients 
diagnosed in the early 1960s and mid-1980s have 
been reported in Finland [23]. The fact that the in- 
crease in I D D M  incidence has now continued for 
40 years and that the increase has been almost linear 
does not fit the hypothesis that some environmental 
exposure would be the main reason for this trend. 
Our present data also point to the role of genetic fac- 
tors in the increase in I D D M  incidence in Finland. 

In this study we used an age at diagnosis of under 
30 years as the sole criterion for the definition of 
I D D M  in the probands. To check whether each of 

the probands was truly insulin-dependent would 
have been unreasonable considering the huge num- 
ber. We admit that using the age criterion alone 
leads to a somewhat inaccurate definition of the dia- 
betes type. However, recent data from Sweden, 
where the incidence of childhood diabetes is also 
high, show that the cumulative incidence of non-insu- 
lin-dependent diabetes is less than 5 % of all cases of 
diabetes diagnosed by the age of 30 [12, 13]. 

The cumulative incidence of diabetes in the off- 
spring of Finnish parents with I D D M  is 5.3 % by the 
age of 20, whereas in the Finnish background popula- 
tion it was 0.5 %. The fact that the cumulative risk of 
I D D M  in the offspring of diabetic parents was con- 
stantly about 10 times that in the background popula- 
tion at any attained age points towards a genetic ef- 
fect. Even though it is difficult to compare the find- 
ings from different studies because of the different 
methods used for the cumulative risk estimates, the 
risk in Finland seems to be clearly higher than that re- 
ported from Denmark [7], Germany [4] and Pitts- 
burgh, U S A  [8], 



J. Tuomilehto et al.: IDDM in offspring of IDDM parents 

Using data from the Joslin Diabetes Clinic, War- 
ram et al. [6] first demonstrated that the risk of 
IDDM is much higher for the offspring of fathers 
than of mothers with IDDM. These findings, which 
had been previously confirmed by other groups [4, 
24], were again confirmed in our large population- 
based study. The risk of developing diabetes in the 
offspring of fathers with IDDM is particularly high 
in the first decade of life. During the second decade 
the relative risk for the offspring of fathers with 
IDDM is reduced but remains over twice as high as 
for those of mothers with IDDM. 

In the present study we were unable to confirm 
earlier findings that the risk of IDDM would be in- 
creased in offspring of diabetic mothers who gave 
birth before age 25 years compared with those who 
gave birth after age 25 years [25]. The age of diabetic 
parents at the birth of the offspring was not an inde- 
pendent  predictor of IDDM in the offspring. Such 
an association seems to be explained by other fac- 
tors. The effect of birth order raises interesting possi- 
bilities; since the first-born child of a diabetic parent 
has a lower risk than the later-born children, the in- 
crease in incidence of IDDM in Finland could be 
partly due to an increase in the size of families where 
a parent has IDDM. Unfortunately, we have no data 
on long-term trends in family size among childhood- 
onset IDDM patients. It is generally known that 
even in the 1960s women with IDDM were discour- 
aged from having (many) children because of vari- 
ous risks to the mother and the offspring. So far, the 
reasons why first-born child may be "protected" are 
unclear. Since the parental age at the birth of the off- 
spring and birth order are strongly correlated, it is 
possible that the higher risk of [DDM in later birth 
order siblings compared with the first-born is an al- 
ternative expression of maternal age [26]. 

Only a few prospective studies have been con- 
ducted so far on the risk of diabetes in the offspring 
of parents with IDDM [5-8, 15, 27]. Our prospective 
study is noteworthy because it has a very large num- 
ber of probands - 5,255, more than 15 times larger 
than in any former investigation. It forms an essen- 
tial database for future studies on the transmission 
of genetic susceptibility and environmental events 
leading to IDDM. We have demonstrated that it is 
important to have a sufficiently large number of af- 
fected parent-offspring families in order to have en- 
ough power for the detection of epidemiological phe- 
nomena. More population-based data are needed to 
elaborate the importance of parental history and 
sex-related effects in the transmission of the disease 
from the diabetic parents to their offspring. 
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