
It is well known that both genetic and environmental
factors play a major role in the aetiology of Type I
(insulin-dependent) diabetes mellitus. A substantial
genetic contribution has long been suggested by the
high degree of familial clustering, particularly among
first degree relatives [1]. On the other hand, the rela-

tively low concordance rate in monozygotic twins [2,
3, 4] and the increasing incidence in many countries
[1] highlights the importance of environmental fac-
tors.

The establishment of large, population-based col-
laborative international registry-networks such as
Eurodiab Ace have provided reliable and compara-
ble incidence data on childhood onset Type I diabetes
[5]. These international multicentre research net-
works have produced data showing large differences
in incidence rates across populations [5, 6]. The
Eurodiab registries have also collected data on dia-
betes status of the first degree relatives of diabetic
children (probands).
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Summary The characteristics of familial Type I (insu-
lin-dependent) diabetes mellitus ± that is Type I diabe-
tes in a first degree relative were investigated for chil-
dren diagnosed before the age of 15 years using data
from an international network of population-based
registries (the Eurodiab Ace network) and from a
case-control study (Eurodiab Ace Substudy 2) con-
ducted by eight of the network's centres. Ecological
analysis across the 18 centres showed a positive asso-
ciation between the population incidence rate of
Type I diabetes and the prevalence of Type I diabetes
in fathers of affected children (Spearman's rank cor-
relation coefficient rs = 0.70, p < 0.001). A similar as-
sociation was observed with the prevalence in sibling
(rs = 0.71, p < 0.001), but the association with preva-
lence in mothers was weaker and not significant.
Pooling results from all centres showed that a greater
proportion of fathers (3.4%) of affected children had
Type I diabetes than mothers (1.8%) giving a risk ra-
tio of 1.8 (95% CI 1.4 to 2.5). Affected girls were
more likely to have a father with Type I diabetes

than affected boys (odds ratio 1.56, 95% CI 1.07 to
2.27), but there was no evidence of a similar finding
for mothers or siblings. Children with disease onset
in the 0±4 year age-range were more likely to have
an affected father than were children who were older
at onset, and similar although weaker associations
were seen in mothers and siblings. This suggests that
familial Type I diabetes patients have a younger age
at onset than non-familial patients. In conclusion, a
positive association between the prevalence of famil-
ial Type I diabetes and the population Type I diabetes
incidence rate was shown and the characteristics of
familial Type I diabetes (younger age at onset and
preferential transmission of disease from tather to
child and particularly from father to daughter) were
described. [Diabetologia (1998) 41: 1151±1156]

Keywords Type I diabetes, children, familial Type I
diabetes, sporadic Type I diabetes, international reg-
istry, case-control study.

* The participating investigators and institutions are listed in
the Appendix
Received: 16 February 1998 and in revised form: 4 May 1998

Corresponding author: G. SoltØsz, Department of Pediatrics,
University Medical School of PØcs, 7623 PØcs, József Attila u.
7., Hungary



In this report we analyse the family history data
from these registries and from a subset of regis-
tries which have conducted a case-control study
(Eurodiab Substudy 2). Both sources were com-
bined to test hypotheses about familial Type I dia-
betes.

The first hypothesis is that Type I diabetes risk
among first degree relatives varies across populations
mirroring the pattern of disease incidence. The large,
up to eightfold differences in incidence rate across
the different European populations make it possible
to test this hypothesis.

The second hypothesis is that children with famil-
ial Type I diabetes ± that is, having an affected sibling
or parent have an earlier onset as compared with chil-
dren with sporadic Type I diabetes as suggested by
previous studies [7, 8].

Finally, we test the hypothesis first put forward by
Cudworth et al (1979) [9], that there is a preferential
disease transmission in Type I diabetes between fa-
ther and child as compared with mother and child;
and the controversial issue of the possible preferen-
tial disease transmission from father to daughter and
mother to son [10±11].

Study design and data collection

Registry data. Descriptions of the methodology from the first
2 years of registration (1989±1990) have already been pub-
lished [5]. In brief, 24 Eurodiab Ace centres established pro-
spective geographically-based registries of idiopathic Type I
diabetes occurring in children under the age of 15 years. Basic
registration data (sex, dates of birth, diagnosis and first insulin
injection) were collected. Additionally some centres optional-
ly choose to collect family history data (date of birth, sex, age
at onset of Type I diabetes and vital status) for first degree rel-
atives during the 3-year period 1989±1991 either by interview-
ing the parent or by extraction from the clinical history record-
ed in the hospital notes. The level of ascertainment (assessed
by using secondary sources eg. prescription data) in all these
centres exceeded 90 % [5].

Case-control study. Eight centres (Austria, Bulgaria, Latvia,
Leeds, Lithuania, Luxembourg, Bucharest, Northern Ireland)
participated in Eurodiab Ace Substudy 2, a case-control study
to investigate environmental risk factors. Data collection was
by mailed questionnaire or personal interview. Of 1204 chil-
dren with dates of onset in the period 1989±1995 who were eli-
gible for study, 85.4 % responded, the main reasons for non-re-
sponse being inability to trace (5.9 %) and refusal (7.1%). This
report makes use only of family history data for these cases.
Other results, including comparisons with control children,
will be published elsewhere.

Statistical methods. All family history and family composition
data from the case-control study were corrected back to the
date of diagnosis.

The strength of association between the proportion of cases
reporting a positive family history and the background popula-
tion incidence level was assessed using Spearman's rank corre-
lation coefficient. In the analysis of sibling history differences

in the distribution of sibship size from centre to centre were
taken into account by the method of direct standardisation us-
ing the distribution of sibship size in the combined data as the
standard.

Logistic regression analysis was used to assess the signifi-
cance of differences in the proportions with a positive family
history between male and female cases and between cases
diagnosed in three age-groups. Separate analyses were per-
formed for father's history, mother's history and sibling his-
tory. The latter analysis was restricted to cases with one or
more sibling, and the size and age to sex composition of
the sibship were incorporated in the analysis to avoid possi-
ble confounding. This was achieved by estimating the cumu-
lative risk of Type I diabetes for each sibling using sex-spe-
cific incidence rates for the 0±4 year, 5±9 year and
10±14 year age groups derived from each centre's 1989±1994
registrations. Beyond the 10±14 year age group incidence
was assumed to decline linearly to zero in the 35±39 age-
group. These cumulative risks were then summed within
each sibship, log-transformed and included as a predictor in
the logistic model.
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Fig.1. Association between standardised incidence rates of
Type I diabetes in the European populations and the preva-
lence rate of Type I diabetes in first degree relatives of affected
children. (The x-axis is on the logarithmic scale)



Comparison between the frequency of father's history and
the frequency of mother's history of Type I diabetes was ob-
tained by the Mantel Haenszel approach. This provided a risk
ratio stratified by centre together with a test for heterogeneity
in the risk ratio between centres.

Statistical analysis was performed using the SPSS and STA-
TA software packages.

Results

Association between incidence of the population and
prevalence of Type I diabetes in first degree relatives.
Table 1 shows the prevalence of Type I diabetes in
family members (parents and siblings) and the age-
standardised incidence rate of Type I diabetes in chil-
dren for the period 1989±1994. Figure 1 illustrates
that there was a positive association between stan-
dardised incidence rate and prevalence of a father's
history of Type I diabetes (rs = 0.70, p < 0.001) and
prevalence of a sibling history after adjustment for
sibship size, (rs = 0.71, p < 0.001). The corresponding
coefficient for mother's history was smaller in magni-
tude and did not attain statistical significance (rs =
0.4, p = 0.10).

Age at onset, sex and family history. The prevalence of
family history is shown in Table 2 for subgroups de-
fined by age group and sex. The highest percentage
of father's history of Type I diabetes was found in the
youngest onset age group (0±4 years) with a stepwise
reduction in the age groups 5±9 years and 10±14 years,
respectively. The effect seemed to be similar in both
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Table 1. Summary of family history data from Eurodiab registrations (REG) and case-control studies (CC)

Centre Standardis-
ed rate (per
100 000) for
1989±1994

Source Eligible
partici-
pants

Father's history Mother's history Sibling history Family history

Num-
bers

(%) Num-
bers

(%) Num-
bers

(%) Num-
bers

(%)

Austria 9.1 CC, REG 400 9/359 (2.5%) 4/359 (1.1 %) 10/357 (2.8 %) 22/357 (6.2%)

Bulgaria (West) 9.6 CC 188 2/125 (1.6%) 0/125 (0.0 % 5/125 (4.0 %) 7/125 (5.6%)

Denmark
(4 counties)

16.4 REG 76 4/71 (5.6%) 2/74 (2.7 %) 5/74 (6.8 %) 11/72 (15.3%)

Finland
(1 region)

40.2 REG 218 17/214 (7.9%) 6/217 (2.8 %) 17/211 (8.1 %) 36/209 (17.2%)

Greece
(2 regions)

9.0 REG 208 2/197 (1.0%) 1/197 (0.5 %) 4/197 (2.0 %) 7/197 (3.6%)

Hungary 8.8 REG 389 7/359 (1.9%) 9/360 (2.5 %) 7/365 (1.9 %) 22/357 (6.2%)

Italy
(Lombardy)

7.0 REG 284 5/273 (1.8%) 3/274 (1.1 %) 4/275 (1.5 %) 12/273 (4.4%)

Israel 5.9 REG 236 5/208 (2.4%) 7/208 (3.4 %) 9/210 (4.3 %) 18/207 (8.7%)

Latvia
(1 region excl.)

6.6 CC 150 1/137 (0.7%) 1/140 (0.7 %) 1/140 (0.7 %) 3/137 (2.2%)

Lithuania
(major cities)

7.4 CC 125 2/116 (1.7%) 1/117 (0.9 %) 1/110 (0.9 %) 4/110 (3.6%)

Luxembourg 12.1 CC 59 1/59 (1.7%) 0/59 (0.9 %) 2/59 (3.4 %) 2/59 (3.4%)

Netherlands 13.0 REG 186 6/112 (5.4%) 2/112 (1.8 %) 8/113 (7.1 %) 14/112 (12.5%)

Portugal
(3 centres)

11.6 REG 38 0.28 (0.0%) 0/28 (0.0 %) 3/29 (10.3%) 3/29 (10.3%)

Romania
(Bucharest)

5.0 CC, REG 138 1/112 (0.9%) 0/112 (0.0 %) 2/112 (1.8 %) 3/112 (2.7%)

Sweden
(Stockholm)

25.8 REG 451 23/446 (5.2%) 10/448 (2.2 %) 11/450 (2.4 %) 43/446 (9.6%)

UK (Leeds) 15.8 CC 248 11/208 (5.3%) 5/208 (2.4 %) 10/179 (5.6 %) 26/181 (14.4%)

UK (N. Ireland) 19.6 CC, REG 318 15/294 (5.1%) 8/295 (2.7 %) 20/283 (7.1 %) 38/283 (13.4%)

UK (Oxford) 17.6 REG 248 8/222 (3.6%) 4/225 (1.8 %) 8/225 (3.6 %) 17/222 (7.7%)

Table 2. Prevalence of a family history at time of onset by sex
and age-group of the index case

Father's history Mother's history Sibling history

Age-group 0±4 yr
Male 4.0 % (16/402) 3.5 % (14/405) 2.3 % (9/398)
Female 5.8 % (20/345) 1.7 % (6/348) 2.3 % (8/343)

Age-group 5±9 yr
Male 3.2 % (20/621) 0.6 % (4/624) 3.6 % (22/617)
Female 5.0 % (31/621) 1.8 % (11/620) 3.4 % (21/614)

Age-group 10±14 yr
Male 1.7 % (14/824) 1.7 % (14/833) 4.4 % (36/822)
Female 2.5 % (18/727) 1.9 % (14/728) 4.3 % (31/720)

Age-group 0±14 yr
Male 2.7 % (50/1847) 1.7 % (32/1862) 3.6 % (67/1837)
Female 4.1 % (69/1693) 1.8 % (31/1696) 3.6 % (60/1677)



sexes. No obvious pattern is seen for mother's history.
The data in Table 2 suggest an opposite trend for sib-
ling history, but this does not take account of differ-
ences in the size and composition of the sibship.

Table 3 shows the results obtained from logistic re-
gression models for father's, mother's and sibling's
history with sex and age-group included as predictor
variables. The father's and mother's history analyses
were adjusted for centre, and the sibling history anal-
ysis was additionally adjusted for the size and age-sex
composition of the sibship in the light of their poten-
tial confounding influence. A father's or mother's his-
tory was less common among probands with an older
age at onset (p = 0.001 and p = 0.06, respectively),
meaning that probands with a parental history of
Type I diabetes were younger at onset. The results
also show a clear (but not significant) tendency for
the odds on a sibling history to decrease with increas-
ing age at onset.

Comparison of the frequency of Type I diabetes histo-
ry between fathers and mothers. The combined regis-
try and case-control study data show that 3.4% of
the diabetic children (119/3540) had a father with
Type I diabetes and 1.8% (63/3558) had a mother
with Type I diabetes. After stratification by centre, a
risk ratio of 1.8 (95% CI 1.4, 2.5) was obtained with
no evidence of heterogeneity between centres.

Sex and the risk of Type I diabetes in the offsping of
Type I diabetic parents. Table 3 shows that a father's
history was more common (p = 0.02) in female pro-
bands than in male probands. In other words, fathers
are more likely to pass the disease to their daughters
than to their sons. No such effect was observed in
mothers.

Discussion

Possible geographic variation in the prevalence of
Type I diabetes among first degree family members
of diabetic probands has received little attention and
published studies are not directly comparable be-

cause of methodological differences [12±16]. Our
study is the first large population-based international
study in which uniform standards were maintained in
the criteria for Type I diabetes diagnosis and data col-
lection methodology to assure comparability across
populations. It is important to emphasize, however
that our approach ascertained the prevalence of
Type I diabetes in first degree relatives through the
probands (diabetic children) in the Eurodiab Ace
registries. This method reflects the Type I diabetes
status of first degree relatives at the time of diagnosis
of the proband (point-estimations) and therefore the
lifetime Type I diabetes risk could be underestimated,
particularly in siblings. It is also necessary to note,
that we compared incidence rates in children with
prevalence rates in siblings and parents.

The first important finding of our study was that
the variation in the prevalence of familial Type I dia-
betes across populations correlated with the variation
in the incidence of childhood Type I diabetes across
the same populations. Although a similar association
has been suggested [17] based on the tabulation of
published studies from different countries, our study
is the first to show this association in population-
based registries from a broad range of European
countries. These populations represent most regions
of Europe with a wide range of standardised inci-
dence rate (5.0 to 40.2 per 100000). The geographical
variation in familial Type I diabetes was just as dra-
matic (range 2.7 to 17.2%).

The major contribution to the genetic susceptibili-
ty to Type I diabetes is conferred by the HLA region.
The question is therefore, does the association shown
mirror the prevalence of these diabetes associated
HLA alleles/haplotypes in the diabetic population
and in the background population of the various
countries or is it independent of the high risk HLA al-
leles/haplotypes? This question cannot be answered
in our study, but an earlier ecological study suggested
an association between differences in incidence and
amino acid variation at position 57 of the HLA-DQ
beta chain [18]. The ongoing Eurodiab Tiger project
will provide HLA data for a number of European
populations.
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Table 3. Risk of having father/mother/sibling with Type I diabetes at time of onset modelled with logistic regression as a function of
sex, age-group and sibship composition (sibling analysis only)

Odds ratio (95% CI)

Father's history of Type I* Mother's history of Type I* Sibling Type I*

Sex
Female vs male 1.56 (1.07, 2.27) 1.08 (0.66, 1.79) 1.01 (0.70, 1.45)

Age group
5±9 years vs 0±4 years 0.88 (0.57, 1.38) 0.44 (0.22, 0.88) 0.84 (0.46, 1.52)
10±14 years vs 0±4 years 0.43 (0.26, 0.71) 0.65 (0.36, 1.17) 0.68 (0.38, 1.23)

* Adjusted for centre (for father and mother analysis)
* Adjusted for centre, sibship size and excluding cases with no
siblings (for sibling analysis)

Odds ratio meaning the odds of history in one subgroup of pro-
bands relative to the odds in another subgroup e. g. female vs
male



Age at onset is an important risk factor as far as
long-term morbidity and mortality are concerned.
Young age at onset is associated with earlier develop-
ment of nephropathy, cardiovascular disease and in-
creased mortality [19]. Children who had a father or
mother with Type I diabetes were younger at onset
and children who had a sibling with Type I diabetes
have tended to be younger at onset compared with
children with ªsporadicº Type I diabetes. The pub-
lished data on this issue are scarce and controversial.
American [20], British [8], Danish [21] and Hungari-
an [7] studies showed a younger age at onset among
familial Type I diabetes cases, a Swedish [11] and an-
other Danish study [22] found no difference between
familial and sporadic cases.

A frequently published observation is that diabetic
children are more likely to have a father affected than
a mother [1, 7, 10, 14, 15, 21, 23]. Our multinational
study has unequivocally confirmed this observation.
The mechanism by which Type I diabetes is more fre-
quent in fathers of Type I diabetes children is poorly
understood. An increase in the paternal transmission
of HLA susceptibility genes was suggested earlier
[25, 26], but a recent study of 172 multiplex diabetic
pedigrees from the United Kingdom found no evi-
dence for this [27]. It is possible, that an interaction be-
tween the diabetic mother and fetus takes place which
provides protection for the offspring in later life.

The other interesting, but more controversial as-
pect of familial Type 1 diabetes is the possible impact
of the sex of the offspring on the transmission of the
disease. A large prospective Finnish study [10] re-
ported that the risk of Type I diabetes tended to be
lower in the offspring of the same sex as the diabetic
parent. In a Swedish study, [11] a difference in the fe-
male to male ratio of diabetic children with paternal
or maternal Type I diabetes was found. A greater
Type I diabetes prevalence for sons compared with
daughters of diabetic fathers, but no sex difference
in the prevalence of Type I diabetes among children
of affected mothers has been found [24]. Our study
adds to the controversy in that it confirmed the in-
creased risk of a father's history in a female patient
with diabetes relative to a male patient. The risk of a
mother's history was, however, the same in male and
female patients. The preferential transmission of
Type I diabetes from fathers to daughters is difficult
to explain. Genetic and hormonal factors can be hy-
pothesized, but their possible contribution and the
underlying mechanism remains speculative. No dia-
betes susceptibility or protective alleles have been
mapped to either of the sex chromosomes and a large
proportion of diabetic children is diagnosed before
the pubertal spurt of sex hormones. Clearly, more
population data and a large number of affected par-
ent-offspring families are needed to evaluate with
sufficient power the role of the sex of the offspring
in the transmission of Type I diabetes.

Our data demonstrated a positive correlation be-
tween the prevalence of familial Type I diabetes and
the population Type I diabetes incidence rate over a
wide range of incidence rate. We have also found a
younger age at onset in familial cases and provided
evidence for a preferential transmission from father
to child and particularly from father to daughter.
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Appendix

The Eurodiab Ace Study Group

Study leader: A. Green, Department of Epidemiology and So-
cial Medicine, Aarhus University, Aarhus, Denmark

Study Centre leaders providing family data were: Austrai, E.
Schober, Department of Pediatrics, Unviersity of Vienna, Vi-
enna, Austria; Bulgaria (West), V. Christov, University Alex-
androv Hospital, Sofia, Bulgaria; Denmark (4 counties) A.J.
Svendsen, J. Kreutzfeldt, E. Lund, Department of Pediatrics,
Kolding, Denmark; Finland, J. Tuomilehto, National Public
Health Institute, Helsinki, Finland; Greece (2 regions), C.
Bartsocas, Department of Pediatrics, Athens, Greece and N.
Papozoglou, A' General Hospital ªAgios Pavlosº, Thessaloni-
ki, Greece; Hungary, G. SoltØsz, Department of Pediatrics,
University of PØcs, Hungary; Italy (Lombardy), G. Chiumello,
Clinica Pediatrica III, Milano, Italy; Israel, Z. Laron, Pediatric
Endocrinology and Diabetes Research Unit, Petah Tikva, Isra-
el; Latvia, G. Brigis, Department of Public Health and Epide-
miology, Medical Academy of Latvia, Riga, Latvia; Lithuania,
B. Urbonaite, Institute of Endocrinology, Kaunas Medical
Academy, Kaunas, Lithuania; Luxembourg, C. de Beaufort,
Clinique Pediatrique de Luxembourg, Luxembourg; Nether-
lands, M. Reeser, Juliana Children's Hospital, The Hague,
The Netherlands; Portugal (3 centres), S. Abreu, Centro Hos-
pitalar do Funchal, Funchal, Madeira; Portugal, C. Menezes,
Servico de Medicina Interna, Portalegre, Portugal, E. A. Pina,
Sevico de Medicina Hospital Distrital de Faro, Faro, Algarve,
Portugal; Romania (Bucharest), C. Ionescu-Tirgoviste, De-
partment of Nutrition and Metabolic Disease, University of
Bucharest, Romania; Sweden, G. Dalquist, Department of Pe-
diatrics, Umea, Sweden; United Kingdom (Leeds), P. McKin-
ney, Institute of Epidemiology and Health Services Research,
University of Leeds, Leeds, UK; United Kingdom (N. Ire-
land), D. Hadden, Metabolic Unit Royal Victoria Hospital,
Belfast, N. Ireland, UK; United Kingdom (Oxford), P. Bingley,
Diabetes and Metabolism, Medical School Unit Southmead
Hospital, Bristol, UK.
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