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Summary. The objective of the present study was to assess the
prevalence of familial aggregation of Type 1 (insulin-de-
pendent) diabetes mellitus among Danish families with a
diabetic child aged 20 years or less and to compare epidemi-
ological data for familial and sporadic cases. We attempted to
identify all patients with Type 1 diabetes aged 0-19 years in
Denmark treated at paediatric departments or at depart-
ments of internal medicine. This comprises more than 98 %
of all patients with Type 1 diabetes in this age group. Patients
were identified through the local diabetic out-patient registry
and asked to complete a questionnaire regarding data on
diabetes onset and family history. Of 1574 probands 1419
agreed to participate (90.2%). Additional cases of Type 1
diabetes were found in 171 families (12.8% ). Of these 115
were parent-offspring affected families, and in 56 families at
least two siblings had Type 1 diabetes and healthy parents.
Significant correlation in age at onset of Type 1 diabetes in

concordant siblings was observed (r =0.5, p = 0.0004). Sig-
nificantly more probands had an affected father with Type 1
diabetes than a mother affected (p < 0.0001). Heterogeneity
in epidemiological characteristics was observed between
familial and sporadic cases, i.e. familial index cases were
younger at onset of the disease, their parents were younger at
birth of the index case, and there was no difference in gender
of familial cases in contrast to sporadic cases where signifi-
cantly more males were found. Over a 4-year period (1986
1989) an increasing trend in incidence was observed. How-
ever, an increase in incidence compared to previous Danish
data from the 1970s and 19805 could not be demonstrated.

Key words: Type 1 (insulin-dependent) diabetes mellitus,
nationwide population-based, familial prevalence, sporadic
cases.

The aetiology of Type 1 (insulin-dependent) diabetes
mellitus is poorly understood. Marked differences in its
incidence between racial groups and countries have been
reported [1, 2]. Recent studies suggest that the difference
is due to variation in the prevalence of common aetiologi-
cal risk factors, either genetic or environmental, in the
population [3, 4]. It has also been proposed that popula-
tion variation in the prevalence of Type 1 diabetes suscep-
tibility genes, rather than differences in environmental
factors, is the primary determinant of the worldwide pat-
terns of disease [5].

Descriptive studies of the relatives of individuals with
the disecase demonstrated familial aggregation of Type 1
diabetes [6-11], but attempts to define a specific mode of
inheritance have been unsuccessful. Major genetic predis-
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position to Type 1 diabetes is conferred by the HLLA class
II specificities, but also non-HLA genes may confer sus-
ceptibility, and it was suggested that the frequency of
Type 1 diabetes susceptibility genes is higher in families
with affected individuals. In addition to the presence of
Type 1 diabetes susceptibility genes, potential environ-
mental factors are likely to cluster in these families.

Clearly, more information about genetic and environ-
mental factors and the interaction between these factorsis
essential for preventive and interventive strategies aimed
at the eradication of Type 1 diabetes.

Previous studies reporting prevalence of familial oc-
currence of Type 1 diabetes are not directly comparable,
primarily because of methodological differences. Most of
the study populations consisted of patients identified from
specific hospitals or diabetes clinics [6, 10, 12, 13], and
have rarely been studied in a nationwide and population-
based manner [14-16]. Within countries, family history in-
formation will permit (1) assessments of familial aggrega-
tion of the disease, (2) estimation of recurrence risks of
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Type 1 diabetesin families, (3) evaluations of the epidemi-
ology of Type 1 diabetes in family members, and (4) iden-
tification of probands and families for genetic and immu-
nological marker studies.

The population in Denmark is ethnically homogenous
and the health care system well-organized, thus offering
unique opportunities for epidemiological and genetic
studies. The aim of the present study was to assess the pre-
valence of familial clustering of Type 1 diabetes among all
families with a diabetic child aged 20 years or under in
Denmark and to compare epidemiological data for the
sporadic and familial cases.

Subjects and methods

Patients

No central registration of patients with Type 1 diabetes takes place
in Denmark, thus the exact number of diabetic patients — children as
well as adults — is unknown. In the present study we intended to
identify and study all children with Type 1 diabetes attending a de-
partment of paediatrics or a department of internal medicine in Den-
mark. They had to be under the age of 20 years on 1 September 1990.
According to epidemiological studies in Denmark [17] the number
of diabetic children who are treated by general practitioners, by spe-
cialists in private practice, or who are not followed anywhere is very
low ( <1%). From two previous nationwide studies in paediatric de-
partments [18,19] we knew that 1109 patients in this age group were
attending 1 of the 22 paediatric departments in 1989. From records of
paediatric departments we therefore needed to identify only pa-
tients with a diabetes onset from 1 January 1989 to 1 September 1990
and patients who had not been reported by the previous investiga-
tors [18, 19]. No study has previously attempted to identify the
diabetic children treated at departments of internal medicine in
Denmark.

We asked all the paediatric departments to confirm our registra-
tion data from 1989 and to add new cases to the list. All the depart-
ments of internal medicine were asked to identify any diabetic chil-
dren and adolescents they were treating. All the departments par-
ticipated, and in each department one person was designated as the
authors’ contact person. This contact person made sure that all the
cases were traced and reported. Of the 1109 patients previous regis-
tered (in 1989) 27 were now being treated in departments of internal
medicine. Eighty-two patients were either incorrectly registered in
1989 (i.e. double or erroneously registered), emmigrated or had
been referred to general practitioners by 1 September 1990. In addi-
tion 156 new cases were reported.

In departments of internal medicine 418 diabetic children and
adolescents were known. Thus, a total of 1574 possible probands
were identified.

Estimations of incidence are based on population statistics avail-
able from the Danish Government Bureau of Statistics [20].

Methods

Each patient was asked to complete a questionnaire at their local
diabetic out-patient clinic. The questionnaire requested the follow-
ing information: age, month and year of diabetes onset, age of
mother, father and all siblings, gender of each sibling and whether
the siblings were half-brothers/sisters or full-brothers/sisters. Finally
we asked for the family history of diabetes in first degree relatives,
and if relevant, the year of onset.

In relatives Type 1 diabetes was defined as onset of diabetes at
age 35 or less and insulin requirement from time of diagnosis. If af-
fected relatives were older than 35 years at onset of the disease the
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diagnosis was established on the criteria of their lean body weight
and insulin requirement from diagnosis (n = 3).
The study was approved by the National Ethics Committee.

Statistical analysis

Results are expressed as mean + SD. For independent categorical
variables, the chi-square test was used to compare proportions. The
Mann-Whitney test was used to compare the medians of the two
groups for independent continuous variables. In cases of multiple
comparisons the p values were corrected for the number of tests.
Spearmann’s test was used for testing significance of correlations.
Life-table risk analysis was used to evaluate the occurrence risk of
Type 1 diabetes in first degree relatives, including offspring to par-
ents with Type 1 diabetes. The Jonckheere-Terpstra test was used to
test for trend (one-tailed).

Results

A total of 1574 patients were identified. The question-
naire was completed by 1419 patients resulting in a par-
ticipation rate of 90.2 %. Ten patients stated on the ques-
tionnaire that they did not wish to participate further and
nine patients who were adopted, were unable to complete
it. The male:female ratio was 1.13 (753: 665) (p <0.001).
The age of the probands was 14.4 3.8 years (mean =+
SD), range: 1-19 years. Age at onset of diabetes was
8.6 £4.2 years, range: 0-19 years. No difference was found
between girls and boys.

Of the 1419 probands, 197 had at least one first degree
relative with Type 1 diabetes, whereas 1164 were sporadic
cases. Family histories of Type 1 diabetes were not obtain-
able in 58 cases: 10 probands refused to participate, 9 were
adopted and in 39 cases the questionnaire was incomplete.
Of the 197 familial cases, 26 were sibling-pairs, where both
had completed a questionnaire, and thus the families were
registered twice. The prevalence of familial Type 1
diabetes was calculated to 12.8 %.

Data for familial and sporadic cases are given in
Table 1. The index case is defined as the first affected child
from multiple-case families. A significant difference in
gender was observed within the sporadic cases with more
males (p < 0.001). In familial cases no difference in gender
was observed. The age of probands was similar in the two
groups. However, significant difference in age at onset of
diabetes was observed between the groups. Age at onset
in familial cases was 7.6 £4.3 years and 8.6+ 4.2 years in
sporadic cases (p = 0.01).

The age of parents at birth of probands in familial cases
was lower than in sporadic cases: mothers 26.1 + 4.4 years
vs27.4 £ 4.8 years (p = 0.0008) and fathers 28.4 + 4.9 years
vs 30.2+ 5.8 years (p =0.0003). The numbers of siblings
were identical in the two groups: 1.4 sibling per proband.
In 144 sporadic and 22 familial cases the proband was the
only child (p = 0.7).

Seasonal variation in onset of diabetes was evaluated.
No significant seasonal pattern was found either in spo-
radic cases or in familial cases (data not shown). Familial
cases were further characterized as shown in Table 2.
Ninety probands (6.7%) had a father with Type 1
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diabetes, whereas 28 (2.1%) had an affected mother
(p <0.0001). Sixty-seven probands (5.0%) had a least
one sibling with Type 1 diabetes. In total 17 probands
(1.3%) had more than one Type 1 diabetes-affected first-
degree relative. In addition, six probands had a mother
and six probands a father with Type 2 (non-insulin-
dependent) diabetes.

There was no correlation between age at onset of
Type 1 diabetes in mothers or fathers and age at onset of
the proband. There was no correlation between time at
onset in diabetes-affected parents and probands. How-
ever, a significant correlation between age at onset be-
tween the first and second affected siblings was observed
(r =0.5, p =0.0004). Mean age at onset for the second af-
fected sibling was 11.216.1 years, being significantly
higher than for index cases (p = 0.0002).

The point of onset of Type 1 diabetes in affected moth-
ers was also evaluated in relation to time of birth of prob-
ands. In 19 cases the mother had been diagnosed with
diabetes before and in 9 cases after the birth of the index
case. The mean (£ SD) age of mothers with Type 1
diabetes at birth of proband was 24.6 = 3.6 years.

The mean number of children born to mothers with
Type 1 diabetes (1.96) was not significantly different from
the mean number of children born to fathers with Type 1
diabetes (2.16). The male:female ratio of children born to
diabetic fathers and diabetic mothers (108: 88 and 23: 32)
was also similar (p = 0.11). The proportions of children
with Type 1 diabetes born to fathers with Type 1 diabetes
and mothers with Type 1 diabetes were similar. No sig-
nificant differences in the gender distribution by birth
order were found. Children with Type 1 diabetes were
more often first born to mothers with Type 1 diabetes,
though this was not statistically significant, whereas no
difference in birth order of affected children to affected
fathers was observed.

Life-time risk analysis revealed no differencesin risk of
Type 1 diabetes to offspring of fathers with Type 1
diabetes or mothers with Type 1 diabetes during the short
observation period (until 1 September 1990). The mean
observation time for offspring at risk to affected fathers
was 13+6.9 years and for offspring at risk to affected
mothers 15.5+ 7.7 years.

We attempted to estimate the incidence for children
aged 0-15 years in the period from 19861989 (Table 3).
The denominator in the equation was the total number for
the entire age range involved [20]. Incidence numbers
were further divided into numbers for boys and girls.

Discussion

We have collected information on familial data from
1419 patients with Type 1 diabetes aged under 20 years by
1 September 1990. This exceeds 90 % of the patients in this
age group known to attend hospital departments in Den-
mark for diabetes treatment. We know from previous
studies, which validated hospital registries against the na-
tionwide registry for which filing of data is mandatory for
all institutions [17] (Ngrgaard et al. unpublished data),
that the registrations at the local hospital departments are
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Table 1. Comparison of familial and sporadic cases of Type 1
diabetes

Familial Sporadic
n 171 1164
Male/female 88/83 024/540°
Age (years) 147+3.6 143£39
Age at diabetes onset (years) 7.6+43 8.6+4.2°
Mother’s age at birth of proband (years) 26.1+4.4 27.4+4.9°

(n=167) (n=1142)
Father’s age at birth of proband (years)  28.4+4.9 302+5.8

(n=169) (n=1133)
Number of siblings 14 14

In familial cases with two or more affected offspring data are for the
first affected child (index case).

* p < 0.001, in sporadic cases (deviation from expected); ®p =0.015;
¢ p =0.0008; ¢ p =0.0003; > comparing familial vs sporadic cases
(all p-values corrected).

Values shown are mean + SD

Table 2. Affected first degree relatives of probands with Type 1
diabetes. Data are from 171 families

Affected fathers
Only the father 78
Father and one sibling 7
Father and two siblings 2
Father and mother 2
Father and mother and two siblings 1
Total 90

Affected mothers
Only the mother 24
Mother and one sibling 1
Mother and father 2
Mother and father and two siblings 1
Total 28

Affected siblings
Onesibling 52
Twosiblings 4
One sibling and a parent 8
Two siblings and a parent 3
Total 67

2 p <0.0001 vs fathers

Table 3. Estimation of trend in incidence numbers (cases per
100,000) in children aged 0-15 years from 19861989

Year Total Boys Girls
1986 13.9 16.0 12.2
1987 12.7 13.6 12.3
1988 15.4 17.3 144
1989 17.4 17.4 17.5
Total 14.8 16.1 141

as complete as in the Central Registry (Landspatientregis-
teret) of the Danish Health Authority. Furthermore, it has
been reported in previous studies from Denmark that ap-
proximately 1% of these patients are treated by general
practitioners [17]. This percentage seems to have declined
in recent years due to consensus between general practi-
tioners, paediatricians and internists [21]. Thus, a poten-
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tial referral bias where multiple-case families were likely
to be overrepresented is not likely in this cohort. Previous
studies from paediatric departments had identified
1109 patients. We were able to identify all these patientsin
the present study. Thus, though we have no independent
source to evaluate ascertainment, the results of the pres-
ent study are taken as representative for the Danish popu-
lation with Type 1 diabetes aged 20 years or less. Among
sporadic cases (i.e. no first degree relatives with Type 1
diabetes) 144 were single children, for whom no sibling in-
formation was available. They are, however, considered
“sporadic” in the present study.

The prevalence of families with more than one member
affected with Type 1 diabetes was calculated as 12.8%.
This is comparable to recent data from nationwide in-
cidence studies in Sweden and Finland [14, 15].

We observed a significant preponderance of males
among probands, which is in agreement with most other
reports [14, 15,17, 22-24]. However, this was only true for
sporadic cases. We also observed significantly younger
age at onset of Type 1 diabetes in familial cases. Very few
studies have evaluated age at diagnosis between familial
and sporadic Type 1 diabetes cases. In one study the same
tendency was observed [7], whereas in another study [25]
familial cases were found to be significantly older at diag-
nosis. Both studies had, however, much smaller numbers
of multiple-case families than the present study. Further-
more, a significant correlation between age at onset of
Type 1 diabetes in affected siblings was found, with the
second affected child being 3.6 years older at onset of
Type 1 diabetes than the first affected child. Taken
together these observations indicate heterogeneity in
Type 1 diabetes which might be due to differences in envi-
ronmental or genetic components, or both in familial and
sporadic cases.

In contrast to other studies [17, 22, 23, 26-28] we ob-
served no statistical seasonal variation in onset of diabetes
though more cases were diagnosed during autumn (Sep-
tember-November) and winter (December-February).

In the present study we observed that parents of prob-
ands in multiple-case families were significantly younger
at time of birth of the index case compared to sporadic
cases. An increased risk for children born at older mater-
nal age has been reported where neither of the parents
had diabetes [29, 30]. However, Warram et al. [31, 32]
have reported an increased risk of Type 1 diabetes in the
offspring of diabetic mothers aged 25 years or less. Inter-
estingly, the mean age of diabetic mothers in the present
study was 24.6 years (at time of delivery).

One of the most intriguing patterns of familial aggrega-
tion of Type 1 diabetes is the gender difference in the pre-
valence of parental diabetes. Diabetic children from
families with one Type 1 diabetic parent (i.e. parent-off-
spring families) are significantly more likely to have an af-
fected father than a mother with Type 1 diabetes [12-15,
25, 33] which was also the case in the present study. The
mechanism by which paternal Type 1 diabetes is more fre-
quently transmitted remains poorly understood. Several
explanations have been proposed, including an increase in
spontaneous abortion of susceptible fetuses by mothers
with Type 1 diabetes [12], maternal immunological toler-
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ance of fetuses to autoantigens of the beta cell [31, 34], an
increase of paternal transmission of HLA susceptibility
genes [35], and genomic imprinting [36-38]. Genomic im-
printing would be suspected if (a) offspring of fathers with
Type 1 diabetes had a higher risk of developing Type 1
diabetes than offspring of affected mothers, and (b) there
were no gender differences in the prevalence of Type 1
diabetes among children of affected parents of a given
gender. The present data only partially support the hypo-
thesis of genomic imprinting. However, this could be due
to the short observation time for children at risk of
developing Type 1 diabetes, and a longer observation
time will provide more information. To address the ques-
tion of genomic imprinting properly, prospective fol-
low up studies of representative populations of offspring
to individuals with Type 1 diabetes are needed. In addi-
tion, genetic studies and molecular analyses of suscepti-
bility genes are needed to further explore the possible
contribution of genomic imprinting to Type 1 diabetes
susceptibility.

A trend for an increase (p =0.09) in incidence for
children aged 0-15 years was observed during the period
from 1986-1989. We cannot entirely rule out if this finding
reflects more complete participation of probands with a
more recent onset of diabetes. Furthermore, the very few
patients who may have died after diagnosis but before 1
September 1990, are not included in these data. The in-
cidence rate was in general higher for boys than for girls
and increased for both sexes over the 4-year period. An
exception was 1987 where a decrease in reported cases for
boys was observed. The numbers are minimum numbers -
due to the study design — and demonstrate an increasing
trend compared to previous incidence data for this age
group in Denmark: 15.1 cases per 100,000 (0-14 years,
1980-1984) [17, 39], though the average of 14.8 cases per
100,000 over the 4 years (1986-1989) was similar. Very re-
cent data have found an incidence number of 21.5 cases
per 100,000 for three counties in Denmark [40]. The
sample size of that study comprised only approximately
15% of the population size in the present study making
comparison difficult. In contrast to several other reports
from different geographic areas [22, 23, 40-44] there is no
clear increase in Type 1 diabetes incidence in Denmark
over the last two decades. This is in agreement with recent
studies from Denmark [39, 45] which demonstrated an in-
creasing trend for Type 1 diabetes that reached a maxi-
mum in the late 1970s.

Finally, this population-based cohort of young patients
with Type 1 diabetes and their relatives will be important
for future genetic marker studies, for which a DNA bank
is being established, and for intervention studies in pre-
diabetic subjects.
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