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Abstract

 

Familial aggregation of insulin-dependent diabetes mellitus

(IDDM) is a common phenomenon, but the reasons behind

it are poorly understood. To investigate whether there is

heterogeneity between familial and nonfamilial forms of

IDDM we compared genetic, immunological, and clinical

characteristics of diabetic children with and without an af-

fected first-degree relative in a population-based series of

Finnish children with IDDM. The frequencies of HLA-

DQB1 genotypes known to be associated with high (DQB1-

*0302/0201) or moderate (*0302/x) IDDM risk in the Finn-

ish population were increased, while the proportions of

DQB1 genotypes associated with low or decreased risk for

IDDM were reduced in the 121 familial cases as compared

with the 574 nonfamilial cases (32.7 vs. 21.3%, 41.3 vs.

 

35.9%, 18.3 vs. 31.4%, and 7.7 vs. 11.4%, respectively; 

 

P

 

 

 

5

 

0.002). The frequencies and serum concentrations of islet

cell antibodies, insulin autoantibodies, and antibodies to the

65-kD isoform of glutamic acid decarboxylase were similar

at diagnosis in the familial and nonfamilial cases. The 31

first-affected cases in the multiple case families were

younger at diagnosis than the nonfamilial cases (6.9 vs. 8.5

yr; 

 

P

 

 

 

,

 

 0.05). The 90 second-affected familial cases had less

severe metabolic decompensation at diagnosis than either

the first-affected familial or nonfamilial cases. In conclu-

sion, familial aggregation of IDDM in Finland is at least

partly explained by a higher frequency of IDDM suscepti-

bility genes in families with multiple affected individuals.

The lack of differences in autoantibody levels between the

familial and nonfamilial cases indicates homogeneity rather

than heterogeneity in the pathogenetic process of beta cell

destruction. (

 

J. Clin. Invest.

 

 1996. 98:2489–2495.) Key

words: genetic heterogeneity 
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Introduction

 

Familial aggregation of insulin-dependent diabetes mellitus
(IDDM)

 

1

 

 is a well-established phenomenon demonstrated in
many epidemiological studies. The proportion of subjects with
IDDM having one or more affected first-degree relatives has
fluctuated considerably, however (1–5), probably due to small
sample sizes, selection bias, short follow-up periods, variations
in family size, and other methodological problems. More re-
cently, population-based data have become available, and
fairly consistent prevalence rates of 11–13% for the presence
of an affected first-degree relative have been reported in sub-
jects with IDDM at the time of diagnosis (6–8). The risk of
IDDM in siblings of diabetic probands up to the age of 30 yr
has been estimated to be 

 

z

 

 6–7% (9–12), although a higher
long-term risk, 9.6% up to the age of 60 yr, has been reported
recently in Denmark (12). Approximately 4% of the parents of
IDDM patients (6, 7, 10) and 5% of the offspring are affected
by the disease (1, 13). Intriguingly, it has been observed that it
is more often the father than the mother of a child with IDDM
who is affected (7, 8, 14).

The reasons for these epidemiological observations are un-
known, but it has been suggested that familial cases are geneti-
cally more susceptible to IDDM, and that as yet unidentified
environmental risk factors have clustered in certain families
with multiple affected individuals. However, there have been
several studies that have failed to detect differences in the fre-
quency of the high risk HLA phenotypes between IDDM
cases with and without an affected family member (2, 3, 15–17).

Because of the above-mentioned methodological problems
and varying definitions used for both familial and sporadic
IDDM cases, most sets of previous results are difficult to com-
pare. Clearly, population-based studies are needed to find out
whether there is heterogeneity between familial and nonfamil-
ial forms of IDDM.

 

Methods

 

Patient population.

 

The population-based, nationwide “Childhood
Diabetes in Finland” (DiMe) Study was started in 1986 to investigate
the role of genetic, immunological, and environmental factors in the
development of IDDM. From the beginning of September 1986 to the
end of April 1989, 801 index cases aged 14 yr or younger were diag-
nosed with IDDM and invited to participate together with their fami-
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let cell antibodies; IDDM, insulin-dependent diabetes mellitus; IQR,
interquartile range; JDF-U, Juvenile Diabetes Foundation unit; RU,
relative unit; SDS, standard deviation score.
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lies. These included 90 index cases (11.2%) who had at least one first-
degree relative with IDDM at the time of diagnosis, 86 having one
such family member and four cases (0.5%) two; two with an affected
father and sibling, one with the mother and a sibling, and one with
two siblings. Altogether there were 45 index cases (5.6%) who had a
father with IDDM at the time of presentation and 21 cases (2.6%)
with an affected mother. 28 out of a total of 1,064 biological siblings
(2.6%) had IDDM at diagnosis of the index case (7). The mean age of
the subjects at diagnosis was 8.4 yr (3.8; SD) (range 0.8–14.9 yr). In-
formed consent was obtained from the subjects and their parents. The
ethical committees of all participating hospitals approved the study
protocol.

Probands with at least one first-degree relative with IDDM at the
end of follow-up were defined as familial cases. These cases were
classified into subjects who had an affected sibling (multiplex cases)
and those who had an affected parent (multigenerational cases). In
addition, the familial cases were grouped according to the presence of
an affected family member either at the time of diagnosis (second-
affected familial cases) or at the end of the follow-up (first-affected fa-
milial cases). Probands who had at least one unaffected sibling but no
first-degree relatives with IDDM were defined as nonfamilial cases.

 

Study protocol.

 

At the time of the DiMe study, insulin treatment
for children with newly diagnosed IDDM in Finland was always initi-
ated in hospitals, and thus a pediatrician in each hospital and a nurse
in charge of the care of children with diabetes were trained in the
data and blood sample collection procedures required for the DiMe
protocol. Basic family data and information on the occurrence of
chronic diseases, including IDDM, were obtained by means of a ques-
tionnaire filled in by the parents and completed with an interview, if
necessary. The presence of familial IDDM was also checked against
the data of the National Central Drug Registry based on the approv-
als for free-of-charge medication for diabetes at the Social Insurance
Institution.

Blood samples were taken before initiation of insulin treatment
to measure blood glucose, capillary blood gases, glycated hemoglobin
A1 or A1C (GHb), serum C-peptide, and IDDM-associated autoanti-
bodies. Genomic DNA was extracted from EDTA blood samples.
Daily insulin doses, expressed in international units per kilogram of
body weight per 24 h (IU/kg), were recorded during the first 24 h of
treatment and 6, 12, 18, and 24 mo after diagnosis. Serum C-peptide
concentrations and blood GHb levels were also determined at these
time points to evaluate residual endogenous insulin secretion and the
degree of metabolic control, respectively. Diabetic ketoacidosis at di-
agnosis was defined as a capillary blood pH 

 

,

 

 7.30.

 

Laboratory procedures.

 

Blood glucose concentrations and capil-
lary-blood gases were measured by routine laboratory methods. The
participating hospitals used standard methods to determine blood
GHb. To make the GHb results comparable, these were expressed as
standard deviation scores (SDS) based on the reference range in non-
diabetic subjects in each hospital. Random serum C-peptide concen-
trations were analyzed radioimmunologically with antiserum K6 us-
ing a commercial kit (Novo Research Institute, Bagsvaerd, Denmark).
Antibody-bound proinsulin was separated from C-peptide with poly-
ethylene glycol before the assay. The detection limit for serum C-pep-
tide was 0.02 nmol/liter.

Serum levels of insulin autoantibodies (IAA) were determined
with a competitive radiobinding assay modified from that described
by Palmer et al. (18). Endogenous insulin was removed with acid
charcoal before the assay, and free and bound insulin were separated
after incubation with mono-

 

125

 

I(Tyr A 14)-labeled human insulin
(Novo Research Institute) in the absence or presence of an excess of
unlabeled insulin. The cut-off limit for IAA positivity was 54 nU/ml
(99th percentile in 105 nondiabetic children).

The presence of islet cell antibodies (ICA) was analyzed by a
standard immunofluorescence method applied to sections of frozen
human pancreas (blood group O). Fluorescein-conjugated rabbit
anti–human IgG (Behringwerke AG, Marburg, Germany) was used
to detect these antibodies. End point dilution titers were determined

for samples that were positive for ICA and the results were expressed
in Juvenile Diabetes Foundation units (JDF-U) relative to an inter-
national reference standard (19). The detection limit for ICA was 2.5
JDF-U. Our laboratory has participated in the international work-
shops on the standardization of ICA methods, in which its sensitivity
was 100%, specificity 98%, validity 98%, and consistency 98% in the
fourth round.

Antibodies to the 65-kD isoform of glutamic acid decarboxylase
(GADA) were measured using a competitive radioligand assay re-
cently described by Petersen et al. (20). The limit for GADA positiv-
ity was a specific binding of 6.5 relative units (RU), representing the
99th percentile in a series of 372 healthy control children. The disease
sensitivity of the present assay was 80% and the specificity 94%
based on the 101 samples included in the second international GAD
antibody workshop (21).

HLA-DQB1 typing was performed by a previously described
method based on time-resolved fluorescence (22). Four sequence-
specific oligonucleotide probes were used to identify the following
DQB1 alleles known to be significantly associated with either suscep-
tibility to or protection against IDDM in the Finnish population:
DQB1*0302, DQB1*0201, DQB1*0602 or 0603, and DQB1*0301
(23). The recently described simplified classification of DQB1 geno-
types into high risk (DQB1*0302/0201), moderate risk (DQB1*0302/
x; x means 0302 or a nondefined allele), low risk (DQB1*0301/0302,
DQB1*0201/0301, DQB1*0201/x, DQB1*0302/0602-3; x means 0201
or a nondefined allele), and decreased risk (DQB1*x/x, DQB1*0301/
x, DQB1*0201/0602-3, DQB1*0301/0602-3, DQB1*0602-3/x; x means
a nondefined allele) genotypes was used (23). HLA-DQB1 typing
data were available for 661 index cases (82.5%).

 

Statistical methods.

 

The results were evaluated statistically by
cross-tabulation and 

 

x

 

2

 

 statistics for classified variables, Student’s 

 

t

 

test or one-way ANOVA for comparisons of normally distributed
continuous variables, and the Mann-Whitney U test or Kruskall-Wal-
lis ANOVA in the case of skewed distributions. Covariance analysis
with adjustment for age was used when appropriate, and logarithmic
transformations for variables with a skewed distribution were per-
formed before this analysis. All the analyses were performed using
the SPSS software package (SPSS Inc., Chicago, IL).

 

Results

 

The median follow-up time for the families up to the end of
October 1995 was 7.7 yr (range 6.5–9.2 yr). The number of bio-
logical siblings had increased by 104 in this time, representing
children born into the families after the diagnosis of the index
case. Altogether 45 additional first-degree relatives, compris-
ing 43 siblings and two fathers in 40 families, had developed
IDDM during the study. Thus the total number of families
with multiple IDDM cases was 121 (15.1%) at the end of the
follow-up, the frequencies of affected fathers and mothers be-
ing 5.9 and 2.6%, respectively, and the proportion of the sib-
lings affected 6.1% (71/1,168).

About half of these 121 familial cases were multiplex cases
(

 

n

 

 

 

5

 

 62) and the others were multigenerational cases (

 

n

 

 

 

5

 

 59).
Nine probands having both a parent and a sibling with IDDM
were included among the multiplex cases. The familial cases
included 31 first-affected probands and 90 second-affected
ones. After exclusion of the index cases with no biological sib-
lings, a series of 574 nonfamilial cases remained. The classifica-
tion of the index cases has been described in Fig. 1.

The basic epidemiological characteristics, distribution of
genetic markers, occurrence of IDDM-associated autoanti-
bodies, and degree of metabolic decompensation at diagnosis
were compared between the 121 familial and 574 nonfamilial
IDDM cases. No difference was observed in the seasonal inci-
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dence of IDDM between these groups, both showing the low-
est incidence in summer. Neither were any significant differ-
ences observed in the sex distribution or the mean age at
diagnosis between the familial and nonfamilial cases. Subdivi-
sion of the 121 familial subjects into 62 multiplex and 59 multi-
generational cases revealed no significant differences in age at
diagnosis (Table I), whereas the 31 first-affected familial cases
were found to be significantly younger at diagnosis than the
nonfamilial cases (Table II).

The distribution of high, moderate, low, and decreased risk
HLA-DQB1 genotypes differed significantly between the fa-
milial and nonfamilial cases (

 

P

 

 

 

5

 

 0.002, Fig. 2). Considering
single DQB1 genotypes the frequency of the DQB1*0302/0201
genotype was increased among the familial cases (32.7 vs.
21.3% in nonfamilial cases; 

 

P

 

 

 

5

 

 0.02). No differences were ob-
served in the frequencies of other DQB1 genotypes (Table
III), but the proportion of DQB1 genotypes other than
DQB1*0302/0201 or DQB1*0302/x was significantly reduced
among the familial cases (26.0 vs. 42.8% in nonfamilial cases;

 

P

 

 

 

5

 

 0.002). The frequency of the DQB1*0302 allele tended to
be increased among the familial IDDM cases (78.8 vs. 69.2%),

 

P

 

 

 

5

 

 0.065; while the presence of the DQB1*0602, 0603, or
0301 protective alleles was decreased (12.5 vs. 22.8%; 

 

P

 

 

 

5

 

 0.028).
The 62 multiplex cases differed significantly from the nonfa-
milial cases in the distribution of DQB1 genotypes, and a simi-
lar tendency was observed between the 59 multigenerational
and nonfamilial cases, while no difference was found between
the multiplex and multigenerational cases (Table I). Similarly,
both the 31 first-affected cases and the 90 second-affected
cases differed in DQB1 genotype distribution from the nonfa-
milial cases (

 

P

 

 

 

5

 

 0.06 and 0.007; respectively), but no differ-

ence was observed between the first and second-affected cases
(data not shown). There was no difference in the distribution
of the four DQB1 defined risk genotypes between various age
groups at the diagnosis of IDDM (Fig. 3).

No differences in either the prevalence or serum concen-
trations of ICA, IAA, or GADA at diagnosis were observed
between the familial and nonfamilial cases. The frequencies
and circulating levels of these autoantibodies in the nonfamil-
ial, multiplex, and multigenerational IDDM cases are shown in
Table I.

The 121 familial cases had lower blood glucose and GHb
levels at diagnosis and a reduced frequency of ketoacidosis as
compared with the nonfamilial cases {17.8 mmol/liter [inter-
quartile range (IQR) 12.4–22.9 mmol/liter] vs. 20.8 mmol/liter
[IQR 15.8–26.9 mmol/liter]; 

 

P

 

 

 

,

 

 0.001, 10.5 SDS [95% confi-
dence interval (CI) 9.3–11.6] vs. 13.2 SDS [95% CI 12.6–13.8];

 

P

 

 

 

,

 

 0.001, and 9.1% [95% CI 3.7–14.5] vs. 25.5% [95% CI
21.8–29.2]; 

 

P

 

 

 

,

 

 0.001, respectively}. Higher serum C-peptide
concentrations at diagnosis and lower insulin doses during the
initial 24 h were also observed among the familial cases [0.19
nmol/liter (IQR 0.12–0.30) vs. 0.15 nmol/liter (IQR 0.10–0.24);

 

P

 

 

 

5

 

 0.008 and 0.93 IU/kg (95% CI 0.81–1.07) vs. 1.25 IU/kg
(95% CI 1.19–1.31); 

 

P

 

 

 

,

 

 0.001]. Subdivision of the familial
cases into first- and second-affected ones showed that the 90
second-affected familial cases had lower blood glucose and
GHb levels, a lower frequency of ketoacidosis, higher serum
concentrations of C-peptide, and lower insulin dosage during
the initial 24 h than the nonfamilial cases, whereas the 31 first-
affected familial cases had the same degree of metabolic dec-
ompensation as the nonfamilial cases (Table II). No differ-
ences were observed between these groups in either serum

 

Table I. Clinical, Genetic, and Immunological Characteristics of Familial and Nonfamilial IDDM Cases at Diagnosis

 

Familial cases

Cases with no
biological siblings

 

n

 

 

 

5

 

 106
Multiplex

 

n

 

 

 

5

 

 62
Multigenerational

 

n

 

 

 

5

 

 59
Nonfamilial cases

 

n

 

 

 

5

 

 574

 

Clinical characteristics
Sex (male/female) 34/28 26/33 327/247 53/53
Age, yr (95% CI) 7.7 (6.8–8.6) 8.3 (7.3–9.3) 8.5 (8.2–8.8) 8.4 (7.7–9.2)

HLA-DQB1 genotypes

 

‡§

 

i

 

High risk, 

 

n

 

 (%) 22 (37.9) 12 (26.1) 101 (21.3) 25 (30.1)
Moderate risk,

 

 n

 

 (%) 21 (36.2) 22 (47.8) 170 (35.9) 32 (38.6)
Low risk, 

 

n

 

 (%) 11 (19.0) 8 (17.4) 149 (31.4) 19 (22.9)
Decreased risk, 

 

n

 

 (%) 4 (6.9) 4 (8.7) 54 (11.4) 7 (8.4)
Serum autoantibodies

ICA, % (95% CI) 83.6 (74.3–92.9) 81.0 (70.9–91.1) 84.4 (81.4–87.4) 84.6 (77.7–91.5)
ICA, JDF-U (IQR) 34 (9–160) 36 (9–88) 36 (10–141) 36 (13–129)
IAA, % (95% CI) 50.8 (38.1–63.6) 43.9 (31.0–56.7) 49.8 (45.6–54.0) 44.6 (34.9–54.3)
IAA, nU/ml (IQR) 57 (30–156) 47 (24–137) 54 (28–146) 43 (14–125)
GADA, % (95% CI) 72.4 (60.9–83.9) 74.1 (62.8–85.4) 73.1 (69.4–76.8) 77.7 (69.7–85.7)
GADA, RU (IQR) 15.4 (4.9–32.5) 16.7 (6.4–45.4) 21.3 (5.8–65.2) 32.4 (8.0–90.9)

Multiplex cases have a sibling with IDDM, multigenerational cases have an affected parent, and nonfamilial cases are subjects with at least one sibling
but no first-degree relatives with IDDM. A simplified classification into high risk (DQB1*0302/0201), moderate risk (DQB1*0302/x; x means 0302 or
a nondefined allele), low risk (DQB1*0301/0302, 0201/0301, 0201/x, 0302/0602-3; x means 0201 or a nondefined allele), and decreased risk (DQB1*x/
x, 0301/x, 0201/0602-3, 0301/0602-3, 0602-3/x; x means a nondefined allele) DQB1 genotypes was used. Values are frequencies (95% CI), means (95%
CI), or medians (IQR). 

 

‡

 

P

 

 

 

5

 

 0.004 for comparison of DQB1 genotype distribution between multiplex and nonfamilial cases; 

 

§

 

P

 

 

 

5

 

 0.09 for comparison
of DQB1 genotype distribution between multigenerational and nonfamilial cases; 

 

i

 

DQB1 typing data available in 58 multiplex cases, 46 multigenera-
tional cases, 474 nonfamilial cases, and 83 cases with no biological siblings.
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C-peptide concentrations or daily insulin doses during the initial
2 yr of IDDM, whereas GHb levels were significantly higher
during the second year among the second-affected familial
cases than in either of the other groups (Table II).

All the analyses were repeated after including the 106 in-
dex cases with no biological siblings in the group of nonfamilial
cases, but this did not change the above-mentioned results.
Neither were any differences observed in the results when the
nine cases having both a parent and a sibling with IDDM were
considered as multigenerational cases.

 

Discussion

 

Opportunities to study the etiology of human IDDM are opti-
mal in Finland because the incidence of IDDM is the highest
in the world (24), the population has a culturally and geneti-
cally homogenous background, and health care for patients
with diabetes is well organized. In the nationwide DiMe study
the proportion of children with IDDM having an affected first-
degree relative at the time of diagnosis was 11.2% (7), but af-
ter a median follow-up period of 7.7 yr, 15.1% of the index
cases had a first-degree relative with the disease. These figures
are in good accordance with the data of a recent Danish study
reporting that 22.4% of subjects with childhood-onset IDDM

 

Table II. Comparison of Metabolic Characteristics at Diagnosis and during the Initial 2 Years of IDDM between the Familial and 
Nonfamilial IDDM Cases

 

Familial cases

Cases with no
biological siblingsFirst-affected Second-affected Nonfamilial cases

 

n

 

 

 

5

 

 31

 

n

 

 

 

5

 

 90

 

n

 

 

 

5

 

 574

 

n

 

 

 

5

 

 106

Data at diagnosis
Age, yr (95% CI) 6.9 (5.6–8.2)* 8.4 (7.6–9.2) 8.5 (8.2–8.8) 8.4 (7.7–9.2)
Blood glucose, mmol/liter (IQR) 20.3 (15.2–25.3) 16.7 (12.1–21.6)

 

‡§

 

20.8 (15.8–26.9) 19.0 (14.7–25.4)
GHb, SDS (95% CI) 11.9 (9.7–14.2) 10.1 (8.7–11.4)

 

‡§

 

13.2 (12.6–13.8) 14.1 (12.5–15.8)
Ketoacidosis, % (95% CI) 21.4 (6.2–36.6) 4.9 (0.2–9.6)

 

‡§

 

i

 

25.5 (21.8–29.2)

 

§

 

15.2 (8.1–22.3)
Serum C-peptide, nmol/liter (IQR) 0.14 (0.10–0.24) 0.21 (0.14–0.34)

 

‡

 

i

 

0.15 (0.10–0.24) 0.17 (0.12–0.26)
Insulin dose, IU/kg/24 h (95% CI) 1.26 (0.92–1.65) 0.82 (0.70–0.95)

 

‡§

 

i

 

1.25 (1.19–1.31) 1.12 (0.99–1.24)
Follow-up data

6 mo
Serum C-peptide, nmol/liter (IQR) 0.14 (0.07–0.32) 0.19 (0.10–0.32) 0.21 (0.11–0.33) 0.23 (0.11–0.39)
Insulin dose, IU/kg (95% CI) 0.41 (0.32–0.51) 0.44 (0.39–0.49) 0.45 (0.44–0.47) 0.43 (0.39–0.48)
GHb, SDS (95% CI) 4.1 (2.0–6.2) 4.6 (3.8–5.4) 4.0 (3.6–4.3) 4.5 (3.6–5.4)

12 mo
Serum C-peptide, nmol/liter (IQR) 0.06 (0.04–0.14) 0.11 (0.04–0.27) 0.11 (0.04–0.21) 0.12 (0.06–0.24)
Insulin dose, IU/kg (95% CI) 0.59 (0.51–0.66) 0.57 (0.51–0.62) 0.58 (0.56–0.60) 0.56 (0.52–0.61)
GHb, SDS (95% CI) 3.8 (2.5–5.0)*

 

§

 

6.9 (5.9–7.9)*

 

i

 

5.5 (5.1–5.9) 5.7 (4.7–6.7)
24 mo

Serum C-peptide, nmol/liter (IQR) 0.03 (0.03–0.06) 0.04 (0.03–0.12) 0.04 (0.03–0.08) 0.04 (0.00–0.07)
Insulin dose, IU/kg (95% CI) 0.71 (0.62–0.80) 0.71 (0.66–0.77) 0.72 (0.70–0.74) 0.73 (0.69–0.77)
GHb, SDS (95% CI) 5.7 (4.4–6.9) 8.2 (7.1–9.4)*

 

i

 

6.5 (6.0–6.9) 7.4 (6.0–8.7)

First-affected familial cases are defined as subjects who had no first-degree relatives with IDDM at the time of diagnosis, but a sibling or parent who
progressed to IDDM during the follow-up period. Second-affected familial cases are subjects who had a first-degree relative with IDDM at the time
of diagnosis and nonfamilial cases are subjects with at least one sibling but no first-degree relatives with IDDM. Values are frequencies (95% CI),
means (95% CI), or medians IQR). *

 

P

 

 

 

,

 

 0.05 vs. nonfamilial, 

 

‡

 

P

 

 

 

,

 

 0.001 vs. nonfamilial, 

 

i

 

P

 

 

 

,

 

 0.05 vs. first-affected, 

 

§

 

P

 

 

 

,

 

 0.05 vs. cases with no bio-
logical siblings.

Figure 1. Classification of the index cases according to the presence 
of a first-degree relative with IDDM. Nonfamilial cases are subjects 
with at least one biological sibling but no first-degree relatives with 
IDDM. Familial cases are subjects with at least one first-degree rela-
tive with IDDM at the end of follow-up. Multiplex cases are subjects 
with an affected sibling. Multigenerational cases are subjects with an 
affected parent. First-affected cases are subjects who had no first-
degree relatives with IDDM at the time of diagnosis but a sibling or 
parent who progressed to IDDM during the follow-up period. Sec-
ond-affected cases are subjects who had a first-degree relative with 
IDDM at the time of diagnosis.
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and disease duration 

 

.

 

 30 yr have a first-degree relative with
IDDM (12).

The present investigation was aimed at searching for evi-
dence of possible heterogeneity between familial and nonfa-
milial IDDM cases. A review of previous studies focusing on
this topic reveals that varying definitions for both familial and
nonfamilial forms of IDDM have been used, and therefore in-
terpretation and comparison of these studies is complicated.
We defined a nonfamilial or sporadic IDDM case as a diabetic
proband with at least one biological sibling but no first-degree

relatives having IDDM. Thus families with a single child with
IDDM and both parents unaffected were excluded from the
analysis, since they can be considered as potentially multiplex
families.

The familial cases were slightly younger at diagnosis of
IDDM, the difference being statistically significant when the
31 first-affected familial cases were compared with the nonfa-
milial cases (6.9 vs. 8.5 yr). These results are in line with those
of a recent Danish study (8), which also reported a lower mean
age at diagnosis in the first-affected children in multiple case
families than in sporadic cases (7.6 vs. 8.6 yr). In that study the
second-affected siblings were observed to be significantly
older at diagnosis (11.2 yr) than the first-affected familial
cases. Two reports from Pittsburgh quote an older age at diag-
nosis among second-affected cases than among nonfamilial
cases (9, 17), whereas no difference in age at diagnosis was
found between first-affected familial cases and nonfamilial
cases (9). A recent Swedish study based on a large cohort of
patients with childhood onset diabetes also reported an older
age at diagnosis among second-affected siblings as compared
with nonfamilial cases (9.0 vs. 8.3 yr) (25). The first-affected
cases from multiple case families were not analyzed separately
in that study. Our results indicated that the second-affected
cases were of the same age at diagnosis as the nonfamilial
cases, which may be due to the fact that we included also chil-
dren with an affected parent in the group of second-affected
cases. The varying results may be related also to differences in
the incidence rates of IDDM between populations, and partic-
ularly to the observation of an increasing incidence of IDDM
in most European countries but not consistently so in North
America (24). Observations on high-incidence populations
have also indicated that the increase in incidence has been
most marked in the youngest age groups (26–28).

The present results provide strong evidence for the concept
that genetic factors are important determinants of the familial
aggregation of IDDM in Finland. So far, this is the first study
showing that the frequency of the DQB1*0302/0201 genotype
found to be associated with enhanced IDDM risk is increased
among affected subjects with a positive family history of

Figure 2. Distribution of HLA-DQB1 genotypes in familial (filled 

bars) and nonfamilial (open bars) IDDM cases. A simplified classifi-
cation into high risk (DQB1*0302/0201), moderate risk (DQB1*0302/
x; x means 0302 or a nondefined allele), low risk (DQB1*0301/0302, 
DQB1*0201/0301, DQB1*0201/x, DQB1*0302/0602-3; x means 0201 
or a nondefined allele), and decreased risk (DQB1*x/x, DQB1*0301/
x, DQB1*0201/0602-3, DQB1*0301/0602-3, DQB1*0602-3/x; x means 
a nondefined allele) DQB1 genotypes was used. Numbers of cases 
are shown above the columns. P 5 0.002 in x2 analysis between the 
two groups.

 

Table III. The Frequencies of Various DQB1 Genotypes and 
DQB1 Alleles in Familial and Nonfamilial IDDM Cases

 

DQB1 genotype or
allele

Familial cases

 

n

 

 (%)
Nonfamilial cases

 

n

 

 (%)

 

X

 

2

 

 statistics

 

0302/0201 34 (32.7) 101 (21.3)

 

P

 

 

 

5

 

 0.02
0302/x 43 (41.3) 170 (35.9) NS
0301/0302 3 (2.9) 32 (6.8) NS
0201/0301 3 (2.9) 26 (5.5) NS
0201/x 11 (10.6) 66 (13.9) NS
0302/602-3 2 (1.9) 25 (5.3) NS
x/x 3 (2.9) 29 (6.1) NS
0301/x — 15 (3.2) NS
0201/602-3 2 (1.9) 4 (0.8) NS
0301/602-3 3 (2.9) 2 (0.4) NS
602-3/x — 4 (0.8) NS

0302 82 (78.8) 328 (69.2)

 

P

 

 

 

5

 

 0.065
0201 50 (48.1) 197 (41.6) NS
0301 9 (8.7) 75 (15.8)

 

P

 

 

 

5

 

 0.09
602-3 7 (6.7) 35 (7.4) NS

DQB1 typing data were available for 104 familial cases and 474 nonfa-
milial cases.

Figure 3. Proportion of subjects with high risk (black bars), moderate 
risk (shaded bars), low risk (striped bars), and decreased risk (white 

bars) HLA-DQB1 genotypes in various age groups defined at 1-yr in-
tervals at the diagnosis of IDDM. Figures above the columns repre-
sent the number of subjects within each age group. P 5 0.06 in the x2 
test.
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IDDM as compared with nonfamilial cases. Earlier, only Svej-
gaard et al. (29) had been able to show a significantly elevated
frequency of the DR3/4 phenotype among familial cases, but
the difference in the frequency of the DQB1*0302/0201 geno-
type between familial and sporadic IDDM cases in Denmark
was not significant in a recent nationwide survey (42 vs. 34%,
respectively) (16). However, the present series is the first pop-
ulation-based study in which the frequencies of various DQB1
genotypes have been compared between familial and nonfa-
milial cases, and our study population is also considerably
larger than the Danish one. It may also be possible that there
are differences between populations in genetic and/or environ-
mental factors which explain the clustering of IDDM in families.

Previous studies have indicated that there are differences
in the frequencies of high risk HLA class II genotypes between
childhood and adult-onset IDDM cases, the proportion of
DR3/DR4 heterozygotes being higher in subjects with young
age at diagnosis (4, 30). Our study population included only
childhood-onset cases, and when analyzing the distribution of
the four DQB1-defined risk genotypes in different age groups
no significant difference could be observed. Accordingly, the
age at diagnosis can hardly induce any bias when comparing
the frequencies of various DQB1 genotypes between familial
and nonfamilial cases.

In this study no differences were found in the overall distri-
bution of DQB1 genotypes between the multiplex and multi-
generational or first-affected and second-affected familial
cases, but the highest frequency of the DQB1*0302/0201 geno-
type was observed among the multiplex cases, while the
DQB1*0302/x genotype was the most common one in the mul-
tigenerational cases (Table I). This observation could indicate
that the affected offspring in the multigenerational cases have
inherited the DQB1*0302-positive haplotype from the af-
fected parent, while in multiplex cases it would be the
DQB1*0302/0201 combination which is primarily responsible
for the enhanced IDDM risk.

Although our results show that affected subjects in multi-
ple case families are genetically more susceptible to IDDM,
the role of environmental factors in the familial aggregation of
IDDM cannot be ruled out. In fact, it is likely that as yet uni-
dentified genetic–environmental interactions are the most im-
portant elements explaining the development of IDDM in sub-
jects from the same families. Some evidence has already been
obtained for a possible link between certain enteroviruses and
high risk HLA genotypes, by virtue of the observation that the
frequency of antibodies to Coxsackie-B viruses was higher in
newly diagnosed IDDM subjects with the HLA-DR4 than in
those with other DR types (31, 32).

Various autoantibodies, like ICA, IAA, and GADA, have
been used as immunological markers of the development of
IDDM when aiming for prediction and prevention of IDDM.
The lack of a difference in either the occurrence of these au-
toantibodies or their serum levels between familial and spo-
radic cases suggests that similar pathogenetic processes result-
ing in the appearance of various autoantibodies take place in
the prediabetic period in subjects with or without a family his-
tory of IDDM. Accordingly, observations on the evolution of
IDDM obtained mainly from first-degree relatives of subjects
with the disease are likely to be applicable to sporadic cases,
although there are differences in the predictive value of vari-
ous IDDM-associated autoantibodies between families and
the general population (33, 34).

The absence of any differences in the degree of metabolic
decompensation at diagnosis between the first-affected famil-
ial and nonfamilial cases, whereas the second-affected familial
cases had milder metabolic alterations, indicates that the fa-
vorable metabolic condition among those with a family history
of IDDM is due to the increased awareness of the disease and
its symptoms in the family and confirms the results reported
previously by O’Leary et al. (17). The higher GHb levels in the
second-affected familial cases observed during the second year
of IDDM may be related to psychological factors reflected by
a higher acceptance rate of hyperglycemia and fear of hypogly-
cemia as a consequence of previous experiences.

In conclusion, the increased frequency of DQB1*0302/0201
genotype found in familial IDDM cases partly explains the fa-
milial aggregation of the disease. No differences were observed
either in the frequencies or serum levels of IDDM-associated
autoantibodies between familial and nonfamilial cases, and the
degree of metabolic decompensation was similar between the
first-affected familial and nonfamilial cases. Consequently, a
homogeneous rather than a heterogeneous pathogenetic pro-
cess seems to be responsible for beta cell destruction in famil-
ial and nonfamilial IDDM.
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