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OBJECTIVE — To investigate whether there was a temporal and geographical clustering of
time of birth for infants with childhood-onset diabetes.

RESEARCH DESIGN AND METHODS — The nationwide Swedish Childhood Diabe-
tes Registry, which ascertains 99% of children with recent-onset diabetes (0-14 years), was
linked with the Swedish Medical Birth Registry. Clustering of 3,725 patients as to place and time
of birth was studied compared with the general population. For each municipality (and in the
three large cities of Sweden for each parish), the observed number of patients was compared with
the expected number calculated from the average total rate and the number of births in that
municipality. Clustering in time of birth within municipality was analyzed using a modification
of a set technique by Chen (14).

RESULTS — There was no consistent variability in diabetes risk by calendar birth month, but
for specific years, the risk varied during the year. When geographic localization for place of birth
was studied on a municipality level, four municipalities showed a statistically significant case
excess while one would have been expected by chance. When we looked for clusters in both time
and space for date of birth, clearly more clusters than expected were identified (P < 0.01). Of the
total of 198 primary clusters, 42 included three or more patients being born in the same
municipality within an unlikely short period always <2 years.

CONCLUSIONS — This is the first study indicating a clustering according to place and time
of birth for later risk to develop type I diabetes. Such a phenomenon would agree with the
hypothesis that infections in early life, including fetal infections, can increase the risk for diabetes.

Imost all cases of childhood-onset compelling evidence for an association

diabetes are of the autoimmune

type (type D). Follow-up studies of
first-degree relatives of type 1 diabetic
probands have shown that signs of auto-
immunity such as antibodies to islet cells
or B-cells are detectable long before the
onset of clinical disease (1-5). In child-
hood-onset cases, exposures that may ini-
tiate the autoimmunity may be found al-
ready during fetal and perinatal life. The
association between maternal-child blood
group incompatibility and other perinatal
events and risk for childhood-onset dia-
betes supports this (6).

Viruses have long been suggested
to be of importance in the etiology of type
[ diabetes, mainly on the basis of animal
experiments (7). In humans, the most

between virus exposure and diabetes was
the finding of a very high prevalence of
diabetes (30%) in a cohort of children
who were followed-up because of the ru-
bella embryopathy syndrome (8). Simi-
larly, a case report suggested an associa-
tion between congenital cytomegalovirus
infection and type 1 diabetes (9). A recent
population-based case-control study also
indicated that maternal enteroviral infec-
tion during pregnancy is a risk factor for
childhood-onset type I diabetes (10). If
pre- or perinatal exposures, e.g., for viruses,
are associated with an increased risk for
childhood-onset diabetes, a clustering of
birth dates would be detectable in time
and/or space. Also exposures in early
postnatal life could give such clustering.
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In the present study we have used
nationwide Swedish registers to study
temporal and geographical clustering of
time of birth for infants with childhood-
onset diabetes.

RESEARCH DESIGN AND
METHODS — The Swedish Child-
hood Diabetes Registry records all chil-
dren in whom type [ diabetes was diag-
nosed before the age of 15 and after 1 July
1977 (11). This registry has a coverage of
99% (11,12), and children born between
1 January 1973 and 31 December 1990
with a diabetes diagnosis before 31 De-
cember 1992 were included. The Swedish
Medical Birth Registry (13) records all
births in Sweden since 1 January 1973.
The coverage is ~99%.

The two registries were linked us-
ing the unique personal identification
number each citizen gets shortly after
birth. In this way, the place of birth of
each child was determined, defined as
county or municipality (and for the three
largest cities, parish).

Linkage failed in some cases.
Among a total of 3,862 children in the
Diabetes Registry, 3,725 matched (96.4%).
The explanation for nonmatching is ab-
sent identification numbers in either reg-
ister. Sometimes the hospital reporting to
the Childhood Diabetes Registry refused
to give the complete identification of the
child (57 cases) or the child or the iden-
tification number is missing in the Medi-
cal Birth Registry (80 cases). The latter is
obtained by linkage with the official birth
statistics using the maternal identification
number; if this is incorrect or missing, no
linkage will be obtained.

The following analyses were per-
formed.

1. Temporal changes according to
time of birth. The rate of registered
infants according to year and month
of birth was calculated based on the
total number of children born and
the number of children in the linked
diabetes file born that month.

2. Geographical distribution of the
birthplace of patients over the
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Figure 1—Average risk to be recorded in the Childhood Diabetes Registry (per 1,000 births) according

to month of birth. Vertical bars indicate 95% CI.

whole time period. For each munic-
ipality (and in the three large cities,
Stockholm, Gothenburg, and
Malmeo, for each parish), the ob-
served number of cases was com-
pared with the expected number
and calculated from the average to-
tal rate and the number of births in
that municipality (parish).

3. Clustering in time of birth within
municipality (for the three large cit-
ies, parish). The set technique intro-
duced by Chen (14) for the moni-
toring of congenital malformations
was used. The technique is based on
the following reasoning. A set is de-
fined as all births between two
births with the event under study,
in this case later childhood diabetes.
The first child with diabetes within
a municipality also delimits a set.
The length of the set will distribute
randomly around a mean deter-
mined by the probability of the
event to occur. If n nonevent births
have occurred between the two
event births, and the probability for
the event for all births is p, then the
probability for the set to be ran-
domly shortis P = [1 — (1 — p)"].
If the P value is below a certain level,

the second case is regarded as the
result of a clustering.

In the present situation, however,
the value of p depends on the follow-up
time. Because all children were followed
to the end of 1992, the follow-up time will
be determined solely by the date of birth.
Therefore, for each year and month of
birth, the risk of a child to be registered in
the Childhood Diabetes Registry was de-
termined, and this risk was applied to
each child born in the set. If a child en-
tered the set with the same date of birth as
the child with diabetes, its p value was
halved under the assumption that half of
the nondiabetic children born that day
were born before and half after the dia-
betic child.

If the risk for the ith child is p,
then the probability for the set to be ran-
domly short is

P=1-(1 —p])
A =p* e *(1 = peu — 1))
*(1I - pw

A primary cluster was defined as a set that
was so short that its P value was <0.05. As
3,715 cases were studied, one would ran-
domly expect 186 such clusters. A second
definition of a cluster is if the P value of
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the set is <0.01, 37 such clusters should
be expected to occur by chance.

A table was then prepared in
which for each municipality and year of
birth, the number of primary clusters, the
total number of clusters, and the total
number of cases were presented. From
this list, final clusters were selected when
two or more clusters were close together
in time (the same or adjacent years). The
final identification of a time-space cluster
is thus made from three (or more) patients
being born in the same municipality
within an unlikely short period always
<2 years.

RESULTS

Clustering in time

Figure 1 shows the risk according to
month of birth. All children included in
the Swedish Childhood Diabetes Registry
by 31 December 1992 and born in 1973-
1990 are included. There is no significant
variability in risk between months; only
the October rate is below the average risk,
but as 12 months are studied, this may
well be random.

Figure 2A and B shows the risk for
each month and year of birth. The overall
probability to be recorded in the Child-
hood Diabetes Registry varies for each
birth cohort with a maximum for children
born in 1976, a direct result of the differ-
ent follow-up times and the noninclusion
of children born in 1973-1976 and in
whom diabetes was diagnosed before 1
July 1977. Within each year, a variability
in risk is seen between months, which
might reflect time-dependent clusters.

Clustering in space

For each one of the 283 municipalities in
Sweden (except the three large cities of
Stockholm, Gothenburg, and Malmeé),
the observed number of diabetes cases
was compared with the expected number,
estimated from the average risk (2.14 per
1,000 live births surviving the perinatal
period). We found four municipalities in
which the case excess reached a statistical
significance of P < 0.005. Randomly only
one would be expected, since we have be-
tween 200 and 300 municipalities. The
four municipalities were Vaggeryd—15
observed among 2,715 births, expected
number 5.82, P = 0.0011; Vetlanda—26
observed among 5,876 births, expected
number 12.60, P = 0.0006; Hagfors-17
observed among 2,970 births, expected
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Time-space clustering of type I diabetes
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Figure 2—Risk to be recorded in the Childhood Diabetes Registry (per 1,000 births) according to
month of birth each year of birth. A: 1973-1981. B: 1982-1990.

number 6.37, P = 0.0003; and Vil-
helmina-10 observed among 1,939
births, expected number 4.16, P =
0.0010. All four thus show P values
around or below 0.001. Taking into con-
sideration multiple testing, we calculated
the probability of randomly finding four
municipalities among 283 with P values
of 0.001, which is small (P,(0.238) = 4,
P = 0.0002). It is therefore likely that at

least some of these four represent true
geographic high-risk areas. The four mu-
nicipalities are located in different parts of
Sweden.

For the three large cities, a corre-
sponding tabulation was made on the par-
ish level. Among a total of 77 parishes,
only one reached a P value close to 0.01
(11 infants with diabetes among 2,280
born, expected number 4.89, P = 0.012).

Figure 3—Map of Sweden with the location of
the 42 clusters marked.

It is rather likely to reach one such P level
in 77 samples (P = 0.61), and we thus
have no evidence for a geographical un-
even distribution within the three large
cities.

Time and space clustering

Among 3,264 diabetes cases (the three
large cities removed), 198 showed pri-
mary clusters defined as having a P value
of <0.05. The expected number is 163.2,
and the excess of 34 primary clusters is
statistically significant (y* = 7.0, P <
0.01). After scrutiny of all clusters show-
ing the characteristics listed under METH-
ops (repeated clusters in the same munic-
ipality close together in time), 42 final
clusters were identified. Table 1 lists these
clusters, which were tentatively regarded
as true, and their locations are marked in
Fig. 3. It should be stressed that the excess
of primary clusters (two diabetic infants
born too close together in time within a
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Table 1—Listing of 42 clusters identified as tentatively true because of close similarity in

time of two clusters in the same municipality

No. of Cluster strength expressed
Municipality Year(s) clusters as P value
Haninge 1974, 1975 2 0.023, 0.039
Taby 1979, 1980 2 0.029, 0.006
Sodertalje 1977 3 0.030, 0.044, 0.015
Norrtalje 1979, 1980 2 0.026, 0.029
Alvkarleby 1975 2 0.028, 0.024
Uppsala 1974, 1975 2 0.015,0.038
Linkoping 1976, 1979 4 0.048, 0.015, 0.023, 0.029
Vaggeryd 1973 2 0.044, 0.023
Jonkoping 1976, 1977 3 0.018, 0.049, 0.014
Molndal 1979 2 0.042,0.034
Skévde 1985, 1986 2 0.009, 0.030
Lax4 1975 2 0.023, 0.028
Degerfors 1973, 1974 2 0.043,0.011
Orebro 1975, 1976, 1979, 1979 4 0.023, 0.040, 0.044, 0.042
Sala 1978 2 0.034, 0.005
Koping 1989 2 0.006, 0.034
Borlange 1975, 1976 2 0.027, 0.009
Sundsvall 1974, 1975 2 0.018, 0.032

municipality) is statistically significant;
the selection of the 42 final clusters is
based on the assumption that two pri-
mary clusters close together in time and
space are more likely true than two pri-
mary clusters separated in time or space.

CONCLUSIONS — This is the first
study to show a clustering in both time
and space of birth dates of children who
later developed diabetes. In a study from
Iceland, it was shown that birth dates of
diabetic children clustered with time
(15), and it was suggested that maternal
intake of nitrosamine-rich food during
pregnancy was a risk factor for type 1 di-
abetes. In our study, we found no general
variability in risk with calendar month of
birth. Within each year of birth, however,
an indicated variability by month of birth
could be seen, varying between the years.
This may indicate a variability consistent
with, for example, viral epidemics. A sup-
port for such a hypothesis would be a
demonstration of clustering with time
and space.

The first method to study time
and space clustering was that presented
by Knox (16), based on the computing of
pair-wise distances of cases in time and
space. The definition of a critical distance
in space and time is arbitrarily chosen.
The background population was not

taken into account. This method has been
revised repeatedly (17,18), but even so,
no account is taken of a possible variabil-
ity in the background population. The
technique used in this study overcomes
this problem. It is based on the set tech-
nique introduced by Chen (14) for sur-
veillance of birth defects. Because the
probability to be recorded in the Swedish
Childhood Diabetes Registry will vary be-
tween different birth cohorts, we modi-
fied the technique, taking into account for
each month and year of birth the average
risk of a child to be registered.

Because multiple comparisons
were made, many random clusters will
appear. Using the cutoff of P < 0.05 for a
clustering, one would expect 163 clusters
to arise randomly, and 198 were ob-
served—a statistically significant excess.
By scrutiny of the observed possible clus-
ters, 42 were identified, at least some of
which were regarded as possibly true.

In a previous study, we tried to
identify birth cohort effects on Swedish
childhood diabetes patients using Poisson
regression modeling (19) but were unable
to find any clear cohort effects. In that
study, however, birth cohorts were ana-
lyzed in 2-year intervals, and clusters oc-
curring by month of the year may thus
have been hidden. In a previous study, we
found significant geographic variability
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between counties in the onset rates of
childhood diabetes (12). A geographic
variability may indicate differences in
population genetics or in risk exposures.

The present study for the first time
gives evidence of a birth date time and
space clustering of children who later de-
velop diabetes. It certainly cannot reveal
the mechanisms behind the phenomenon
but is in accordance with previous evi-
dence (8-10) that viral epidemics, which
may cause fetal infection, can be involved
in the initiation of autoimmunity that
subsequently can lead to type 1 diabetes.
Other pre- or perinatal or even early post-
natal exposures could also cause a cluster-
ing of dates of birth.
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