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Summary. A total community (Allegheny County, Pennsylva-
nia) Type 1 (insulin-dependent) diabetes mellitus registry was
examined for evidence of seasonality at onset of the disease.
No significant seasonal trend was found if all cases aged <
20 years at onset (n = 901) were considered. However, a signi-
ficant pattern emerged for the age groups 5-9 years and

10-14 years. Furthermore, sex differences were apparent in
that males but not females demonstrated a seasonal pattern
(fewer cases in the summer months).

Key words: Type 1 diabetes, epidemiology.

The onset of Type 1 (insulin-dependent) diabetes melli-
tus has been reported to follow a seasonal trend. As ear-
ly as 1926, Adams [1] noted a pattern of lower incidence
during the summer months. Other data from Europe
[2-5], Chile [6] and the USA [7], all report a seasonal
trend in the onset of diabetes with a higher number of
cases during the autumn, spring and winter months with
a reduced number of cases during the summertime.

Viral infections often follow seasonal patterns of oc-
currence. If there is a seasonal trend, this might suggest
that a virus or other seasonal factors could be a precipi-
tant of Type 1 diabetes. Viral agents, such as measles,
mumps and Coxsackie that have a seasonal pattern,
have been linked to the onset of Type 1 diabetes [8].

In addition to a possible viral aetiology, host charac-
teristics influence susceptibility. Seasonality of Type 1
diabetes appears to be more predominant for males
than females [9, 10]. Also seasonality appears to vary
with the age of onset [9, 11].

Many reports of seasonality have failed to use geog-
raphically defined population bases. Questions of in-
complete ascertainment and biases in case reporting
can also be raised in these studies. The present report
provides a seasonal analysis of data from a population-
based Type 1 diabetes registry for Allegheny County,
Pennsylvania, USA.

Methods

An ongoing registry of new onset cases of diabetes for Allegheny
County, Pittsburgh, has been developed. Through retrospective re-
cord review, all cases diagnosed since 1965 have been identified [12].

Cases were identified by reviews of hospital, paediatric and outpa-
tient diabetic clinic records. An extensive description of the registry
has been described previously. The record reviews identified 973 new
cases for the 12-year period 1965-1976. Seventy-two (7%) of these
cases did not have a confirmed month of diagnosis and therefore the
reported analyses are on 901 cases.

For hospitalized cases, the date of diagnosis was taken as the date
of discharge from the first admission for diabetes. The time of onset of
symptoms could not be used as these data were not uniformly re-
corded and the date at discharge was more readily available than the
admission date. Criteria for inclusion in the registry were: Allegheny
County resident at time of diagnosis; age at diagnosis < 20 years; dis-
charged using insulin. For determining seasonal trend in onset, sea-
sons were defined as spring (March, April, May), summer (June, July,
August), autumn (September, October, November), and winter (De-
cember, January, February).

In the analyses we employed a significance test developed by
Roger [13]. The test statistic ‘R’ is distributed approximately as a chi-
square distribution with two degrees of freedom.

Results

Yearly Seasonal Trends

A 5-month moving average was employed to smooth
the curves in order to graphically portray the seasonal
trends. Figure 1 displays the moving average for the reg-
istry. There was no significant overall seasonal trend (R
= 3.58, p > 0.10).

Table 1 presents the data by seasons for the 12 years.
For 6 of the 12 years, the summer season had the fewest
cases diagnosed. Additionally for 11 of the 12 vears, the
summer season had the lowest or second lowest inci-
dence of cases. Thus the seasonal trend was present, al-
though relatively weak.
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Fig.1. Five month relative moving average: Total population
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Fig. 2. Five month relative moving average: By age — 5-9 years old;
----- 10-14 years old
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Fig.3. Five month relative moving average: By sex — miales; ---— fe-
males

Seasonality by Age at Onset

There was little evidence for a seasonal effect in the
0-4 year age group (R = 0.89, p > 0.20) or in the
15-19 year age group (R = 1.73, p > 2.0). A significant
seasonal effect was found for the 5-9 year age group
(R = 6.88, p < 0.05) and for the 10-14 year age group
(R = 5.08, p < 0.05; Fig.2). The 5-9 year age group
demonstrated a summer drop in cases, while the
10-14 year age group had the fewest cases diagnosed in
the autumn.
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Table 1. Seasonal onset by year of diagnosis in Allegheny County,
Pennsylvania :

Year of Number of new cases by seasons

diagnosis Winter  Spring  Summer Autumn Total
1965 11 13 12 20 56
1966 22 16 17 16 71
1967 17 13 10 14 54
1968 17 26 15 21 79
1969 21 29 12 23 85
1970 21 22 15 25 83
1971 20 25 20 18 83
1972 17 19 15 21 72
1973 17 19 18 22 76
1974 29 22 16 15 82
1975 25 11 26 25 87
1976 15 22 15 21 73
Total 232 237 191 241 901
Race

Overall the white population of cases (n = 832, R =
3.44, p > 0.10) and the black cases (n = 69, R = 0.42, p
> 0.10) exhibited no significant seasonal pattern of on-
set. It is important to recognize, however, that the sam-
ple size for blacks was small.

Seasonality by Gender

Males had a significant overall seasonality pattern (R =
4.75, p < 0.05), but females did not (R = 0.64, p > 0.20;
Fig.3). Fewer cases for males occurred during the sum-
mer months.

Sex and age-specific (yearly) seasonal trends were
examined. Only three ages displayed significant season-
al patterns. The seasonal pattern for girls aged 8 years
showed a marked reduction of cases in summer (R =
6.92, p < 0.05), while girls aged 12 years were diag-
nosed more often during the springtime followed by a
summer decline (R = 637, p < 0.05). Boys aged 14
years exhibited a winter peak with a summer decline
(R = 6.25, p < 0.05).

Discussion

For the 901 Type 1 diabetic cases with onset under age
20 years, there appeared to be a slight, but insignificant
decrease in incidence during the summer. This is incon-
sistent with the results of a number of other studies re-
porting marked seasonality [1-7]. For many of these
studies, inadequately defined populations were present-
ed. Newly diagnosed Type 1 diabetic cases identified
from single-centre institutions or isolated groups of in-
stitutions have incomplete data on which to base pat-
terns of disease occurrence. Physician biases in referral
patterns to particular institutions would further con-
found the data. Population-based registries like the one
used in this report avoid these problems.

Inappropriate statistical tests have often been em-
ployed to test for seasonal trends. In the current re-
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search significant seasonality was found for only specif-
ic subsets of the registry.

Theories accounting for the larger numbers of cases
detected in autumn and winter and the fewer cases in
summer have included several possible explanations.
Exposure to new infections on starting school may be a
factor causing the increased number of cases diagnosed
during the autumn for the 5-9 age group. However, this
theory does not account for the sex difference noted in
this and other studies nor for the autumn drop in cases
for the 1014 year old group.

Age-specific analyses revealed that 8 and 12-year-
old girls and 14-year-old males exhibited a significant
seasonal trend. Interestingly, the pattern of seasonality
paralieled the peak ages of diabetes onset for males and
females found in Pittsburgh [12], as well as other stud-
ies. The age of onset studies have indicated an early
peak incidence (6-8 years) followed by a larger peak at
later years (12-14 years). For the later peak there is a re-
ported sex difference where females have a younger age
at peak incidence than males. This may be due to an
earlier puberty/growth spurt in females. Since the sea-
sonality pattern directly parallels the peak age at onset
results, both may be caused by a common factor or in-
teraction of common factors.

Analyzing white and black cases separately resulted
in no significant seasonality findings. The black sample
size, however, was small and these data should be inter-
preted with caution.

The overall pattern of seasonality does not resemble
the pattern seen with single virus infections that follow
seasonal patterns. A striking feature of our data was the
weak seasonal trend that changed little over the 12
years. If the onset was caused by an epidemic viral dis-
ease, then some years would show a strong seasonal
pattern with large numbers of cases, whereas other
years would exhibit little seasonality and few cases.
Analyses indicated that none of the individual years dis-
played a significant seasonal pattern. Moreover, there
was little variation in the number of new cases per year
[12). The model of a single virus precipitating Type 1 re-
ceives little support from our findings. If viruses play a
role in precipitating diabetes, then it is likely that: 1)
several viruses may be involved; or 2) host susceptibility
plays a very critical role; or 3) the virus has uniform
transmission throughout the year.

The primary difference in seasonality between the
sexes (where males had a seasonal pattern and females
did not) needs explanation. This may suggest that males
are more susceptible to ‘the agent’ responsible for the
seasonal pattern. If this were true, then one would ex-
pect a markedly higher incidence in males than females
which has not been found [12]. An alternate explanation
is that boys have a seasonal variation in exposure to the
agents precipitating diabetes while girls have a more
uniform exposure. Another explanation is that host
characteristics related to susceptibility to diabetes may
be seasonally related. For example, there is some sug-
gestion of circannual variation in sex hormones [14].
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Thus, the environmental agent may be constant but the
susceptibility of the host varies according to sex and
season. The results indicate that the seasonality effect
varies as a function of host characteristics. What is clear
is that a single hit model of a specific virus is unlikely to
be responsible for the time of onset of diabetes unless
it’s pathogenicity varies considerably according to the
age and sex of those infected.
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