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Abstract

Schizophrenic patients have been shown to have a moderate excess of winter births in the areas where seasonal
variations in weather are large. In this report, we examined the seasonality of schizophrenic births in Taiwan, which
has a subtropical climate. Using nationwide hospitalization data (2429 male and 1320 female schizophrenic patients),
we applied the life table method to compare the risk of schizophrenia among 12 cohorts of month-of-birth for males
and females, respectively. Differences among the risks of the 12 cohorts were tested using the logrank test. The
samples were further stratified by family history and age at onset. There was a significant association between the
risk of being admitted as a schizophrenic and month of birth for both males and females. The cohorts born in
November and January had the highest risks. After stratification, the association was significant only for non-familial,
male, and early onset schizophrenic patients. The results indicate that seasonally varying factors might increase the
risk of schizophrenia, especially in those without a family history of the disease. Men are more vulnerable to such
factors than women, and the schizophrenics resulting from such insults tend to be early onset.
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1. Introduction

Schizophrenic patients have been shown to have
an excess of births in the winter or early spring as
compared to controls (Bradbury and Miller, 1985;
Boyd et al., 1986; Hare, 1988; O’Callaghan et al.,
1991a; Torrey et al., 1993; Pallast et al., 1994).
Although earlier studies of season of birth for
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schizophrenia suffered from inadequacies in case
definition and selection of controls, at least 13
studies using sound methodology have been pub-
lished (Bradbury and Miller, 1985). One major
improvement in these studies was that they chose
the number of births from the general population
in the same years of schizophrenic births as
controls.

Even so, studies ascertaining cases by calendar
year might still have an age-prevalence effect arti-
fact (Lewis and Griffin, 1981). That is, individuals
born in January are 11 months older than individ-
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uals born in December of the same calendar year
and hence the former are over-represented among
prevalent cases. Some researchers have responded
to this critique and applied methods that correct
or avoid the age-prevalence artifact (Watson et al.,
1982; Pulver et al., 1983; Shur and Hare, 1983).
Their results showed that the seasonality of schizo-
phrenia remained after such adjustment. Many
researchers have also pointed out that several
findings in the seasonality of schizophrenia are
inconsistent with the prediction of age-prevalence
effect, such as an excess of schizophrenic births in
December or the last quarter of a year in the
northern hemisphere, an excess of schizophrenic
births in the middle of the year in the southern
hemisphere, and lack of season-of-birth effect for
other minor psychiatric disorders (Bradbury and
Miller, 1985; Boyd et al., 1986; Hare, 1988; Dalen,
1990; Pulver et al., 1990; Torrey and Bowler, 1990;
Watson, 1990). Thus, the seasonality of schizo-
phrenic births is not an artifact due to the age-
prevalence effect.

Traditionally, the seasonality of schizophrenic
birth was evaluated via a y-est comparing the
observed number of births of schizophrenics with
the expected births computed from the general
population. To correct for age-prevalence effect,
either the risk period was incorporated in the
computation of expected births or a different defi-
nition of a calendar year was used (Lewis and
Griffin, 1981). Pulver et al. (1983) applied the life
table method to calculate the cumulative risk of
schizophrenia for cohorts of different birth-
months. This method avoids the age prevalence
effect completely, as cumulative risks for the same
length of time were compared. Furthermore, the
risks calculated by this approach could be com-
pared to known morbidity risk figures in the
population, to assess the representativeness of the
sample used.

The nature of the observed seasonality of schizo-
phrenic births is still unclear. It is commonly
hypothesized that some seasonally varying factors,
such as temperature, nutritional deficiencies, infec-
tious agents, and obstetric complications are
responsible for an individual’s subsequent develop-
ment of schizophrenia (Bradbury and Miller, 1985;
Boyd et al., 1986; Hare, 1988; Torrey et al., 1993).

Regardless of which explanation is more likely,
presumably the larger seasonal variations of
weather, the larger the magnitude of the seasonal-
ity of schizophrenic births, and vice versa. So far,
seasonality of schizophrenic births has been found
mainly in areas where seasonal variations in
weather are large, such as northern America (USA,
Canada), northern Europe (England and Wales,
Sweden, Denmark), Japan and Australia. Torrey
and Torrey (1979) reported that the seasonality of
schizophrenia diminished as the area moved from
the northern states to the southern states in the
US. However, one study in the Philippines (Parker
and Balza, 1977) found seasonal effects for schizo-
phrenia despite there being no true winter in that
equatorial area.

The effect of seasonality on schizophrenia, nev-
ertheless, is minor. Pulver et al. (1983) showed
that the risk of schizophrenia for those born during
winter was only 5-15% higher than that for the
rest of the year. Thus the season of birth may be
a risk factor only for a subgroup of schizophrenic
patients. Many researchers have examined the
seasonality effect on subsamples divided on the
basis of covariates such as gender, family history,
chronicity, marital status and severity (Bradbury
and Miller, 1985). However, the results were not
conclusive.

In this study, we applied the life table method
to analyze data from Taiwan, which is located in
a subtropical area, to determine whether there is
an increase in the risk of schizophrenia for those
born in the winter or early spring. In addition, we
stratified schizophrenic patients by gender, family
history, and age at onset into subsamples to exam-
ine the effect of these covariates on the seasonality
of schizophrenic births.

2. Methods
2.1. Study population

The schizophrenic patients included in this study
were derived from the Taiwan Inpatient Epi-
demiological Project (TIEP). The background and
procedure of TIEP have been described in detail
elsewhere (Hwu et al., 1995). In brief, any
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Taiwanese person who received inpatient treatment
for mental illness at any time between October 1,
1987 and September 30, 1988 were enrolled in
TIEP. In total, there were 17,508 psychiatric inpa-
tients during the 1-year period of TIEP. Out of 58
psychiatric hospitals in Taiwan, only 9 small hospi-
tals did not participate in this project because of
closure of inpatient service or refusal. The number
of beds provided by these 9 hospitals was only
2.2% of the total number of psychiatric beds in
Taiwan in 1987. The number of enrolled patients
accounted for about 88% of all psychiatric in-
patients reported to the Department of Health.
All the 49 hospitals participating in TIEP were
requested to complete a data sheet for each patient
with information regarding his or her demographic
status and clinical features (including diagnosis,
treatment history, age at onset, family history,
etc.).

Diagnoses of patients were provided by hospitals
participating in TIEP and were classified according
to ICD-9 (World Health Organization, 1978). For
schizophrenic patients, their age at onset was
defined as the first time that their psychotic symp-
toms became prominent and began to impair their
daily activities. The median age at onset for our
sample was 21 years, which was similar to the
mean ages at first psychotic episode (20-24 years)
for schizophrenic patients reported by Pulver
et al. (1992).

The psychiatric status of the first-degree relatives
of patients was assessed via either the patients
themselves or informants (usually care-givers). If
one or more first-degree relatives of a schizophre-
nic patient was reported to have psychotic or
affective symptoms that led to severe impairment
of daily activities or admission for inpatient treat-
ment, the family history was considered positive.
Otherwise, the family history was considered
negative.

The inter-rater reliability of the recorded data
was assessed in a smaller sample of 70 patients
(Hwu et al., 1995). For demographic data, k-values
(for categorical variables) or intraclass coefficient
reliabilities (for ordinal or continuous variables)
were >0.70 for 96% of the questions on the data
sheet. As to clinical data, the intraclass coefficient
reliabilities of 12 ordinal questions were >0.90,

while x-values for the 96% of the remaining cate-
gorical questions were >0.70. For this study in
particular, the intraclass coefficient reliability for
age at onset was 0.89 and « for family history of
schizophrenia was 0.80. In general, the reliability
of the data collected is satisfactory.

Among the patients who had been diagnosed,
11,971 patients (70.0%) were diagnosed as having
schizophrenia. As there were no vital statistics for
numbers of births in each month before 1952 in
Taiwan, patients born before that year were not
included in the analysis. For those born after 1966,
their ages at ascertainment (1987) would be less
than 20 years and so they were omitted from the
analysis as well. Patients with data missing for age
at onset or family history were also excluded. In
total, there were 3749 schizophrenic patients (2429
males and 1320 females) used in the analysis.

The population at risk from which the schizo-
phrenic patients came was comprised of individuals
born between 1952 and 1966 in Taiwan. These
data were obtained from vital statistics published
by the Department of Health, Taiwan Provincial
Government.

2.2. Data analysis

The schizophrenic patients and the population
at risk were divided into 12 month-of-birth-specific
‘pooled cohorts’, separately for males and females
(Table 1). Within each cohort, the risk of being
admitted as a schizophrenic at different age
intervals was estimated by the technique of actuar-
ial life table (Lee, 1980).

In the construction of a life table, we divided
the age into 7 intervals (<1, 1-4, 5-9, 10-14,
15-19, 20-24 and 25-29 years). The reason we
did not calculate risk up to an age interval beyond
25--29 years was that most of the study population
would have been censored at that interval. For
each month-of-birth cohort, three kinds of infor-
mation needed to complete the calculations are
listed below.

(1) Initial number at the beginning. This was
obtained by pooling the number of births between
1952 and 1966. However, since the inpatients in
our sample comprised only 88% of all inpatients,
we adjusted this number by multiplying by 0.88.
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(2) Number censored. Any subject who had not
yet been admitted as a schizophrenic or had died
before the end of an age interval was censored.
This was estimated by the age-specific mortality
rate obtained from life tables published by the
Committee on Construction of Life Tables, Taiwan
Provincial Government. We used mean age-specific
mortality averaged over 15 years (1952-1966) for
the calculation. Thus, not only neonatal deaths,
but also mortality at other ages were used to adjust
for the initial live birth frequencies. Because we
pooled subjects of different birth years together, a
whole sub-cohort born in an earlier year would be
censored after a certain number of years.

(3) Number of events. The number of schizo-
phrenic patients whose age at onset occurred
within an age interval was counted as the number
of events.

The cumulative probability of being admitted as
a schizophrenic up to a particular age interval was
calculated as one minus the survival probability of
being free from the event up to that age interval.
The standard error of the cumulative probability
was calculated according to the Greenwood for-
mula (Lee, 1980). The differences in life table risk
among each of the 12 month-of-birth cohorts were
examined by the logrank test (Peto et al., 1977).
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The schizophrenic samples were then divided
into subsamples of those without a family history
and those with a family history, separately for
males and females (Table 1). Procedures similar
to the preceding ones were performed to test the
seasonality of schizophrenic births in subsamples.
For those without a family history, we then subdi-
vided the sample into those with early onset and
those with late onset. Since there was no consensus
regarding the definition of early onset, we arbitrar-
ily chose the median age at onset (21 years) as the
cut-off point to make the two subsamples equal in
statistical power in detecting the seasonality of
schizophrenic births. Thus we subdivided the
sample into those with age at onset of 21 years
and younger (early onset) and those with age at
onset over 21 years (late onset). For those with a
family history, we did not subdivide them further
because the number of patients was too small.

3. Results

The cumulative probability of being admitted as
a schizophrenic between the ages of 25 and 29
years, with corresponding standard errors for
males and females, born between 1952 and 1966

Females

0.00167
0.0014
0.0012

0.0010

Cohorts by month of birth

Fig. 1. The cumulative probability of being admitted as schizophrenic between the ages of 25 and 29 years for Taiwan residents born
between 1952 and 1966 by month of birth and sex. The standard error of each estimate is indicated by the bar. (The logrank test of
homogeneity for risks of 12 cohorts: x,; =36.0, p<0.001 for males and x%;; =19.6, p=0.05 for females.)
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by month of birth are displayed in Fig. 1. The
logrank test of homogeneity for the risks of schizo-
phrenia among 12 month-specific cohorts was
rejected statistically for both males and females.
However, the patterns of the risks of schizophrenia
were different between males and females. For
males, the risks of being admitted as a schizophre-
nic were highest for cohorts born in January and
November and lowest in December and August.
As for females, while the risk was the highest
among the cohorts born in November, followed
by December and January, the May and July
cohorts had the lowest risks.

By temperature alone, 12 months could be
grouped into 4 seasons (December, January and
February for winter; March, April and May for
spring; June, July and August for summer; and
September, October and November for autumn).
However, there were no differences in the risk of
schizophrenia among cohorts of the 4 seasons for
either males or females (data not shown).

When the sample of schizophrenic patients was
divided into subsamples of those with and without

a family history, the association between the risk
of schizophrenia and month of birth was signifi-
cant only for those without a family history. For
those without a family history (Fig.2), the
logrank test of homogeneity for risks of 12
cohorts was rejected statistically both for males
and females. For those with a family history
(Fig. 3), the logrank tests were not significant for
either males or females.

The sample of schizophrenic without a family
history was further subdivided into early and late
onset. For the early onset subsample, the associa-
tion between the risk of schizophrenia and month
of birth was significant only for males (Fig. 4).
However, the pattern of risk among male early
onset subsample was scattered. The risk of schizo-
phrenia for cohorts of January, March, November,
June and February were among the highest, while
those for December and August were among the
lowest. There was no association between the risk
of schizophrenia and month of birth for either
male (x%,,=13.1, p>0.25) or female (3%, =17.0,
p>0.10) late onset subsamples.

FAMILY HISTORY: NEGATIVE

Males

Cumulative probability

Females

1 2 3 4 5 6 7 8 9 10 11 12

Cohorts by month of birth

Fig. 2. The cumulative probability of being admitted as schizophrenic with no family history between the ages of 25 and 29 years
for Taiwan residents born between 1952 and 1966 by month of birth and sex. The standard error of each estimate is indicated by
the bar. (The logrank test of homogeneity for risks of 12 cohorts: x?;; =27.8, p<0.005 for males and ?,, =21.8, p=0.05 for females.)
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Fig. 3. The cumulative probability of being admitted as schizophrenic with a family history between the ages of 25 and 29 years for
Taiwan residents born between 1952 and 1966 by month of birth and sex. The standard error of each estimate is indicated by the
bar. (The logrank test of homogeneity for risks of 12 cohorts: y2;; =15.1, p>0.10 for males and x*; =7.3, p>0.75 for females.)
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Fig. 4. The cumulative probability of being admitted as schizophrenic with no family history and an early onset less than or equal
to age 21 years for Taiwan residents born between 1952 and 1966 by month of birth and sex. The standard error of each estimate is
indicated by the bar. (The logrank test of homogeneity for risks of 12 cohorts: %, =25.2, p<0.01 for males and y?,; =11.7, p>0.25
for females).
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4. Discussion

Despite the fact that seasonal variations of
weather in Taiwan are very mild, our results
showed that there was an association between the
risk of schizophrenia and month of birth.
Previously, Parker and Balza (1977) also reported
that there were excess schizophrenic births in
the cold season (i.e., December, January and
February) in the Philippines, which is located in
an equatorial area and has no real winter.
Meanwhile, there was no difference in the number
of births if the patients were subgrouped as those
born in the wet season versus those born in the
dry season in the Philippines.

However, the pattern of the risk of schizophrenia
in our data was not compatible with the prediction
solely based on seasonal variations in temperature
(Fig. 1). For example, the 3 months of the lowest
temperature in Taiwan are December, January and
February, while those of the highest are June, July
and August. In this report, the risk of schizophre-
nia for the cohort of November was the highest
for males, while that for the cohort of December
was the lowest. If we grouped 12 months into 4
quarters based on temperature alone, there were
no longer significant differences in the risk of
schizophrenia among them. Torrey and Torrey
(1979) also found that temperature alone could
not explain the progressive shift of the greatest
excess in schizophrenic birth from February to
April and May over a 3-decade period in the US.

There were some limitations of our data that
should be mentioned. First, we included admitted
schizophrenic patients only. Second, the ascertain-
ment period was 1 year long. Cases not admitted
during this year would not be included. Both might
lead to underestimation of risk. There have been
3 community surveys of mental illnesses in Taiwan,
i.e., the survey in 1946-1948 (Lin, 1953), the
survey in 1961-1963 (Lin et al., 1989) and the
survey in 1982-1986 (Hwu et al., 1989). According
to the results of these 3 surveys, the estimated
lifetime prevalences of schizophrenia by temporal
order were 0.002, 0.0012 and 0.0019-0.0037 for
males and 0.0012, 0.0016 and 0.0007-0.0032 for
females. When these figures were compared to the
cumulative risks derived from our data (Fig. 1),

we found that there was an underestimation in the
cumulative risks, but not by much. However, the
underestimation did not occur preferentially in any
particular cohort of month-of-birth. Thus, our
comparisons between cohorts born in different
months are still valid.

The risk of being admitted as a schizophrenic
for males was almost twice that for females in our
data. In the study of Pulver et al. (1983), in which
they compared the risk of being diagnosed as
schizophrenic, the risk among males was approxi-
mately equal to that among females. Possible
reasons for this difference are: (1) the symptoms
of female schizophrenic patients tended to be less
severe and of shorter duration than males
(Goldstein and Link, 1988); and (2) female
patients were more tolerated at home than males.
These factors might lead to a lower risk for being
admitted among females. However, this would not
affect the validity of comparing females themselves
among 12 month-of-birth cohorts.

Although there appeared to be an association
between the risk of schizophrenia and month of
birth for both males and females in our data, the
trend in females was less prominent than that in
males. This differs from previous reports. Nine of
10 previous studies reviewed by Bradbury and
Miller (1985) showed that there were no gender
differences, or only a slight winter excess for female
patients in the seasonality effect of schizophrenia.
One study reported a significantly greater seasonal-
ity effect for schizophrenia among women in the
US (Pulver et al., 1981). Recently, Pulver et al.
(1992) using morbidity risk analysis reported a
greater seasonality effect for women.

Our data showed that the seasonality of schizo-
phrenia only exists in non-familial schizophrenia
and not in familial schizophrenia in both males
and females. However, there were some potential
pitfalls in our definition of familial vs. non-familial
forms of schizophrenia. As pointed out by Kendler
(1988), relying on family history in defining famil-
ial vs. non-familial forms of schizophrenia has a
limited discriminating power. The validity of the
family history reported in our data might vary
across hospitals that participated in TIEP.
Nevertheless, the proportion of patients with any
first-degree relatives affected with major psychiat-
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ric disorders in our data (17%) was similar to the
18% reported by Baron and Gruen (1988), and
the 19% reported by O’Callaghan et al. (1991a).

The results from 11 previous studies that exam-
ined the relationship between family history and
the seasonality effect of schizophrenia are contra-
dictory. Most of them compared the distribution
of birth dates of familial schizophrenic patients
with those of non-familial patients. Six of these
studies found that non-familial patients were more
likely to be born in winter than familial ones
(Kinney and Jacobsen, 1978; Shur, 1982; McNeil,
1987; Zipursky and Schulz, 1987; Sacchetti et al.,
1989; O’Callaghan et al., 1991a), two reported that
familial patients are more likely to be born in
winter (Lo, 1985; Owen et al., 1989), and two
found no difference between the two subgroups
(Baron and Gruen, 1988; Kim et al., 1994). In
addition, there were studies that examined the risk
of schizophrenia among the relatives of schizophre-
nic patients born in different months. Both Baron
and Gruen (1988) and Pulver et al. (1992) found
that the relatives of schizophrenic probands born
in winter had the highest risk.

Another interesting feature of our results was
the interaction of gender and age at onset with the
seasonality effect of schizophrenia among patients
without a family history (Fig. 4). Of the 4 subsam-
ples classified by age at onset (early vs. late) and
sex, the association between the risk for schizo-
phrenia and month of birth was significant only
for male early onset cases. However, as can be
seen in Fig. 4, the cohorts of higher risks did not
include only the cohort of November but also that
of January, March, June and February. Whether
this reflected the distribution of the underlying
monthly related agents or mere chance fluctuation
warrants further investigation.

One interpretation of our results is that individ-
uals who are not genetically predisposed may have
an increased risk of early onset schizophrenia if
they were exposed to some seasonally (or monthly)
varying environmental factors during the prenatal
or perinatal period. Men are more susceptible to
such factors than women. This is supported by
evidence from many other lines of research as
briefly summarized in the following.

One line of research investigated structural brain

abnormalities among schizophrenic patients. Using
computerized tomography to measure various
parts of the brain, Zipursky and Schulz (1987)
and Degreef et al. (1988) reported that patients
born in the winter or early spring had more
structural abnormalities than those born in other
seasons. However, Owen et al. (1989) reported an
opposite finding. When patients were subgrouped
by family history, as reviewed by Lewis et al.
(1987), most of the studies showed that patients
with no family history exhibit more structural
brain abnormalities than patients with a family
history.

Furthermore, many studies have indicated that
male or early onset schizophrenic patients are more
likely to have structural brain abnormalities as
well as a history of obstetric complications than
their female or late onset counterparts. In a review
of 10 imaging studies, Castle and Murray (1991)
found that male schizophrenic patients were more
likely to have structural brain abnormalities than
female patients. Schizophrenic patients with early
onset were found to have correlation between
decreased brain area and deficits in cognitive
function, while patients with late onset did not
show such a relationship (Johnstone et al., 1989).
Meanwhile, males with schizophrenia have earlier
onset of symptoms than females with schizophre-
nia (Angermeyer and Kiihn, 1988; Faraone et al.,
1994), and males with schizophrenia are more
likely than their female counterparts to have a
history of obstetric complications (Pearlson et al.,
1989; Foerster et al., 1991).

Another line of research showed that male schiz-
ophrenic patients are under less genetic influence
than female schizophrenic patients. For example,
the first-degree relatives of male schizophrenics
were found to be at smaller risk of schizophrenia
than the relatives of female schizophrenics ( Bellodi
et al., 1986; Goldstein et al., 1990; Pulver et al.,
1992). Similarly, Kringlen (1987) reported that
male monozygotic twins had a lower concordance
rate than their female counterparts.

Integration of all these relevant findings,
although controversies still exist in some of them,
leads to the suggestion that a larger proportion of
male, early onset schizophrenic patients would
have been due to early environmental insults than
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female or late onset patients. This is consistent
with our findings that the association between the
risk of schizophrenia and month of birth was more
prominent in non-familial, male, and early onset
cases.

The nature of the environmental factor(s) that
might be responsible for the season of birth effect
in schizophrenia remains to be elucidated. Hare
(1988) summarized the possible explanations of
the season-of-birth effect into 3 major categories,
i.e., parental factors (such as social class and
parental age), protective factors, and constitutional
damage (toxin, dietary deficiency, complications
of pregnancy or birth, and infections). Among
them, infectious agents have been intensively inves-
tigated (Mednick, 1988; O’Callaghan et al., 1991b;
O’Callaghan et al., 1994). Recently, a common
factor for schizophrenia and stillbirth (Torrey
et al., 1993) or seasonal ovopathy (Pallast et al.,
1994) was proposed.

In conclusion, our results replicated the previous
finding that there is an association between the
risk of schizophrenia and month of birth, through
life table analysis. Furthermore, we found that the
association was more prominent in non-familial,
male and early onset cases. This supports the view
that certain seasonally varying factors may
increase the risk of schizophrenia, especially for
those without a family history. Men are more
vulnerable than women to such factors, and the
schizophrenics resulting from the insult tend to
have an early onset.
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