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Maternal influenza during pregnancy is a controversial
risk factor for schizophrenia in the child. We conducted
a meta-analysis to examine whether birth during the
9-month period after the pandemic of 1957 was a risk fac-
tor for schizophrenia. Studies that compared the risk of
schizophrenia among subjects born after the pandemic
with that among those born in corresponding time periods
in surrounding years were divided into those conducted in
the United States, Europe, or Australia (type A studies,
n = 8) and those from Japan, where the epidemic came
in 2 waves (type B studies, n = 3). Other studies examined
the risk among subjects born to mothers who were pregnant
during the pandemic and reported having had influenza
(type C studies, n = 2). Relative risks (RRs) were
extracted or calculated for each month and/or trimester
of possible exposure by 2 independent authors. All analyses
were performed using a fixed-effects model. The weighted
results of the type A studies did not indicate a significantly
increased risk of schizophrenia among children exposed
during any trimester or month of prenatal life. Not a single
study found a significant first- or second-trimester effect.
The mean weighted RR for subjects who were in their first,
second, or third trimester of prenatal life during the pan-
demic (8 effect sizes) was 0.91 (95% confidence interval
[CI]: 0.85-0.98), 1.00 (95% CI: 0.93-1.07), and 1.05
(95% CI: 0.98-1.12), respectively. The pooled results of
the type B and type C studies were also negative. Given
high infection rates during the pandemic (about 50%),
these results do not support the maternal influenza
hypothesis.
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Introduction

Maternal influenza during pregnancy is in many circles
an established risk factor for schizophrenia. The basis
to support the hypothesis, however, is controversial.
The first evidence came from studies of the 1957 pan-
demic of A2 (“‘Asian”) influenza. An influential study
from Finland, published in 1988, reported an increased
proportion of schizophrenia diagnoses in patients whose
second trimester of fetal life overlapped with the influ-
enza pandemic.! Three years later, an investigation
from England and Wales reported an 88% increased
risk of schizophrenia among subjects born 5 months after
the peak of the pandemic.? Subsequent studies, however,
reported inconsistent findings.?

A limitation of these so-called ecological studies is the
absence of information on exposure: Subjects are consid-
ered to be exposed if they are born in a given period after
an epidemic or pandemic. A more sophisticated method
of documenting exposure is the assessment of influenza
antibodies in pregnant mothers. The only study to com-
pare antibody titers in pregnancies giving rise to affected
and unaffected offspring involved an American cohort
born during the period 1959-1966, ie, not exposed to
the pandemic.* Exposure to influenza virus during the
first, but not the second or third, trimester of pregnancy
was associated with an increased risk of schizophrenia.
However, this result was inconclusive because the 95%
confidence interval (CI) for the measure of outcome
was extremely large and included 1.0 (Mantel-Haenszel
odds ratio = 7.0, 95% CI: 0.7-75.3).

Thus, a correct interpretation of the ecological inves-
tigations remains important for an evaluation of the
influenza hypothesis. The absence of information on ex-
posure does not completely invalidate these studies be-
cause infection rates during pandemics are assumed to
be about 50%.>° When interpreting these studies, it is im-
portant to bear in mind that the likelihood of research
findings being true diminishes with the number of rela-
tionships tested.” This could be relevant here because
many studies tested for an association between schizo-
phrenia risk and exposure to influenza during any of
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the 9 months of prenatal life. Because this method leads
to 9 statistical tests, some associations will emerge by
chance.

We reasoned that if maternal influenza contributes to
the etiology of schizophrenia, a pandemic should increase
the risk for those in utero. We therefore performed
a meta-analysis to examine whether birth during the
9-month period after the 1957 pandemic, or maternal
reports of influenza during pregnancy at the time of
the pandemic, were risk factors for schizophrenia in
the child.

Methods

Data Sources

We performed a MEDLINE search (1960 to March 2008)
using the key words influenza, pandemic, psychosis,
schizophrenia, and paranoid, and reviewed the reference
lists of relevant articles. In order to be included a study
had to report a relative risk (RR) for children born during
(part of) the 9-month period after the pandemic (or for
children born to mothers who reported having had influ-
enza). Studies that provided sufficient information to al-
low us to calculate the RR were also included.

Study Selection

Eighteen potentially relevant studies were retrieved, >
5 of which were subsequently excluded.® '> Among these
was a study using data sets from England, Scotland, and
Denmark that did not report patient numbers and pre-
sented the results in terms of ¢ values, which could not
be translated into RRs.® However, the data sets from
England and Scotland overlapped strongly with other
data sets from these countries, described in previous pub-
lications, from which we could extract RRs.>!> Unfortu-
nately, the Danish data set was not available (it had not
been saved). We excluded a second study, from Surinam
and the Netherlands Antilles, because the lack of informa-
tion on the number of live births in these countries made it
difficult to estimate the RRs with any certainty.’ We also
excluded a study from Palau because it examined schizo-
phrenia risk by calendar year of birth.'® Finally, of the 3
overlapping studies investigating the impact of the pan-
demic on the Dutch population,’'* we included the Sel-
ten and Slaets study because it provided information by
gender.!?

We distinguished 3 types of studies. Those designated
type A studies included 8 ecological studies from Europe,
America, and Australia that compared the risk of schizo-
phrenia among subjects born any time in the 9 months
after the pandemic (ie, index period) with that among
those born during corresponding periods of time in
the previous and/or subsequent year (ie, control
periods)."*!31® Although it was not known whether
the mothers actually had influenza, these children were
considered to have been exposed. Likewise, those born
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in the corresponding period in the previous and/or sub-
sequent year were considered not to have been exposed.
One type A study'” provided information from 2 overlap-
ping sources: the Edinburgh Psychiatric Case Register
and a data set for the whole of Scotland. We used the
largest data set (Scotland). Six of the type A studies
only included patients who had ever been hospitalized,
while 2 included outpatients as well as inpatients.'*!8

Three ecological studies from Japan were designated
type B studies.'”?! We distinguished between the
Japanese and other ecological studies because the course
of the pandemic in Japan differed markedly from that in
other countries in that it came in 2 waves, from June to
July 1957 and from November to December 1957. Thus,
a subject born in February 1958 could have been exposed
during the first, second, or third trimester of prenatal life.
Two studies examined the risk for subjects admitted to
hospitals in Greater Tokyo and the southern part of Shi-
koku island (Kochi), respectively.'®?® A third study in-
cluded a survey among a randomly selected sample of
hospitals and outpatient clinics throughout the whole
of Japan.?' Because the degree of overlap between the na-
tional survey and the studies in Greater Tokyo and Kochi
was considered to be modest, the 3 studies were retained.

Finally, 2 studies compared the risk of schizophrenia
among children whose mothers reported having had in-
fluenza during the pandemic with that among those
whose mothers reported not having had influenza during
the pandemic.?*** These were designated type C studies.
In most studies, the diagnosis of schizophrenia was made
according to standardized criteria; however, 2 of the
Japanese studies did not specify the diagnostic criteria
used.'??!

Data Extraction

Type A Studies. Table 1 provides an overview. For the
purpose of this meta-analysis, we retrieved data to enable
us to extract or calculate the RR of schizophrenia for
those exposed (1) at any time during pregnancy, (2) in
a particular trimester of pregnancy, and (3) in a particular
month of pregnancy. In all studies, births were assumed
to be full-term (9-month) deliveries. Where possible, the
results were considered separately for men and women.
Two of the authors (J.-P.S. and A.F.) independently
extracted the data and calculated the RRs. Discrepancies
were resolved by discussion.

We used the natural logarithm of the RR. The variance
V of a RR is given by the formula: V=1/a — 1/b + 1/c —
1/d, where a is the number of preschizophrenic births in
the index period, b is the number of live births in the index
period, c¢ is the number of pre-schizophrenic births in
the control period, and d is the number of live births
in the control period. Although 3 studies did not mention
the numbers of live births,>!'*!> we estimated these num-
bers (see below). Because an estimation is always imper-
fect, we also calculated the variance of each RR using
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Table 1. Eight Ecological Studies from Europe, America, and Australia (Type A Studies) of Schizophrenia Risk for Subjects In Utero in the
First, Second, or Third Trimester of Prenatal Life During the 1957 Pandemic of A2 Influenza

End of Relative Risk by Trimester of Exposure
First Author and Follow-up Timing of Birth
Publication Year Region N Period of Control Patients 1st 2nd 3rd
Mednick, 1988 Uusimaa County, 58 1984 6 previous y 0.88 0.85 0.77
Finland
Kendell, 1989 Scotland 170 1988 2 previous y 0.87 0.81 0.90
O’Callaghan, 1991 Regions of England 263 1984 2 previous and 0.84 1.24 1.15
and Wales 2 subsequent y
Torrey, 1991 10 U.S. states 3368 1987/1988 1 previous and 0.95 1.00 1.07
1 subsequent y
Erlenmeyer-K, 1994 Croatia 82 1990 2 previous and 0.90 0.98 1.11
2 subsequent y
Selten, 1994 The Netherlands 654 1991 2 previous and 0.86 0.99 1.01
2 subsequent y
McGrath, 1994 Queensland, Australia 156 1988 5 previous and 0.57 1.27 1.21
5 subsequent y®°
Morgan, 1997 Western Australia 72 1996 1 previous and 0.86 1.00 1.86

1 subsequent y°

“Number of patients born in period of 9 months after pandemic.
®Except 1954, 1957, and 1959.
°See Morgan et al'® for details.

another formula, V = 1/a + 1/c, where a is the number of
cases in the index period and c is the number of cases in
the control period. This method of variance estimation is
not influenced by the size of denominators.**

All analyses were carried out using the fixed-effects
model with MetaWin 2.0 statistical software.>> A homo-
geneity statistic, Q, was calculated to test whether the
studies could be considered to share a common popula-
tion effect size. A significant Q statistic indicates hetero-
geneity of the individual study effect sizes, which means
that a certain amount of variance cannot be attributed to
sampling error. If the value of Q was statistically signif-
icant, we repeated the analysis using the random-effects
model, which is more conservative and takes the extra
variance into account.**?°

The arrival of A2 influenza and the peak of the epi-
demic differed by country. Most studies considered
infants born in the first month after the peak as being ex-
posed during the ninth month of pregnancy and classified
the other months accordingly. Two studies departed from
this rule and considered those born during the peak
month of the epidemic as being exposed during the ninth
month of pregnancy.'*!” In order to apply the same
method to all studies, we reclassified exposure in these
2 studies using the approach used in the other studies.
Morgan et al,'® in their study of Western Australia,
increased the power of their study to find a second-
trimester effect by considering those born in the period
from November 1957 until March 1958 as being exposed
during this trimester. This was possible because the
epidemic in Western Australia lasted from July to
September 1957. For the purpose of the present meta-

analysis, however, we reanalyzed data from this study
as for the other studies. Because the peak occurred in
September 1957, people born during the periods October
to December 1957, January to March 1958, and April to
June 1958 were considered as being exposed during the
third, second, and first trimesters, respectively.

While the extraction of RRs was straightforward in
some studies, the methods used for 5 studies require fur-
ther clarification. First, the study from Finland examined
hospital admissions of people born in Uusimaa County,
a region including Greater Helsinki.! The authors com-
pared the proportion of schizophrenia diagnoses among
psychiatric patients born in the index period with that of
schizophrenia diagnoses among patients born in the con-
trol periods. Among patients born from February 15 to
May 14, 1958 (ie, exposed to the pandemic during the sec-
ond trimester of fetal life), 34.6% were diagnosed with
schizophrenia compared with 20.8% among patients
born in the corresponding period in the previous 6 years.
The authors controlled for differences between the index
and the control groups in the risk period for psychiatric
admission by excluding those subjects from the control
group who had their first hospital admission at an older
age than the maximum age at first admission for patients
in the index group (ie, 26 years and 56 days). The authors
reported an excess of schizophrenic births among people
born in Uusimaa County who were exposed during the
second trimester of pregnancy. However, the proportion
of schizophrenia diagnoses among hospitalized patients
is not a good outcome variable for statistical analysis
because it remains unclear whether an increase in the
proportion is due to an increase in schizophrenia or a

221



J.-P. Selten et al.

Table 2. Cases of Schizophrenia That Were or Were Not Exposed in Prenatal Life to the 1957 A2 Influenza Pandemic in Uusimaa County,

Finland

Exposed (Born November 15,
1957, to August 14, 1958)

Not Exposed (Born in Corresponding
Periods of 6 Previous Years, 1951-1957)

Trimester of Live Cases of Risk Per Live Cases of Risk Per Relative 95% Confidence
Time of Birth  Gestation®  Births Schizophrenia 1000 Births Schizophrenia 1000 Risk Interval
November 15 to 3rd 3419 65 19.0 18 898 513 27.1 0.70 0.54-0.90
February 14
February 15 to 2nd 3536 81 22.9 20 775 558 26.9 0.85 0.68-1.07
May 14
May 15 to Ist 3288 70 21.3 20 495 494 24.1 0.88 0.69-1.13
August 14

“Trimester of gestational exposure for exposed cohorts.

decrease in other diagnoses. A more direct approach
involves the calculation of the risk of hospitalization
for schizophrenia among subjects born in Uusimaa
County. In order to calculate population-based RRs,
we obtained information from the Finnish Bureau of Sta-
tistics on the number of live births in Uusimaa County for
each month during 1951-1958. Because the 3-month peri-
ods of fetal exposure began on the 15th day of a given
month (eg, February 15, 1958, to May 14, 1958), the
number of live births for the research periods was esti-
mated by interpolation. Monthly figures by gender
were not available but could be estimated using the pro-
portion of male and female live births in Finland during
the period 1950-1960 (51.2% and 48.8%, respectively).
The calculation of population-based RRs yielded striking
findings (see table 2). To begin with, the risk of hospital
admission for schizophrenia was very high (1.9%-2.7%)
among people born in Uusimaa County and was higher
than the recently estimated lifetime risk among the Finn-
ish population (0.87%).>” Moreover, the RR for people
exposed during the second trimester was decreased rather
than increased (RR =0.85, 95% CI: 0.68-1.07). Although
the statistical analysis of the Finnish study has been crit-
icized,'® the decreased population-based RR is a novel
finding. The recalculated schizophrenia risk among the
Uusimaa population and the decreased population-based
RR for exposure in the second trimester question the val-
idity of the 1988 publication. For the purpose of the pres-
ent meta-analysis, we used the population-based RRs
given in table 2.

Second, the study from 10 health regions of England
and Wales compared the number of patients born in
a particular index month with the mean number of
patients born in the corresponding month in the 2 previ-
ous and 2 subsequent years.” The authors assumed that
there were no major fluctuations in the number of births
in the general population. We estimated RRs by using the
numbers of patients born in the index and control peri-
ods. For example, the RR for those born 5 months after
the peak of the epidemic was 48 divided by 25.5 (ie, the
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mean for the 4 control periods) = 1.88. We used data from
another publication to estimate the denominator needed
(ie, number of live births) to calculate the variance of the
RR. According to a follow-up study of all children born
in Great Britain in the week of March 3-9, 1958, the risk
of developing schizophrenia was 0.0035.>> Because the
data source (hospital admissions recorded by the Mental
Health Inquiry) and length of follow-up were similar for
both studies, we assumed that the risk was similar among
the subjects from the 10 health regions and estimated the
numbers of live births and the variance of the RRs.

A third study, the study of the national registry of
Scotland, compared the number of preschizophrenic
births in an index month with the mean number of
such births in the same month in the 2 previous years."”
The authors failed to adjust for the somewhat longer pe-
riod of risk for subjects born in the control years. How-
ever, because data were collected up to 1988, most
subjects had passed the period of maximum risk. The
number of live births was estimated using data from an-
other publication with the same data set in which the
authors reported that the risk of hospitalization for
schizophrenia and entry into the national registry was
0.00158 for people born in 1958.%

The fourth and largest study, conducted in the United
States, used information from 10 states on the month
and year of birth of all individuals diagnosed with schizo-
phrenia who were receiving mental health services.'* The
number of patients born from 1950 to 1959 was 43 778,
with approximately 3368 patients being born in the
9-month period after the pandemic. Using the monthly
numbers of live births in these states, the authors calcu-
lated monthly birth rates of future schizophrenic patients
during the period 1950-1959, not stratified by gender. Be-
cause this study is larger than the other studies combined,
and to prevent it from dominating the meta-analysis, we
compared the birth rate in an index month with the av-
erage birth rate in the same calendar month of only 1 pre-
vious year and 1 subsequent year. For instance, the birth
rate in November 1957 was 0.00444. Because the mean
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Table 3. Three Ecological Studies From Japan (Type B Studies) Showing Cases of Schizophrenia That Were or Were Not Exposed in the

Fifth Month of Prenatal Life to the 1957 A2 Influenza Pandemic

Exposed Divided

First Author and Year of Average for Not by Average for
Publication Year Region Follow-Up Exposed® (N) Exposed® (N) Not Exposed
Males

Kunugi, 1995 Greater Tokyo 1994 50 52.25

Izumoto, 1999 Kochi 1996 19 19.50

Mino, 2000 Japan 1993 224 247.75

Total 293 319.50 0.92
Females

Kunugi, 1995 Greater Tokyo 1994 37 32.50

Izumoto, 1999 Kochi 1996 20 14.25

Mino, 2000 Japan 1993 142 138.00

Total 199 184.75 1.08
Both sexes

Kunugi, 1995 Greater Tokyo 1994 87 84.75

Izumoto, 1999 Kochi 1996 39 33.75

Mino, 2000 Japan 1993 366 385.75

Total 492 504.25 0.98

#Exposed: Born November 1957, December 1957, April 1958, or May 1958.
°Not Exposed: Born in same calendar months of 2 previous and 2 subsequent years.

birth rate of schizophrenic patients in November 1956
and November 1958 was 0.00390, the RR was estimated
at 44.4/39.0 = 1.138. The authors provided sufficient in-
formation to allow an estimation of denominators.
Lastly, with regard to the Dutch study,'® we obtained in-
formation about the number of live births per month from
Statistics Netherlands and calculated population-based
RRs. The epidemic in the Netherlands peaked between
mid-September and mid-October 1957. Subjects born in
October 1957 were regarded as being exposed during the
ninth month of pregnancy, and subjects born in June
1958 were considered to have been exposed during the first
month of pregnancy. Therisk of subjects borninindex peri-
ods was compared with that of subjects born in the corre-
sponding periods in the 2 previous and 2 subsequent years.

Type B Studies. Japanese researchers, inspired by the
findings in England and Wales,? tested the hypothesis
that the risk of schizophrenia would be increased in sub-
jects born 5 months after the epidemic, ie, in November
or December 1957 or April or May 1958. Kunugi et al'’
compared the number of patients, by gender, who had
been born in the 4 above-mentioned index months
with the mean number of patients born during the corre-
sponding months of the 2 previous and 2 subsequent
years (ie, 16 calendar months). Mino et al*! used a similar
method. The only study to provide information on the
number of live births was that of Izumoto et al.>* In order
to apply the same method to all Japanese studies, we
summed the numbers of patients born in these particular
index and control months (see table 3). We then com-
pared the number of patients born in the 4 index months
with the mean number of patients born in the 16 control

months and estimated RRs. The risk of schizophrenia
among Japanese men and women born in the control
months of the Izumoto et al study was 0.008209 and
0.006298, respectively. Assuming the same risk in the 2
other Japanese studies, we estimated the numbers of
births in the control months for the 3 studies combined,
by gender. Given the estimated RRs for males and
females, the denominators for the index groups could
be estimated, by gender.

Type C Studies. There were 2 studies of this type. One
study concerned all children born in Great Britain in the
week of March 3-9, 1958.?? Influenza during pregnancy
was documented by an interview with the mother con-
ducted by the midwife. The children were followed up
by a search in the Mental Health Inquiry records.

A second study was a follow-up of individuals who had
been identified originally for a prospective investigation of
the association between prenatal viral infection and con-
genital abnormalities.>* The epidemic reached Dublin in
October 1957. All women who attended antenatal clinics
in the 3 principal maternity hospitals between October
1, 1957, and June 1, 1958, were asked: “Have you had in-
fluenza during pregnancy?”’ Using the published data, we
calculated RRs for children born to mothers who reported
having had influenza during the pandemic (vs the risk for
children whose mothers reported not having had influ-
enza). We also pooled the results of both studies.

Data Synthesis

The American study was larger than all other type A
studies combined.'* Consequently, before conducting
any meta-analyses, we used meta-analysis of variance
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Mc Grath, 1994
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Fig. 1. Natural Logarithm of Relative Risks (and 95% Confidence Intervals) for Subjects Included in Eight Ecological Studies from Europe,
America, and Australia (Type A Studies) of Risk for Schizophrenia Associated with Exposure to 1957 Influenza Pandemic During Second
Trimester of Prenatal Life. Studies are identified by first author and year of publication. Figure shows natural logarithm of all effect sizes and

natural logarithm of grand mean.

to examine whether its effect sizes, with regard to birth in
any of the 3 trimesters after the pandemic, differed signif-
icantly from those in the other studies.*® The differences
were found to be statistically not significant, and we in-
cluded the American study in the meta-analysis. The lat-
ter study did not provide information by gender and was
not included in the separate analyses of risks for males
and females.

Results
Type A Studies

Eight type A studies met our inclusion criteria yielding 8
effect sizes for birth in any of the 3 trimesters (or the
whole 9-month period) after the pandemic and 6 effect
sizes for birth in any of the 9 months. The mean weighted
RR of schizophrenia among subjects exposed during the
second trimester or the fifth month of prenatal life, con-
sidered risk periods in some studies, was not significantly
increased. Figure 1 shows that the distribution of effect
sizes across studies was random and that not a single
study found a significant second-trimester effect. The
mean weighted RR for subjects exposed during the first
trimester of prenatal life was significantly decreased, but
the other results were not significant (table 4). The results
of the separate analyses for males and females also failed
to show a significantly increased risk of schizophrenia
(table 5). As shown in table 4, the 2 methods to calculate
the variance of the effect sizes yielded virtually identical
results. (The results obtained with the 2 methods to esti-
mate variance in males and females were also similar and
are available from the authors upon request.)
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Of 39 Q values calculated, 4 were statistically signifi-
cant. For subjects exposed during the fifth month of pre-
natal life, this heterogeneity was due to a difference
between the American study,'® which reported a de-
creased risk (RR = 0.96), and the other studies, which
reported an increased risk. When the analysis was con-
ducted without the American study, the mean weighted
RR was not significantly increased (RR = 1.24, 95% CI:
1.00-1.55). The significant heterogeneity in the 3 other
meta-analyses was not solely due to the American study.

Type B Studies

The pooled results of the type B studies show a 2.4% de-
creased risk of schizophrenia among Japanese subjects
born 5 months after a wave of the A2 influenza pandemic
(table 3). The estimated RR for Japanese men was 0.92
(95% CI: 0.81-1.04) and that for Japanese women was
1.08 (95% CI: 0.92-1.26).

Type C Studies

The results of both studies and the pooled results were
negative (table 6).

Discussion

The purpose of this meta-analysis was to examine
whether birth in the 9-month period after the 1957 influ-
enza pandemic, or maternal reports of influenza during
pregnancy at the time of the pandemic, was a risk factor
for schizophrenia in the child. While many of the inves-
tigations included in this meta-analysis were well-
designed retrospective cohort studies with sufficient
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Table 4. Mean Weighted RRs of Schizophrenia for Subjects Born in 9-Month Period After 1957 Pandemic of A2 Influenza By Gestational

Age at Exposure

Fixed-Effects Model

Random-Effects Model

Method of Variance
Estimation A*

Method of Variance
Estimation A*

Method of Variance
Estimation B®

Gestational Age ~ Number of

at Exposure Effect Sizes RR 95% CI 0 RR 95% CI (0] RR 95% CI (0]
Month 1 6 0.89  0.78-1.02 0.91 0.89 0.78-1.02 0.91

Month 2 6 0.87  0.77-1.00 2.69 0.88 0.79-1.00 2.68

Month 3 6 0.98 0.86-1.13 7.28 0.98 0.86-1.13 7.27

Month 4 6 1.02  0.89-1.16 4.69 1.02 0.89-1.16 4.68

Month 5 6 1.06  0.93-1.20 14.44% 1.06  0.93-1.20 14.39* 1.17 0.89-1.54 4.62
Month 6 6 096  0.84-1.10 2.97 096  0.84-1.10 2.95

Month 7 6 1.03 0.90-1.17 3.59 1.03 0.90-1.17 3.58

Month 8 6 1.04  091-1.18 2.65 1.04  091-1.18 2.64

Month 9 6 1.14 1.00-1.29 2.32 1.14 1.00-1.30 2.32

Trimester 1 8 0.91 0.85-0.98 3.93 0.91 0.85-0.98 3.82

Trimester 2 8 1.00  0.93-1.07 10.93 1.00  0.94-1.07 10.87

Trimester 3 8 1.05 0.98-1.12 16.85% 1.05 0.98-1.12 16.65* 1.04 0.90-1.19 10.33
9-mo period 8 099  0.96-1.03 15.69% 0.99 0.96-1.03 15.54% 0.98 0.90-1.05 8.69

Note: RRs, relative risks; CI, confidence interval.

#Formula for variance estimation was 1/a — 1/b + 1/c — 1/d, where a is the number of preschizophrenic patients in index period, b is the
number of live births in index period, c is the number of preschizophrenic births in control period, and d is the number of live births in

control period.
PFormula for variance estimation was 1/a + 1/c.
*Significant value of Q (P < .05).

power to detect an effect of the pandemic, we failed to
find such an association. This is not due to the exclusion
of a data set from Denmark,® which showed an increased
risk among females who were in the sixth or seventh
month of prenatal life at the time of the pandemic,
months that were not indicated as being high risk by
other studies. Nor were the negative results accounted
for by the exclusion of studies from Surinam and the
Netherlands Antilles’ or Palau'® because these samples
were extremely small and the results were considered neg-
ative. It could be argued that the diagnoses recorded on
psychiatric registries have a poor validity and thus ob-
scured the effect of the pandemic. However, diagnoses
on a number of registries have been validated,?®** and
there is ample alternative confirmation of their useful-
ness for research. Using data from the Dutch registry,
eg, Susser et al’! were able to demonstrate that exposure
to the Dutch Hunger Winter during the first trimester of
prenatal life doubled the risk of schizophrenia. This ef-
fect of malnutrition was confirmed by 2 subsequent stud-
ies in China.’*>* One could raise the question to what
extent the results may have been influenced by publica-
tion bias, but in the absence of an association, the issue
seems to be less relevant. One could suggest that positive

findings have remained unpublished, but this is specula-
tive. Because we performed multiple analyses, the re-
duced risk of schizophrenia among subjects exposed
during the first trimester of prenatal life is probably
a chance finding.

Limitations

The underreporting of influenza by mothers who were
pregnant during the pandemic is a likely limitation of
the type C studies. However, even if one assumes that
all mothers who failed to report influenza had a subclin-
ical infection, the risk of schizophrenia among exposed
cohorts was well within the expected range. Because
the length of the follow-up periods was limited, we cannot
exclude, on the basis of this meta-analysis, the possibility
that maternal influenza may be a risk factor for late-onset
schizophrenia.

Origins of Influenza Hypothesis

The original report on which the influenza hypothesis of
schizophrenia was based had a small sample size and used
an inappropriate statistical method.! Our reanalysis of
the Finnish data showed that the risk of schizophrenia
was not increased among subjects exposed to influenza
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Table 5. Mean Weighted RRs of Schizophrenia for Subjects Born in 9-Month Period After 1957 Pandemic of A2 Influenza By Gestational
Age at Exposure and Gender

Fixed-Effects Model® Random-Effects Model®
Number of

Gestational Age Effect Sizes RR 95% CI (0] RR 95% CI (0]
Males

Month 1 4 1.00 0.69—1.45 0.39

Month 2 4 0.97 0.67—1.41 2.29

Month 3 4 0.74 0.48—1.14 2.08

Month 4 4 1.06 0.75—1.51 7.15

Month 5 4 1.18 0.82—1.68 4.77

Month 6 4 0.82 0.56—1.21 1.58

Month 7 4 0.92 0.61—1.38 1.68

Month 8 4 1.18 0.83—1.68 2.79

Month 9 4 1.05 0.73—1.50 2.24

Trimester 1 6 0.88 0.75—-1.04 1.37

Trimester 2 6 0.99 0.85—1.16 11.60* 1.00 0.75—-1.25 6.01

Trimester 3 6 0.99 0.84—1.16 10.61

9-mo period 6 0.95 0.87—1.04 11.66* 0.95 0.81-1.11 5.52
Females

Month 1 4 0.55 0.29—-1.05 1.08

Month 2 4 0.84 0.49—-1.41 0.66

Month 3 4 0.91 0.53—1.57 2.08

Month 4 4 0.84 0.50—1.42 0.88

Month 5 4 1.50 0.95-2.36 7.05

Month 6 4 1.22 0.75—1.98 4.47

Month 7 4 1.01 0.61—1.66 3.40

Month 8 4 0.93 0.56—1.52 0.31

Month 9 4 1.30 0.79-2.15 3.16

Trimester 1 6 0.80 0.63—1.00 3.16

Trimester 2 6 1.07 0.87—1.30 9.51

Trimester 3 6 1.04 0.85—1.28 7.59

9-mo period 6 0.96 0.85—1.09 3.60

Note: Abbreviations are explained in the first footnote to table 4.

#Formula for variance estimation was 1/a — 1/b + 1/c — 1/d, where a is the number of preschizophrenic patients in index period, b is the
number of live births in index period, c is the number of preschizophrenic births in control period, and d is the number of live births in
control period.

*Significant value of Q (P < .05).

during the second trimester. The increased risk among  that, although the epidemic lasted several months, the
subjects born in England and Wales 5 months after the  plot of schizophrenic births showed a spike that was lim-
peak of the pandemic may be due to chance.” It is curious  ited to 1 month.**

Table 6. Studies of Schizophrenia Risk for Children In Utero During 1957 Influenza Pandemic by Maternal Report of Influenza during
Pregnancy

Influenza Reported by Mother Influenza Denied by Mother
First Author and  Live Cases of Risk Per Live Cases of Risk Per  Relative  95% Confidence
Publication Year Births Schizophrenia 1000 Births Schizophrenia 1000 Risk Interval
Crow, 1991 1851* 7° 3.8 14153 50 3.5 1.07 0.49-2.36
Cannon, 1996 238°¢ 24 8.4 287 2 7.0 1.21 0.17-8.50
Total 2089 9 4.3 14 440 52 3.6 1.20 0.59-2.42

#Mothers exposed in first trimester (n = 231), second trimester (n = 945), and third trimester (n = 675).

bCases exposed in second (1 = 3) or third trimester (1 = 4).

“Mothers exposed in first trimester (n = 22), second trimester (n = 80), third trimester (n = 131), or time of exposure not known (n = 5).
dCases exposed in second (n = 1) or third trimester (n = 1).

226



Studies Not Related to 1957 Pandemic

Studies from Scotland and Denmark found no evidence
that subjects born shortly after the pandemic of
1918-1919 were at increased risk of subsequently devel-
oping schizophrenia.®'> Multiple-year studies of the re-
lationship between monthly variations in the prevalence
of influenza and the risk of schizophrenia among subjects
who were in utero at the time of the influenza outbreak
have yielded inconsistent findings. A study of first admis-
sions to hospitals in England and Wales before 1980
found an association between mortality from influenza
during the third to the seventh month of prenatal life
and risk of schizophrenia in adulthood.* However, the
association was modest and explained 1%—-2% of the var-
iance in the risk of schizophrenia. A second study, of first
admissions after 1980, failed to replicate the previous
finding. The authors reported a 14% increase in the
risk of schizophrenia among females born 5 months after
influenza epidemics and no such increased risk among
males.*® In the Netherlands, the risk of schizophrenia
was found to be associated with mortality from influenza
3 months prior to birth, but this association was present
in typical schizophrenics but not in less typical cases.’’ A
study from Western Australia found a second-trimester
effect among females exposed to the 1951 influenza epi-
demic but no such effect among males or females exposed
to epidemics occurring in 1950, 1953, 1954, or 1959.'® Fi-
nally, 4 studies examined the relationship between the
prevalence of influenza and the risk of schizophrenia
in Denmark.®**° Each study used a different method
and covered a different birth period (1911-1950, 1911—
1965, 1915-1970, and 1950-1984, respectively). Barr
et al*® reported an association between schizophrenia
risk and relatively high levels of influenza exposure for
the season during the sixth month of gestation but did
not mention a RR. A larger study by Adams et al,® which
included the birth cohort studied by Barr et al, found no
such association. Takei et al* found an increased risk for
subjects exposed 4 months prior to birth (RR =1.12, 95%
CI: 1.00-1.21), but Westergaard et al** could not repli-
cate the findings of Takei et al even when they employed
their methods and concluded that there was no associa-
tion between schizophrenia risk and influenza prevalence
during any month of prenatal life.

Conclusions

In order to appreciate the implications of this meta-
analysis for the influenza hypothesis, it is important to
be aware of the impact of the pandemic. A serological
study from Sheffield, United Kingdom, found that
43% of subjects aged 20-39 years had A2 antibodies im-
mediately after the pandemic.*' Recent publications on
influenza pandemics assume that about 50% of the pop-
ulation is infected.>¢ If maternal influenza contributes to

Maternal Influenza and Schizophrenia

the etiology of schizophrenia, it is difficult to understand
why a pandemic infecting such a high proportion of preg-
nant women failed to increase the risk among their chil-
dren and why there is no consistent relationship between
influenza epidemics during a particular period of prenatal
life and the risk of schizophrenia.

We conclude that the evidence to support the maternal
influenza hypothesis is insufficient. One could argue that
there is a body of literature from animal studies, indicat-
ing that prenatal exposure to influenza is associated with
certain changes in brain development and behavior,* but
this does not constitute proof that this exposure is a cause
of schizophrenia in humans. According to the fetal brain
cytokine imbalance hypothesis, the maternal induction of
proinflammatory cytokines due to a wide variety of bac-
terial or viral pathogens may influence the development
of the fetal brain and increase the risk for schizophre-
nia.** The results of the present study do not support
this hypothesis.
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