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Abstract

Recent work has implicated one type of horizontal strabismus (exotropia) as a risk factor for
schizophrenia. This new insight raises questions about a potential common developmental
origin of the two diseases. Seasonality of births is well established for schizophrenia. Seasonal
factors such as light exposure affect eye growth and can cause vision abnormalities, but little is
known about seasonality of births in strabismus. We examined birth seasonality in people
with horizontal strabismus in a retrospective study in Washoe County, Nevada, and re-
examined similar previously obtained data from Osaka, Japan. We then compared seasonal
patterns of births between strabismus, refractive error, schizophrenia and congenital
toxoplasmosis. Patients with esotropia had a significant seasonality of births, with a deficit
in March, then increasing to an excess in September, while patients with exotropia had a
distinctly different pattern, with an excess of births in July, gradually decreasing to a deficit in
November. These seasonalities were statistically significant with either χ2 or Kolmogorov–
Smirnov-type statistics. The birth seasonality of esotropia resembled that for hyperopia, with
an increase in amplitude, while the seasonality for myopia involved a phase-shift. There was
no correlation between seasonality of births between strabismus and congenital toxoplas-
mosis. The pattern of an excess of summer births for people with exotropia was remarkably
similar to the well-established birth seasonality of one schizophrenia subtype, the deficit
syndrome, but not schizophrenia as a whole. This suggests a testable hypothesis: that
exotropia may be a risk factor primarily for the deficit type of schizophrenia.

Introduction

In many diseases, developmental factors contribute to pathophysiology.1–3 Therefore, infor-
mation about seasonality of births can provide insights into the etiology and possible pre-
vention of diseases.4 Birth seasonality has been examined and reported for several diseases and
conditions, including allergies, Alzheimer’s disease, anorexia, arthritis, autism, autoimmune
thyroid disease, birth defects, breast cancer, cerebral palsy, childhood cancers, Crohn’s disease,
depression, diabetes, dyslexia, epilepsy, hyperopia, multiple sclerosis, myopia, narcolepsy,
schizophrenia and sudden infant death syndrome. It is well established that people with
schizophrenia have an altered seasonality of births, with nearly 300 studies conducted on this
topic in about 30 countries.4–6

Recent work has suggested that one type of strabismus, exotropia, is a risk factor for mental
illness,7,8 and, in particular, schizophrenia.9–13 Strabismus is a deviation of eye alignment that
can be vertical, but most often is horizontal. An inward deviation is called an esotropia, and an
outward deviation is an exotropia.14 If seasonality of births in exotropia resembles that in
schizophrenia, this would provide further support for an association between the two con-
ditions and may lead to new pathophysiological insights. Seasonal effects on eye growth and
refractive error have been documented.15–17 However, only a single study from Japan (pub-
lished in Japanese) in the 1980s has reported on the seasonality of births for people with
horizontal strabismus, but without adjustments for the length of months, or consideration of
normal seasonal variation in the local population.18 The paucity of information regarding
birth seasonality in strabismus is astounding when one considers the fact that there are about
5–9 times more people affected by strabismus19 than schizophrenia.20

We determined whether there is a seasonality of births in patients with horizontal stra-
bismus and explored how seasonalities of esotropia and exotropia compare with those
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previously reported for vision-related conditions. These include
refractive errors (hyperopia, myopia),15–17 schizophrenia (which
has frequent vision comorbidities)4–6,21 and congenital tox-
oplasmosis. Toxoplasmosis has been implicated in ocular disease/
vision problems22 as well as in schizophrenia.23,24 We examined
whether esotropia and exotropia have distinct patterns of birth
seasonalities, and re-examined previous reports that hyperopia15

and myopia16 have birth seasonalities. Furthermore, we assessed
how seasonality of births in horizontal strabismus compares with
schizophrenia, and with one specific type of schizophrenia: deficit
schizophrenia.25–27 Deficit schizophrenia is a well-validated sub-
type and may be a separate disease within the syndrome of
schizophrenia.25–27 It is thought to involve about 20% of all
schizophrenia cases and has been previously proposed to have
particular vision and eye abnormalities when compared to non-
deficit schizophrenia.28–30 Parts of our study have been presented
in abstract form.31

Methods

Medical records were retrospectively reviewed for all patients who
were diagnosed with either esotropia or exotropia at a private
ophthalmology practice in Reno, Nevada, between 2001 and 2014
(n= 2513 subjects with esotropia; n= 2332 subjects with exo-
tropia). The total number of patients with diagnoses of horizontal
strabismus was 4845. Although clinic-based studies do not pro-
vide information about prevalence, the ratio of esotropia to
exotropia (51.9% esotropia v. 48.1% exotropia) is as would be
expected for a population-based study with a significant Hispanic
component.32 The clinic’s computer programs were used to
compile diagnoses (esotropia, exotropia) and birth months and
years. The youngest patient was 13 months and the oldest was
over 90 years old. The practice in Reno provides eye care for a
large fraction of the population in Washoe County and sur-
rounding areas in Northern Nevada, with little alternative care
available within a wide radius (200 km to the west, across the
Sierra mountain passes, and 500–600 km distance in all other
directions). We used the Washoe County birth records from 1975
through 2014 as our control population to account for the normal
seasonality of births in this region.33 Nevada does not currently
have, and has not previously shown, any confounding biannual
fluctuations in births, as demonstrated for most southeastern
states in the United States.33 The University of Nevada Biome-
dical Institutional Review Board (IRB) determined that this study
was exempt from IRB review. Data from Osaka, Japan (n= 3507
subjects with esotropia; n= 3188 with exotropia) that were ana-
lyzed for this study had been de-identified,18 and therefore did
not require IRB oversight. The total number of patients with
horizontal strabismus in the Osaka clinic was 6695, with a ratio of
52.4% esotropia v. 47.6% exotropia. Such a ratio is similar to those
from population-based studies in Japan.34 The normal seasonal
variation of births in Osaka was examined for comparison, based
on the report by Matsuda and Kahyo, 1994.35

Births were compiled for each month of each year in
spreadsheets and analyzed using two types of statistical tests for
seasonality. The first test was the χ2-test, which is the most
popular test for comparing birth rates in specific diseases.36–38

Since the χ2-test is not ideal for the study of seasonal patterns
such as unimodal, bimodal and multiple peak patterns,37 we
applied a second test, the Kolmogorov–Smirnov (KS) non-
parametric method which was designed to test hypotheses

about seasonal variation.37,39 Since much of our data were
spread over 80 years of birth months, we could not apply a
time-series as an alternative approach.36,38 For both the χ2 and
the KS tests, all data were corrected for the difference in
numbers of days between months ( x 1.0775 for the month of
February = 28.25 days/year; x 1.0147 for months with 30 days
per year, and x 0.9819 for months with 31 days per year), so that
February was not by default the month with the lowest numbers
due to being the shortest month. We graphed the distribution of
births of people with strabismus relative to the slight seasonal
variations among births of the normal local population.
Monthly birth excess or reductions (seasonal birth amplitudes)
were calculated by taking one-half the difference between the
maxima and minima, measured as percent of the annual
mean,33 after correction for lengths of months and taking into
account the normal local seasonality of births. We not only
compared the Nevada cohorts with the Osaka cohorts,15,18 but
because the data turned out to be very similar (r-values of 0.714
and 0.686, Pearson’s r correlation test), we combined the two
data sets to increase the statistical power. To compare the
resulting combined data with a normal seasonal variation of
births, we constructed a normal curve by calculating the mean
of each month for the Washoe County and the Osaka births.35

Since the two sites are located at a similar latitude (39.5° for
Reno, 34.7° for Osaka), the normal seasonal variation in births
is expected to be,33 and indeed was, similar between the
two sites.

We used both the χ2-test and the KS test to determine whether
differences from the expected values were statistically significant,
which is the same methodology applied in previous seasonality
studies.22,36,38,39 A power analysis40 predicted that with 2500–
5000 subjects and an amplitude of 10–20%, there was a 90–100%
confidence of detecting any existing trends. We compared our
data with previous reports on seasonality in strabismus,18

hyperopia,15,17 myopia,16,17 as well as published reports about
seasonality of births for people with schizophrenia4,5 (well
established for the Northern hemisphere),4–6,21 and with three
studies reporting on seasonality of congenital tox-
oplasmosis.22,41,42 For the precise definitions and inclusion cri-
teria for schizophrenia diagnoses, we refer the reader to the
published meta-analyses and original studies.4,5,21 The meta-
analysis by Torrey et al. (1997) provides a detailed discussion of
methodological problems.4 We applied error bars only to graphs
when data from more than two cohorts were combined. Error
bars were not reported in the schizophrenia meta-analyses of
schizophrenia births.4,5 Because the universality of an excess of
summer births among people with deficit schizophrenia has been
questioned,43 we compiled and examined all relevant studies,
including the most recent ones, to gain an up-to-date perspective
on this issue. This provided a stronger confirmation of the
association of deficit schizophrenia with summer births than was
possible in previous studies.21

Results

In our study, we report on data obtained from cohorts at two
locations. Data from Reno, Nevada were newly obtained, while
some of the data from Osaka, Japan had been reported pre-
viously.18 The births in the Washoe County population
(n= 173,635) showed seasonality in births similar to data pub-
lished for the entire United States (1942–1989),44 (1931–2008),33
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with a deficit in October through February, and an increase in
May through August (peak in June), amounting to a seasonal
birth amplitude (= percent deviation from the annual mean)33

of 6.0% (Fig. 1a and 1b). This pattern is consistent with the
known increase in summer births in the central Western United
States (latitude of Washoe County is 39.5°),33,44 with an
expected modest increase between July and September in the
state of Nevada.33 Therefore, these data provided a reliable local
baseline for comparison with seasonal birth amplitudes from the
patient diagnoses. Normal seasonal variation of births in Osaka
was obtained from the work of a 1994 study.35 The normal
population of Osaka had a seasonal birth amplitude of 4.85%
(Fig. 1c and 1d). Because of the latitudinal gradient in peak birth
timing and amplitude,33 local rather than national birth data
have to be used to establish the normal seasonal variation
(baseline).

Strabismus

In Nevada, patients with esotropia (n= 2513) showed a reduced
number of births in March through July and an increased number
of births in August through October. This data set did not reach
statistical significance (P= 0.2926, χ2-test; P> 0.05, KS test) (Fig.
1a). Patients with exotropia (n= 2333) showed a deficit in winter
and spring births, and an excess number of births in July/August.
The seasonality was statistically significant with the χ2-test
(P= 0.0070), but not with the KS test (P> 0.05) (Fig. 1b).

The only previous study on the seasonality of births in stra-
bismus – from Osaka, Japan15,18 – did not correct data for length
of month and normal seasonal variation. We therefore recalcu-
lated the original data and plotted the births together with the
normal local seasonal variation (using the information from the
1994 study)35 (Fig. 1c and 1d). Esotropia births from Osaka

Fig. 1. Comparison of seasonality of births for horizontal strabismus from two different sites: data from Washoe County, Nevada (a, b), and Osaka, Japan (c, d), as previously
reported,18 but without normalization to the local population. Esotropia (a, c, e); Exotropia (b, d, f). Note the similarities in the timings of peaks and troughs between the two
sites. (Panel a) Esotropia births (n= 2513, red squares) are shown relative to normal Washoe County births (blue dots). (Panel b) Exotropia births (n= 2332, red squares) are
shown relative to births in the normal Washoe County population (blue dots). (Panel c) Esotropia births from the Osaka cohort (n= 3507, orange dots)18 are shown relative to
the normal local birth seasonality (blue dots).35 (Panel d) Exotropia births from the Osaka cohort (n= 3188, orange dots)18 are shown relative to the normal local birth
seasonality (blue dots).35 Note the similarity of patterns in seasonality of births between cohorts. (Panel e) The distribution of births from the combined esotropia cohorts
(Nevada and Osaka, n= 6020, orange dots) are shown relative to the combined normal local variation (blue dots). The black arrow denotes the gradually increasing number of
esotropia births from a trough in March to the peak in September. (Panel f) The distribution of births from the combined exotropia cohorts (Nevada and Osaka, n= 5520, orange
dots) are shown relative to the combined normal local variation (blue dots). The black arrow denotes the gradually decreasing number of exotropia births from a peak in July to
the trough in November. Note the ‘reverse’ or ‘mirror image’ seasonality pattern between esotropia (e) and exotropia (f).
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showed a deficit of births from March to June, and a peak from
August to November (Fig. 1c) – which is similar to the deficit seen
in Nevada from March to July, and the peak in August through
October (Fig. 1a). Exotropia births from Osaka showed a peak in
July/August (Fig. 1d) that was virtually identical to Nevada’s peak
in the same two months (Fig. 1b), and the winter months had the
lowest numbers of births. At both sites (Nevada and Osaka), there
was an abrupt increase in exotropia births in July and August,
followed by a sudden decrease in October/November (Fig. 1b and
1d). The esotropia seasonality for the Osaka cohort was statisti-
cally significant with the χ2-test (P< 0.0001) and with the KS
method (P< 0.01), while the exotropia seasonality was borderline
significant with the χ2-test (P= 0.0544), and did not reach sta-
tistical significance with the KS test (P> 0.05). To assess the
similarity of the data from the two cohorts, we calculated r-values
based on Pearson’s r correlation test. The r-values for the two
graphs (Washoe County and Osaka) were 0.714 and 0.686,
indicating strong linear correlations. Therefore, we considering it
justified to combine the data from the two cohorts to achieve a
stronger statistical power.

The combined data from the cohorts in Nevada and Osaka
resulted in a data set of 6020 subjects with esotropia, and 5520
with exotropia. The combined numbers resulted in birth sea-
sonality curves with less noise than those of the individual
cohorts, thus making it easier to recognize patterns and trends.
When compared with the expected seasonal variation, esotropia
showed the greatest deficit of births in March, with a gradually
increasing number of births until a peak in September (Fig. 1e),
while exotropia showed an abrupt peak in July, followed by a
gradual decrease in births until the greatest deficit was reached in
November (Fig. 1f). Thus, the patterns and trends for esotropia
and exotropia were distinctly different in their timing and
directionality (see black arrows in Fig. 1e and 1f). The seasonality
of esotropia was statistically significant with the χ2-test
(P< 0.0001) and the KS test (P< 0.01), and that of exotropia was
significant with the χ2-test (P= 0.0002), but it did not reach
significance with the KS test (P> 0.05). The seasonal birth
amplitude for esotropia was 19.55%, and the amplitude for exo-
tropia was 14.65%. Both of these values greatly exceeded the
seasonal birth amplitude of the combined normal population
(which was 4.95%).

Refractive error

Patients with esotropia often have hyperopia, and patients with
exotropia often have myopia, as has been reviewed.14 Therefore,
we compared our strabismus births with previous reports of birth
seasonality for severe or moderate hyperopia15,17 and severe or
moderate myopia.16 We plotted the birth frequency from the
Osaka study17 against the normal local birth seasonality35 (Fig.
2c). In hyperopia, the seasonal birth amplitude was enhanced
more than four-fold, from 4.85 to 23.0% (Fig. 2c). When com-
pared with esotropia births (Fig. 2a), it becomes apparent that the
esotropia seasonality is essentially identical to hyperopia
(r= 0.8936, Pearson’s r correlation test, Fig. 2a and 2c), con-
firming previous conclusions.15 To compare esotropia and
hyperopia with myopia births, we plotted the birth frequency
from the 2008 Israel myopia study16 against the normal seasonal
variation of the local population, as reported in 2009.45 The
resulting graph (Fig. 2d) shows a phase-shift of approximately
one month (Fig. 2d), but no change in seasonal birth amplitude
(as was observed in hyperopia). The myopia seasonality does not

resemble the exotropia seasonality (Fig. 2b and 2d). The data for
myopia from a 2016 study17 also showed a birth deficit in October
through December, but there was no sustained peak in spring and
early summer births (data not shown).17 However, unlike the
Israeli study,16 the 2016 study17 did not distinguish severe,
moderate and mild myopia, and mild myopia showed very little
seasonality.16 We fitted sine waves to the birth seasonalities of
refractive error, in order to emphasize the differences with regard
to amplitude and phase shift (Fig. 2e and 2f).

Schizophrenia

When compared with previously published data for births of
patients with schizophrenia, there was no correlation between
schizophrenia patients and exotropia patients (r= 0.01), and a
negative month-by-month correlation between exotropia patients
and the majority of schizophrenia patients who have an excess of
births in winter and spring months (r= − 0.43)4,5 (Fig. 3a).
However, the pattern of winter births holds only for patients with
schizophrenia who have positive symptoms without enduring
negative symptoms (about 80% of schizophrenia cases), but not
those with enduring, primary negative symptoms, which has been
termed ‘deficit schizophrenia.’25–27 This subtype within schizo-
phrenia has a well-replicated excess of births in summer months
(pooled odds ratio of 1.95)21 (see Table 1; Fig. 3b).46–53 When we
compared seasonality of births between patients with exotropia
and people with schizophrenia of the deficit type, we found that
the peak in these summer months was remarkably similar to that
of patients with exotropia (Fig. 3a and 3b). There was a large
difference in the similarity of exotropia with deficit and non-
deficit schizophrenia births: non-deficit schizophrenia births were
negatively correlated with exotropia births (r-values of −0.14 to
−0.47);21,46 whereas deficit schizophrenia correlated positively
and strongly (r-values ranging from +0.39 to +0.61),21,46 with an
overall r-value of +0.62, with a z-score of 2.52, and P= 0.01,
which is highly significant. This is a remarkably robust result,
because of the limitation of n= 12, due to the monthly data
collection scheme. To directly show the similarity of birth sea-
sonality in people with exotropia and those with deficit schizo-
phrenia, we present the two curves within the same panel (Fig.
3c).

Regarding the association between exotropia and schizo-
phrenia, the significance of our finding of birth seasonalities in
exotropia depends on deficit schizophrenia indeed having an
excess of summer births. Since most work on summer births in
deficit schizophrenia originated from one group or network (Dr.
Kirkpatrick and his colleagues, see Table 1) and since one of the
early studies failed to replicate this pattern,43 we examined the
entire literature on this topic, including the most recent studies
from Tunisia and Turkey.46,53 As shown in Table 1, nine out of
the 10 studies support the proposed association of deficit schi-
zophrenia with summer, rather than winter births, while non-
deficit schizophrenia is associated with a peak of winter and early
spring births in the Northern hemisphere, as has been established
for schizophrenia as a whole in multiple meta-analyses.4,5

Toxoplasmosis

Since toxoplasmosis has been implicated as a risk factor for both
schizophrenia23,24 and eye disease,22 and since toxoplasmosis
birth seasonality is known to be correlated with seasonality of
births among people with schizophrenia as a whole,23 we
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compared the seasonality of births for congenital toxoplasmosis
from three published studies22,41,42 with our strabismus (exo-
tropia) data. These studies either collected data on births22 or
maternal seroconversion (typically in the last trimester).41,42 The
three studies agree on a peak of maternal infection in winter
months.22,23 The peak of toxoplasmosis births is in May (Fig.
3d),22 which precedes the excess exotropia births in July/August
by 2–3 months (there is no correlation: r-value= 0.0556, Pear-
son’s r correlation test).

Discussion

Developmental factors can affect disease expression and pre-
valence.1–3,33 Such influences may manifest through seasonal risk
factors and may be visible by fluctuations in birth frequencies.

Seasonality of births has been extensively studied for schizo-
phrenia,4–6 but one, relatively frequent condition that is a risk
factor for schizophrenia, exotropic (outwards) horizontal stra-
bismus,13 has remained virtually unstudied for seasonal factors.
Only one previous study examined seasonality of births in patient
populations with horizontal strabismus: a Japanese study in the
1980s.18 This older and the current study both found that patients
with exotropia had a distinct excess of births in the summer
months of July and August, while esotropia showed birth months
with a later and broader peak, from August to October (our
Nevada data) or August to December.18 The similarity of patterns
between the two studies suggests that this seasonality is a global,
rather than a local phenomenon. Importantly, the timing of the
summer births is very similar to that seen in one type of schi-
zophrenia: deficit schizophrenia, which has been previously
associated with distinct oculomotor and vision abnormalities.28–30

Fig. 2. Comparison of seasonality of births in horizontal strabismus and refractive errors: esotropia (a), exotropia (b), hyperopia (c, e), myopia (d, f). (Panels a–d) Data from
subjects with strabismus or with refractive errors are shown in orange, relative to the normal local population (blue). Data for esotropia and exotropia are the combined
cohorts from Nevada and Osaka.18 Data for hyperopia are from Osaka,17,35 and data for myopia are from Israel.16,45 Note that the birth distribution for esotropia (a) and
hyperopia (c) is very similar, while the birth distribution for exotropia (b) and myopia (d) is not. Hyperopia and myopia birth distributions form amplitude- or phase-altered sine
waves, with hyperopia increasing the amplitude of the normal seasonal variation (c, e), while myopia has the same amplitude, but is phase-shifted (precocious) by about
1 month compared with the normal seasonal variation (d, f). Hyperopia births have the minimum in spring (c, e), while myopia has the minimum in winter (d, f). The seasonality
curves were modeled as sine waves in panels e (hyperopia) and f (myopia). A, amplitude; Ah, amplitude for hyperopia; An, Amplitude for normal population; αm, phase shift for
myopia; αn, phase shift for normal population; P, period (=wavelength); 1/2 P, one half period. Note that a sine wave’s amplitude is defined differently than a birth
seasonality’s amplitude.33
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Multiple factors may contribute to seasonality of births,
including seasonal viral and parasitic maternal infections and
immune reactions,4,22,33,54 temperature, rainfall,55,56 dietary fluc-
tuations, differences in sperm quality, external toxins,4 cultural
variation of procreation,57,58 effects of religious rules and customs
(including Christmas, the Hajj and Ramadan),45,59 and vitamin D
and light (sunshine) exposure.55 Interestingly, variation in the
length of daylight appears to be a relevant factor that affects eye
growth and therefore pertains to myopia/hyperopia,16 with a peak
sensitive period that was calculated to be at about 5 months of
age.17

Refractive errors

We are intrigued by our finding of a seemingly reverse pattern of
esotropia and exotropia seasonality: esotropia shows a gradually
increasing number of births in the first half of the year, from
March until September, while exotropia shows a gradually
decreasing number of births in the second half of the year, from
July through November (compare Fig. 2e with Fig. 2f). This
pattern – resembling in some ways a mirror image – suggests a
gradually advancing factor in spring/summer for esotropia, pos-
sibly due to an increasing period of light or increasing deviation
from the average length of the light period,17 until a distinct peak
and reversal point is reached in September (Fig. 1e). On the other
hand, exotropia births display an abrupt peak and reversal point
in July, followed by a gradual decrease to a minimum in
November (Fig. 1f), possibly due to a decreasing period of light or
decreasing deviation from the average length of the light period.17

We found that seasonality of hyperopia and myopia involves a
distinct phase-shifting of the sine-wave between the two condi-
tions, as illustrated in Fig. 2e and 2f. Recognition of these distinct
seasonal patterns constitutes an extension of previous work,17 and
strongly suggests that changes in light periods and light exposure
are involved, since the peak and turning point between the two
conditions’ seasonality marks the time of maximal light in the
Northern hemisphere. Elucidation of the relevant parameters
requires further studies, since the current conclusions rely on only
one or two reports for each condition. A third myopia study60

generally confirmed the conclusions of the previous two stu-
dies,16,18 but did not report monthly births (and did not compare
with normal seasonal variation), and therefore could not be
evaluated for the apparent phase shift of 1–2 months.60 The
seasonal and daily changes in the eye and eye growth that occur in
response to light and darkness are complex and, despite sig-
nificant progress, have to date eluded any simple or even com-
prehensive explanations.61

Schizophrenia

Regarding the hypothesis of a similar pattern of births for patients
with exotropia and patients with schizophrenia, we did not find a

Fig. 3. Comparison of seasonality of births for exotropia, two types of schizophrenia,
and congenital toxoplasmosis. (Panel a) Exotropia births (orange squares) compared
with schizophrenia births (blue diamonds) for similar latitudes (30–39°).5 (Panel b)
Comparison of births for deficit schizophrenia and non-deficit schizophrenia,
compiled from four data sets.21,46 Data from Messias et al., 200421 were redrawn
with permission. Note that the summer peak extends into August in at least four of
the nine studies showing an excess of summer births (Table 1). Note also that the
period of excess births in schizophrenia as a whole extends between December and
May, with some variation, but always occurs in winter/spring. Error bars = SEM. *,
data points are significantly different, P< 0.01, t-test. (Panel c) Comparison of the
birth seasonalities of people with exotropia (combined cohorts from Nevada and
Osaka) and people with deficit schizophrenia (combined cohorts from UK, Ireland,
Spain, New York and Tunisia). The graph for deficit schizophrenia was plotted as

percent births per month (purple scale on left side, as in the original studies), while
the exotropia graph was plotted as deviation from the mean (orange scale on right
side). Note the similarities between the two seasonality graphs, and thus between
the two disease conditions: exotropia and deficit schizophrenia. (Panel d)
Comparison of seasonality of toxoplasmosis births22 (purple dots) and the current
study’s data on exotropia (orange dots). A similar seasonality was reported in two
other studies for toxoplasmosis, supporting maternal infection in winter, and an
increased number of affected offspring born in spring.41,42 Note that there is no
similarity between the timing of toxoplasmosis infection and exotropia births
(r-value= 0.0556, Pearson’s r correlation test).
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pattern in exotropia patients similar to that of subjects with
schizophrenia as a whole (i.e., with and without primary negative
symptoms), who have an excess of winter/spring births.4,5 This
shows that patients with the main type of schizophrenia do not
have a birth seasonality similar to patients with exotropia.
However, a sizable fraction of patients with schizophrenia (about
20%) have a well-validated, distinct syndrome with primary
negative symptoms. Patients with these clinical features differ
from those without such features in multiple ways, including
other signs and symptoms, course of illness, biological correlates,
etiological risk factors and treatment response.25–27 People with
this type of schizophrenia (deficit schizophrenia with primary
negative symptoms) have a replicated excess of births in summer
months (June–July21,47–49,51 or May–August,48,50,52 Table 1). It
has been concluded that the size of the season-of-birth effect in
schizophrenia as a whole is larger in sites further away from the
equator, and therefore geographic locations of similar latitudes
need to be compared.5,49,62 Multiple studies examining the sea-
sonality of births in deficit schizophrenia have been conducted at
34–55° latitude in the Northern hemisphere (Table 1), which
includes the latitudes of our cohorts in Washoe County (39.5°)
and in Osaka (34.7°).18 The season of birth effect reveals that
etiologically distinct subgroups within schizophrenia may be
differentially influenced by genes and the environment.63 We
wish to emphasize that similarity in seasonality of births does not
prove disease association or any causality between diseases – its
presence (similarity) only makes a developmental association
more likely, while a dissimilarity makes an association less likely.

Regarding the magnitude of the winter/spring birth excess for
schizophrenia as a whole, this is often stated to be about 5–8%.4,5

It should be noted that this excess would be considerably larger
for people with schizophrenia of the non-deficit type when one
subtracts people with schizophrenia of the deficit type.21 Since
this subgroup has a substantial excess in summer births (Table 1),
this would increase the effect size of winter/spring births for
people with non-deficit schizophrenia.

The nature of the association between exotropia and schizo-
phrenia remains unclear, but vision appears to be fundamental for
the development of schizophrenia. Congenital blindness (or very
early loss of vision) has been reported to protect against devel-
oping schizophrenia,64,65 while abnormal vision and/or abnormal
early visual experiences (as would be frequent in children with
exotropia) appears to be a significant risk factor for
schizophrenia.13

Our findings raise the possibility that exotropia is a risk factor
specifically for deficit schizophrenia. The question whether people
with deficit schizophrenia have exotropia more often than would
otherwise be expected has not yet been tested, but should be
explored. If exotropia is indeed a risk factor primarily for devel-
opment of schizophrenia with negative symptoms, then this could
provide new insights into the pathophysiological etiology of this
type of schizophrenia.

It has been recommended that children diagnosed with exo-
tropia should be monitored for mental illness and in particular signs
of psychosis and development of schizophrenia.7,8,12 Recent work did
not find that surgical correction of childhood exotropia significantly
affected the rate of mental illness in younger people (mental illness
diagnosed at 8–18 years of age),66 but the question for schizophrenia,
which has a peak for first diagnosis at 18–25 years of age for males
and 25–35 for females,67 remains unexplored.

Table 1. Studies on seasonality of births comparing deficit and non-deficit schizophrenia (SZ) in the Northern hemisphere

Authors and year
Reference
number Location

Latitude
[°]

Number of subjects with
deficit SZ

Number of subjects with non-
deficit SZ

Months with excess births
(deficit SZ)

Kirkpatrick et al.,
1998

47 Maryland, USA 39.3 26 65 June

Kirkpatrick et al.,
1998

47 “Northern
Hemisphere”

55 101 July

Kirkpatrick et al.,
1998

47 Long Island, NY, USA 40.8 32 52 June/July

Dollfus et al., 1999 43 France 43.3–49.4 53 158 Jan/Feb/Mar

Kirkpatrick et al.,
2000

48 UK, Caribbean,
Africa, India

26 118 May-August

Messias &
Kirkpatrick, 2001

49 Five sites (ECA,
USA)a

34.1–41.3 77 146 June/July

Tek et al., 2001 50 Nithsdale, UK 55.4 51 57 June-August

Kirkpatrick et al.,
2002

51 Dumfries/Galloway,
UK

55.1 65 277 June-August

Kirkpatrick et al.,
2002

52 Cantabria, Spain 43 22 55 May-August

Messias et al., 2004 21 UK, Spain, USA 41–55 401 1193 June/July

Kallel et al., 2007 46 North Tunisia, Africa 35–37 34 46 June/July

Mete et al., 2015 53 Izmir, Turkey 38 35 65 ‘Summer’

Sums 877 2333

aECA, Epidemiological Catchment Area of the National Institute of Mental Health.
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Limitations of our study include that our subject numbers,
even when cohorts were combined (n= 6020 for esotropia, and
n= 5520 for exotropia), were smaller and therefore statistically
less robust than some previous studies, for example, on myopia
(~30,000 subjects with severe or moderate myopia).16 We inves-
tigated only strabismus, but not schizophrenia and its different
subtypes, in the same population, so we had to compare our data
with those from previous studies at other sites (Table 1). Future
research with additional cohorts is needed to confirm that exo-
tropia is associated with a peak of births in summer months, to
explore possible reasons for the seasonality of exotropia births,
and to determine whether exotropia is indeed linked primarily to
the deficit type of schizophrenia rather than schizophrenia with
positive symptoms. This line of research may identify strategies
for disease prevention, since some developmental risk factors such
as light exposure and misalignment of eyes during infancy can be
manipulated or controlled.

Conclusions

People with esotropia and exotropia have seasonality of births, as
do people with hyperopia or myopia, but with distinctly different
patterns when compared with the seasonal variation in the nor-
mal population. Exotropia showed significant excess in summer
births that correlated with the seasonality of births for deficit
schizophrenia, but not schizophrenia as a whole. Further studies
are needed to confirm the link between exotropia and deficit
schizophrenia, and explore its etiology.
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