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Abstract
Objective—Schizophrenia affects men more than women, but this may not be true at all ages.
This study examines the incidence of first hospitalization for treatment of schizophrenia in each
sex over different ages.

Methods—We compared the incidence of first admission for treatment in a cohort a cohort of
46,388 males and 43,680 females followed from birth until ages 29-41, using life tables and
proportional hazards methods.

Results—Life table estimates of cumulative incidence by age 40 were 1.44% in males) and .86%
in females. Over all ages the relative risk (RR) in males was 1.6 (95% confidence limits=1.4-1.8)
compared with females. Before age 17 there was no significant difference between the sexes
(RR=.86, .56-1.3). Excess risk in males was observed only from age 17 (RR=1.7, 1.4-1.9). There
was no evidence of the incidence in females catching up with that in males, during the 30s.

Conclusion—In this population, there was a significant change, over age, in the relative
incidence of first hospitalization for schizophrenia between the sexes; the excess incidence in
males first developed at age 17.
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Objectives of the study
Analyze data from a large birth cohort to determine the incidence of first treatment of
schizophrenia in each sex over different ages in a population. Use prospectively collected
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data to provide the first description, to our knowledge, of sex-specific incidence in patients
younger than age 17.

Background
Men, overall, have a higher incidence of schizophrenia (Jablensky et al., 1992; Kirkbride et
al., 2006; McGrath et al., 2004; Thorup, Waltoft, Pedersen, Mortensen, & Nordentoft,
2007). A recent systematic review of over 100 studies from around the world reported the
male to female rate ratio for the incidence of schizophrenia to be 1.4 (McGrath, Saha, Chant,
& Welham, 2008). However, there has been some suggestion that the ratio of male to female
incidence might vary across the lifespan. Men are thought to have an earlier age of onset
than women (Hafner, 2003; Leung & Chue, 2000), but there is disagreement as to whether
childhood onset schizophrenia is equally common in the two sexes (Kyriakopoulos &
Frangou, 2007). Various age limits have been studied for childhood onset of schizophrenia
(Leung et al., 2000; Usall, Haro, Ochoa, Marquez, & Araya, 2002) making it difficult to
identify which cutoff is meaningful and which should be used in research. There is little if
any population-based prospectively collected data about male and female incidence of
schizophrenia in childhood or early adolescence. Some researchers have found that in late
middle age the incidence in women catches up to that in men (Hafner, 2003), and that
women experience a second peak of onset at that time (Leung et al., 2000).

Reported differences in incidence and age of onset between the sexes (Leung et al., 2000),
together with differences in symptomatology (Grossman, Harrow, Rosen, & Faull, 2006;
Harlap et al., 2007; Leung et al., 2000), hint that men and women may have different
variants of schizophrenia. A better understanding of how the incidence of schizophrenia
varies over the life span in each sex might help with identification of possible sex-specific
subtypes, risk factors or responses to treatments. We analyzed data from a large birth cohort
to determine the incidence of first hospitalization for schizophrenia in each sex over
different ages in that population.

Methods
Subjects

We used data from the Jerusalem Perinatal Study, a population-based cohort derived from
all 92,408 births in 1964–76 to mothers resident in western Jerusalem. The cohort includes
linkages within nuclear families and a 29–41 year follow-up as of December 31, 2004. Core
information from the notification of birth was supplemented with other data from multiple
sources including maternal interviews. The offspring, mothers and fathers have been traced
recently, and their vital status assessed; the cohort was linked with Israel's population
registry to trace and verify identity (ID) numbers, dates of birth and basic demographic
characteristics and to ascertain vital status and dates of death. These data were then linked to
Israel's Psychiatric Registry (Harlap et al., 2007).

For information on psychiatric morbidity we relied on Israel's Psychiatric Case Registry.
Run by the Ministry of Health since 1950 (Lichtenberg, Kaplan, Grinshpoon, Feldman, &
Nahon, 1999), it contains a record of all admissions to psychiatric hospitals or psychiatric
wards within general hospitals, as well as admissions to day-facilities for psychiatric
treatment; it includes dates of admission and discharge and a single discharge diagnosis for
each episode, assigned by a board-certified psychiatrist. These diagnoses are coded with the
International Classification of Diseases (ICD); codes from earlier years have been update to
10th Revision and those for psychotic disorders have been validated recently (Weiser et al.,
2005).
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Personnel at the Ministry of Health matched the files from the Jerusalem cohort to the
Psychiatric Registry, using only the ID number. By substituting false ID numbers and
removing all other identifying data they created an anonymous file containing a record (if
any) of each hospital event in offspring and their parents. The research was approved by
institutional review boards at Israel's Ministries of the Interior and Health, Hebrew
University of Jerusalem, and New York University Medical Center and certified as exempt
from the requirement for informed consent.

Data analysis
We used SAS 9.1 (SAS Institute Inc, Cary, North Carolina) to analyze the data. We assigned
a diagnosis of schizophrenia to any person with at least one hospital episode with a
discharge diagnosis of any of the schizophrenia spectrum disorders, coded F20-29 in the
International Classification of Diseases-10th Revision (ICD-10). We also applied a more
stringent definition restricted to those with at least one episode of schizophrenia, coded in
the ICD-10 as F20. Cases were reviewed by the first author (KK) and a senior research
psychiatrist (DM); nine were excluded who suffered a single episode coded ICD-10=F20-
F29 but also showed numerous episodes with mood disorders. The date of onset was taken
as the first episode in the psychiatric registry, regardless of the discharge diagnosis assigned
to that episode. Both diagnoses and sex (male) were coded as 1 (if present) or 0 (absent).

Tabulations of annual incidence rates of first hospitalization based on person-years, life
tables plots and Cox proportional hazards methods were used to compare males and females.
Time to event was handled as completed years since birth, i.e. age, until the first hospital
admission or death; survivors were censored on 31 December 2004. Time to first
hospitalization was used as a proxy for onset of disease because Israel has a very high rate of
hospital admission for mental health conditions (Siegel et al., 1993), and because a large
study showed that in Israel approximately 90% of those meeting Research Diagnostic
Criteria for schizophrenia had been hospitalized for that disorder (Levav et al., 1993). Ties
were handled by Efron's method. Because the proportional hazards assumptions were not
met, we developed models that incorporated time, using the product of sex (male) and time,
either as a continuous variable or as a dichotomy before or after a hypothetical cut-off point.
Results are presented as Relative Risks (RR), i.e. Hazard Ratios, with 95% confidence
intervals. To take into account correlation between siblings, we used a robust sandwich
estimate of the covariance matrix (Liang, 1989), analyzing the subset of 85,393 offspring
with traced mothers and fathers.

Results
There were 90,068 offspring available for this study from the original cohort of 92,408 after
excluding 949 (1.0%) stillbirths, 1,380 (1.5%) whose ID numbers could not be traced in the
Population Registry and 11 (0.001%) with unknown sex. Over the 29-41 years between the
births in 1964-76 and the cutoff date (December 31, 2004), there were 2,917,830 million
person years observed. Linkage with the Psychiatric Registry identified 860 people admitted
to psychiatric hospitals at least once before the cutoff date, and diagnosed with
schizophrenia spectrum disorders (ICD-10=F20-F29); of these, 568 included admissions
coded with the narrow definition (F20) and 292 included F21-F29 only.

Table 1 shows the numbers of cases, the population at risk and the average annual incidence
rates of first admission for psychiatric treatment in five year age groups. With the sexes
combined, the incidence rose steadily through childhood and adolescence, reaching a
maximum at age 20-24 and declining thereafter. Comparing the sexes, there was a slightly
higher incidence in females at ages 5-9 and 10-14; thereafter there was a marked excess in
males. Figure 1 compares the life-table cumulative incidence in males and females year by
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year (i.e. by age); it suggests that there was little difference between the sexes until the mid-
teens, whereas from the 20s on there was an escalating excess cumulative incidence in
males. The life table estimates of cumulative incidence before ages 15, 20, 25, 30, 35 and 40
were .011, .038, .340, .744, 1.04, and 1.29 % in males, and .014, .054, .279, .493, .672 and .
841 % in females. With the sexes combined, corresponding cumulative life table estimates
of incidence of first psychiatric hospitalization were .013, .046, .310, .622, .861 and 1.07 %.

Figure 2 presents the same data as in figure 1 but uses log scales for both age (the x-axis)
and incidence (y-axis); this plot reveals the cross-over point reversing the sex-specific
cumulative incidences to be at ln (age) ∼2.8 corresponding to age 16-17. Figures 1 and 2
both suggest that the males continue to hold their excess incidence into the late 30s.

Next, we used Cox proportional hazards models to explore further the sex differences and
their change over the time variable, i.e. age. Table 2 compares the relative risk (RR)
estimates for males versus females under different models and reports the overall Wald Chi
squared value, an indicator of the overall goodness-of-fit of the model. Model 1 ignores any
change with age and estimates a 57% excess incidence of first admission in males compared
with females. Model 2 confirms a change over time in this overall male excess. In model 3,
effects of sex are estimated in two segments as suggested by the plot shown in figure 2: ages
up to and including 16 and 17+. This model shows a highly significant 68% excess
incidence in males from age 17 and no difference at younger ages. The confidence limits for
the two estimates in model 3 show no overlap, indicating that the differing relationships of
sex to schizophrenia before and after age 17 are unlikely to be due to chance. Model 4
explores whether, beyond age 17, there is any further divergence or convergence between
males and females; the results suggest a slight divergence, but it is trivial. Comparing the
overall Wald chi squares, there is no significant advantage between models 2 or 3; however,
either one describes the data significantly better than model 1. We also repeated the models
using the narrower definition of schizophrenia [ICD-10 code F20]. Relative risk and 95%
confidence interval for model 1, using the narrow definition, were 1.62 [95% CI 1.37-1.92].
For model 3, males less than 17 years old had a relative risk of .87 [95% CI .54-1.40] and
males 17 and older showed a relative risk of 1.77 [95% CI [1.48-2.13].

We performed additional analyses in model 3 to determine the most appropriate age for the
cutoff point. For cutoff at ages 15, 16, 17 and 18 the overall Wald X2 values were 47.9, 48.7,
49.1 and 48.8. We further explored model 3 incorporating other variables describing the
incidence of schizophrenia, i.e. paternal age, low social class, year of birth and family
history (data not shown); the relative risks and 95% confidence intervals were virtually
identical to those shown in table 2. Finally, we explored the effect of taking into account
correlation between siblings as described in the methods section, comparing model 3 with or
without a robust sandwich estimate of the covariance matrix and analyzing the cohort of
88,237 offspring clustered in 41,056 families with traced and verified mothers. For the RR
of 0.88 associated with male sex at ages up to 17, use of the sandwich estimate gave a 95%
CI (0.562-1.372) and for the RR of 1.66 associated with male sex from age 17 the 95% CI
was (1.425-1.924). Thus, even after taking into account family clustering, the differing
effects of sex before and after age 17 are unlikely to be due to chance.

Discussion
This study bears out the well-known observation that generally males have a higher
incidence of schizophrenia than females (Leung et al., 2000; McGrath et al., 2004);
(Kirkbride et al., 2006); (Jablensky et al., 1992). In our population, however, this excess
incidence in males, approximated by first admission for treatment, appears only from age
17, whereas at younger ages there is no significant difference between the sexes.
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Furthermore, this lack of variation between males and females before age 17 is unlikely to
be due to chance, since the confidence limits for the estimates before and after age 17 do not
overlap. We are unaware of any previous population-based study that has presented age- and
sex-specific estimates of incidence from birth through middle age. The Aetiology and
Ethnicity in Schizophrenia and Other Psychoses (AESOP) study reported age-specific
incidence rates of schizophrenia and other selected psychoses by sex, but measured
incidence starting at age 16 (Kirkbride et al., 2006). Bresnahan et al. reported on the risk for
schizophrenia in males and females using data from the Prenatal Determinants of
Schizophrenia study. This cohort had 43 identified cases of schizophrenia; of these 6 males
and 1 female were diagnosed at ages 15-19 years old. No cases were diagnosed at a younger
age (Bresnahan et al., 2000) and with only one female case diagnosed before age 19, that
study cannot be compared with ours.

When we ignored changes over age we estimated that in our population, over all ages
combined, the relative risk (RR) in males was 1.6 (95% confidence limits=1.4-1.8),
compared with females; this was consistent with the findings in two recent meta-analyses
(McGrath et al., 2004); (Aleman, Kahn, & Selten, 2003). Neither of these meta-analyses
considered changes in sex-specific incidence over different ages (Aleman et al., 2003;
McGrath et al., 2004).

It has been suggested that the sex difference in incidence of schizophrenia follows
differences in neurodevelopment in the sexes. Imaging provides evidence that brain
development differs in boys and girls. Neuroimaging has shown sex differences in
adolescent maturation of the brain (Lenroot et al., 2007). The male brain is larger than the
female brain across all the stages of development, and certain structures within the brain
differ in size in males and females (Lenroot et al., 2007), (Giedd, Castellanos, Rajapakse,
Vaituzis, & Rapoport, 1997). These differences might potentially influence outcomes at any
point along the lifespan.

Numerous other sex differences have been observed in schizophrenia. Men are reported to
have more negative symptoms than females and worse social and cognitive functioning
(Leung et al., 2000). Males are less successful in terms of independent living, self-care,
active employment, and social function, and have more and longer re-hospitalizations
(Grossman et al., 2006; Leung et al., 2000; Usall et al., 2002). Females tend to experience
more affective symptoms, and demonstrate greater response to antipsychotic medications
(Leung et al., 2000); (Usall et al., 2002). Men are thought to have an earlier age of onset
than women (Leung et al., 2000) though this may only hold true in sporadic cases (Leung et
al., 2000). Males and females may also have different risks for childhood onset
schizophrenia, though the literature is divided on this (Kyriakopoulos et al., 2007). These
differences have led researchers to question whether males and females might suffer from
different variants of schizophrenia (Leung et al., 2000). Difference incidence rates in the
sexes could support that hypothesis. Similarly, childhood onset schizophrenia may be a
variant of the disease, and could potentially have a different sex ratio for incidence. Various
cutoffs have been used in analyses of early onset schizophrenia, including onsets before age
13 (Kumra, Shaw, Merka, Nakayama, & Augustin, 2001), 15 (Leung et al., 2000), 17
(Frangou, Hadjulis, & Vourdas, 2008) or 18 (Leung et al., 2000). In our population the ratio
of incidence in the sexes changes at age 17, suggesting that there is a change in the disease
process at that point. Analyses of other population-based data might also help identify
specific ages where there is a change in the ratio of incidences. This information could
forward the study of the early onset variant of the disease in a specific population.

It is reported that the majority of new onset schizophrenia occurs before age 30 although
there is a second peak after age 40 (Rajji, Ismail, & Mulsant, 2009). Some researchers have
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observed that in late middle age the incidence of schizophrenia in women increases and
catches up to the incidence in men (Leung et al., 2000). The ABC schizophrenia study
reported that rate of onset of first psychotic symptoms in women began to exceed that of
men at around age 30, while in an analysis of population based first admissions for
schizophrenia in Denmark, in 1976, the rate in women surpassed that of men at age 50
(Hafner, Hambrecht, Loffler, Munk-Jergensen & Riecher, 1998). A meta-analysis of studies
reporting sex differences in age of onset of schizophrenia showed that overall, in studies
with an age cutoff greater than or equal to 64 years, the relative risk in males versus females
remained higher. The Jerusalem cohort data on offspring is truncated in the late thirties, so
that differential lifetime incidence cannot be evaluated. Our study includes too few cases to
address this question with certainty beyond ages 35+; the cohort will have to age before this
question can be addressed. Nonetheless, the focus of the current paper is on incidence in
younger people and the cohort has passed through that age of risk.

Previous studies of the incidence of schizophrenia have used different operational
definitions of schizophrenia; the broader characterization commonly incorporates
schizophrenia spectrum disorders while the narrower includes only ICD-10 code F20. Our
study found essentially the same ratio of incidence rates in males and females whether the
analysis considered the broad or the narrower diagnosis of schizophrenia.

The Jerusalem cohort's exceptional strengths allowed us to use survival analysis to measure
the incidence and risk from the youngest ages in both males and females, enabling us to
detect changes in the ratio of male to female risk over much of the lifespan. Ninety-eight
percent of offspring in the Jerusalem cohort were traced through Israel's national Population
Registry and have verified identities. Strengths of the data derive not only from the cohort's
size and its being population-based but also from Israel's egalitarian health system. All
citizens are insured and admission to psychiatric hospitals is free of charge, as is therapy for
schizophrenia. This removes an important barrier to admission to hospital for schizophrenia,
and probably contributes to the fact that in Israel almost all patients with psychosis are
admitted for care and their data are therefore recorded in the national Psychiatric Case
Registry (Levav et al., 1993). Furthermore, Israel has a very high rate of hospital admission
for mental health conditions. A prevalence study comparing mental health services in New
York State and Israel found a much lower rate of non-residential care in Israel (Siegel C et
al, 1993), further insuring that most individuals with psychosis would be admitted to
hospital and recorded into the registry.

GeddesJR and Kendell RE used a registry to identify all subjects diagnosed with
schizophrenia in Edinburgh, Scotland from 1978-1989. They found that those who were
never admitted to hospital had the same male to female ratio as those who were (odds ratio
0.73, 95% confidence interval (0.34-1.55) p=.38). A mean of 5.3%, or 6.7% after adjustment
for possible misclassification, of patients diagnosed as suffering from schizophrenia each
year were not admitted, and there was no secular trend for this proportion over the years in
the study. They concluded that first admission rates for schizophrenia in Scotland are a
reasonable approximation of incidence rates (Geddes & Kendell, 1995). Geddes et al.'s
findings may be reflected in the Jerusalem cohort, whose members enjoyed a national health
system similar to Scotland's. Offspring in the Jerusalem cohort were born in West Jerusalem,
and as a result 96.7 of the mothers whose offspring were included in the cohort were Jewish.
Of these 15.8% had maternal grandfathers born in Israel, and 29.2% had maternal
grandfathers born in Western Asia including the countries of Turkey, Syria, Lebanon, Iraq,
Yemen, Iran, as well in North African countries. 32.5% of the cohort was descended from
the maternal grandfathers born in Europe and the Americas. Delay or avoidance of
treatment, or misdiagnosis, could be biased by ethnic background. However, adjustment for

Kleinhaus et al. Page 6

J Psychiatr Res. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



birthplace of maternal grandfather and for socioeconomic status did not change the findings
in this study.

Our study faced several limitations. Our data are for admissions for treatment; we could not
ascertain whether men and women were equally likely to be admitted when presenting with
similar symptoms, or if males presented with types of symptoms that made them more likely
to be admitted although they had the same incidence as women, or if these factors change
over different ages in each sex. The excess of males hospitalized in mid-adolescence could
plausibly reflect a tendency to be referred for more intensive treatment earlier because of
behavioral disturbances, whereas girls' psychosis might escape attention for longer, and this
could also be the case for sex differences in first admission during early adulthood. With our
data we could not determine whether ascertainment and diagnosis of schizophrenia in
childhood and adulthood varied, or varied across sexes. Furthermore, there might be a sex
difference in length of time to hospitalization after onset of diagnosis. There is little
published data on possible sex differences in diagnosis or admission to hospital for children
with schizophrenia. Weiser et al.'s study of the psychotic diagnoses in Israel's Psychiatric
Case Registry did not specifically address cases in childhood (Weiser et al., 2005), and there
is no way to verify whether there is any sex difference in the validity of cases diagnosed in
childhood. On the other hand, there is no reason to expect sex would introduce a bias in data
on children; one might even expect more males in younger ages because of behavioral
disturbances. Another limitation that must be acknowledged is that the only cross-validation
data of registry diagnoses show that schizophrenia patients entering biological research
studies were found to have concordant diagnoses in the registry, but the broad range of
patients with schizophrenia diagnoses in the registry have not been subjected to a validation
study. Therefore the findings from Weiser et al.'s validation study are not directly applicable
here. It remains possible that increased diagnostic error during adolescence contributes to
the findings.

Sex differences in the incidence of schizophrenia over different ages do not have clinical
implications at this time. However, these findings suggest that there may be different
variants of disease, whether for each sex or for earlier onset cases. Detection of
heterogeneity within schizophrenia should advance the study of the etiology, risk factors or
response to specific treatments in different segments of the population. Studies in other
cohorts are needed to determine if there is a shift from equal incidence in the sexes to male
excess occurring sometime in mid-adolescence.
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Figure 1. The life table estimates of cumulative incidence of first hospitalization for
schizophrenia by five year age category
X axis: incidence. Y axis: Year to event. Males=Grey, Females=Black
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Figure 2. The life table estimates of cumulative incidence of first hospitalization for
schizophrenia by five year age category
graphed on natural log scale. Males=Grey, Females=Black
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