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Systematic review and collaborative recalculation
of 133693 incident cases of schizophrenia
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Background. This systematic review and collaborative recalculation was set up to recalculate schizophrenia
incidence rates from previously published studies by age and sex.

Method. PubMed, EMBASE and PsycINFO databases were searched (January 1950 to December 2009) for
schizophrenia incidence studies. Numerator and population data were extracted by age, sex and, if possible, study
period. Original data were requested from the authors to calculate age- and sex-specific incidence rates. Incidence
rate ratios (IRRs) with their 95% confidence intervals (CIs) were computed by age and sex from negative binomial
regression models.

Results. Forty-three independent samples met inclusion criteria, yielding 133 693 incident cases of schizophrenia for
analysis. Men had a 1.15-fold (95% CI 1.00-1.31) greater risk of schizophrenia than women. In men, incidence peaked
at age 20-29 years (median rate 4.15/10000 person-years, IRR 2.61, 95% CI 1.74-3.92). In women, incidence peaked
at age 20-29 (median rate 1.71/10000 person-years, IRR 2.34, 95% CI 1.66-3.28) and 30-39 years (median rate
1.24/10 000 person-years, IRR 2.25, 95% CI 1.55-3.28). This peak was followed by an age—incidence decline up to age
60 years that was stronger in men than in women (y*=57.90, p <0.001). The relative risk of schizophrenia was greater
in men up to age 39 years and this reversed to a greater relative risk in women over the age groups 50-70 years.
No evidence for a second incidence peak in middle-aged women was found.

Conclusions. Robust sex differences exist in the distribution of schizophrenia risk across the age span, suggesting
differential susceptibility to schizophrenia for men and women at different stages of life.
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Introduction schizophrenia is a well-replicated finding (Héafner et al.
1989; Hambrecht et al. 1992; Jablensky et al. 1992), it
attenuates when known risk factors such as family his-
tory (Esterberg et al. 2010), pregnancy and birth com-
plications (Kirov et al. 1996), paternal age (Rosenfield
et al. 2010) and marital status (Jablensky & Cole, 1997)
are adjusted for in statistical analyses (Aleman et al.
2003), and may even be absent in developing countries
(Venkatesh et al. 2008). Furthermore, the observed age-
of-onset distribution is influenced by study method-

Although the incidence of schizophrenia peaks in
adolescence and early adulthood (Weinberger, 1987;
Hafner et al. 1993a), the risk of psychosis extends well
beyond this period, with sex seemingly modifying
the age—incidence relationship (Angermeyer & Kuhn,
1988). To date, the best data suggest that onset in
males peaks steeply in the late teens and early twen-
ties, with rates remaining relatively constant at a lower
level thereafter, whereas in females the initial peak
is later, with a second smaller increase in incidence
in middle age (Héfner et al. 1993a) and possibly a third
peak around 65 years of age (Hifner et al. 1989).
Although the sex difference in age of onset for

ology such as arbitrary age cut-offs (excluding patients
with late onset disproportionately excludes female
patients; Castle et al. 1993) and different diagnostic
definitions (applying more stringent diagnostic clas-
sification systems excludes more young women;
Castle et al. 1993). This makes cross-study comparisons

* Address for correspondence: J. van Os, Department of Psychiatry
and Neuropsychology, Maastricht University, PO Box 616 (location
VIJV), 6200 MD, Maastricht, The Netherlands.

(Email : j.vanos@maastrichtuniversity.nl)

t The RISE Investigators are listed in the Appendix.

https://doi.org/10.1017/50033291712002796 Published online by Cambridge University Press

difficult. Understanding the functional form of the
age-of-onset curve can potentially provide important
pointers for aetiological research. Therefore, we
conducted a systematic review and collaborative
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recalculation of incidence of schizophrenia by age and
sex, across the entire life course (as suggested by
Jablensky, 2003) using data extracted directly from
published papers, raw individual-level data (centrally
reorganized and combined) or rates supplied by the
authors of incidence studies, published between 1950
and 2009.

Method
Search strategy and study selection

The design of the systematic review and meta-analysis
was based on recommendations from the Meta-
analysis Of Observational Studies in Epidemiology
(MOOSE) group (Stroup et al. 2000). Two independent
investigators (M.W. and M.H.) searched the electronic
bibliographic databases PubMed, Medline/EMBASE
and PsycINFO for studies published between January
1950 and December 2009. The broad key words ‘epi-
demiology” and ‘“schizophrenia’” OR “psychosis” were
chosen to identify as many potentially relevant studies
as possible. Additionally, to reduce the likelihood of
missing published data, references from the electro-
nically identified papers, review articles, book chap-
ters and previously published systematic reviews of
incidence studies were examined (Aleman ef al. 2003;
McGrath et al. 2004) and forwards and backwards
citation tracking was carried out using the Web of
Science. Finally, experts in the field of psychosis epi-
demiology were contacted for missing publications
and unpublished data. Studies were selected using
the following inclusion criteria: (1) contained original
incidence data for schizophrenia disorder defined
by a standardized diagnostic classification system,
(2) age- and sex-specific incidence data were present
in the primary publication or in data available from
the authors, (3) published between 1950 and 2009
and (4) written in English, Dutch or German. Studies
with strict age cut-offs were excluded as they are likely
to distort risk ratios by sex (for details see online
Supplementary Table S2). Studies were included in the
systematic review by consensus (M.W., M.H., J.A.).

Data extraction

Data were extracted systematically by one researcher
(M.W.) and validated by investigators (M.H., SK.,
J.A.). A database was compiled by independent catch-
ment area-defined samples (rather than by published
papers) and the numerator and population data (in
person-years) were extracted by age, sex and study
period. Age-incidence data were first extracted
according to the consensus statement made by
(Howard et al. 2000), using early (age <40 years: EOS),
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late (age 40-59 years: LOS) and very late onset (age
=60 years: VLOS) schizophrenia age groups. Data
presented in different age formats were assigned to the
appropriate age category. In the second approach,
numerator and population data were extracted and re-
calculated centrally by 10-year age bands. Information
about the source population and methodological
characteristics were extracted at the sample level. Each
sample was classified as rural, mixed or urban, based
on combined information about population density
estimates and the proportion of people living in urba-
nized areas (World Bank, 2010). Samples were further
categorized into developing or developed countries
according to the World Health Organization (WHO)
Human Development Index of countries (United
Nations, 2009). Methodological characteristics in-
cluded (i) sampling frame (hospital admission or first
contact with psychiatric service), (ii) case ascertain-
ment (clinical, systematic or interview) and (iii) diag-
nostic classification system [DSM (APA, 1980, 1987,
1994); ICD (WHO, 1955, 1965, 1977, 1992); RDC
(Spitzer et al. 1978) and others]. When multiple classi-
fication systems were used, ICD rates were used
instead of DSM because ICD has used a consistently
broad definition throughout recent revisions. Schizo-
phreniform disorder was included when studies used
DSM criteria. Schizo-affective disorder and paranoid
disorders in the elderly (i.e. paraphrenia) were not
included. Authors were contacted to ensure accuracy
of data and to provide original data when insufficient
information to calculate age- and sex-specific inci-
dence rates was present in the published papers.

Statistical analyses

First, a descriptive synthesis of incidence rates was
completed using information from all studies with
data stratified by EOS, LOS and VLOS age groups
(analysis 1). The distribution of incidence rates was
presented by age, sex and female-to-male incidence
rate ratio (IRRp_yj) estimates showing mean, median
(a better indicator of incidence in the case of non-
normality) and 25-75% interquartile range (IQR)
values (a better measure of dispersion without taking
into consideration the more extreme values).
Additionally, the distribution of incidence rates by
population and methodological characteristics was
explored.

Next, multivariable analyses were conducted on the
subset of catchment area samples with numerator and
dominator stratified by sex and 10-year age bands
(analysis 2), to allow estimation of adjusted age—sex
associations. As Poisson regression models showed
significant level-1 overdispersion (which can cause
standard errors to be biased downwards), a series of
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random intercept negative binomial regression mod-
els (NBRMs) were fitted to estimate IRRs, with the
natural log of the raw incidence rates as the dependent
variable and age group and pertinent sample and
methodological characteristics (sampling frame, case
ascertainment and diagnostic classification system) as
independent variables. Non-linear age by sex associa-
tions were modelled by adding an interaction term.
Robust standard errors were calculated using the
sandwich estimator.

Studies were not formally weighted by sample
size, as is common practice in pooling of randomized
controlled trials. In observational studies, however,
smaller studies often use more thorough case ascer-
tainment and case verification whereas larger studies
are often drawn from national databases with less
rigorous case verification. Alternatively, the IRR esti-
mates were adjusted for study sample size in the
NBRM and the effect of sample size was further eval-
uated by repeating the analysis on a subset of larger
samples (>100 cases).

Finally, to examine potential bias from studies using
arbitrary age criteria, the analyses were repeated
on samples from studies with no age restriction.
Sampling bias due to data variability across the dif-
ferent selection stages was explored by contrasting
sample characteristics of included and excluded stu-
dies. All statistical analyses were conducted using
Stata version 11 (StataCorp, 2009).

Results

The initial electronic search identified 11 307 citations;
further appraisal of the title and abstract using the
inclusion criteria resulted in 329 full articles being
reviewed. Ninety-one studies derived from 44 non-
overlapping samples met inclusion criteria for the
initial analyses. One study (Bijl et al. 2002) contributed
significantly to methodological heterogeneity because
of a study design incomparability and it was therefore
excluded, leaving a set of 43 independent incidence
samples for further analyses. The characteristics of the
included studies (organized by sample) are presented
in online Supplementary Table S1. Excluded articles
and their justification for exclusion are presented as
a supplementary list (online Supplementary Table S2).
Included studies and those excluded due to insuf-
ficient data were similar with regard to sample char-
acteristics, total number of cases and population size
(data available upon request to the authors).

Descriptive synthesis (analysis 1)

The first set of analyses was based on all 43 samples,
providing 1021 effect sizes and 133693 cases of
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schizophrenia. The pooled median incidence rate for
schizophrenia was 18.3 per 10 0000 person-years, with
an almost threefold difference between catchment area
samples from the lowest and highest reported rates
(IQR 10.9-28.9). Incidence declined strongly with
increasing age (Table 1). The overall incidence was
higher in men than in women. However, the male
preponderance in the EOS group (IRRg_y 0.55, IQR
0.45-0.74) was absent in the LOS group (IRRg_ 1.16,
IOR 0.93-1.63), whereas in the VLOS group there was
a higher relative risk for females (IRRg_y; 1.55, IQR
0.92-2.19). The incidence by sample characteristics
over the EOS, LOS and VLOS groups is also presented
in Table 1. Rates tended to be lower in samples based
on diagnostic interview methods and first contacts,
and in samples conducted after 1990, in rural areas
and in developing countries.

Systematic recalculation (analysis 2)

The second set of analyses was based on the subset of
33 non-overlapping samples with data stratified by sex
and 10-year age bands, providing 604 effect sizes and
63 550 incident cases of schizophrenia.

In the fully adjusted model, younger age (IRR 1.25,
95% CI 1.17-1.34), male sex (IRR 1.15, 95% CI 1.00-
1.31) and urbanicity (IRR 1.75, 95% CI 1.13-2.71) were
associated with higher incidence rates whereas time
period and methodological characteristics were not.
Figure 1 shows the crude age- and sex-specific inci-
dence rates. A negative interaction between sex and
age was apparent in the crude (y*=76.32, p<0.001)
and fully adjusted model (y*=57.90, p <0.001). In the
fully adjusted model there was a significantly stronger
overall age—incidence decline in males (IRR 0.71, 95%
CI 0.66-0.77) compared to females (IRR 0.89, 95% CI
0.83-0.96). Table 2 presents the unadjusted and ad-
justed age IRRs by sex, using the youngest age group
as the reference (<20 years). Male incidence peaked
at age 20-29 years (IRR 2.61, 95% CI 1.74-3.92). The
incidence peak in women was less sharp and dis-
tributed over age bands 20-29 (IRR 2.34, 95% CI 1.66-
3.28) and 30-39 years (IRR 2.25, 95% CI 1.55-3.28).
After the initial peak, incidence rates declined con-
tinuously, levelling off to a non-significant risk differ-
ence by 60 years of age. Finally, the relative risk of
schizophrenia remained higher in males up to age 39,
was equivalent for males and females between ages
40 and 49, and then reversed, with females having a
higher risk in the 50-70-year age groups (Table 2).

Restricting the analyses to samples from studies
that had no age restriction criteria (n=20) or a mini-
mum sample size of 100 cases (1 =22) yielded similar
patterns of risk by age and sex to the analyses using all
the data. Finally, the samples used in analysis 2 had
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Table 1. Distribution of incidence rates stratified by sex, age and sample characteristics”

All ages EOS LOS VLOS

Sample characteristic n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR)
Age group

Total 43 1.83(1.09-2.89) 43 247 (1.54-3.61) 43 1.22(0.70-2.17) 33  0.59 (0.30-1.27)

Men 37 170(1.31-350) 37 2.62(1.66-4.47) 36 0.88(0.62-2.24) 27  0.46 (0.15-0.90)

Women 37  130(0.71-2.60) 37 1.60(0.81-245) 36 097 (0.69-2.53) 28  0.79 (0.35-1.43)
Period

Before 1970 12 1.53(0.81-2.61) 12 2.83(1.27-4.63) 12 1.29(0.68-2.18) 9 0.96(0.42-1.53)

1970-1980 18  1.41(0.83-2.74) 18 2.10(1.41-342) 18 1.40(0.83-2.71) 12  0.76 (0.43-1.13)

1990 and beyond 19 097 (0.46-2.09) 19 195(1.09-2.76) 19 0.80(0.35-1.21) 16  0.40 (0.26-0.88)
Diagnostic classification

DSM 10 157 (0.60-2.61) 10 248(1.63-3.56) 10 1.39 (0.60-2.17) 4 0.40 (0.35-0.60)

ICD 27 155(0.73-3.06) 27 247(1.56-4.11) 27 1.30(0.71-3.06) 22  0.75(0.35-1.30)
Case ascertainment

Clinical 27 154(0.74-3.09) 27 247(1.53-4.31) 27 137(0.85-2.99) 21 0.88(0.37-1.53)

Systematic 5 1.25(0.71-3.03) 5  3.03 (1.66-3.56) 5 0.79 (0.71-1.56) 4 0.47 (0.28-0.92)

Interview 12 1.13(0.30-1.93) 12 1.93(1.45-2.95) 12 0.71 (0.25-1.44) 8  0.35(0.03-0.59)
Sample frame

Admission 20 154(0.72-349) 20 3.49(1.39-496) 20 1.23(0.86-3.06) 14 0.61 (0.45-1.30)

Contact 23 1.37(0.60-2.16) 23 1.93(1.63-3.14) 23 1.05(0.54-1.75) 18 0.59 (0.23-1.25)
Urban level

Rural 8 1.02(0.35-1.90) 8 1.92(1.14-3.30) 8 1.17 (0.50-1.70) 7 0.35(0.22-0.60)

Urban 35 154(0.71-299) 35 247(1.56-4.09) 35 1.22(0.70-2.61) 26 0.75(0.40-1.53)
Human Development Index

Developing 4 1.21(0.89-1.93) 4 173 (1.21-2.20) 4 1.13 (0.65-1.69) 1 0.03(NA)

Developed 39 149(0.68-3.000 39 276(1.56-4.09) 39 1.23(0.70-2.61) 32  0.60 (0.35-1.30)

EOS, Early-onset schizophrenia (age <40 years); LOS, late-onset schizophrenia (age 40-59 years: LOS); VLOS, very-late-onset
schizophrenia (age >60 years); IQR, interquartile range; N.A., not applicable.
2 All rates are presented as number of cases per 10 000 person-years.

similar incidence rates by age and sex as those used for 45 -
analysis 1, suggesting that sampling bias due to data
availability is unlikely to have occurred (results avail- 4.0 1 f\
able upon request).
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higher in men than in women, a figure slightly lower (per 10 000 person-years): —B—, women; — ———, men.
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Table 2. Age- and sex-specific incidence rates of schizophrenia

(per 10 000 person-years)

Age Median Crude IRR Adjusted IRR*

(years) crude rate (95% CI) (95% CI)

Men
<20 1.05 [1] reference [1] reference
20-29  4.15 2.76 (1.904.01)  2.61 (1.74-3.92)
30-39 1.96 1.67 (1.10-2.53) 1.49 (0.94-2.36)
4049 098 0.95 (0.57-1.58)  0.81 (0.47-1.41)
50-59 048 0.60 (0.34-1.06)  0.51 (0.28-0.91)
60-69  0.39 0.35 (0.21-0.59)  0.32 (0.18-0.54)
=70 0.31 0.39 (0.21-0.72)  0.37 (0.20-0.69)

Women
<20 0.69 [1] reference [1] reference
20-29 1.71 2.42 (1.78-3.29)  2.34 (1.66-3.28)
30-39 1.24 2.41(1.71-3.38)  2.25(1.55-3.28)
4049 094 1.99 (1.35-2.96) 1.82 (1.19-2.77)
50-59  0.82 1.60 (1.03-2.47) 1.43 (0.90-2.29)
60-69  0.62 0.95 (0.61-1.50)  0.90 (0.54-1.48)
=70 0.69 1.00 (0.60-1.66)  0.97 (0.55-1.71)

Female-to-male IRRP

<20 0.56 (0.43-0.72)  0.53 (0.41-0.69)
20-29 049 (043-0.56)  0.47 (0.41-0.54)
30-39 0.81 (0.71-0.91)  0.80 (0.71-0.91)
40-49 1.17 (0.98-1.40)  1.18 (0.99-1.41)
50-59 1.50 (1.23-1.82)  1.50 (1.25-1.80)
60-69 151 (1.15-197)  1.50 (1.13-1.99)
=70 1.42 (1.00-2.02)  1.38 (0.93-2.05)

IRR, Incidence rate ratio; CI, confidence interval.

2 Adjusted for study period (in 10-year groups: <1960, 1960
1969, 1970-1979, 1980-1989, 1990-1999 and >2000), popu-
lation (study sample size) and methodological characteristics
(sampling frame, case ascertainment and diagnostic classifi-
cation system).

PIRR <1 indicates higher relative risk in men and IRR >1
indicates higher relative risk in women.

than those reported previously in a systematic review
(McGrath et al. 2004) and a meta-analysis (Aleman
et al. 2003). The initial high peak in men was followed
by a dramatic drop in incidence rates around age 30.
Women, on the contrary, showed a lower, broader
incidence curve followed by a slower decline in risk
over the age span. The slower decline of incidence
rates for schizophrenia in women with increasing age
resulted in a small but significant female excess of new
cases in middle and old age. Finally, the study did not
find a discrete second incidence peak in middle-aged
women.

Incidence of schizophrenia over the age span

The results are in line with previous work suggesting
that schizophrenia is principally a disorder of early
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adulthood but does present throughout the lifespan,
with males having an earlier age of onset (on average)
and slightly higher lifetime morbid risk compared
to females. Several plausible hypotheses have been
developed to explain the age—sex association related
to, for example, prenatal development and differential
exposure to gonadal hormones in men (Murray et al.
1992; Raz et al. 1994; Seeman, 1996). Similarly, the
prevalence of pregnancy and birth complications,
which are recognized candidate risk factors for
schizophrenia, may be more common among males
than females (Clarke & O’Callaghan, 2003). In women,
the onset of schizophrenia may be delayed by the
neuroprotective effects of oestrogen, which is pos-
tulated to have an antipsychotic effect during ado-
lescence (Héfner et al. 1993b; Seeman, 1996).

These analyses failed to show a discrete second
peak in middle-aged women (Héfner et al. 1993b;
Castle et al. 1995). It is possible that a brief peri-
menopausal spike in incidence was not found as a
consequence of the relatively broad 10-year age bands
used in the present statistical models. However, post--
hoc analyses on the subset of samples for whom 5-year
age bands were available showed no second peak in
middle-aged women.

The age-of-onset profile demonstrated in this
study is consistent with complex causal pathways
involving additive and interactive psychosocial,
neural or hormonal protective factors (or lack of risk
factors) in the context of pathoplastic normal or
pathological age-related processes that impact on a
milder or absent neurodevelopmental vulnerability
(Vahia et al. 2010). Culturally and socially determined
sex differences such as greater levels of social inte-
gration, better pre-morbid functioning and greater
likelihood of marriage in women may act as protective
factors, delaying the age at onset (Jablensky & Cole,
1997 ; Morgan et al. 2008).

Risk for schizophrenia and the environment

Although not the primary aim of this meta-analysis,
the risk of schizophrenia was lower in rural areas than
in urban conurbations. This is a replicated epidemio-
logical finding in Western-based studies ; however, the
explanation for this urban excess remains elusive
(Kelly et al. 2010) and data were not available in this
study to investigate this further.

Methodological considerations

Through strong collaborative working we have
had comprehensive access to international data from
published incidence studies, allowing the systematic
recalculation of age- and sex-specific rates for
schizophrenia using raw primary data. The review
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process followed the MOOSE guidelines closely,
ensuring a thorough search for incidence data and
a standardized data extraction process. This study
principally used individual participant-level data
provided by primary researchers that were then used
to centrally generate rate-level data using the same age
strata across all samples. This approach has many
advantages over the formal aggregate meta-analysis
approach (Riley et al. 2010). For a minority of catch-
ment area samples, this was unnecessary as the
appropriate age- and sex-specific rates had been pub-
lished previously or were available from the original
investigators.

Although collaborative recalculation of primary
data is a strong methodology, the results should be
interpreted in light of several design limitations. First,
different studies used different definitions for age of
onset. Age at first hospitalization is often criticized
as proxy of true age of psychosis onset because sig-
nificant between-person variability in duration of un-
treated psychosis may cause differences in first contact
with mental health services. However, the latter have
repeatedly been found to be strongly correlated
(DeLisi, 1992; Héfner et al. 1993a; Walker & Lewine,
1993). As such, age at first hospitalization has been
shown to represent a valid index in estimating age-
at-onset effects. Second, although individual-level
data were available for age, sex and study period, this
was not the case for other characteristics such as level
of urbanicity or social fragmentation; therefore we
did not explore additional sources of heterogeneity in
the age and sex distribution of schizophrenia as this
would be vulnerable to cross-level inferential bias.
Third, no formal rating for study design was carried
out, which may have contributed to a better under-
standing of methodological variation. However,
although some reliable checklists and scales have been
developed to assess the quality of trial data (Shea et al.
2007), defining quality for observational studies is
psychometrically challenging and often highly sub-
jective (Stroup et al. 2000). Fourth, estimations of risk
for schizophrenia in the elderly are probably under-
estimations of true risk because of a seeming reluc-
tance in clinicians to diagnose schizophrenia in the
elderly (Harris & Jeste, 1988). In addition, many of
the included studies excluded subjects older than
65 years, and in ICD-9, schizophrenia and schizo-
phrenia-like illness with late onset may have been
diagnosed as “paranoid psychosis” in some countries.
Hence, the 1.17-fold greater risk of schizophrenia in
men compared to women found in this analysis
should be interpreted in light of this, and may rep-
resent an overestimation. Limited data are available
from developing countries. Only nine (of which four
were included and five excluded because of limited
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data availability) samples were collected in develop-
ing countries. The findings, therefore, may not be
generalizable to developing countries, particularly
because sex differences may show a different distri-
bution by age in these countries (Gangadhar et al.
2002). Finally, the number of studies that had to be ex-
cluded was relatively large (see online Supplementary
Table S2), including a total of 74 studies that might
have contained useful data for this meta-analysis.
Although this could have affected the results and
conclusions slightly, we consider that the calculations
were based on sufficiently large numbers to guarantee
robustness of the results. Furthermore, although
not all published data were available in sufficient
detail to be included in the central recalculation, stu-
dies that were excluded showed similar study and
population characteristics, making systematic bias less
likely.

Conclusions

The establishment of age- and sex-specific incidence
rates for schizophrenia is of great importance for
mental health service development; detailing the
timing of schizophrenia onset reveals a window of
opportunity for possible early detection and preven-
tive strategies. The results further highlight the fact
that a small, but not negligible, proportion of in-
dividuals develop schizophrenia after age 60 years.
These numbers are likely to rise significantly, with
the first of the post-war ‘baby-boom’ generation
reaching 65 years of age by the end of 2010 (Jeste et al.
1999). The concept of prevention should therefore
not only be restricted to adolescents but also be ap-
plied to middle-aged and elderly persons (Lebowitz &
Pearson, 2000).
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