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ABSTRACT

Background. Gender differences are commonly reported in schizophrenia research, especially
with regard to age at onset. Few studies have reported the age- and gender-specific incidence of
schizophrenia in people aged up to 71 years, and no studies have reported the cumulative incidence
of schizophrenia in people aged up to 71 years.

Method. Two cohorts were established by linking data from the Danish Civil Registration System
(DCRS) with data from the Danish Psychiatric Central Register (DPCR), which covers all incident
cases of schizophrenia from 15 to 71 years. We estimated the gender- and age-specific incidence
rates of schizophrenia for people aged up to 71 years. We also estimated the cumulative incidences.

Results. The incidence rates for males significantly exceeded those for females in the age range
from 17 to 40 years. By their 72nd birthday, 1.59% of males and 1.17% of females had developed
schizophrenia.

Conclusion. Male sex is a major risk factor for the development of schizophrenia.

INTRODUCTION

Gender differences in schizophrenia have fre-
quently been reported in many different aspects
of the illness, from psychopathology and prog-
nosis to characteristics of onset and treatment
response. However, many basic questions still
need to be addressed.

Hafner et al. (1989, 1993), who contributed
substantially to the available knowledge about
gender differences and schizophrenia, and
Hambrecht et al. (1993) claimed in the mid-
1990s that the lifetime risk for developing
schizophrenia is 1 : 1 for males and females re-
spectively, but that the risk for women increases
with increasing age. This assumption is still
widely accepted and often referred to. However,
on the basis of a large meta-analysis including
100 studies, McGrath et al. (2004) concluded

that males have a 1.4-fold increased risk of
developing schizophrenia compared to females.
In the AESOP (Aetiology and Ethnicity of
Schizophrenia and Other Psychoses) study it
was also found that schizophrenia was more
common in males (the incident rate ratio was
2.3) (Kirkbride et al. 2006). This could partly
depend on diagnostic systems and tradition. For
example, some clinicians may be more reluctant
than others to use the diagnosis ‘first-episode
schizophrenia ’ for an 85-year-old paranoid
woman.

In 1976 the Camberwell Register First
Episode Study (Kendell et al. 1976) reported
incidence rates for men and women across all
ages of onset but this was a smaller study than
the current one and with another purpose.
The current study is the first, and one of the
largest, to report the age- and gender-specific
incidence of schizophrenia in people up to
71 years. Estimates were based on complete
nationwide coverage of all persons admitted
to hospital or treated in in-patient care. In
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Denmark the vast majority of people with
schizophrenia have either been admitted or are
in in-patient care. To our knowledge this is also
the first study to report unbiased estimates of
the cumulative incidence of schizophrenia in
people aged up to 71 years.

The aim of this study was to estimate the age-
and gender-specific incidence rates of schizo-
phrenia for people born in Denmark, and to
estimate the age- and gender-specific cumulative
incidence rate of schizophrenia. Incidence is
defined as the number of new cases of a
specific disease per 100 000 person-years in a
population.

METHOD

Study population and risk period definition

In Denmark every person alive or born after 1
April 1968 is assigned a personal identification
number. The Danish Civil Registration System
(DCRS; Pedersen et al. 2006) holds infor-
mation about personal identification numbers
and links every person to such data as date
of birth, gender, date of death, and date of
emigration. The personal identification number
is the unique link to individual information in
all national registers.

The Danish Psychiatric Central Register
(DPCR; Munk-Jørgensen & Mortensen, 1997)
includes every psychiatric in-patient admission
between 1 January 1970 and 31 December 2005.
From 1 January 1995 this register also holds
information on every out-patient attendance.
Diagnosis in the period from 1 January 1970 to
31 December 1993 is coded using the ICD-8
diagnostic system, while for registration after
1 January 1994 the ICD-10 diagnostic system is
used. We linked the DCRS with the DPCR
using the personal identification number.

We established one cohort (the ‘young
cohort ’) by identifying every person born in
Denmark from 1955 to 1990. From the DPCR
we identified the first time a cohort member
received a diagnosis of schizophrenia [ICD-8
(295 except 295.79) or ICD-10 (F20)], if any.
Cohort members were followed from their 15th
birthday until the first diagnosis of schizo-
phrenia, death, emigration from Denmark, their
51st birthday or 31 December 2005 (whichever
came first). For the ‘young cohort ’ we have
complete information about all individuals

hospitalized or in out-patient care with a diag-
nosis of schizophrenia from their 15th to their
51st birthday.

To cover the rest of the risk period, from the
51st birthday to the 72nd birthday, we estab-
lished the ‘old cohort ’ by identifying every
person born in Denmark in the period from
1934 to 1954. From the DPCR we identified the
first time a cohort member received a diagnosis
of schizophrenia, if any. We followed this older
cohort from their 51st birthday until the first
diagnosis of schizophrenia, death, emigration
or 31 December 2005 (whichever came first).
We expected the first registered cases of schizo-
phrenia to represent the incident cases if they
had not received a diagnosis from 1 January
1970 to 31 December 1984, thus all persons who
were diagnosed before their 51st birthday were
not included. Therefore, for the ‘older cohort ’
we assume that we have complete information
about all people hospitalized or in out-patient
care with a diagnosis of schizophrenia from the
51st birthday and onwards. When collapsing
data from the young and the older cohorts,
all incident cases from the 15th to the 72nd
birthday were included.

Statistical analysis

The age- and gender-specific incidence rate was
calculated as the number of new cases occurring
for each age and gender. To explore the age-
specific incidence of schizophrenia in as much
detail as possible and to minimize the risk of
bias, age was categorized in 1-year intervals
from the 15th to the 20th birthday and in
2-year intervals thereafter. The age- and gender-
specific incidence rates were estimated using
Poisson regression (Breslow & Day, 1987) in
SAS version 9 (SAS Institute Inc., Cary, NC,
USA).

The change in diagnostic system in Denmark
in 1994 from ICD-8 to ICD-10 produced more
incident cases of schizophrenia (Pedersen &
Mortensen, 2001), suggesting that ICD-8 missed
some cases of schizophrenia. To compensate
for these changes, estimates of incidence were
adjusted for calendar year, such that the
estimates of incidences measured the incidences
had all cohort members been followed during
the use of the ICD-10 classification.

We used the estimated incidence rates to
calculate the cumulative incidences (Andersen
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et al. 1993), taking into account the possibility
that a person may die before receiving a diag-
nosis. The cumulative incidence describes, at a
given age, the proportion of people in a popu-
lation who have received a diagnosis earlier than
the given age. These analyses were made for
each gender, and both for in-patients only and
for out- and in-patients.

RESULTS

Overall, 16 762 persons (6421 females and
10 341 males) developed schizophrenia during
58.0 million person-years. Of those 16 762
persons, 5633 individuals developed schizo-
phrenia during the use of the ICD-8 classifi-
cation (1970–1993) and 11 129 persons de-
veloped schizophrenia during the use of the
ICD-10 classification (1994–2005).

Incidence

The incidence rates of schizophrenia varied with
gender and age (Fig. 1). The incidence measures
the number of new cases that occurred per
100 000 person-years at risk. Having adjusted

for the diagnostic system used, these estimates
measure the incidence had all cohort members
been followed during the used of the ICD-10
classification (see Method section). The age-
specific incidence varied by gender. In the age
range from 17 to 40 years, the incidence rates for
males significantly exceed those for females,
while in the age groups from 50 to 68, the inci-
dence rates for women significantly exceed those
for males. For both sexes the incidence peaked
at 22–23 years of age. These differences between
males and females were similar for the un-
adjusted data and for only in-patient diagnoses.

Cumulative incidence

The age- and gender-specific cumulative in-
cidences of schizophrenia are shown in Fig. 2.
These numbers were adjusted for diagnostic
changes and include both in- and out-patients.
For all ages the cumulative incidence was larger
for males than for females. By their 72nd
birthday 1.59% [95% confidence interval (CI)
1.55–1.62] of all males and 1.17% (95% CI
1.14–1.20) of all females had developed schizo-
phrenia.
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FIG. 1. Incidence rates of schizophrenia by age and gender adjusted for the changes in the diagnostic system (baseline is the
ICD-10 period, 1995–2001). –––, Females ; ...., males.
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Mean age and median age

The mean age at onset for men was 29.31 (95%
CI 29.12–29.51), median 26.77 (95% CI 26.59–
26.95). For females the mean age was 32.78
(95% CI 32.47–33.10), median 29.08 (95% CI
28.66–29.49). However, because in this study we
lacked information on the oldest incident cases
of schizophrenia, our estimates of mean and
median age of onset may be biased downwards.

DISCUSSION

Our data strongly indicate that the lifetime risk
of developing schizophrenia is dependent on
gender. We investigated two cohorts who, when
the data were collapsed, had lived through the
major part of the life risk period for developing
schizophrenia (15–71 years of age), and found
that males had the highest incidence rates from
age 17 to 40, while females had the highest
incidence rates from age 50 to 68. This method
gives a much more detailed picture of the sex
differences in onset of schizophrenia than com-
paring means of ages at onset. The risk period
was defined as ranging from age 15 to 71 on the

basis of the literature. For instance, Jablensky
(Hirsch & Weinberger, 2003) states that the
majority of onsets fall within the interval of
15–54 years of age. However, we extended the
age range up to 71 years.

Before interpreting the results, some con-
siderations regarding the possible bias of the
results should be mentioned. Is the higher inci-
dence among males caused by methodological
bias or is it a true difference? First, we must
evaluate the validity of the diagnoses and other
data from the registers. To what extent do the
reported incidences reflect the ‘true’ incidence?
There are three steps before a patient is regis-
tered in the DPCR and gender bias may occur at
all three steps. Step 1 : Some patients may never
apply for treatment ; on some occasions this is
estimated at up to 20% of all patients. Some of
these may be patients with milder courses who
can find a way of living with their ‘special
characteristics ’ (a majority of these might be
women). Some may be the very serious cases
where abuse, homelessness or criminalization
prevents treatment and among whom the
suicide rate is high (mostly males). However, for
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FIG. 2. Cumulated incidences of schizophrenia by age and gender in competing risk, adjusted for changes in diagnostic system.
–––, Females ; ...., males. The dashed lines (– – –) indicate 95% confidence intervals.
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the majority of patients with schizophrenia, the
disease has such a serious impact on their
everyday living that the need for treatment is
evident. Step 2 : Some patients may be treated
for years only by their general practitioner (GP)
and thus never become registered in the DPCR.
In our opinion this is a minority of cases because
in Denmark we do not have a tradition of
treating severe mental illness in primary health
care ; although in some cases GPs may be
providing maintenance treatment. Step 3 is the
validity of the diagnoses. We know that the
diagnosis ‘schizophrenia’ was applied less fre-
quently when ICD-8 was used, and that women
in particular were underdiagnosed (Castle et al.
1993). Physicians were more reluctant to give
the diagnosis because of the poor prognosis and
the stigmatizing effect implicit in the diagnosis.
Although this may have changed with ICD-10,
we cannot rule out the possibility that the risk of
developing a poor course and being stigmatized
may prevent some physicians from using the
diagnosis. Aleman et al. (2003) mention that
women may be underdiagnosed with schizo-
phrenia at first admission, but it is also possible
that males are more frequently misdiagnosed
with schizophrenia, which diagnosis is then
later adjusted to, for example, bipolar disorder.
Cultural norms and social expectations, such as
‘women are more affectionate’ or ‘women are
more emotional ’, may also contribute to women
being diagnosed more often with affective dis-
orders or personality disorders (Nasser et al.
2002).

All these factors are theoretically sources of
bias that could influence the diagnoses reported
to the register and thus the estimated incidence
rates. We are, however, convinced that they are
of minor importance, and that the registers hold
the vast majority of the patients applying for
treatment for schizophrenia in Denmark.

We took into account the fact that the
diagnostic system has changed during the time
period that we investigated by reporting the
incidence had all cohort members been followed
during the use of the ICD-10 classification. The
diagnostic systems and traditions may influence
the number and characteristics of the patients
who will meet the diagnostic criteria for schizo-
phrenia. The narrower the diagnostic criteria
used, the more women are excluded from a
diagnosis of schizophrenia (Lewine et al. 1984;

Castle et al. 1993). If affective or atypical
symptoms are included in the diagnostic sys-
tems, more women will be diagnosed. Major
changes in the treatment opportunities may also
be reflected in the number of patients applying
for treatment. We also included all out-patient
diagnoses, which increased markedly in number
after the major structural changes in the
psychiatric treatment system in Denmark in
the early 1980s. Out-patient diagnoses were
included in the register from 1995.

In our analyses of the oldest cohort born
1934–1954, we anticipated that if an individual
had not been admitted with a diagnosis of
schizophrenia during the past 15 years, it meant
that they would never have been diagnosed, in
other words that a person with a diagnosis of
schizophrenia will always be hospitalized at least
once within 15 years. Although this is very likely,
it may not always be the case. However, if bias
was introduced, it would only affect the results
concerning people aged 51 or more.

Our results confirm that the incidence rates
vary a good deal over the lifetime risk period.
Means and medians are also reported. We
found that the mean age at onset for females is
3 years higher than that of males, as expected.
Our findings of a peak in incidence for females
aged 22–23 years are in contrast to the findings
of the AESOP study (Kirkbride et al. 2004),
where only a minor variation in the age-specific
incidence for females was reported.

Our results are thus on some points in oppo-
sition to what Hafner and colleagues found in
the ABC (Age, Beginning, Course) study and
in the analyses of data from Denmark from
1976 (Hafner et al. 1989) and in accordance
with the conclusions of McGrath et al. (2004)
and Aleman et al. (2003). Our results may indi-
cate that males develop a more severe form
of the disorder, which is therefore easier to rec-
ognize and to diagnose. The possibility that
schizophrenia may to a larger extent go un-
recognized in women than in men, as stressed by
Aleman et al. (2003), has not been completely
ruled out. However, on the basis of our results,
we conclude that male sex is a major risk factor
for developing schizophrenia.

A detailed discussion of the possible reasons
for this gender difference in incidence lies beyond
the scope of this paper, but a few important
issues should be mentioned. Some cultural
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aspects have already been mentioned, but bi-
ology is most likely to be a contributing factor.

According to the neurodevelopmental hy-
pothesis of the origin of schizophrenia, there are
special features of the male brain that make it
more prone to develop structural brain abnor-
malities, obstetric complications and neuro-
developmental disorders such as Asperger
syndrome (Castle & Murray, 1991; Kirov et al.
1996; Guerguerian & Lewine, 1998). Compared
with women, males have higher rates of cortical
atrophy and increased ventricle–brain ratios,
which have been associated with cognitive im-
pairment, poor pre-morbid adjustment andmore
negative symptomatology (Castle & Murray,
1991). In a review by DeLisi et al. (1989) aiming
to answer the question ‘Are gender differences in
the brain relevant to pathogenesis of schizo-
phrenia? ’, other important issues are described:
genetic contributions, neuroendocrine disturb-
ances and the impact of sex, growth and steroid
hormones, and brain lateralization. Cowell et al.
(1996) add to the hypotheses that hormonal and
neurochemical changes during puberty may con-
tribute to changes in neuroanatomy. In general,
this field is flawed because many biological stud-
ies consist of small or unrepresentative samples
with unbalanced male/female ratios (mainly
excess of males ; Wahl & Hunter, 1992). More
gender-specific research concerning the origin of
schizophrenia and, for example, gene–environ-
ment interactions is needed to explain the differ-
ence in lifetime risk for men and women.
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