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Abstract

Many sex and gender differences in schizophrenic psychoses have been reported, but few have been soundly replicated. A stable
finding is the later age of onset in women compared to men. Gender differences in symptomatology, comorbidity, and
neurocognition seem to reflect findings in the general population. There is increasing evidence for estrogens being
psychoprotective in women and for hypothalamic—pituitary—gonadal dysfunction in both sexes.

More methodologically sound, longitudinal, multi-domain, interdisciplinary research investigating both sex (biological) and
gender (psychosocial) factors is required to better understand the different pathogenesis and etiologies of schizophrenic psycho-
ses in women and men, thereby leading to better tailored treatments and improved outcomes.
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Introduction

Sex and gender differences in schizophrenia provide a com-
pelling basis for both psychiatry research and clinical practice.
Such differences have been described in the incidence and
prevalence, age at onset, symptomatology and course of
schizophrenic psychoses, as well as the so-called “premorbid”
adjustment and emerging psychosis, cognitive functioning,
brain morphology and functioning, and a variety of risk fac-
tors, such as familial risk, hormonal, and psychosocial influ-
ences (Riecher-Rossler and Hafner 2000; Riecher-Rossler
et al. 2010; Ochoa et al. 2012; Canuso and Pandina 2007).
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Sex and gender difference findings, however, are inconsis-
tently reported—mainly due to methodological differences in
studies. For example, the fact that some results are not derived
from representative, population-based studies but rather come
from selected help-seeking patient groups, does not allow to
draw valid conclusions on “true sex and gender differences.”
It is vital to clearly delineate consistent differences in schizo-
phrenic psychoses, such as regarding age of onset, to truly
understand the underlying causes of these serious mental
disorders.

Recent research has shown that sex and gender differences
might arise from a complex interplay between biological
(mainly hormonal), and psychosocial factors. Promising,
new strategies to both understand and treat schizophrenia in-
volve the exploration of the impact of estrogens on the central
nervous system and hence several clinical parameters associ-
ated with schizophrenic psychoses.

More research in this area is urgently needed including
better translation between clinical and basic research.
Gender and sex differences could be a window to explore
the etiology of some of the pathogenic pathways leading to
psychosis in general. This would also allow the development
of new therapeutic strategies for these disorders both in gen-
eral and specifically tailored to meet the needs of women and
men with schizophrenia. Personalized medicine approaches in
other fields are proving to be successful, and tailoring the
treatment of schizophrenic psychoses for each person, taking
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the sex/gender of the patient into account, would be an impor-
tant step forward.

This review will focus on clinical aspects of sex and gender
differences in schizophrenic psychoses and the potential un-
derlying causes. Reviews focusing on sex differences in ani-
mal models can be found elsewhere (Ayhan et al. 2016; Hill
2016). We will primarily cite systematic reviews, meta-analy-
ses, and more recent studies but also some older landmark
studies (see Table 1). The term “sex” is used in describing
biological aspects and “gender” for the psychosocial and cul-
tural influences, while acknowledging that all these influences
interact strongly and that sometimes both terms could be used.
The plural term “schizophrenic psychoses” is used, because
we believe it is a better descriptor for the broad term of
“schizophrenia” which may actually comprise a group of dis-
orders with different etiologies (Cuesta and Peralta 2008;
Riecher-Rossler and Studerus 2016), possibly with a differing
sex distribution.

The main goal of our review is to raise awareness of the
importance of sex and gender differences in schizophrenic
psychoses and to stimulate more methodologically sound re-
search in this area.

Epidemiological and clinical sex and gender
differences

Sex and gender differences in “schizophrenia” have been de-
scribed for a long time. In particular, sex differences in the age
at onset have been consistently described in many studies. Sex
and gender differences in the incidence, symptomatology,
cognitive functioning, or the course of the disease are less
consistently reported.

Inconsistencies might partly be due to methodological
problems. Many studies have not been community-based but
were based on selected patient groups and are therefore not
representative of all patients in a defined catchment area. This,
however, would be a prerequisite for describing #rue sex and
gender differences. The data gained from non-representative
studies might be influenced by the differing help-seeking be-
haviors of both sexes and differing referral rates, i.c., selection
into treatment (Walker and Lewine 1993). Furthermore, many

Table 1 Search strategy and selection criteria

Medline, PubMed, and Google Scholar were searched for articles in
English or German published in the last five years using the MeSH
Major Topic “schizophrenia” and the terms “sex differences” or
“gender differences,” “estrogens,” “estradiol,” “prolactin,” and
“pituitary.” No language restrictions were used. The reference lists of
these articles were searched for important earlier papers. These
publications were supplemented with earlier landmark papers and
reviews. Due to space restrictions, mainly review articles were cited
regarding older publications
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studies have commented on the absence or presence of sex
and gender differences, e.g., regarding symptomatology or
cognition in psychoses, without studying untreated first-
contact patients. Thus, the described sex/gender differences
might partially be due not only to patient selection but also
to treatment effects and other influencing factors as outlined
subsequently.

Incidence and prevalence

Recent epidemiological studies report a slightly higher inci-
dence of schizophrenia in men compared to women, with a
risk ratio of about 1.4 (Aleman et al. 2003; McGrath et al.
2008), although previous studies had found equal incidence
rates (Jablensky et al. 1992; Héfner et al. 1989, 1994).
Differing results might be due to methodological issues as
described previously. Furthermore, the incidence rates might
be influenced by the diagnostic criteria applied, which can
have broad or narrow definitions of schizophrenia. If, for ex-
ample, schizoaffective psychoses are not included in studies,
women might be underrepresented since they are more often
diagnosed with schizoaffective disorder (Filatova et al. 2017)
because they experience more affective symptoms (see subse-
quent discussions). An especially critical factor influencing
the finding of sex differences in the incidence of schizophrenic
psychoses is the diagnostic age limit applied. In older studies
with an upper age limit of 45 years for the diagnosis of schizo-
phrenia (as per DSM-III), men were usually described as hav-
ing higher incidence rates, because these studies excluded a
second peak of schizophrenia onset in women aged 45 years
and older (see subsequent discussions). In studies where the
upper age limit is set higher, the relative risk appears to be
similar for both sexes (van der Werf et al. 2014; Héfner et al.
1989, 1991a, 1994). In two studies, Hafner and Riecher-
Rossler examined all first hospitalized patients from two de-
fined catchment areas—directly in the ABC study in Germany
(Héfner et al. 1991a, 1993) and via a community-based case
register in Denmark (Hafner et al. 1989). Both studies showed
the same cumulative incidence rates for men and women,
when the upper age limit for the diagnosis of schizophrenia
was 60 years. In both studies, under age 40, the incidence was
higher in men; after age 40, women had a higher incidence.
Only 10% of all men had their first admission after age 40
compared with 21% of all women (Riecher-Rdssler et al.
1997, Riecher-Rossler 2009).

More recently, van der Werf and colleagues performed a
collaborative recalculation of 133,693 incidence cases of
schizophrenia from 43 independent samples without a diag-
nostic age limit and showed an only slightly higher incidence
in men than in women (odds ratio 1.15). This was mainly due
to a higher risk for men in the group under age 40, whereas
over age 50, the risk was higher in women (van der Werf et al.
2014). One study appeared after that review (Kiihl et al. 2016)
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that was based on Danish case register data and showed a
higher incidence in men. However, the age range for that study
was a rather unusual 5-57 years. Interestingly, they reported
an increasing incidence in women over the last decades, as did
another epidemiological study (Filatova et al. 2017).

Regarding prevalence, no distinct sex/gender differences
were found (Saha et al. 2005; McGrath et al. 2008). This
disparity between incidence and prevalence seems astonishing
but could be explained, for example, by the reported better
treatment adherence by women (Ochoa et al. 2012; Cotton
et al. 2009; Thorup et al. 2007).

Age of onset

The age at first onset of the disorder is on average significantly
higher in women than in men. This difference has been shown
in many studies quite consistently and worldwide (Aleman et al.
2003; Hafner et al. 1994; Jablensky et al. 1992; van der Werf
etal. 2014; Leung et al. 2000; Canuso and Pandina 2007; Eranti
et al. 2013; Héfner et al. 1989). Mean age at onset differs on
average by 1-5 years, and this difference is already evident at
the first onset of signs and symptoms of the disease and is not
just due to a delay in help seeking or hospital admission (Eranti
etal. 2013; Héfner et al. 1989, 1991a, 1993). In the ABC study,
which was unfortunately not included in the meta-analysis by
Eranti et al. (2013), data on men showed a peak of first admis-
sions in their early twenties compared with women in their late
twenties. Most importantly, women had a second smaller peak
of first admission after age 40 (Hafner et al. 1989, 1993) (see
Fig. 1). This was true for broadly defined (ICD-9: 295, 297,
298.3, 298.4) as well as for narrowly defined (ICD-9: 295 only)
schizophrenia. So-called “late-onset” schizophrenia occurred
twice as often in women as in men in the ABC study
(Riecher-Rossler 1994; Riecher-Rossler et al. 1997). This

second peak of onsets in women has also been shown in a
recent meta-analysis (Kirkbride et al. 2012).

Interestingly, the sex difference in age of onset seems to
disappear in patients with a family history of psychosis
(Esterberg et al. 2010). Some, but not all, recent studies sug-
gest that the earlier age of onset in men is at least partly due to
their higher cannabis use. The ABC study excluded patients
with severe cannabis use in the sense of a disorder but still
reported a sex difference of 4 years in the age at first admission
(Hafner et al. 1989, 1993).

Symptomatology and social functioning

Regarding gender differences in psychopathological symptoms,
the findings are less conclusive. It has often been reported that
negative symptoms (e.g., social withdrawal, blunted affect, or
amotivation) occur more frequently in men whilst affective
symptoms (e.g., depression) or specific psychotic symptoms
(e.g., paranoia) occur more often in women (Abel et al. 2010;
Ochoa et al. 2012; Canuso and Pandina 2007; Riecher-Rossler
and Héfner 2000; Riecher-Rossler et al. 2010). However, many
of these studies are not true population-based studies. In the
ABC study, which examined a representative population-based
sample of all first admitted with narrowly defined schizophre-
nia, very few gender differences in psychopathology were
found, which disappeared after correction for multiple testing
(Héfner et al. 1991a, 1993) (see Fig. 2). The differences found
had more to do with comorbidity and illness behavior; for ex-
ample, men had more substance and alcohol abuse, self-neglect,
deficits in communication, and social disability, whereas wom-
en displayed more over-adaption and conformity (Hafner et al.
1992). More recent studies in representative first-episode pop-
ulations were conducted by Salokangas and Stengard (1990),
Thorup et al. (2007), Koster et al. (2008), Bertani et al. (2012),

Fig. 1 Sex-specific age
distribution at first admission for

mMen (n=168) ®\Women (n=166)

schizophrenia, narrow definition 50
(ICD-9: 295) (ABC study)*. *For

broad definition (ICD-9: 295,
297, 298.3, 298.4), see also

Hifner et al. (1991b) and Hafner

etal. (1991a).
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Fig. 2 Gender differences in 1001
psychopathological syndromes of
first admitted patients with
schizophrenia—narrow definition
(ICD 295 only) (ABC study)*.
CATEGO syndromes based on
the Present State Examination
(Wing et al. 1973, 1974).
*Reprinted (in a translated
version) from Héfner et al.
(1991b) with permission from

754

50 1

251

% of patients with syndrome

— Men (n=133)
—— Women (n=143)
*p =.05
**p =.01
(without adjusting for
multiple testing)
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Hui et al. (2016), and Cotton et al. (2009), the latter being
restricted to the age group of 15-29 years. These studies mainly o ]
Table 2 Psychopathology scores with significant differences between

reported that men with schizophrenia had more negative symp-
toms, less affective symptoms, more social isolation, and poorer
social functioning (Bertani et al. 2012; Koster et al. 2008;
Salokangas and Stengard 1990; Thorup et al. 2007; Hui et al.
2016; Holtzman et al. 2010). Men also had more substance
abuse (mainly cannabis and alcohol) (Cotton et al. 2009;
Koster et al. 2008; Thorup et al. 2007). This greater prevalence
of substance abuse in men might have contributed to the gender
differences in symptomatology, which many studies unfortu-
nately did not control for.

Many of these differences can also be found in the general
population, such as more affective symptoms, depression and
anxiety in women, but more alcohol, substance and cannabis
abuse in men (Seedat et al. 2009).

However, there seem to be more differences between wom-
en and men with late-onset schizophrenia. In the ABC study,
men with schizophrenia onset over 40 years showed signifi-
cantly milder symptoms than those with early onset, whereas
late-onset women suffered from symptoms almost as severe as
carly-onset women (Riecher-Rossler et al. 1997) (Table 2).

Furthermore, women appear to experience a variation in
symptom severity over the menstrual cycle (Riecher-Rossler
et al. 1994), which is discussed in more detail subsequently.

Regarding social functioning, available evidence suggests
that women outperform men. This was shown for first-episode
psychosis but also during the later course of the disease
(Ochoa et al. 2012; Canuso and Pandina 2007).

Cognitive functioning
Impairment of cognitive functioning—neurocognition and so-

cial cognition—is recognized as a core feature of schizophren-
ic psychoses (Fatouros-Bergman et al. 2014; Davidson et al.

@ Springer

early- and late-onset schizophrenia cases (ICD-9: 295) by gender (ABC
study)

Men* Women® Total®
M SD) po) M (SD) p M (SD) p@)
TOT
<40 years 42.5 (16.4) ** 419 (16.1) ns. 422 (16.2) *
>40 years 24.6 (14.8) 39.5 (14.5) 359 (15.7)
NSN
<40 years 16.1 (7.3) ** 151 (6.1) ns. 156 (6.8) **
>40 years 83 (54) 129 (6.1) 11.8 (6.2)
DAH
<40 years 10.6 (7.3) ** 114 (7.7) ns. 11.0 (7.5) ns.
>40 years 5.3 (3.3) 11.7 (7.8) 10.1 (7.5)

Psychotic symptoms
<40 years 10.7 (5.5 * 113 (4.8) ns. 11.0 (52) ns.
>40 years 7.1 (3.9) 11.1 (4.8) 102 (4.8)
First-rank symptoms

<40vyears 22 (2.0) * 23 (190 ns. 22 (2.0) ns.
>40years 0.7 (1.3) 20 (1.8) 17 (L8)
*p<0.1

*p <0.01

#n <40 years: 106; n >40 years: 7
° 1 <40 years: 99; n >40 years: 22
“n <40 years: 205; n >40 years: 29

TOT, total score of Present State Examination (PSE) (Wing et al. 1973,
1974)

NSN, non-specific neurotic syndromes, subscore of PSE
DAH, delusions and hallucinations, subscore of PSE
n.s., not significant

Reproduced from Riecher-Réssler et al. (1997) with permission from
Springer
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2009; Brekke and Nakagami 2010). Since we do not have
adequate treatments, this impairment is one of the main obsta-
cles for patients’ full recovery and reintegration.

Neurocognitive functioning is known to show distinct sex
and gender differences in healthy individuals. Healthy women
for instance tend to perform better than men in tasks measur-
ing verbal abilities, while men perform better in tests of visuo-
spatial skills (Ittig et al. 2015).

Many sex/gender differences regarding neurocognition have
also been found in patients with schizophrenic psychoses (Ittig
et al. 2015; Ochoa et al. 2012; Riecher-Rossler et al. 2010).
However, there are relatively few studies in first-episode pa-
tients. The latter show that women have a better performance
in verbal learning and memory compared to men but do worse
than men on tests of reaction time, visual memory, and execu-
tive functions (Ayesa-Arriola et al. 2014; Hoff et al. 1998; Ittig
et al. 2015). In one study, men were noted to have a higher IQ
and better performance in the visual domain (Hui et al. 2016).

As regards social cognition, healthy women were shown to
have better emotion recognition than men, while findings re-
garding theory of mind were inconsistent (Danaher et al.
2017). The few studies analyzing gender differences of social
cognition in schizophrenia have contradictory findings.
Pinkham et al. (2017) did not find any differences, but in other
studies, male schizophrenia patients showed greater deficits in
emotion perception (Carter et al. 2009) which was associated
with a worse functional outcome (Irani et al. 2012). In first-
episode patients, one study showed no gender differences re-
garding theory of mind (Ayesa-Arriola et al. 2014).

It is important to note here that the impairment of neuro-
psychological functioning depends on a wide variety of con-
ditions which might differ between women and men, for ex-
ample, the severity of symptoms (O’Leary et al. 2000) and
especially the fluctuation of estrogen levels during the men-
strual cycle in women (Hoff et al. 2001). Most importantly,
sex/gender differences were very similar to those found in the
general population and in healthy controls (Ittig et al. 2015;
Ayesa-Arriola et al. 2014). Hence, it appears that differences
in neurocognition might not be disease-specific.

Emerging disease and “premorbid” characteristics

There is a plethora of literature about so-called “premorbid”
functioning or “premorbid” adjustment in schizophrenia. This
was often described as being better in women than in men
(Ochoa et al. 2012). In light of newer research, however, it
must be questioned if the worse or declining social function-
ing of people who developed schizophrenic psychoses later in
life was really “pre”-morbid or rather an early sign of the
disease. We now know that schizophrenic psychoses in about
70% of all cases do not start acutely with frank psychotic
symptoms, such as delusions or hallucinations, but emerge
slowly, on average, over four to five years with so-called

prodromal symptoms. The prodrome includes nonspecific
symptoms first and then more specific subthreshold or
“attenuated” psychotic symptoms (Héfner et al. 1991a,
1994; Riecher-Réssler and McGorry 2016). Over the last
two decades, there has been a tremendous effort in psychiatric
research to identify these early stages (Riecher-Rdssler and
McGorry 2016). Early detection and intervention services
have been established in many countries (Maric et al. 2017)
with the aim of identifying these at-risk mental states for psy-
chosis or at least to diagnose frank psychosis in the very early
stages, the so-called first-episode psychosis.

More recently, many studies have been published on the
characteristics of patients with an at-risk mental state and on
the sex and gender differences observed in these populations.
However, an important confounding factor is that this work
has been mainly conducted in help-seeking populations, rather
than in representative populations. Many patients at risk might
be missed by early detection services (Fusar-Poli et al. 2017).
Furthermore, there might be a selection bias with regard to
gender. Thus, in studies based on the populations of these
services, about 58% of the patients at-risk and 67% of the first
episode patients were male (Wilson et al. 2017). So far, it is
not clear to what extent this is due to gender differences in
help seeking at these services or a sampling bias in the recruit-
ment to studies (Longenecker et al. 2010). A further problem
is that not all studies differentiate within their at-risk mental
state populations, whether the patients have in fact made a
later transition to psychosis or not. So, the findings not always
refer to “true” emerging psychosis.

Regarding gender differences in the symptomatology of pa-
tients at risk, in a comprehensive review of twelve studies up until
2014, Barajas et al. (2015) described many inconsistent findings.
Most studies reported no differences, but some reported more
negative symptoms and worse psychosocial functioning in men.

More recent studies had similar results. While some found
no gender differences in symptomatology (Kotlicka-Antczak
et al. 2016), a few other studies described men showing more
negative symptoms (Rietschel et al. 2017), violent behavior
(Tseliou et al. 2017), and disorganized communication
(Theodoridou et al. 2017). In contrast, women showed more
depression and social anxiety (Rietdijk et al. 2013; Pruessner
etal. 2017) and more unusual perceptual experiences (Waford
etal. 2015). However, most of these studies had not corrected
for multiple testing or confounding variables. Among others,
differences found could be due to comorbidity, especially the
well-described higher substance use in men.

Riecher-Rossler and colleagues examined all patients from
the canton of Basel-Stadt who sought help in the early detec-
tion service, the only service for this catchment area, in the
framework of the FePsy (Fritherkennung von Psychosen;
Early Detection of Psychosis) project (Riecher-Rossler et al.
2009). At referral to the service, both at-risk mental state and
first-episode female patients with psychosis had slightly
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higher (pre-)psychotic symptom scores than men. Men had
slightly higher negative symptom scores than women.
However, the differences did not withstand correction for mul-
tiple testing. This was true for both observer-rated and self-
reported symptoms (Gonzalez-Rodriguez et al. 2014) (Fig. 3).
Illness insight seemed to be the same in both women and men,
since the discrepancy between self- and observer-rating was
the same for both genders (Spitz et al. 2015). However, there
have also been findings of a more strongly reduced illness
insight in first-episode men compared with women (Cotton
et al. 2009). Interestingly, the first self-perceived signs of the
disease were different between the genders. While men more
frequently first noticed negative and cognitive symptoms,
women more frequently first noticed subthreshold positive
and affective symptoms (Heitz et al. 2017).

In a non-help-seeking representative general population
sample of 7076 subjects in The Netherlands, men had a higher
prevalence of negative symptoms, while women had higher
rates of so-called positive psychotic experiences and depres-
sive symptoms (Maric et al. 2003). These results imply that
the few sex differences seen in symptomatology of psychosis
are also seen in a subthreshold form in the general population.
All in all, regarding emerging symptomatology, it seems that
differences between women and men—if there are any—are
small and often resemble those in the general population.

Cognition appears to be already impaired in individuals
with an at-risk mental state (Ittig et al. 2015; Fusar-Poli et al.
2012a). There are a limited number of studies on sex/gender
differences in this population. Walder et al. (2008) only found

Fig.3 Symptomatology in at-risk BPRS
mental state (n=117; 43 women,
74 men) and first-episode psy- 1.0
chosis (n=87; 31 women, 56
men) patients in the FePsy- 0.5
Study*. Means and 95% confi- A
dence intervals of subscales of the 0.0
Brief Psychiatric Rating Scale o n T
(BPRS), Scale for the Assessment 8 05 A
of Negative Symptoms (SANS), z
and Frankfurt Complaint S 40
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one difference with men showing a better performance in pic-
ture completion. Within the FePsy project, the same differ-
ences were found in at-risk mental state as in first-episode
patients and healthy controls (Ittig et al. 2015) (Fig. 4).

When patients seek help for the first time in a specialized
service, men in many studies show a longer duration of un-
treated illness or psychosis, but this difference usually does
not reach significance (Barajas et al. 2015; Cascio et al. 2012).
In the FePsy sample, there also was a slightly longer duration
of untreated psychosis in men (Fridgen et al. 2013). A longer
duration of untreated illness is in keeping with the worse help-
seeking behavior generally described in men (Riecher-Rossler
in print). A recent qualitative study in users of an early inter-
vention service showed gender stereotypes to influence help-
seeking behavior in this population (Ferrari et al. 2016). Thus,
men described having difficulties in talking about their symp-
toms and that help-seeking was perceived as a sign of weak-
ness by their peers. In contrast and most interestingly, when
women were trying to seek help, this was often negatively
questioned by family members and service providers (Ferrari
et al. 2016).

Transition rates from at-risk mental state to first-episode
psychosis might be slightly higher in male than female indi-
viduals (Barajas et al. 2015), although this has not been de-
scribed in more recent studies (Riecher-Rossler and Studerus
2017). Within the male at-risk patients, social functioning and
attenuated psychotic symptoms were seen to predict transition
to psychosis, which was not true for female at-risk patients
(Walder et al. 2013).
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Q Executive Functions

1.0-

05-

Cohen's d

Fig. 4 Cognitive performance of women compared to men in patients
with an at-risk mental state for psychosis (n=118; 45 women, 73 men),
first-episode psychosis patients (7 =88; 32 women, 56 men), healthy
controls (n=286; 41 women, 45 men), and in the total group (FePsy
study)*. The dotted horizontal line at zero represents the performance
of men. Differences are expressed in units of Cohen’s d and are significant
if the 95% confidence interval (vertical line) does not overlap with zero.
Variables with a minus sign were reversed so that positive scores always

Course of psychoses

The further course of schizophrenic psychoses—after onset of
the first episode—is heterogeneous. Many patients nowadays
only experience one episode with full recovery, especially
when they receive early treatment. Some patients, however,
have several acute episodes and might suffer from chronic
symptoms and/or cognitive impairments of varying severity
in between the episodes (Riecher-Rdssler and Rossler 1998;
Newman et al. 2012).

Women have often been reported to have a more favorable
course and a better psychosocial “outcome” than men. They
seem to have fewer and shorter hospital stays and a better
social adjustment than men, whereas the symptom-related
course might be quite similar for both sexes (Riecher-
Rossler and Rossler 1998; Canuso and Pandina 2007; Abel

Attention & Working Memory

Verbal Learning & Memory

SNV

*-Women

1ej0}

represent good performance. Differences are adjusted for the influence of
age, years of education, and use of antipsychotics. In the total group, we
additionally corrected for the diagnostic group. ARMS, at-risk mental
state; FEP, first-episode psychosis; HC, healthy controls; total,
ARMS + FEP + HC; ToH, Tower of Hanoi; WCS, Wisconsin Card
Sorting Test; CPT, Continuous Performance Test; CVLT, California
Verbal Learning Test. *Reprinted from Ittig et al. (2015) with permission
from Elsevier.

etal. 2010; Ochoa et al. 2012). In more recent studies, findings
regarding hospitalizations were contradictory (Cotton et al.
2009; Tseliou et al. 2017). With regard to symptomatology,
patients with persisting symptoms tended to be male in the
large World Health Organization SOHO study on 17,000 out-
patients in 37 countries (Novick et al. 2012). Men also showed
higher levels of negative symptoms (Thorup et al. 2014;
Shibre et al. 2015; Galderisi et al. 2012). In a 5-year-follow-
up of 578 first episode patients, Thorup et al. (2014) found
women to have better social functioning, being more often in
employment or education and living with their own children,
and more often reaching a state of recovery. In contrast,
Galderisi et al. (2012) found no gender differences in any
index of social functioning in chronic schizophrenia patients.
In a recent meta-analysis, there was no gender difference
concerning “recovery,” defined as improvement in both
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clinical and social domains persisting for at least two years in
at least one of the domains (Jidskelainen et al. 2013). The
long-term course in a 34-year follow-up study was similar
for women and men (Newman et al. 2012). Standardized mor-
tality rates seem to be the same for both women and men, as
shown in a recent systematic review (McGrath et al. 2008).

However, most studies were not conducted in representa-
tive populations of all first-contact patients of a defined catch-
ment area, they used differing diagnostic criteria and age
limits, etc. (Riecher-Rossler and Rossler 1998). The few stud-
ies covering the whole age range and looking at the interaction
of age and gender found a better course in women only up to
age 40. After this, their course of illness seems to deteriorate
(Riecher-Rossler et al. 2010). In late-onset schizophrenia, the
course of the disease might be even worse in women than in
men (Riecher-Réssler et al. 1997).

The presumably better course in women—at least the
younger ones—might be explained by different factors
(Riecher-Rossler and Rossler 1998; Riecher-Rossler and
Haéfner 2000). Among others, women seem to have a better
compliance (Cotton et al. 2009; Thorup et al. 2014), a better
treatment response (Riecher-Rdossler et al. 2010), and a better
illness insight (Cotton et al. 2009), although the latter was not
replicated (Spitz et al. 2015). Their course is certainly also
positively influenced by the fact that they have less comorbid
substance abuse (Cotton et al. 2009; Thorup et al. 2014). In
studies controlling for this, many gender differences disap-
peared or became smaller (Thorup et al. 2014). The better
overall social course in women might also be a consequence
of their later age of onset and, accordingly, a better social
integration to start with. A further reason might be the differ-
ing stress sensitivities of both sexes (described further in the
following). Last, but not least, the female sex hormone estra-
diol might offer some protection in women of the fertile age
group (also described later).

Summing up the findings on epidemiological and clinical
sex and gender differences, the lifetime risk for schizophrenic
psychoses seems to be similar or potentially slightly higher in
men than in women. Women become ill later in life and tend
to have a better course of illness despite only a few differences
in symptoms to begin with. This applies especially to young
women. After age 40, women become ill much more often
than men and their symptoms plus the course of their disease
also seems to be worse.

Sex differences in the brain—developmental
aspects and morphology

Schizophrenic psychoses are commonly regarded as
neurodevelopmental disorders with genetic influences and/or
environmental insults in utero or perinatally leading to alter-
ations in neural development and connectivity (Baldwin and
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Srivastava 2015). The fact that the disorders nevertheless
commonly only occur after puberty or later might be ex-
plained among others by the neuromaturational processes in
adolescence (Trotman et al. 2014).

Consequently, psychotic disorders are associated with
many structural changes in the brain (Bora et al. 2011; Abel
etal. 2010), which are partly already present in patients at risk
who later go on to develop psychosis (Fusar-Poli et al. 2012b;
Smieskova et al. 2013; Cannon 2015).

Normal development of the brain is well known to differ
between the sexes. This is mainly mediated by genes and by
regulatory influences of sex steroids and leads to a structural
sexual dimorphism of the healthy brain (Abel et al. 2010;
McEwen and Milner 2017; Gillies and McArthur 2010), in-
cluding sex differences in brain connectivity (Ingalhalikar
et al. 2014).

Interestingly, the normal sexual dimorphism of the healthy
brain seems to be disrupted in schizophrenic psychoses
(Goldstein et al. 2002; Walder et al. 2016). This has been
shown primarily in the cortex (Goldstein et al. 2002) but also
in the volume of the amygdala (Gur et al. 2004; Takayanagi
et al. 2011), hippocampus (Irle et al. 2011), hypothalamus
(Goldstein et al. 2007), orbito-frontal and anterior cingulate
(Goldstein et al. 2002; Takahashi et al. 2002; Gur et al. 2000,
2004), and insular cortex (Duggal et al. 2005), as well as
regarding grey matter volume asymmetry (Frederikse et al.
2000), the gyrification index (Vogeley et al. 2000), and corti-
cal folding (Vogeley et al. 2000; Narr et al. 2004).

Up to now, the sexual dimorphisms of the brain structure in
patients with an at-risk mental state have been widely
neglected. In a recently conducted study (Egloff et al. 2018)
of 65 at-risk mental state patients, 50 first-episode patients,
and 70 healthy controls, subcortical brain volumes were ex-
amined. Since the hippocampus was the only structure affect-
ed by reversed sexual dimorphism, it was concluded that sub-
cortical volumes may not be primarily afflicted by disruption
of sexual dimorphism, which is well in line with the findings
of Goldstein et al. (2002).

In a recent meta-analysis, Nordholm et al. (2013) described
that psychoses are associated with increased pituitary vol-
umes, even in untreated first-episode patients and in individ-
uals at risk, especially those with later transition. Women
show even larger volumes than men. The same-sex difference
was found in a more recent study (Takahashi et al. 2013) and
in the FePsy longitudinal study of at-risk patients with and
without later transition to psychosis at each time point
(Walter et al. 2015). However, pituitary volumes are known
to also be larger in healthy women (MacMaster et al. 2007),
and it is unclear if the increase in female patients was stronger
than in male patients.

Further understanding of these abnormalities might pro-
vide important etiological clues. Thus, Goldstein et al.
(2002) have hypothesized that sex differences in brain
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abnormalities in schizophrenia are initiated at the time of the
early sex differentiation of the brain, i.e., during fetal and early
postnatal development which would mean that the reversal of
sexual dimorphism in people who develop schizophrenia also
occurs early. Other neurodevelopmental theories propose that
male brains are more vulnerable to pre- and perinatal compli-
cations due to slower cerebral maturation or that sex differ-
ences occur due to excessive synaptic pruning during adoles-
cence, especially in men (Falkenburg and Tracy 2014). To
further elucidate when these abnormalities occur, it would be
important to conduct more longitudinal studies with patients at
risk who transition to psychosis. Furthermore, it would be of
great interest if the sex differences in brain development are
associated with the age of illness onset.

Of further interest in this context are functional neuroim-
aging studies showing sex differences in cerebral activation in
schizophrenia patients that partly deviate from those in
healthy controls, indicating also a disturbed normal sexual
dimorphism (Mendrek et al. 2007; Mendrek and Stip 2011).
Finally, it has to be noted that sexual dimorphism occurs in a
wide array of neurotransmitter systems which might partly be
relevant in schizophrenic psychoses (Cahill 2006). These im-
portant and extensive fields cannot be adequately covered in
this review.

Finally, it should be emphasized that sex differences in
brain structure and function refer to average differences be-
tween women and men and that differences between individ-
uals within each sex might sometimes be larger than the aver-
age difference between the sexes (Resnick and Driscoll 2008).

Sex and gender differences in pathogenic
pathways, risk, and protective factors

It is generally believed that schizophrenic psychoses are
multifactorial in nature with gene—environment interactions
(van Os and EU-GEI-Study-Group 2014). The widely ac-
cepted vulnerability stress model (Zubin and Spring 1977)
suggests that individuals with an underlying vulnerability
for psychosis only develop the disease when it is triggered
by different forms of “stress” or the loss of protective fac-
tors. Recently, as already described, there has also been
more consensus about probably dealing with a group of
disorders with different etiologies rather than “one” schizo-
phrenia (Cuesta and Peralta 2008; Riecher-Rossler and
Studerus 2016).

Genetics/familial risk

Regarding the underlying vulnerability for schizophrenic psy-
choses, genetic factors certainly play a critical role. Early ev-
idence from family, twin, and adoption studies suggest a her-
itability of up to 70-80% (Goldstein et al. 2013). Molecular

genetic strategies have identified several plausible polymor-
phisms and rare mutations. Environmental factors seem to
interact with genes via epigenetic mechanisms (Goldstein
et al. 2013).

Sex differences in the genetics of schizophrenic psychoses
have for a long time been thought to be absent, although some
studies had reported higher risks in relatives of women than in
those of men (Ochoa et al. 2012). Recent evidence suggests
the presence of some sex-dependent risks (i.e., quantitative
differences in risk between the sexes) and even sex-specific
risks (i.e., present in only one sex) (Goldstein et al. 2013).
Considering the offspring of mothers with psychosis, their
sons seem to develop psychosis more often than their daugh-
ters. In contrast, fathers more often seem to transfer the disor-
der to their daughters than to their sons (Goldstein et al. 2011).
Recent molecular genetic studies point to a possible involve-
ment of the X chromosome (Goldstein et al. 2013). Further
evidence comes from candidate gene approaches that have
suggested sex-dependent or sex-specific effects on psychosis
risk. Here, genome-wide association studies (GWAS) suggest
sex-specific effects primarily among women with schizo-
phrenic disorders; however, more studies are required
(Goldstein et al. 2013; Seeman 2013).

The same is true for studies on epigenetics (Chase et al.
2015) or studies on sex differences in mitochondrial function
(Marchbanks et al. 2003), contributing to the etiology of
psychosis.

A further line of evidence involves sex differences in do-
paminergic pathways, which might partly be also genetically
determined and not only by gonadal steroids as thought so far
(Ngun et al. 2011) (see following discussions). This is of
great interest since the neurotransmitter dopamine and its
pathways are thought to be mainly involved in the develop-
ment and expression of psychotic symptoms (Howes and
Kapur 2009).

Obstetric complications

In line with the neurodevelopmental theory of schizophrenic
disorders, obstetric complications have been shown to in-
crease the risk for the disorders. However, whether this risk
has a sex-dependent distribution is unclear, since the studies
report contradictory results (Ochoa et al. 2012).

Substance abuse

People with schizophrenic psychoses have a high comorbid-
ity of substance abuse. This is especially important, because
many drugs (such as cannabis, amphetamines, hallucino-
gens, cocaine, and phencyclidine) are known to increase
the risk for psychosis or at least act as a trigger in vulnerable
individuals.
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The most commonly abused illicit drug in the Western world
is cannabis, which is significantly more often used by men than
by women (Khan et al. 2013). In patients with early-phase or
first-episode psychosis, lifetime exposure is up to 60-80% and
current use in at-risk or first-episode patients at entry to care is
30-40% (Crocker and Tibbo 2017; Bugra et al. 2013). Cannabis
is associated with an earlier age of onset (Murray et al. 2016;
Crocker and Tibbo 2017; Di Forti et al. 2014; Large et al. 2011)
and a more severe course of illness, i.e., a greater severity of
symptoms, stronger impairment of global functioning, and a
higher risk of relapse (Crocker and Tibbo 2017).

Regarding gender differences in psychoses, men with
schizophrenia use more cannabis than women (Koskinen
et al. 2010), which is apparent at first contact and in first-
episode patients (Crocker and Tibbo 2017; Nunez et al.
2016; Menghini-Miiller et al. 2016). Moreover, cannabis-
induced acute psychosis in men more often leads to full-
blown schizophrenia in the following three years (Arendt
et al. 2005). The age at onset of schizophrenic psychoses is
decreased in cannabis users of both sexes (Di Forti et al. 2014,
Large et al. 2011).

Men with schizophrenia also have a higher consumption of
cocaine, hallucinogens, and alcohol (Ochoa et al. 2012).
However, women who present with substance abuse may have
a more detrimental course of illness than men with substance
abuse (Lange et al. 2014).

Stress and trauma

Traumatic life events, such as physical, sexual, or emotional
abuse and bullying in childhood, as well as trauma in later life,
including rape, seem to interact with underlying vulnerability
and other risk factors to increase the risk for psychosis and
influence other psychosis outcomes. Within clinical at-risk
populations, childhood trauma, in particular, seems to predict
psychosis onset (Mayo et al. 2017). However, the causality is
not yet clear (Kraan et al. 2017; Trotman et al. 2014), and
these risk factors are not specific for psychosis because they
are also present in other mental disorders (Gibson et al. 2016;
Kraan et al. 2017).

Only a few studies have looked at the effect of gender when
considering trauma and psychosis. The findings were incon-
sistent, but there are studies showing that women with psy-
chosis have a history of trauma and sexual abuse more often
than men (Mayo et al. 2017; Cotton et al. 2009). Some studies
report a greater risk of psychosis in women after traumatic life
experiences compared with men (Gibson et al. 2016).
Furthermore, women with schizophrenia who report child-
hood abuse seem to have more psychotic and depressive
symptoms than women without a trauma history or men
(Kelly et al. 2016; Garcia et al. 2016).

In a population of college students, stress sensitivity medi-
ated the relationship between traumatic life events and
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attenuated subthreshold psychotic symptoms more strongly
in women than in men (Gibson et al. 2014).

Considering stress sensitivity in sealthy women and men,
the studies are contradictory (Goel et al. 2014). While most
studies report that women are generally more sensitive to
stress and trauma than men (Gibson et al. 2016; Newhouse
and Albert 2015), some have reported the opposite (Kudielka
and Kirschbaum 2005).

Also, regarding gender differences of stress response in
psychoses, studies are contradictory. While Myin-Germeys
et al. (2004) found that women with a psychotic disorder re-
port significantly increased emotional reactivity to daily life
stress, Pruessner et al. (2015) found indications for higher
stress sensitivity in men—not women—with schizophrenia,
i.e., a blunted cortisol response after awakening and reduced
hippocampal volume.

The inconsistencies are partly due to methodological dif-
ferences and seem to depend on the type of stress stimuli
(Goel et al. 2014). Furthermore, stress responsivity may fluc-
tuate in women, depending on their estradiol levels, with fluc-
tuating or low levels during the premenstrual cycle phase or
after menopause being associated with higher stress
responsivity (Albert et al. 2015; Goldstein et al. 2010; Goel
et al. 2014; Baldwin and Srivastava 2015).

Hormonal influences
and the hypothalamo-pituitary-gonadal axis

It is increasingly accepted that gonadal steroids, especially
estrogens, might be responsible for some sex differences in
schizophrenia. Estrogens influence brain development and
brain functioning (McEwen and Milner 2017). Numerous
studies have shown that estradiol, the main component of
estrogens, exerts protective effects in psychosis (Markham
2012; Riecher-Rossler 2017) (see subsequent texts). There is
mounting evidence that many women with psychosis have
subnormal estrogen levels, even in the prodromal and untreat-
ed phases of the disease (Riecher-Rossler and Kulkarni 2011,
Riecher-Rossler and Héafner 1993; Riecher-Rossler 2017; da
Silva and Ravindran 2015; Melcangi et al. 2011; Markham
2012). Recently, there have also been reports of
hyperprolactinemia in many antipsychotic-naive patients
(Gonzalez-Blanco et al. 2016; Petrikis et al. 2016; Riecher-
Rossler et al. 2013; Ittig et al. 2017). As prolactin suppresses
the production of gonadal hormones, this could explain the
lowered estrogen levels in women with psychosis.

These observations led Riecher-Rossler and colleagues to
propose two, strongly interconnected hypotheses (Riecher-
Rossler and Héfner 1993):

— firstly, that estrogens provide protection against psychosis
(estrogen protection hypothesis);
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— and secondly, that psychosis is associated with
hypoestrogenism and dysfunction of the hypothalamo-
pituitary-gonadal axis (hypothesis of hypoestrogenism
and gonadal dysfunction).

In this context, it has also been suggested that women who
are “vulnerable” to the development of schizophrenia may
have a generally lower level of endogenous estrogens than
healthy women. Therefore, they are less likely to experience
the neuroprotective effects of endogenous estrogens, and this
potentially contributes to the onset of schizophrenia (Taylor
et al. 2009).

Estrogens and the brain

As outlined previously, schizophrenic disorders are associated
with many brain abnormalities, which seem to be the basis for
an enhanced vulnerability to psychosis. The occurrence of
symptoms is also associated with neurotransmitter dysfunc-
tions. All abnormalities described can obviously be influenced
by estrogens, which have “organizational” effects leading to
structural changes as well as “activational” effects that affect
neuronal function (Goldstein et al. 2002; Trotman et al. 2014;
Taylor et al. 2009).

Generally, estrogens and testosterone strongly influence
brain development during late gestation, in the early postnatal
period, and during puberty. During these critical periods of
brain sexual differentiation, gonadal steroids have permanent
effects leading to brain sexual dimorphism (McCarthy 2008;
Melcangi et al. 2011; Sanchez et al. 2010; Herting et al. 2012),
which might be disrupted in schizophrenic psychoses as
discussed above (Jimenez et al. 2010; Mendrek 2007;
Goldstein et al. 2002). Estrogens also influence brain matura-
tional processes in adolescence and young adulthood and con-
tinue to be important in normal maintenance of brain function
during the entire lifespan (Sanchez et al. 2010; Trotman et al.
2014).

Estrogens, especially 17-f3-estradiol, which is most active
in the brain, obviously have many neuroprotective effects pre-
sumably relevant for psychoses. Thus, they appear to promote
neuronal sprouting and myelination, enhance synaptic density
and plasticity, facilitate neuronal connectivity, act as an anti-
inflammatory and as an antioxidant, inhibit neuronal cell
death, might mediate BDNF expression and activity, and pos-
itively influence mitochondrial function (Riecher-Rdossler
2017; Shimamoto and Rappeneau 2017; McEwen and
Milner 2017).

Acute symptomatology probably depends mainly on acute
neurotransmitter dysregulations. Estrogens play an important
role in acute symptom expression through the modulation of
dopaminergic and other key neurotransmitter systems, such as
the glutamatergic, serotonergic, noradrenergic, and choliner-
gic systems—which are all associated with psychosis

symptom development and expression (Riecher-Rdossler
2017). In particular, estrogens can modulate the sensitivity
and number of dopamine receptors (Riecher-Rossler 2017).

Estrogens not only act via the classical genomic pathway
but also have nongenomic, rapid interactions. There are at
least two subtypes of estrogen receptors, namely estrogen
receptor-o and -3. They are expressed in many areas of the
human brain which are not only associated with neuroendo-
crine function but also with emotion, memory, and cognition.
Variations in the estrogen receptor-oc (ESR1) were found to be
associated with schizophrenia (Riecher-Réssler 2017). Some
authors suggested that the brain response to estrogens in pa-
tients with schizophrenia might be inadequate (Riecher-
Rossler 2005; Riecher-Rossler and Hafner 1993). More de-
tails on recent molecular and preclinical findings are given in a
comprehensive review by Gogos et al. (2015).

In animal models, estrogens have been shown to have sim-
ilar effects as antipsychotics (Riecher-Rossler and Kulkarni
2011). They also positively influence many processes that
are disturbed in psychoses, such as changes in latent inhibi-
tion, prepulse inhibition, auditory processing/mismatch nega-
tivity, and selective attention (Riecher-Rossler 2017).

Estrogens as protective factors—epidemiological and clinical
findings

Acute, short, psychotic episodes with a wide range of symp-
toms have been described after estrogen withdrawal in former-
ly healthy persons, such as in premenstrual psychosis, post-
abortion psychosis, psychosis after the removal of a
hydatidiform mole, after stopping oral contraceptives or with
administration of estrogen receptor antagonists or a
gonadorelin agonist. These types of psychoses appear to occur
especially in women with a noted previous sensitivity to es-
trogen withdrawal and usually remit with estrogen substitu-
tion (Riecher-Rossler 2017).

Regarding schizophrenic psychoses, many of the sex
differences described carlier might at least partly be attrib-
utable to the influence of estrogens. The slightly lower
overall lifetime incidence in women as well as the partic-
ularly low incidence in young women might be due to the
protective effect that estrogens exert in women in the fer-
tile age group. Falling estrogen levels with the menopause
might account for an increased incidence of psychosis in
women over 40 years of age. Thus, it is proposed that via
their different neuroprotective effects, estrogens delay the
age of onset of schizophrenia in women. Due to this pro-
tection, women with the same vulnerability as men might
only develop psychosis after age 40 with the loss of es-
trogen protection in the (pre-)menopause. This could also
explain the findings that the course of the disease is more
favorable in younger women than after age 40 (Riecher-
Rossler 2017) (see previous texts and Fig. 1).
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Similarly, a later menarche, i.e., a later rise of estrogen
levels in young girls, seems to be associated with an earlier
onset of the disorder (Riecher-Réssler 2017).

The symptomatology of psychotic disorders has also been
found to correlate with the estrogenic state in women. Thus,
chronic psychoses have been reported to improve during
pregnancy (When estrogen levels are increased about 100- to
200-fold), although this has not been studied rigorously.
However, after delivery, with its sudden drop of estrogens to
normal or even subnormal levels, there is an excess of psy-
chosis relapses (Riecher-Rossler 2017; Vigod and Ross 2010).

In women with schizophrenia, psychotic symptoms often
deteriorate pre- or perimenstrually, i.e., in the low estrogen phase
of the cycle (Riecher-Réssler and Kulkarni 2011; Markham
2012). The few studies, which directly measured the estradiol
blood levels, showed that during the menstrual cycle rising
17-B-estradiol blood levels were associated with decreasing
symptoms (Riecher-Rossler et al. 1994) as well as improvement
of cognition (Riecher-Rdssler and Kulkarni 2011).

Based on these observations, it has been suggested that
estrogens, especially 17-f3-estradiol, may have antipsychotic
properties, leading to the potential use of estrogens as a treat-
ment for schizophrenia. This is described in more detail in the
“Limitations, open questions, and implications for research”
section. However, the influence of estrogens does not seem to
be specific for psychotic symptomatology - as expected from
the multiple effects of estrogens on mental functioning (Gillies
and McArthur 2010; Watson et al. 2010; Riecher-Rossler
2017). Estrogens also seem to improve affective symptoms,
aggressive and suicidal behavior, and cognitive functioning
(Gillies and McArthur 2010; Riecher-Rossler and Kulkarni
2011; Boss et al. 2014; Maki and Dumas 2009; Weickert
et al. 2016; Pompili et al. 2012; Riecher-Rossler 2003; Toffol
et al. 2015; Fischer et al. 2014)—which are all symptoms that
play an important role in schizophrenia patients. Furthermore,
estrogens seem to also have a stress-protective role (Albert
et al. 2015; Carlson and Sherwin 1999; Goldstein et al. 2010).

Hypothalamo-pituitary-gonadal dysfunction
and hyperprolactinemia

Women with schizophrenic psychoses have often been reported
to have a disturbed gonadal function with menstrual irregulari-
ties and reduced blood levels of estradiol, progesterone, and
gonadotrophins (follicle-stimulating hormone, luteinizing
hormone) throughout the menstrual cycle as well as anovulation
(da Silva and Ravindran 2015; Markham 2012; Melcangi et al.
2011; Riecher-Rossler and Héfner 1993; Riecher-Rossler and
Kulkarni 2011; Riecher-Rossler et al. 2013). Men with
(emerging) psychosis also seem to have decreased levels of
estradiol and testosterone (Akhondzadeh et al. 2006; van Rijn
et al. 2011; Huber et al. 2005; Taherianfard and Shariaty 2004;
Heringa et al. 2015; da Silva and Ravindran 2015). Furthermore,
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women with first-episode psychosis reported clinical signs of
gonadal dysfunction long before the onset of the disease
(Riecher-Rossler and Hafner 1993). Well in line with this, fer-
tility seems to be reduced in both women and men (Bundy et al.
2011), and women show reduced bone mineral density (Maric
et al. 2005).

Also in line with this, recent studies show that men and
especially women with (emerging) psychosis have increased
levels of prolactin (Riecher-Rdossler 2017) (see also previous
texts). As increased prolactin suppresses gonadal function,
this could explain the mentioned findings.

For a long time, it was thought that these abnormalities were
due to antipsychotic medication. However, “hypoestrogenism”
has been observed long before the introduction of antipsychotics
(Riecher-Rossler and Héafner 1993). Most importantly,
hyperprolactinemia has recently also been shown in antipsy-
chotic-naive first-episode and even at-risk patients, especially
in women (see previous texts). Women with (emerging) psycho-
sis had a greater increase in prolactin levels than men with
(emerging) psychosis, even after correction for the higher pro-
lactin levels in healthy women (Ittig et al. 2017; Riecher-Rossler
2017) (Fig. 5; Table 3).

Since an increase of prolactin production—similarly to that
of ACTH/cortisol—is associated with an enlargement of the
pituitary gland (MacMaster et al. 2007), these findings are
well in accordance with the above-mentioned enlarged pitui-
tary volumes in these patient groups, especially in female
patients (Nordholm et al. 2013; Takahashi et al. 2013;
Walter et al. 2015).

1000 A
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Fig. 5 Prolactin serum levels in at-risk mental state (n = 116; 34 women,
82 men) and first-episode (n=49; 15 women, 34 men) patients
subdivided by sex (FePsy Study)*. The dotted horizontal lines represent
the upper and lower levels of the normal range for men and women.
ARMS, at-risk mental state; FEP, first-episode psychosis. *Reprinted
from Ittig et al. (2017) with permission from Elsevier
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Table 3 Hyperprolactinemia and prolactin values of antipsychotic-naive versus non-naive patients with first-episode psychosis (EUFEST study)
Antipsychotic naive Antipsychotic non-naive
Proportion of patients with Men Women Total Men Women Total
hyper-prolactinemia (n=52) (n=22) (n=74) (n=105) (n=70) (n=175)
[n (%)]* 19 (36.5) 11 (50.0) 30 (40.5) 75 (71.4) 52(74.3) 127 (72.6)
Prolactin blood levels (U/l)
Mean (£SD) 0.37+0.32 0.98 +0.94 0.55+0.64 0.83+£0.91 1.60 + 1.44 1.14+1.21
Median 0.26 0.58 0.34 0.68 1.16 0.80
Min 0.04 0.11 0.04 0.00 0.10 0.00
Max 1.50 3.29 3.29 8.58 6.66 8.58
Men vs. women
Mann—Whitney U 850.5 4956.0
p value <0.001 <0.001

#normal values: men < 0.38 U/l; women < 0.53 U/l

Reprinted from Riecher-Réssler et al. (2013) with permission from the Cambridge University Press

As prolactin—along with cortisol and ACTH—is a well-
known stress hormone (Low 2016; Lennartsson and Jonsdottir
2011) and “emergency amenorrhea” is known to occur in
healthy women under stress, Riecher-Rdssler speculated that
hyperprolactinemia in prodromal and first-episode psychosis is
caused by psychological stress, associated with the emerging
illness, and that hyperprolactinemia in itself might then trigger
psychotic breakdown, as it stimulates prolactin-inhibiting factor,
which is dopamine (Riecher-Réssler et al. 2013; Riecher-
Rassler 2017) (Fig. 6). However, this would mean that the
tubero-infundibular dopamine pathway would be involved in
the pathogenesis of schizophrenic psychoses, and not just the
mesolimbic and mesocortical pathways, as hypothesized prom-
inently in the literature so far.

Studies testing these hypotheses in antipsychotic-free patients
so far are few and inconclusive (Lally et al. 2017; Labad et al.
2015). The different dopamine pathways (tuberoinfundibular,
mesolimbic, and mesocortical) will have to be considered here
(Riecher-Rassler 2017) as well as the complex interactions be-
tween the HPG (hypothalamo-pituitary-gonadal) and HPA
(hypothalamo-pituitary-adrenal) axes (Trotman et al. 2014).

The fact that prolactin levels show a stronger increase in
women than in men (Ittig et al. 2017) could indicate that
(emerging) psychosis is associated with even more (subjec-
tively experienced) stress in women than in men.

Hyperprolactinemia is clinically relevant because it can
lead not only to gynecomastia and galactorrhea but also to
many consequences of gonadal suppression, such as estrogen
and testosterone deficiency, sexual dysfunction, infertility, or
osteopenia (Riecher-Rossler 2017).

Other hormones: progesterone, testosterone, DHEA, oxytocin

Other hormones might also be important in this context but
will not be reviewed in depth here. They are much less studied

in schizophrenic psychoses compared with estrogens, but
there are some hints that they might also be involved in the
pathophysiology (Ritsner 2011). There is some evidence that
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androgens, progesterone, and dehydroepiandrosterone
(DHEA), the precursor of estrogens and androgens, might
modulate brain dopamine neurotransmission (Sanchez et al.
2010; Sun et al. 2016; Hofer et al. 2013; Morris et al. 2015;
Vuksan-Cusa et al. 2016).

Regarding testosterone, it has to be noted that it can be
converted to estrogen in the brain. Hence, the above-
mentioned estrogen actions in the brain might to a lower ex-
tent also be relevant for men (Weickert et al. 2016; Gillies and
McArthur 2010). More research has to be done on this ques-
tion. In antipsychotic-free men with (emerging) psychoses,
lower testosterone levels than in healthy controls have been
observed (Riecher-Rossler 2017). Results regarding a rela-
tionship between testosterone levels and symptoms in men
with psychosis were contradictory.

DHEA(S) concentrations appear to positively correlate
with cognitive functioning in men with schizophrenia
(Moore et al. 2013). Endogenous oxytocin levels seem to
correlate positively with prosocial behavior in patients of both
sexes but negatively with psychopathological symptoms in
female patients (Rubin et al. 2010).

Limitations, open questions, and implications
for research

Health research and especially mental health research has
often ignored sex and gender differences as well as the
different risk factors and protective factors of both women
and men. This applies to animal as well as to clinical stud-
ies (Zucker and Beery 2010; Howard et al. 2017) and
might partly be due to the misconception that sex influ-
ences are small and unreliable (Cahill 2006). This neglect
might have serious consequences. Thus, a European
Parliament Report recently stated that “[...] the exclusion
and under-representation of women as subjects and of gen-
der and sex as factors in biomedical research and clinical
trials put women’s lives and health atrisk [...]” (2016) (EU
Report on Promoting Gender Equality in Mental Health
and Clinical Research (2016/2096(INI)) by the
Committee on Women’s Rights and Gender Equality
2016).

A similar critique applies to schizophrenia research. Only
half of all articles on schizophrenia up to 2010 reported sex
and solely 2.5% analyzed research findings by sex (Barker-
Collo and Read 2011).

If sex and gender differences in schizophrenic psychoses
are reported, they have often not been investigated rigorously
with sound methodology. Thus, for example, results are often
based on selected help-seeking samples rather than on repre-
sentative community-based populations. In such samples,
gender differences cannot reliably be described, among others
because women and men have different help-seeking
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behaviors and might therefore be differently represented in
different services. Moreover, there recently has even been a
trend for services to reach out for special age groups. Thus,
most early detection services concentrate on the age group
under age 35 with the consequence that the many women with
later age of onset might be missed. Furthermore, women and
men might disproportionately take part in research projects.
These factors have hardly been investigated.

Another limitation concerns the lack of control groups.
Thus, if a gender difference is described in patients with
schizophrenia, we often do not know if the differences found
are specific for psychosis or mental illness or just reflecting
gender differences in the general population. Furthermore,
there often is a lack of control for influencing factors. Thus,
the influence of the menstrual cycle is often not taken into
account although there are hints at some sex differences
diminishing during the low estrogen phase of the menstrual
cycle, i.e., when women are more similar to men regarding the
hormonal status. Another example is the higher rate of illicit
drug use, including cannabis, by men, which might influence
symptomatology and cognition and is often not controlled for.

Meta-analyses and systematic reviews, which have been
widely published recently, have similar limitations, if e.g.,
important original studies are neglected or if the authors do
not critically review the original data. Most importantly, much
of the research on sex and gender differences is largely de-
scriptive and does not explore the causes of these differences.

This has important implications for future research. Thus,
sex and gender should be routinely integrated into study de-
signs, data analyses, reporting, and interpretation of findings
using, e.g., the SAGER guidelines (Heidari et al. 2016). Sex
should also be incorporated as a variable in animal studies
(McCarthy 2015). Not only sex- but also gender-based anal-
yses have been suggested (Haarmans 2015).

Clinically, there are many open research questions which
should be further addressed with sound methodology. What
are the really “true” sex and gender differences in schizophrenic
psychoses? And if there are such differences, are they specific
for schizophrenic psychoses, or do these differences also occur
in other mental disorders or even in the general population, as
has to be suspected, e.g., for cognition, affective symptoms, and
illness behavior? Is the normal sexual dimorphism of healthy
individuals even reversed in people with psychoses, as some
studies indicate, e.g., regarding brain structure and functioning?

If there are any differences specific for schizophrenic psy-
choses, when do they occur? Are they already present during
the prodromal phase? Thorough long-term longitudinal
multidomain studies of at-risk samples with identification of
the “true” prodromals after transition and post-hoc analyses of
the development of sexual dimorphism are needed. Are the
pathogenic pathways to psychoses different for women and
men? Do they possibly even suffer from different disorders
within this group of disorders called “schizophrenia”? Do
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they, for example, have different genetic risks or differing
stress sensitivity and/or different psychosocial or biological
“stressors” triggering the outbreak of the disease?

Why do schizophrenic psychoses usually only start after
puberty or later, although they are mainly regarded as having
a neurodevelopmental basis? And why do women have a later
onset and a second peak of onsets after age 45?7 What about
the hormonal influences? It is widely accepted that the female
sex hormone estradiol has some influence here. Many poten-
tial mechanisms of estrogens on neurodevelopment,
neuromaturation, neurodegeneration, and neurotransmission
have been shown, but what exactly is the interplay between
these mechanisms, and their interplay with genetic and other
risk factors? And what is the role of the hypothalamo-
pituitary-gonadal (HPG) axis in the pathogenesis of these psy-
choses? Why do a substantial proportion of “at risk” individ-
uals and untreated first-episode patients already show a
marked disturbance of the HPG axis with enhanced prolactin,
decreased estrogen, and possibly also decreased testosterone
levels? Is this a preexisting abnormality predisposing to psy-
chosis, or does it occur during the process of the emerging
disease, potentially secondary to perceived stress? Again, it
will require longitudinal studies with both women and men to
elucidate the cascade of genetic, hormonal, and environmental
processes leading to this group of disorders and the observed
sex differences.

Moreover, there are hardly any studies on men with
(emerging) psychoses. How many do suffer from low testos-
terone levels, what are the clinical consequences, and how
should they be treated?

Summary and conclusions

Sex and gender differences in schizophrenic psychoses have
been described for a long time, but results are not always
based on methodologically sound studies and are sometimes
uncritically passed on. This is unfortunate since if we could
show true sex and gender differences in these disorders,
explaining these differences could give us important insights
into etiological and pathogenic mechanisms and they could
improve our therapeutic approaches for both women and men.

Many clinical differences are reported, but studies were
often based on selected populations. Furthermore, regarding
the few differences found, it is sometimes not clear if these
apply specifically to men and women with schizophrenic psy-
choses or if they are just differences as seen in the general
population. Thus, future studies on clinical sex and gender
differences should always be performed on unselected popu-
lations and in comparison to the general population/healthy
controls.

Regarding the current status of research, the following find-
ings seem relatively reliable:

The incidence of these disorders might be slightly higher in
men. It is definitely higher in men of the younger age group and
higher in women after age 45. In contrast to that, prevalence
obviously does not show any sex differences. Age of onset is
higher in women: while men have their peak of onsets in their
early twenties, it is slightly later in women, and they have a
second peak of onsets after age 45. With regard to symptom-
atology, gender differences—if there are any—are small with
men tending to have more negative, women more affective
symptoms. However, this might reflect the finding of more
affective symptoms in women with higher rates of depression
in the general population (Seedat et al. 2009) and higher emo-
tional expressivity (Kring and Gordon 1998). Men, in contrast,
show more substance and alcohol abuse, also reflecting gender
differences in the general population, and worse social function-
ing, which might partly be due to their higher alcohol, drug, and
cannabis abuse. There are some sex/gender differences in
neurocognition, which were, however, also shown to be similar
to those found in healthy controls or in the general population.
In women, both symptomatology and neurocognition seem to
be influenced by their physiological estrogen status with more
severe impairments during the low estrogen state of the men-
strual cycle and after menopause.

Similar gender differences regarding symptomatology and
social and cognitive functioning can already be found in the
prodromal phase of psychosis—again at least partly reflecting
differences in the general population. Regarding the long-term
course, women seem to perform better with lower levels of
negative or persisting symptoms, better social functioning,
and recovery. Standardized mortality rates seem to be the
same for both genders. Again, the better course in women
mainly seems to concern younger women, whereas in higher
age groups or in late-onset schizophrenia, the course might be
worse.

Concerning brain structure and functioning, the normal
sexual dimorphism seen in healthy individuals seems to be
disrupted in schizophrenic psychoses.

Regarding sex and gender differences in pathogenic path-
ways and risk and protective factors, more studies from genet-
ics are urgently awaited. The same is true for the potential risk
factor “obstetric complications”. Cannabis abuse is more fre-
quent in men than in women with (emerging) psychoses. This
could not only increase the incidence of psychosis but also
reduce the age of onset, influence symptomatology, and the
course of the disease. Regarding the association of trauma and
psychosis, studies on gender differences are inconsistent as are
studies on gender differences of stress responsivity.

There is increasing evidence that estrogens, especially
17-f3-estradiol, is one of the influencing factors in schizo-
phrenic psychoses, influencing brain development and brain
functioning. The physiologically higher levels of estrogens in
women might not only lead to their potentially slightly lower
overall incidence but also to a delay in the age of onset with a
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second peak of onset after (pre-)menopause, when physiolog-
ical estrogen levels decline. Lower estrogen levels during the
menstrual cycle and after menopause might also be associated
with more severe symptomatology in women.

Patients with (emerging) psychosis might also show
hypothalamo-pituitary-gonadal dysfunction with
hyperprolactinemia and suppressed gonadal function, i.e., low
production of estrogens and testosterone. These findings, if
replicated, could point to an important pathogenetic pathway
to psychoses.

In conclusion, research as well as clinical practice should
consider sex and gender aspects of schizophrenic psychoses
much more strongly. If we do not investigate potentially dif-
fering pathogenetic pathways of both sexes/genders, this does
not only undermine scientific validity but might also result in a
failure to offer sex- and gender-sensitive treatments. More
methodologically sound, longitudinal, multidomain, and in-
terdisciplinary research should be done, investigating
influencing factors both on the sex (biological) and gender
(psychosocial) side. More research should also be done on
gender differences in illness behavior, coping, help seeking,
and compliance, as well as on sex-specific aspects of psycho-
pharmacology, hormone therapies, and gender-sensitive psy-
chosocial treatments.

The ultimate goal of translational research into sex and
gender differences in this area would be to understand more
about the different pathogenetic pathways in women and men
and thereby possibly the etiology of these disorders in general.
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