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Abstract

Clinical observation shows that men and women are different in prevalence, symptoms, and
responses to treatment of several psychiatric disorders, including schizophrenia. While the
etiology of gender differences in schizophrenia is only partially understood, recent genetic studies
suggest significant sex-specific pathways in the schizophrenia between men and women. More
research is needed to understand the causal roles of sex differences in schizophrenia in order to
ultimately develop sex-specific treatment of this serious mental illness. In the present review, we
will outline the current evidence on the sex-related factors interaction with disease onset,
symptoms and treatment of schizophrenia, and discuss the potential molecular mechanisms that
may mediate their cooperative actions in schizophrenia pathogenesis
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Schizophrenia is one of the most serious mental illnesses with about one in a hundred people
developing the disorder over a lifetime. It is evidenced that men and women have different
outcome of the disease in age of onset, symptoms, disease severity, and number of
treatmentlt]. Men show an earlier age at onset, higher propensity to negative symptoms,
lower social functioning, and co-morbid substance abuse than that is women, whereas
women display relatively late onset of the disease with more affective symptoms. While the
reasoning of sex differences in schizophrenia remains uncovered, in this mini review, we
gathered recent discoveries in schizophrenia research and discussed gender-related factors in
the process of the disease as well as response to treatment with a hope to provide some
useful insight for sex-specific treatment for schizophrenia in the future.

Sex differences in age at onset

While men and women have similar prevalence of Schizophrenia, most of studies
demonstrated that female onset is typically 3-5 years later than males. It is now accepted
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that men has a single peak age for onset which is between 21 and 25 years old and women
have two peaks age of onset, one between 25 and 30 years old and another one is after 45
years old as shown in Fig. 112751, It is also observed that women with schizophrenia are more
associated with seasonality of first admissions as compared to schizophrenic menl®l. The
delayed two peaks of onset ages in women have been consistent with other studies which
reported that women make up 66%-87% of patients with onset after the age of 40-50
yearsl’].

While the underlying molecular mechanisms of sex differences in schizophrenia onset
remains unclear, early development of neuronal system has been an interesting hypothesis.
Recent studies of schizophrenia patients showed substantial gender differences in DNA
methylation and one study with limited number of patient samples identified the top
autosomal SNP was rs12619000 with 50% potential methylation in males and 95% in
females (2= 0. 000 008)[8l. Genetic polymorphisms within the transforming growth factor-p
(TGF-p) studies demonstrated a significant difference in age of psychosis onset in female
schizophrenia patients with respect to the TG-FB1 +869T/C polymorphism, suggesting
TGF-p signaling might be a valid link contributing to observed differences in age of onset
between male and female schizophrenia patients!®.

Sex differences in symptoms

As shown in Fig. 2, there are sex differences in the symptoms of schizophrenia. For
example, men with schizophrenia appear to have more negative symptoms and more severe
clinical features than females, particularly in social withdrawal, substance abuse and blunted
or incongruent affects than female patients. Women with schizophrenia often present with
more mood disturbance and depressive symptoms as well as affective symptoms.
Interestingly, such sex-specific symptoms in male schizophrenia patients were also observed
in subjects with high risk for this diseasel1%l. The age of onset is also associated with type of
symptoms. For example, studies showed that women with late onset of schizophrenia may
have less severe negative symptoms and present with more positive symptoms, particularly
sensory hallucinations and persecutory delusions1].

Schizophrenic patients have cognitive impairments, particularly immediate memory, delayed
memory and language. While the sex differences in cognitive impairment between male and
female schizophrenia patients remain further investigation, studies showed that male
schizophrenic patients had more serious cognitive deficits than female patients in immediate
and delayed memory, but not in language, visuospatial and attention indices by recent
studies(!2]. Such a female favored immediate and delayed memory has been associated with
sex differences in brain structure and activities[13: 141,

In addition, several recent studies suggest a gender-specific association of certain
dopaminergic genes (catechol-O-methyltransferase, monoamine oxidase) with schizophrenia
and type of symptoms. While the deficit and excess of dopamine have been related to
positive and negative schizophrenia symptoms in generall15], recent studies of the
association between polymorphism in the catechol-O-methyltransferase gene and symptoms
of schizophrenia in adults demonstrated evidence that the biological effect of the catechol-
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O-methyltransferase gene may be related to the negative dimension of schizophrenia in
males(18]. Furthermore, sex differences in the GABAergic regulation of the anterior
cingulate cortex (ACC) function may contribute to the differences observed in the symptoms
of male and female patients with schizophrenia. For example, male schizophrenia patients
expressed lower level of GABAergic genes in the ACC compared to the controls,
particularly with significantly lower expression levels of GABA-Aa5, GABA-AB1, and
GABA-Ae. However, the expression of GABAergic genes was higher in the female
schizophrenia patients compared to sex-matched controls, especially with significantly
higher expression of the GABA-ABI and GAD67 genes!1’]. Whether the sex differences in
schizophrenia symptoms are disease specific? A recent study found that symptoms such as a
greater propensity to substance abuse and lower social functioning are also more prevalent in
men from the general population, suggesting that gender differences observed in
schizophrenia symptoms, particularly the social function, are not necessarily schizophrenia-
specificl0],

Sex differences in response to antipsychotic treatments

Gender-specific treatment strategies for psychosis have been suggested in recent years.
Gender differences can inform more effective and gender-specific pharmacological and
psychotherapeutic treatment, such as drug dosage, side-effects, and compliancel8]. Female
patients show better treatment response than menl9 201 and approximately 50% less
hospitalizations!2X]. On the other hand, men with psychosis often require higher dosages of
antipsychotic drugs related to their greater liver enzymatic clearancel?2]. Male mental
patients also have greater cigarette smoking and coffees drinking that promote liver enzymes
for drug clearance. On the other hand, compared to young women, postmenopausal women
typically required larger doses of antipsychotics associated with decline of endogenous
estrogen levels[?2l. As hormone might interact with antipsychotics, there are studies showed
that estrogen therapy alone or as an adjunctive therapy to antipsychotics demonstrated faster
improvement in men and women with schizophrenial23]. Furthermore, as most of
antipsychotics have side effects, studies showed that women developed more side effects
such as hyperprolactinaemial?4l, hypotension[?®], weight gain[26], and enhancement of
autoimmune proclivity[27]. However, women demonstrate better treatment compliance and
better outcome in response to treatments than men[28]. One of the hypotheses is that women
response better than men in treatment of schizophrenia is related to women’s better-
preserved social skills[2%]. Based on the differences in response to treatment of
schizophrenia between men and women, the therapy might focus on eliminating substance
abuse, developing socio-occupational skills, and reducing negative externalizing behaviors in
men, while treatment for women might be more on reducing affective symptoms, and
ameliorating comorbid depression and anxiety. Since many women have a later illness onset
and more socio-occupational losses, studies suggested that the therapy for women should
target on re-establishing roles and relationships while men have to attain these for the first
timel30],
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Sex dependent factors in schizophrenia

Multiple lines of evidence have also highlighted that sex-related factors play a potentially
important role in shaping the clinical trajectory of schizophrenia.

Hormone hypotheses

Evidence for genetic and neurodevelopmental factors remains weak but support has garnered
for the hypothesis that the sex differences in schizophrenia is involved gonadal hormones,
such as estrogen which plays possible neuroprotective roles in against schizophrenia
pathology in women. The estrogen hypothesis is supported by late on set age and second
incidence peak around menopausal age in women. Indeed, estrogen deficiency is highly
related to severity of psychiatric symptoms in women during menopause. For example,
female schizophrenia patients often have more severe symptoms in the low estrogen phase of
their menstrual cycle[31]. Interestingly, the negative correlation between plasma estrogen
levels and schizophrenia symptoms was also reported in male patientst32]. The biochemical
nature of the neuroprotective effects of estrogens has not been fully qualified yet, but a
number of studies point to a direct implication of the dopaminergic system[33: 341 in addition
to glutamate and GABA. Furthermore, the relations between estrogens and DA are
supported by clinical and preclinical evidencel33l. What is about testosterone, the major
male hormone in schizophrenia? Studies found that low levels of testosterone appear to be
associated with more severe symptoms, although results are less consistent than for
estrogensl3%: 371, For instance, studies found that schizophrenia patients with low levels of
testosterone often have predominantly negative symptoms, and the serum testosterone levels
are associated with a greater severity of negative symptoms[38]. Recently, oxytocin, an
important hormone for reproductive function, becomes a potential therapeutic target for
schizophrenia. Several studies suggest that schizophrenia patients with higher levels of
plasma oxytocin developed fewer psychotic symptoms[39: 401 improved cognitionl41], while
oxytocin is thought to regulate central dopamine, and might therefore exhibit antipsychotic
effectsl42],

Sex chromosome hypotheses

While sex hormones have regulating mental functions, recent studies suggested that sex
chromosomes, XX or XY, may roles in neurodevelopment and contribute sex-specific
cognitive functions. For example, individuals with abnormal number of X or Y
chromosomes often have higher incidence in motor impairment and psychiatric disorders
than normal populations[43l. The numbers of sex chromosomes in schizophrenia study have
been limited, but suggested and confirmed that higher prevalence of psychosis in individuals
with excess of sex chromosome, particularly x chromosomes[#4 451 while whether an
association also exists with XYY remains unknown. It was hypothesized that X chromosome
instability predisposes to psychosis. In consistent with findings of higher risk of individuals
with more numbers of sex chromosomes in schizophrenia, other groups also reported the
linkage of schizophrenia to the proximal short arm of the X-chromosomel46: 471 or
chromosomal lesions are prevalent in schizophrenics[#8l. Although the hypothesis that X or
Y chromosomes associated gene for susceptibility to psychosis has been challenged by
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numbers of studies, with during the past few years, chromosome X abnormalities and sex-
specific patterns of transmission have been identified in schizophrenia patients.[49: 501

Conclusion

Consideration of gender differences in schizophrenia and other psychosis provides an
important insight for understanding the sex-specific characterizes of the diseases onset,

sy

mptoms, and opportunity to deliver sex-specific treatments and care for schizophrenia

patients. It is critical to present such knowledge or awareness to clinical services and
researchers with the opportunity to develop interventions which might work in a gender-

sp
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Fig. 1.
Sex differences in onset age of schizophrenia

Note: Men (solid line) have a notable peak of incidence in late adolescence and a subsequent
sharp decline into middle age. The peak age of incidence rates in women (dot line) appears
in adolescence as well as after 45 years old[2].
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Fig. 2.

Se?( differences in distribution of various symptoms between male and females patients
Note: Data source: http://dysphrenia. hpage. co. in/research phenomenological study of
thinking and perceptual disorders in schizophrenia fulltext 76041325.html and http://
www.jpma.org.pk/PdfDownload/2907.pdf
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