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ABSTRACT

Introduction: Bipolar disorder (BD) and schizophrenia (SZ) are serious mental illnesses (SMI) with overlapping symptoms
but distinct differences in onset and course. Sex differences are an area of growing interest in SMI. This study aims to examine
potential interactions between sex and diagnosis across a broad range of variables, to compare males and females within SZ and
BD, and to investigate sex-specific group differences.

Methods: A total of 1516 individuals were included in a cross-sectional study using baseline data from the multicenter
PsyCourse Study, including BD (n=543), SZ (n=517), and healthy controls (HC) (n=456). Sociodemographic characteristics,
clinical symptoms, psychosocial functioning, quality of life, neurocognitive performance, and somatic comorbidities were as-
sessed. Generalized linear models were used to analyze differences between groups and sexes. False Discovery Rate (FDR) and
Bonferroni post hoc comparisons were performed.

Results: Significant interactions were identified in age (p=0.001), age at treatment (p =0.05), illness duration (p =0.03), illicit
drug use (p=0.01), and smoking (p=0.05). Differences in substance use were observed across groups and sexes, with the high-
est rates found in males with SZ. The BD group showed better functioning and neurocognitive performance compared with
the SZ group. Within the BD group, females reported better performance in verbal memory (p=0.003) and psychomotor speed
(p<0.001) than males. Moreover, both females and males with SMI showed higher rates of thyroid alterations compared with HC
(p=0.01 for females and p=0.002 for males).

Conclusions: Significant sex differences were observed in substance use and somatic comorbidities. Interactions between diag-
nosis and sex underscore the importance of considering both factors in clinical assessments. These findings highlight the need to
tailor sex-specific treatment for each patient. Further research is needed to explore the role of sex hormones and other biological
and societal factors in the presentation and course of these disorders.
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Summary

« Significant outcomes

o Interactions between sex and diagnosis were found
in age at treatment onset, illness duration, illicit
drug use, and tobacco smoking.

o Sex-sensitive treatment is crucial for better clinical
outcomes, healthy habits, and comorbidity manage-
ment, as our findings reveal.

o Future research should explore the role of sex, gen-
der, and hormones in disease presentation, course,
and treatment response.

« Limitations

o Data on females' reproductive life events and gen-
der were not collected, which may significantly in-
fluence clinical and disease course in severe mental
illness.

o The present study should be considered exploratory.
Medical comorbidity data were collected though
self-reports, assuming a potential subjective bias.
However, participants were asked whether a med-
ical doctor had ever provided the diagnosis, which
may help mitigate this concern.

1 | Introduction

Bipolar disorder (BD) and schizophrenia (SZ) are both seri-
ous mental illnesses (SMI) that share overlapping symptoms,
such as psychotic features and cognitive impairments [1, 2].
Likewise, a remarkable genetic overlap between both disor-
ders has been extensively described [3, 4]. However, they also
differ significantly in their onset, course, and underlying neu-
robiological mechanisms [5, 6]. One emerging area of inter-
est is the role of sex differences in the clinical presentation,
neuropsychological, and psychosocial performance in both
disorders.

Sex influences the course of SZ, especially in terms of age
of onset and symptomatology. SZ is more prevalent in males
under 40, while females show two distinct peaks of incidence,
with an initial peak between 20 and 39years and a second-
ary increase after 40 [7]. Men with SZ show more negative
symptoms and more severe clinical features, whereas women
exhibit more affective symptoms [8]. BD also shows sex differ-
ences: females are at higher risk of bipolar IT and hypomania,
while males are more prone to mania and substance abuse
[9-11]. Findings of age of onset are mixed, with some studies
reporting later onset in females, while others found no signif-
icant differences [10-13].

In neurocognition, sex differences have been studied in the
general population and in SMI. In the general population, fe-
males performed better on verbal memory and social cogni-
tion tasks, while males performed better on spatial processing
and motor speed [14]. In SMI, findings remain inconsistent.
In SZ, several studies indicate that females exhibit superior
cognitive abilities, particularly in language, executive func-
tion, and memory domains [15], with this advantage linked to

differences in brain structure and function [16]. In contrast,
males tend to experience greater cognitive impairment [17, 18]
in verbal learning and memory, with these deficits already
apparent at first-episode psychosis [19]. Nevertheless, some
studies report poorer cognitive functioning in females [20-22]
or find no significant sex differences [18, 23]. In BD, cognitive
deficits are typically less severe than in SZ but affect various
domains, including executive function, attention, and ver-
bal memory [2, 24]. Males performed better than females in
working memory tasks, whereas females outperformed males
in verbal learning and memory recognition tasks [12, 25].
Cognitive deficits in both disorders are associated with poorer
functional outcome [5] and reduced Quality of Life (QoL) [26].
Patients with SMI reported worse QoL compared to HC [26],
with individuals with BD reporting a higher QoL than those
with SZ [26]. In BD, females have better social relationships
[26] but worse physical QoL [10, 27].

Cardiovascular risk factors, such as hypertension and diabetes,
along with migraine and cancer, are more prevalent in individ-
uals with SMI [28-34]. Sex differences in BD and SZ in somatic
comorbidities are inconclusive. In the general population and
in BD, males show a higher risk of hypertension while females
have more thyroid alterations [10, 34]. Diabetes is reported to be
more prevalent in females with SZ, though some studies found
higher rates in males across both BD and SZ [31, 35] as in the
general population [36]. Migraine is more common in females
in the general population and specifically more frequent in indi-
viduals with BD [31, 37-40]. Finally, controversial results have
been found regarding sex and cancer in individuals with SMI.
In the general population, cancer incidence is higher in males
than females [41], a pattern observed in BD but not consistently
in SZ [42]. To the best of our knowledge, this is the first study to
investigate sex differences between BD and SZ in a large patient
sample.

1.1 | Aims

This study aims to: (a) examine potential sex-by-diagnosis in-
teractions; (b) investigate sex-specific diagnostic differences
in clinical variables and neurocognitive performance in indi-
viduals with BD and SZ compared to HC; and (c) explore sex
differences within BD and SZ separately, comparing males and
females across all assessed outcomes. This approach will offer a
more comprehensive understanding of how sex influences the
course and presentation of these psychiatric disorders, helping
to identify distinct patterns that could guide sex-sensitive treat-
ment strategies and enhance clinical outcomes.

2 | Material and Methods
2.1 | Sample

A total of 1516 participants were included in this cross-sectional
study, with data obtained from the multicenter, longitudinal,
naturalistic, transdiagnostic PsyCourse Study, conducted across
20 clinical sites in Germany and Austria (www.PsyCourse.de).
We used data from the baseline assessment (Visit 1) and the
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Verbal Learning Memory Test (VLMT) [43] in the following
visit (Visit 2). All data were extracted from the PsyCourse data-
set Version 5.0 (https://data.ub.uni-muenchen.de/251/) [44]. The
design and other properties of the PsyCourse Study are well de-
scribed elsewhere [45].

Inclusion criteria for patients were: (1) aged >18years; (2) di-
agnosed with SZ (F20.x) and BD (F31.x), according to ICD-10
criteria (confirmed within the corresponding DSM-IV diagnos-
tic framework); (3) proficiency in the German language. For the
purposes of the present study, only patients with SZ and BD were
included.

Controls were recruited at four clinical centers: UMG Gottingen,
LMU Munich, Medical University of Graz, and from the MImicSS
study. These were contacted, for example, via mail using address
lists obtained from the local Residents' Registration Office, or
through advertisements in public areas.

The inclusion criteria for controls were: (1) no history of affective
or psychotic illness, assessed by a brief diagnostic interview for
mental disorders [46]; specifically, control participants were ex-
cluded from the study if they had ever been treated as inpatients
for one of the investigated ICD-10 diagnoses; (2) proficiency in
German language. Control participants followed a protocol sim-
ilar to that of clinical participants.

The study was approved by the responsible Ethics Committees
at the individual recruitment centers and was carried out ac-
cording to the Declaration of Helsinki. All participants provided
written informed consent.

2.2 | Assessments
2.2.1 | Sociodemographic and Clinical Data

Sociodemographic data comprised age, sex, living arrangement,
and employment. Clinical information included diagnosis, age
at first outpatient treatment, disease duration, psychiatric fam-
ily history, alcohol consumption, lifetime use of illicit drugs,
current medication only in patient groups (number of antipsy-
chotics, antidepressants, mood stabilizers, and tranquilizers),
psychopathology, neurocognitive performance, and function-
ing. The PsyCourse Codebook [47] provides detailed information
on phenotypic variables.

2.2.2 | Neurocognition

Standardized neuropsychological tests were performed by
trained raters. Crystalized intelligence was assessed by the
vocabulary intelligence test (MWT-B) [48]. Cognitive domains
evaluated included executive function with the Trail Making
Test (TMT Part B) [49], short-term and working memory with
the Verbal Digit Span(VDS) [50] (forward and backward), psy-
chomotor speed with the Digit Symbol Test (DST) [51] and
TMT Part A, and verbal learning and memory with VLMT
[43]. The TMT measures multiple cognitive domains, includ-
ing visual attention (Parts A and B), psychomotor speed (Part
A), and task switching (Part B).

2.2.3 | Psychopathology, Level of Functioning,
and Quality of Life

Severity of SZ symptoms was evaluated with the Positive
and Negative Syndrome Scale (PANSS), using positive, neg-
ative, general, and total scores [52]; severity of depressive
symptoms, with the clinician-rated Inventory of Depressive
Symptomatology (IDS-C,)) [53] and the self-rated Beck
Depression Inventory II (BDI-II) [54]; severity of manic symp-
toms, with the Young Mania Rating Scale (YMRS) [55]; se-
verity of illness, with the Clinical Global Impression Scale
(CGI) [56]; level of functioning, with the Global Assessment
of Functioning (GAF) [57], and QoL with the World Health
Organization QoL Questionnaire, brief version (WHOQOoL-
BREF), using scores for the domains global QoL, physical
health, psychological health, social relationships, and envi-
ronment [58].

2.2.4 | Somatic Diseases

The presence of somatic comorbidities has been gathered
through the clinical interview. Interviews were mainly con-
ducted by research/clinical psychologists; participants were
asked whether a physician had ever diagnosed any of the follow-
ing conditions: hypertension, diabetes, hyperthyroidism, hypo-
thyroidism, cancer, and migraine.

2.3 | Statistical Analysis

All neuropsychological variables were log-transformed to nor-
malize their distribution. For socio-demographic characteris-
tics, clinical features, somatic disease, QoL, and neurocognitive
and functional performance, generalized linear models (GLM)
were performed separately for males and females, using group
as the main effect (SZ, BD, and HC). False Discovery Rate (FDR)
for multiple testing corrections was performed. In case of sig-
nificant differences, the Bonferroni post hoc testing strategy
was performed. In a second step, variables were all compared
through GLM with sex (males and females) and diagnosis (SZ
and BD) as main factors, as well as the interaction between diag-
nosis and sex. FDR for multiple testing correction was applied to
all models except for interaction analysis. Center was included
as acovariate in all analyses. Effect sizes of the comparison were
analyzed with Cohen's d. Additionally, age was included as a
covariate in the duration of illness, age at first outpatient treat-
ment, and in all neurocognitive variables analyzed. In all GLM,
Estimated Marginal Means, or adjusted prevalence, and the 95%
Interval of confidence (IC) were reported for each variable of
interest. The Statistical Package for the Social Sciences (SPSS)
version 30 and R 4.0.5 software were used to analyze data. All
statistical tests were conducted two-tailed, with an alpha level of
significance at p <0.05.

3 | Results

The study sample consisted of N=1516 participants. Of n=1060
patients with a mean (range) age of 42.20 (18-78) years; 42.8%
were female (n=454), and of 456 HC with a mean (range) age
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of 36.14 (18-77) years; 58.8% were female (n =268). Nearly half
of the individuals were diagnosed with a SZ-spectrum disorder
(48.8%; n=517), while the other half were diagnosed with BD
(51.2%; n=543).

3.1 | Interaction Diagnosis (BD and SZ) X Sex

Results regarding diagnosis by sex interactions and sex differ-
ences in the BD and SZ groups are presented in Table 1. There
were several Diagnosis X Sex interactions in terms of age, age at
first outpatient treatment, duration of illness, rates of illicit drug
use, and cigarette smoking. Females with SZ were older than
males at first outpatient treatment compared to females with
BD. Moreover, those who were older at first outpatient treatment
presented a longer duration of illness. Regarding both illicit
drug and cigarette use, being female was a protective factor, and
males with SZ exhibited the highest risk for substance use.

3.2 | Sex Differences in BD and SZ

Females with SZ were significantly older (d'=0.36) than males
with SZ. In terms of functioning and QoL, no sex differences
were found. Regarding neurocognitive outcomes, sex differ-
ences were found in psychomotor speed (d'=0.29) and verbal
learning (d'=0.27) and memory (d'=0.30) in the BD group. In
BD, females outperformed males in psychomotor speed and in
verbal learning and memory. Concerning clinical features, no
differences were found between males and females with SMI.
Pharmacological treatment did not differ between sexes. As for
substance use, sex differences were only observed in SZ. Males
reported higher rates of lifetime tobacco use (d'=0.32) and use
of illicit drugs (d'=0.44) than females. In relation to somatic dis-
ease, females in both groups (BD and SZ) reported higher rates
of thyroid alterations (d'=0.35 and d'=0.36, respectively).

3.3 | Differences Between Groups Among Females
and Males

This section presents group comparisons conducted separately
within female (Table 2) and male (Table 3) subsamples of the
HC, BD, and SZ groups.

3.3.1 | Sociodemographic Characteristics

Among females, those with SMI were significantly older, more
likely to report a family history of psychiatric illness, less often
lived alone, and more frequently had less paid employment com-
pared with HC females. The BD female group reported higher
rates of family history of psychiatric disorder than females with
SZ. Conversely, BD males were significantly older than SZ and
HC males. Compared to HC males, fewer males with SMI lived
alone. The proportion of males with a family history of psychiat-
ric illness was significantly different between the three groups,
with a gradient from BD to SZ to HC. There was a lower rate
of paid employment in male participants with SZ compared to
those with BD. As expected, HC males demonstrated the highest
rates of employment.

3.3.2 | Neurocognitive Functioning

Several differences were observed in neurocognitive perfor-
mance. In both sexes, the HC group outperformed participants
with SMI. Moreover, within both the male and female sub-
groups, the BD group outperformed the SZ group across the
remaining neurocognitive variables analyzed (see Figure 1).
However, among males, no differences in verbal memory or task
switching were observed between the SZ and BD groups.

3.3.3 | Clinical Characteristics

The SZ group, in both sexes, was significantly younger at first
outpatient treatment and showed greater clinical severity com-
pared to the BD group assessed by PANSS and CGI. No signif-
icant differences were found between diagnoses in depressive
symptoms and duration of the illness within males and females.
Moreover, individuals with BD exhibited more manic symptoms
compared to the SZ group in both subgroups. As expected, par-
ticipants with SMI exhibited more clinical symptoms than HC.

Differences across groups were found in substance use. Females
with SMI exhibited higher rates of lifetime tobacco use than
HC females. Moreover, the rate of lifetime alcohol abuse was
significantly higher in females with BD than in HC. While in
males, the BD group showed significantly lower rates of lifetime
illicit drug use than HC and SZ males. Besides, males with SMI
presented higher rates of alcohol abuse than the HC group. No
differences between the BD and SZ groups were found. With
respect to lifetime tobacco use, males with SMI showed higher
smoking rates compared to HC, and the SZ group exhibited
the highest rate of consumption overall. In pharmacological
treatment, as expected, the BD group uses the most antidepres-
sants, mood stabilizers, and lithium. In contrast, the SZ group
uses more antipsychotics and tranquilizers than the BD group.
Regarding somatic comorbidities, females with SMI presented
higher hypertension rates compared to HC females. The BD
group, males and females, exhibited significantly higher rates of
thyroid alterations compared to both SZ and HC groups.

3.3.4 | Functioning and QoL

In both sexes, post hoc analysis confirmed that the BD group
exhibited superior functioning compared to the SZ group. The
BD group demonstrated significantly higher environmental QoL
than the SZ group within the male and female subgroups. As ex-
pected, HC participants in both subgroups exhibited the highest
levels of functioning and QoL.

4 | Discussion

Our study identified several significant patterns and sex-based
differences in both BD and SZ. First, interactions between sex
and diagnosis have a significant effect on age, duration of ill-
ness, age at first outpatient treatment, tobacco, and illicit drug
use. Second, sex differences were found in SZ and BD. Third,
both male and female participants exhibited similar trends
across different groups.
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p
0.97
0.49

Sex X diagnosis

Statistic
0.001
0.48

p (FDR)
0.02 (0.14)
0.67 (0.78)

F
5.20
0.19

270)

12.88 (12.44, 13.31)
15.35 (15.01, 15.69)

Males (N

BD
273)

13.58 (13.16, 14.01)
15.45 (15.13, 15.78)

Females (N

p (FDR)
0.07 (0.29)
0.22 (0.55)

F
3.28
1.48

336)

12.49 (12.04, 12.94)

Males (N

14.04 (13.68, 14.39)

SZ

Females (N=181)
13.17 (12.58, 13.77)
14.41 (13.93, 14.88)

(Continued)

I
relationships
(WHOQoL-
BREF)
Environment
(WHOQoL-
BREF)

(confidence
Social

interval)

Mean
MWT-B, Vocabulary Intelligence Test; PANSS, Positive and Negative Symptom Scale; TMT, Trail Making Test; VDS, Verbal Digit Span; VLMT, Verbal Learning Memory Test; WHOQoL-BREF, World Health Organization Quality of

Life Questionnaire, brief version; YMRS, Young Mania Rating Scale. Significant differences (p < 0.05) are marked in bold.

Abbreviations: BDI, Beck Depression Inventory; CGI, Clinical Global Impression Scale; DST, Digit Symbol Test; FDR, false discovery rate; GAF, global assessment of functioning; IDS-C30, Inventory of Depressive Symptomatology;

TABLE 1

Our results indicated that individuals with BD exhibit a more
favorable neurocognitive profile compared to those with SZ.
These findings are widely reproduced in the literature [24, 59].
Data from our sample reveal a continuum of crystallized in-
telligence, wherein HCs represent one end and individuals
with SZ the other. This finding is consistently reported in the
literature [12, 60-62]. Moreover, previous studies described
significant deficits and impaired premorbid intellectual func-
tion in SZ [63]. However, the evidence regarding premorbid
function in BD is equivocal, presenting more heterogeneity,
with some studies indicating an exceptional intellectual abil-
ity in at least some of these patients [64]. Regarding sex dif-
ferences, females with BD consistently demonstrated better
performance on processing speed and verbal memory tasks.
Several studies support the finding that females outperform
males in verbal memory [12, 65-66]. However, the findings
regarding processing speed contrast with those of a recent
meta-analysis in individuals with BD and in the general pop-
ulation [14, 25]. It is important to note that the magnitude of
the differences in these cognitive domains is small and should
be interpreted with caution. These findings may help inform
the development of sex-specific cognitive interventions aimed
at addressing domain-specific deficits.

Our data confirmed that the SZ group showed a more severe
clinical profile. These findings align with existing literature that
suggests a continuum of severity, placing BD closer to HC and SZ
at the more severe end of the spectrum [24, 67-69]. Significant
group-by-sex interactions were observed in clinical features
specifically indicating that sex differences in treatment onset
vary by diagnosis. In BD, previous studies have suggested that
women may experience a later onset and, consequently, a later
initiation of treatment [10, 13]. This may be due to women seek-
ing treatment for other psychiatric conditions more frequently
or different prodromes [70]. The duration of illness was also
longer in those who started treatment at an older age, indicat-
ing potential delays in diagnosis and interventions [10, 13]. The
observed interactions between sex and diagnosis emphasize the
importance of considering this factor in clinical assessments.
The differences observed between these groups highlight the
distinct neurobiological and clinical trajectories associated with
each disorder [6, 71].

Males with SMI showed more substance use in both tobacco and
illicit drug use compared to HC [72, 73], except for BD individ-
uals and illicit drug use. Our data is in line with the literature,
where men tend to use significantly more substances in both SZ
[74] and BD [9, 10]. The literature reports higher rates of tobacco
smoking among males with BD [75] and SZ [76]. In our sample,
males with BD use significantly less illicit drugs than HC and
SZ groups. This finding did not confirm previous findings re-
lated to lifetime use of illicit drugs [77], although the role of sex
was not explored in these studies. Interactions between sex and
diagnosis suggest that being female may have a protective ef-
fect against substance use, particularly among women with SZ,
who showed significantly lower consumption rates. Meanwhile,
males with SZ are at higher risk of engaging in substance use,
which may worsen clinical outcomes. Regarding alcohol abuse,
we observed a trend in individuals with SMI. As mentioned,
males with SMI tend to use more substance [9, 10, 67]. However,
results concerning alcohol abuse remain inconclusive; Curtis
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FIGURE1 | Z-scores of neurocognitive performance across different tasks for female (left panel) and male (right panel) groups. The lines repre-

sent three groups: SZ (red), BD (green), and HC (blue).

et al. [9] reported a higher rate of consumption in women, while
Diflorio and Jones [13] found a greater tendency in men. These
results underscore the impact of both sex and diagnosis on sub-
stance use patterns. However, further research is needed to de-
termine whether this gender disparity persists across various
types of substance use.

Consumption habits, along with the effects of psychotro-
pic agents, are often associated with physical comorbidities.
Specifically, in our sample, and in line with the literature, fe-
males with SMI presented a higher prevalence of thyroid alter-
ations [10, 13]. These alterations noted in individuals with BD
receiving lithium therapy may be indeed a direct consequence
of the medication, given the established association between
lithium and thyroid dysfunction as a known adverse effect [13].
Notably, females have a significantly higher risk of hypothy-
roidism in both diagnostic groups, but with a small-to-moderate
effect size [13, 35]. Furthermore, Bendayan et al. [31] reported
a higher risk of hypertension and diabetes in individuals with
SMI. However, our data only replicated this pattern in females
with SMI and hypertension. Regarding QoL, differences were
found between diagnoses in the environmental subdomain.
This variation may be influenced by country-specific policies,
which can directly influence access to environmental resources.

More research exploring QoL in SZ and BD should be conducted
to better address sex-specific needs.

To the best of our knowledge, this is the first multicentric study
to explore sex differences in severe mental disorders in a variety
of outcomes using a large sample. Conversely, the findings of
the present study should be interpreted considering some lim-
itations. First, the total sample may not have sufficient statistical
power to detect interactions between diagnosis and sex. Second,
given the multiple interaction tests performed, we acknowledge
that some of these results may be false positives. Nonetheless,
the present study should be considered exploratory. Additionally,
data on female reproductive life events and gender were not col-
lected, which may significantly influence the clinical presenta-
tion and disease course of SZ and BD. Another limitation is the
lack of ethnic diversity in the sample, given that participants
were drawn exclusively from German and Austrian populations.
Finally, medical comorbidity data were collected though self-
reports, assuming a potential subjective bias. However, partici-
pants were specifically asked whether a medical doctor had ever
provided the diagnosis, which may help mitigate this concern.

Our data highlight the importance of considering sex differ-
ences in BD and SZ, as sex may significantly impact their
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pathogenesis and course. Treatment plans should be sex-
sensitive to improve clinical outcomes, while promoting
healthy lifestyle habits and monitoring physical comorbidi-
ties. Future research should explore the role of sex, gender,
and hormones in disease presentation, course, and treatment
response.
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