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Abstract

Background and Objective Antipsychotics are core treatments for people living with psychotic disorders. Understanding
individualised factors that influence both efficacy and adverse responses will improve outcomes. The objective of this study
was to examine sex differences in antipsychotic-related efficacy and tolerability.

Methods This was a secondary analysis of data from phase 1 and 1a of Clinical Antipsychotic Trials of Intervention Effec-
tiveness (CATIE); participants with schizophrenia were randomly assigned to double-blinded treatment with oral olanzapine,
quetiapine, risperidone, ziprasidone or perphenazine. Measures included Positive and Negative Syndrome Scale (PANSS),
Clinical Global Impressions (CGI) scale and Calgary Depression Rating Scale, as well as self-reported side effects, medica-
tion compliance, dosage, weight measurements and various blood parameters.

Results There were 1460 participants including 380 female and 1080 male individuals. Very few differences existed between
male and female participants in response, adverse reactions, compliance or antipsychotic dosage. However, significantly more
female participants than male participants reported constipation (28% vs 16%), dry mouth (50% vs 38%), gynecomastia/
galactorrhea (11% vs 3%), incontinence/nocturia (16% vs 8%) and self reported weight gain (37% vs 24%) [all p <0.001].
Within the risperidone treatment group, there was a significantly greater increase in prolactin levels (p <0.001) among female
participants (n=61) than male participants (n=159). No overall differences in clinician-rated measures, weight gain or
other laboratory indicators were found.

Conclusions While overall sex differences were limited across efficacy and tolerability for antipsychotic treatment, there were
some specific findings with risperidone. Further examination of sex differences within antipsychotic trials will be important
to improve efficacy and reduce adverse responses across as well as individualising care for people with schizophrenia.

1 Background

As recommended in guidelines, as well as common clinical
practice, antipsychotics are a core component for both the
treatment as well as ongoing relapse prevention manage-
ment of psychotic disorders including schizophrenia [1-4].
While psychotic disorders have approximate equivalence in
prevalence across the sexes, there are evident differences in
the patterns of onset, presentation and course of illness as
well as the associated psychosocial impacts [5—7]. These
differences include female individuals’ later average age of
illness onset, heightened vulnerability to the development
of a new psychotic disorder or relapse in the early postpar-
tum period, and the exploration of oestrogen as a potential
adjunctive treatment to enhance antipsychotic efficacy [5,
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There is only limited research into sex differences for
efficacy of and adverse reactions to antipsychotic treat-
ment for schizophrenia, yet this is an important potential
aspect of improving individualised care.

The Clinical Antipsychotic Trials of Intervention Effec-
tiveness (CATIE) remains an important, large and com-
prehensive trial of antipsychotic treatment of schizophre-
nia. However, the data collected have not been examined
for sex differences.

Female participants were found to have higher levels of
self-reported adverse effects overall and specifically from
risperidone as well as higher prolactin levels associated
with risperidone.
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6]. This combined evidence suggests potential biological
sexual dimorphic differences, as well as the role of sex
and gender experiences (including poverty, sexual risk in
treatment settings, domestic violence and discrimination)
as determinants of the presentation and course of schizo-
phrenia in female individuals [8—11]. While there has been
now a consistent call from researchers to consider sex and
gender differences in health-related research, the response
in the psychopharmacological field has been slow, with a
persisting sex/gender-neutral approach adopted by most
new studies [12—-14]. Yet, while there is evidence to suggest
the likelihood of sexual dimorphic biological differences in
psychotic disorders, it is also critical to treatment planning
to understand if these differences extend to the response to,
and safety of antipsychotics.

To date, there has only been limited research on efficacy and
sex differences in antipsychotics, with most studies focusing
on dose response [15-17]. Findings suggest female individu-
als may respond to lower antipsychotic doses, although greater
adherence to treatment may at least partially account for this
association [18]. However, there is evidence to support differ-
ences in pharmacodynamics, including the role of hormonal
changes over the lifespan, with research showing antipsychot-
ics become less efficacious during menopause [19, 20]. There
is also evidence that female individuals are more susceptible
to adverse drug reactions, with many of the known antipsy-
chotic adverse effects, such as prolactin induction, osteoporosis
and metabolic syndrome, also having specific implications for
female individuals [21-24]. These effects include conditions
such as risks of developing gestational diabetes in pregnancy,
osteopenia in perimenopause, hyperprolactinaemia and infertil-
ity, and potential drug interactions between antipsychotics and
contraceptives and hormonal replacement treatment, which are
both commonly used by female individuals across their adult
life. This situation has led to a call to consider sex differences
in mental health research and indeed in the development of
clinical practice guidelines as part of aspiring to improved indi-
vidualised precision treatment practices [12, 25].

There are significant challenges in incorporating the
consideration of sex differences for both schizophrenia and
antipsychotics into research, given the low prevalence and
difficulties in recruiting and retaining cohorts; however, one
way to address this is the use of secondary analyses of exist-
ing trial data. The BeST inTro pragmatic trial [15] included
144 patients with 93 male and 51 female individuals taking
aripiprazole, amisulpride and olanzapine and followed par-
ticipants to 52 weeks with the primary outcome being scores
on the Positive and Negative Symptom Scale (PANSS) [26],
and a subsequent secondary analysis of sex differences of
the collected data was undertaken [15]. In this recent paper
that undertook this secondary analysis focusing on examin-
ing sex differences in data collected as part of BeST inTro,
clear sex differences were identified in both the efficacy and
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tolerability of specific antipsychotics [15]. Amisulpride, for
example, was more efficacious in male participants, dose-
corrected levels were higher in female participants, and this
antipsychotic caused more adverse effects in female partici-
pants including increased prolactin levels and body mass
index (BMI) [15, 26].

While there have been many antipsychotic trials, the
Clinical Antipsychotic Trials of Intervention Effectiveness
(CATIE) undertaken two decades ago remains a seminal
study trial into the antipsychotic management of people with
schizophrenia [27]. CATIE was carefully designed to ensure
relevance to clinical practice and hence the trial period of
18 months was far longer than the standard 4- to 6-week
medication trials and longer than the BeST inTro. Recruit-
ment occurred across the USA and the study was funded by
the National Institute of Mental Health in contrast to many
trials that are sponsored by pharmaceutical companies. The
longer trial period enabled the collection of important data
on efficacy, adverse reactions and in particular the co-morbid
physical health of participants with some similar measures
used in BeST inTRo; however, CATIE included a broader
and more comprehensive data collection. CATIE included
1460 participants from 57 sites across the USA, in contrast
to 144 participants recruited across four academic sites with
three in Norway and one in Austria in BeST inTRo [26].
While CATIE data have been examined in numerous nested
studies, there has been limited focus on utilising these data
to examine sex differences [28, 29]. Unlike shorter duration
trials with more limited measures and few participants, these
data are ideal for examining potential differences in efficacy
and adverse reactions between female and male individu-
als. Indeed, a recent systematic review found most studies
examining data for sex differences are limited to a small
array of short-term measures of potential adverse reactions
and they rarely include self-report, blood parameters and
clinician-rated measures collected over an extended period
as reported in CATIE [17].

This study first aimed to investigate the differences in
efficacy of, and response to antipsychotics between female
and male individuals, and their relative efficacy among
female individuals. Second, we aimed to investigate the
differences in commonly reported and measured antipsy-
chotic-related adverse reactions between female and male
individuals.

2 Methods
2.1 Study Description

CATIE was a randomised controlled trial and studied 1460
participants with chronic schizophrenia enrolled across
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57 sites across the USA. The trial protocol details ran-
domisation and the methodology including inclusion and
exclusion criteria [27]. Table 1 summarises the sample
description.

We report data from phase 1 and la of CATIE. Dur-
ing phase 1 of the trial, patients (aged 18—65 years who
currently or had in the past met Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition [30] criteria
for schizophrenia) were randomly assigned to double-
blinded treatment with oral olanzapine, quetiapine, risp-
eridone, ziprasidone and perphenazine. Participants with
tardive dyskinesia bypassed phase 1 owing to the additional
risks from being assigned to perphenazine, and they were
assigned to treatment with one of the other four medica-
tions (phase 1a). Participants who responded to treatment
to which they were assigned, remained on that treatment for
the duration of the 18-month treatment period. Participants
who discontinued phase 1/1a participated in subsequent
phases; these data are not reported here. The dosage and
assessment schedule is also reported in the study protocol
[27].

Participants attended monthly assessments during
which data were collected by clinical and functional
assessments, patient self-report, pill counts, laboratory
tests and assessment of patients’ pulse, blood pressure
and weight. Not all assessments occurred at all visits. We
report on data from baseline and end-of-phase (final visit)
assessments. Average and modal dosage data over all visits
are also reported.

Table 1 Baseline demographic and clinical characteristics by sex

2.2 Measures

Efficacy outcomes included changes in scores on the PANSS
[31], the Clinical Global Impressions (CGI) scale [32] and
the Calgary Depression Rating Scale [33]. The PANSS is
a 30-item clinician-administered rating scale [31]. PANSS
scores can range from 30 to 210, with higher scores indi-
cating more severe psychopathology. Subscales include the
Positive Scale (excess or distortion of normal functions such
as hallucinations, range 7-49), the Negative Scale (diminu-
tion or loss of normal functions, range 7-49) and the General
Psychopathology Scale (range 16-112).

The CGI provides an overall clinician-determined sum-
mary measure, the CGI-Severity (CGI-S), that considers all
available information: patient history, psychosocial circum-
stances, symptoms, behaviour and the impact of the symp-
toms on the patient’s ability to function [32, 34]. Scores
range from 1 to 7 with higher scores indicating a greater
severity of illness.

The Calgary Depression Rating Scale-Severity is a cli-
nician-rated measure of the severity of depression among
people with schizophrenia [33]. Scores range from 0 to 27
with higher scores indicating a greater severity of depres-
sion symptoms.

To assess neurological side effects, we report on treat-
ment-emergent symptoms meeting clinical thresholds in the
following scales: Barnes Akathisia Scale (BRS) [35]; Simp-
son-Angus Extrapyramidal Side Effect Scale (EPS) [36] and
Abnormal Involuntary Movement Rating Scale (AIMS) [34].

Female participants (n = 380)

Age, mean (SD)
Diagnosis, n (%)

42.23(10.32)

Schizophrenia 344 (90.5)
Schizoaffective disorder 30(7.9)
Schizophreniform disorder 1(0.3)
Bipolar disorder 1(0.3)
Major depression 1(0.3)
Psychosis NOS 0(0.0)
Other specify 3(0.8)
Abuse/dependence, n (%)
Alcohol 32(8.4)
Drugs 42 (11.1)
PANSS scores, baseline mean (SD)
Total 75.14 (18.43)
Positive 18.12 (5.56)
Negative 19.60 (6.69)
General psychopathology 37.41 (9.70)

Male participants (n = 1080) p* dor ¢
39.96 (11.31) 0.001 0.205
1026 (95.0)

48 (4.4)

1(0.1)

1(0.1)

1(0.1)

3(0.3)

0 (0.0)

220 (20.4) <0.001 0.139
258 (23.9) <0.001 0.139
75.84 (17.25) 0.516 0.017
18.59 (5.66) 0.280 0.028
20.37 (6.30) 0.039 0.054
36.88 (9.17) 0.381 —0.023

NOS Not Otherwise Specified, PANSS Positive and Negative Syndrome Scale, SD standard deviation
p-Values and effect sizes associated with Mann—Whitney U tests (age) and )(2 tests (all other variables)
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These are all clinician-rated scales that assessed the severity
of medication-induced akathisia, parkinsonism symptoms
and dyskinesias, respectively.

An ‘Adverse Events/Side Effects Form’ was used to col-
lect data about participants’ perceptions of whether they
experienced 18 well-established adverse effects commonly
associated with at least one of the study antipsychotics (see
Table 8). Given the focus on sex differences, we report on
all of these, except menstrual irregularities, at end-of-phase.

Cardiometabolic effects of the drugs were monitored
from baseline to end-of-phase. This included recording of
weight and height to calculate changes in BMI. Laboratory
tests described previously within the study protocol included
arange of tests including blood testing for glucose, triglycer-
ides, total cholesterol and prolactin [27]. As previously iden-
tified, the blood parameters were not uniformly collected in
the fasting state, so they are regarded as random levels for
both lipids and glucose [37].

2.3 Statistical Analysis

We report baseline demographic, clinical characteristics
and medication compliance by sex. Dosage compliance is
indicated first by final visit clinician-rated frequency: never/
almost never [0-25% of the time]; sometimes [26-50% of
the time]; usually [51-75% of the time] or always/almost
always [76—100% of the time]. Second, means and standard
deviations are presented for the proportion of capsules (%)
taken at the final visit, based on the pill count in the returned
bottle.

To compare efficacy and response between female and
male participants, we compared change values, baseline to
end-of-phase, for PANSS scores that had been calculated for
participants in whom less than 20% of items were missing
for total and subscale scores. Similarly, we compared change
scores for the CGI-S and Calgary Depression Inventory.
We also report differences in the following binary variable,
which is available in the CATIE dataset: CGI-S response
(Yes/No), which indicates whether patients met the crite-
ria “CGI-S <3, or CGI-S =4 and Change from Phase 1/1A
baseline is at least —2”.

To investigate the relative efficacy of treatment groups
among female and male participants, we compared PANSS
change scores among the five treatment groups, within each
sample separately. To compare adverse reactions between
female and male participants, we first report on the propor-
tion of female and male participants meeting criteria for
treatment-emergent severity indices for the AIMS, BRS
and EPS. These variables are provided in the CATIE data,
as treatment-emergent AIMS severity index value of >2;
treatment-emergent AIMS severity index value of >1;
treatment-emergent BRS global clinical assessment value
of >3 and treatment-emergent EPS scale mean score value
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of > 1. We also report changes (baseline to end-of-phase) in
weight, % weight gain and BMI, patient-reported presence
of side effects at end-of-phase, and changes (baseline to end-
of-phase) in laboratory indicators, by sex.

We compared differences in continuous variables between
female and male participants using Mann—Whitney U tests,
as distributions were significantly non-normal. We report
means and standard deviations for ease of interpretation.
Effect sizes represent Cohen’s d (z/sqrt(n)) where z is the
standardised test statistics; effect sizes of 0.2, 0.5 and 0.8 or
greater are considered small, medium and large, respectively
[38]. For statistically significant differences, we report the
standardised test statistic for the Mann—Whitney U test.

For categorical variables, we generated crosstabulations
by sex. We report the statistical significance value associ-
ated with the y? test. Continuity corrections were applied
in the case of binary variables. Effect sizes for these results
reflect Cohen’s ¢ (effect sizes of 0.1, 0.3 and 0.5 or greater
are considered small, medium and large, respectively). For
statistically significant differences, we report the y* value.

To compare PANSS change scores between the five
treatment groups within the sample of female participants
only, we used the Kruskal-Wallis test. We report means and
standard deviations for ease of interpretation. Effect sizes
represent n>[H] = (H — k+ 1)/(n— k) where H is the test sta-
tistic and k is the number of groups; effect sizes of 0.01,
0.06 and 0.14 or greater are considered small, medium and
large, respectively. For statistically significant differences,
we report the standardised test statistic for the Kruskal-Wal-
lis test.

Comparisons by sex were also conducted within each
treatment group. These results are presented in the Elec-
tronic Supplementary Material (ESM).

To account for multiple tests, we applied the Bonferroni
correction. We provide exact p-values and interpret only
results with p <0.001 as statistically significant. Where any
crosstabulation has expected cell counts of less than 5, a
footnote indicating this is included under the relevant table.

3 Results

In total, there were 1460 participants, 1080 were male and
380 were female, with female participants making up 26%
of the sample. Baseline demographic and clinical charac-
teristics by sex are shown in Table 1. A significantly higher
proportion of male participants (220/1080) than female par-
ticipants (32/380) reported alcohol (y>=27.27, p <0.001)
abuse/dependence; the same was true for drug abuse/
dependence (258/1080 vs 42/380; y>*=27.59, p <0.001).
At baseline, there were no significant differences between
male and female participants in PANSS scores (Table 1) or
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the proportion of participants in PANSS score categories
(Table 1 of the ESM).

There was no significant difference between female and
male participants in terms of compliance to medication
dosage in the overall sample (Table 2) or in each treatment
group (Table 2 of the ESM). There was also no significant
difference between female and male participants in each
treatment group, in terms of dosage compliance at final
visit, or average and modal dose over the course of the trial
(Table 2 of the ESM).

3.1 Efficacy and Response Differences Between
Female and Male Participants

Changes in PANSS scores from baseline to end-of-phase
by sex are shown in Table 3. The overall trend was for a
greater reduction in PANSS scores in female participants,
although this difference was not significant. There were also
no significant differences in PANSS change scores between
female and male participants in any of the treatment groups
(Table 3 of the ESM).

There were no significant differences between male and
female participants in terms of changes in CGI-S or Cal-
gary Depression Scale scores overall (Table 4) or within
treatment groups (Table 4 of the ESM). Using CGI-S <3 or
CGI-S =4 and Change from Phase 1/1A baseline is at least
—2 as an indicator of CGI-S response, there were no sig-
nificant differences in the proportion of female participants
(101/274, 36.9%) and male participants (269/781, 34.4%)
who met these criteria (p=0.517). No significant differences
in proportions were identified in any of the treatment groups
when analysed separately.

3.2 Relative Efficacy Across Antipsychotics
No significant differences (adjusted p <0.001) across differ-

ent antipsychotics were observed among female participants.
Among male participants, the only significant difference

Table 2 Dosage compliance by sex: mean (SD)

was that a greater improvement in PANSS positive scores
was reported in the olanzapine group than in the quetiapine
group (p <0.001) (Table 5).

3.3 Differences in Adverse Reactions by Sex

There were no significant differences in the proportion of
male and female participants who showed treatment-emer-
gent severity indices for AIMS, BRS and EPS, in the overall
sample (Table 6) or in any of the treatment groups (Table 5
of the ESM). Changes in weight, percentage weight gain and
changes in BMI by sex are shown in Table 7. There were
no significant differences overall (Table 7) or in any of the
treatment groups (Table 6 of the ESM).

The presence of patient-reported side effects at end-of-
phase are shown in Table 8. A significantly higher propor-
tion of female than male participants reported the follow-
ing side effects at end-of-phase: constipation (77/280 vs
121/783, x*=18.960, p <0.001), dry mouth (140/280 vs
299/784, )(2 =11.494, p <0.001), gynecomastia/galactor-
rhea (30/280 vs 26/784, y*=21.187, p <0.001), inconti-
nence/nocturia (44/280 vs 59/784, y*=14.900, p <0.001),
and weight gain (104/280 vs 185/783, y*=18.356,
p<0.001).

Within the risperidone treatment group, a significantly
higher proportion of female than male participants reported
the following side effects at end-of-phase: gynecomas-
tia/galactorrhea (13/69 vs 5/183, ;(2: 17.249, p<0.001)
and incontinence/nocturia (19/68, vs 14/183, ;(2: 16.143,
p <0.001). No significant differences were identified within
the other treatment groups (see Table 7 of the ESM).

Finally, in Table 9, we show changes in laboratory results
by sex, from baseline to end-of-phase. None of these changes
was significant overall (Table 8) or within individual treat-
ment groups (Table 8 of the ESM) except for within the
risperidone treatment group, which showed a significantly
greater increase in prolactin levels (z=-3.949, p<0.001)

Total Female participants Male participants p ¢/d
n
Clinician-rated compliance at final visit, n (%) 1046 0.901 0.024
Never/almost never [0-25% of the time] 22 (8.1) 65 (8.4)
Sometimes [26-50% of the time] 16 (5.9) 54 (7.0)
Usually [51-75% of the time] 25(9.2) 64 (8.3)
Always/almost always [76—100% of the time] 208 (76.8) 592 (76.4)

Proportion of capsules (%) taken (based on pill count 988
in returned bottle) at final visit Mean (SD)

84.76 (25.87)

84.93 (25.87) 0.634 0.013

SD standard deviation

p-Values and effect sizes associated with Mann—Whitney U tests
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among female participants (n=61) than male participants
(n=159).

4 Discussion
While there has been much speculation on likely sex differ-
ences for antipsychotics, in this study, we did not find any

significant evidence for overall group differences for antip-
sychotics and sex differences in efficacy and response within

Table 3 Change in PANSS scores (baseline to end-of-phase) by sex

a trial of antipsychotics in the context of treatment of schizo-
phrenia. This study did find that adverse reactions and when
individual antipsychotics were examined there were limited
notable sex differences. In self-reported adverse reactions,
there were higher rates of dry mouth, constipation, inconti-
nence/nocturia, self reported weight gain, and gynaecomas-
tia/galactorrhea in female participants, and then also gynae-
comastia/galactorrhea and incontinence/nocturia specifically
in those female participants randomised to risperidone.
There were no sex differences found in common laboratory

Total n Female participants Male participants p? d
Mean (SD) Mean (SD)
Total score 1066 —3.81(18.2) —1.74 (17.76) 0.179 0.041
Positive Scale 1068 —0.8 (6.08) —0.68 (5.91) 0.919 —0.003
Negative Scale 1068 —1.18 (6.31) —0.36 (60.3) 0.032 0.066
General Psychopathology 1066 —1.67 (9.28) —-0.71 (9.29) 0.219 0.038

Scale

PANSS Positive and Negative Syndrome Scale, SD standard deviation
4p-Values and effect sizes associated with Mann—Whitney U tests

Table 4 Changes in CGI-S and Calgary Depression rating scale scores (baseline to end-of-phase) by sex

Total Female participants Male participants p? d

n Mean (SD) Mean (SD)
CGI-S score change 1050 —0.11 (1.18) -0.07 (1.1) 0.363 0.028
Calgary Depression Rating Scale 1063 —0.31 (4.39) —0.28 (4.18) 0.677 -0.013

score change

CGI-S Clinical Global Impression Severity scale, SD standard deviation

ap-Values and effect sizes associated with Mann—Whitney U tests

Table 5 Relative efficacy of treatments as reflected by differences in PANSS change scores, by sex

PANSS scores Olanzapine Perphenazine Quetiapine Risperidone Ziprasidone p* n?
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Female participants
Total —8.39 (18.12) —9.33 (18.90) —1.74 (14.86)  0.88 (17.84) 0.13 (19.67) 0.001 0.052
Positive —2.66 (5.11) —2.04 (6.80) —0.63 (4.02) 0.76 (6.03) 1.11 (8.04) 0.003 0.043
Negative —2.14 (6.65) —2.65 (6.25) —0.56 (5.85) —0.03 (6.40) —0.55(5.94) 0.052 0.019
General psychopathology —-3.59(9.14) —4.63 (9.50) —0.54 (8.05) 0.77 (10.02) —-0.42 (8.21) 0.005 0.039

Male participants
Total —5.93 (15.81) —0.13 (16.89) 0.15 (17.90) —2.71 (19.87) 1.41 (16.53) 0.007 0.013
Positive —2.33(4.89) —0.36 (5.94) 0.44 (6.34) —0.80 (6.07) —0.20 (5.73) <0.001 0.020
Negative —1.15(6.29) —0.23 (5.28) —0.31 (6.01) —0.22 (6.65) 0.54 (5.34) 0.471 —0.001
General psychopathology —2.44 (8.10) 0.46 (9.11) 0.02 (9.36) —1.68 (10.28) 1.07 (8.81) 0.012 0.011

PANSS Positive and Negative Syndrome Scale, SD standard deviation

4p-Values and effect sizes associated with Kruskal-Wallis tests. Significant differences in post-hoc pairwise comparisons are reported in the text

where adjusted p <0.001
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Table 6 Proportion of female and male participants meeting criteria for treatment-emergent severity indices for validated movement side-effect
indicators (baseline to end-of-phase) by sex

Total Female participants Male participants p* ¢

n n (%) n (%)
Treatment-emergent AIMS severity index value of >2 1452 47 (12.5) 128 (11.9) 0.845 —0.008
Treatment-emergent AIMS severity index value of > 1 1452 67 (17.8) 192 (17.9) 1.000 0.001
Treatment-emergent BRS global clinical assessment value of >3 1452 27 (7.2) 54 (5.2) 0.154 —0.041
Treatment-emergent EPS scale mean score value of > 1 1452 15 (4.0) 64 (6.0) 0.186 0.038

AIMS Abnormal Involuntary Movement Scale, BRS Barnes Rating Scale for Akathisia, EPS Simpson—Angus Extrapyramidal Side Effects Scale
ap-Values and effect sizes associated with y° tests

Table 7 Changes in weight/BMI (baseline to end-of-phase) by sex

Total Female participants Male participants p? d

n Mean (SD) Mean (SD)
Change in weight from baseline (kg) 1028 2.58 (17.03) 2.27 (17.03) 0.700 -0.012
% weight gain from baseline 1028 1.83 (9.33) 1.57 (7.88) 0.675 -0.013
Change in BMI from baseline 1023 0.49 (2.87) 0.35(2.49) 0.453 -0.023

BMI body mass index, SD standard deviation

ap-Values and effect sizes associated with Mann—Whitney U tests

Table 8 Self-reported presence of side effects at end-of-phase by sex (n=1062)

Female participants Male participants p? ¢

n (%) n (%)
Akathisia 95 (34.1) 241 (30.8) 0.350 0.313
Akinesia 81 (29.0) 204 (26.1) 0.382 —0.029
Constipation 77 (27.5) 121 (15.5) <0.001 —0.136
Dry mouth 140 (50.0) 299 (38.1) <0.001 —0.106
Gynecomastia/galactorrhea 30 (10.7) 26 (3.3) <0.001 —0.146
Hypersomnia 46 (16.4) 122 (15.6) 0.806 —0.010
Incontinence/nocturia 44 (15.7) 59 (7.5) <0.001 -0.122
Insomnia 103 (36.9) 244 (31.2) 0.094 —0.054
Orthostatic faintness 85 (28.9) 211 (26.9) 0.568 —0.020
Sex drive 53 (19.0) 163 (20.8) 0.574 0.020
Sexual arousal 44 (15.8) 162 (20.7) 0.093 0.054
Sexual orgasm 40 (14.4) 130 (16.7) 0.419 0.028
Sialorrhea 46 (16.4) 102 (13.0) 0.187 —0.043
Skin rash 34 (12.1) 67 (8.5) 0.100 —0.054
Sleepiness 138 (49.5) 133 (42.4) 0.050 —0.062
Urinary hesitancy 24 (8.6) 79 (10.1) 0.540 0.022
Weight gain 104 (37.1) 185 (23.6) <0.001 -0.134

3p-Values and effect sizes associated with y° tests

parameters at the end of the trial of antipsychotics, includ-  participants taking risperidone had significantly higher pro-
ing metabolic markers as well as in objective measures of  lactin levels than male participants.
weight gain and clinician-rated movement measures. When A recent systematic review examined evidence for sex

individual antipsychotics were examined, however, female  differences in adverse drug reactions for a number of agents,
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including olanzapine, clozapine, aripiprazole, risperidone
and amisulpride [17]. This review found sex differences in
adverse reactions for amisulpride, clozapine and olanzap-
ine but limited evidence for sex differences for either ari-
piprazole or risperidone [17]. For olanzapine, there was less
weight gain in female participants than male participants.
However, the adverse reactions reported in the included
studies were limited, for example, risperidone studies were
limited to reports of weight gain, parkinsonism and dystonia.
In addition to this systematic review, a secondary analysis
was undertaken of a recent clinical trial, finding sex differ-
ences in adverse reactions to amisulpride, with higher prol-
actin levels and BMI increases in female individuals versus
male individuals, but female individuals also had 72% higher
dose-corrected serum levels than male individuals for ami-
sulpride (p=0.019) [15]. Our study reports on olanzapine,
quetiapine, risperidone, ziprasidone and perphenazine and
finds significant differences in self-reported adverse reac-
tions and then specifically for risperidone in female par-
ticipants and a trend towards improved efficacy for olanzap-
ine and perphenazine for female participants. Overall, this
suggests the importance of ongoing replication and report-
ing of sex differences as part of clinical trials undertaken
for antipsychotics. Nevertheless, the higher self-reported
adverse effect rates in female versus male individuals may be
one explanation why two independent database studies, one
in Finland [39] and one in the UK [40], found significantly
higher non-adherence rates to antipsychotics in female than
male individuals. A reason why this adverse effect difference
did not translate into observable adherence differences in the
CATIE sample could well be that patients in the clinical trial
had more surveillance and knew that their adherence was
being assessed, whereas the database studies used passively
monitored medication dispensation data. Moreover, both
these database studies followed patients from a first episode
of illness, while the CATIE sample had more chronic ill-
ness. More research is needed into the relationship between
disease stage, adverse effects and non-adherence as well as
their effect on treatment effectiveness.

There has been consideration of possible sex differences
in both the course and treatment of schizophrenia and
other psychotic disorders, in response to: evidence of later
onset of illness in female individuals, emerging evidence
that oestrogen may reduce the response to antipsychotics
during menopause as well as increasing the likelihood of
psychotic symptoms, and the overall increased burden of
adverse reactions in female individuals for many pharma-
cological agents [5, 6, 41, 42]. Managing schizophrenia
in female individuals is also complicated by differences
across the lifespan including adrenarche, menstruation,
menopause, and the possibility of pregnancy and poten-
tial impacts on pregnancy outcomes, making the choice
of agent a more complex risk-benefit analysis [43, 44].
Overall, it is likely clinical care can be improved by under-
standing any potential differences in treatment response,
adverse reactions, and risks for female individuals as part
of everyday clinical practice. Yet research into sex differ-
ences in efficacy and adverse reactions for antipsychotics,
as well as evidence to inform understanding the risks asso-
ciated with their use in pregnancy and also in menopause
is limited. One path to building an improved evidence base
is to utilise data collected as part of a large clinical trial
such as this study has done, to inform this ongoing area
of research.

In previous studies of risperidone, while sex differences
in treatment efficacy have not consistently been identified
[45], there has been evidence suggesting female individu-
als have differences in prolactin and other adverse effects,
which may be influenced by the interaction between sex and
pharmacogenetics [46]. Our study does not have data that
can explain any potential pharmacokinetic or pharmaco-
dynamic sex differences that might underpin our findings
for risperidone. However, it is well established that female
individuals have key differences in drug absorption, pro-
tein binding, volume of distribution and metabolism [42]
as well as sex-related differences in cytochrome P450 [47].
Hepatic enzyme activity is indeed influenced by sex dif-
ferences and also critical to understanding the efficacy and

Table 9 Changes in laboratory indicators from baseline to end-of-phase by sex

Total Female participants Male participants p? d

n Mean (SD) Mean (SD)
Glucose (mg/dL)* 970 5.16 (45.06) —0.17 (41.86) 0.281 0.037
Triglycerides (mg/dL)* 974 2.13 (126.41) —12.28 (166.51) 0.064 —0.059
Total cholesterol*(mg/dL) 974 —4.71 (45.31) —6.18 (43.71) 0.355 -0.030
Prolactin (ng/mL) 949 —4.32 (38.54) —1.52(16.04) 0.103 0.053

SD standard deviation
*Random levels

ap-values and effect sizes associated with Mann—Whitney U tests
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adverse reactions of many psychopharmacological agents
including antipsychotics [42, 47].

A limitation of this study was the lack of information on
the perimenopausal and menopausal status of participants.
A recent review identified that changes in oestrogen during
menopause are associated with reduced synthesis of specific
enzymes that metabolise antipsychotics, with evidence of
reduced antipsychotic efficacy occurring during menopause
[41]. As the average age of female participants in our sample
was 42 years, it is likely a number of participants were peri-
menopausal. A further limitation is that blood parameters for
lipids and glucose were not necessarily taken in the fasting
state and are therefore limited in interpretation, as previous
authors have noted [37]. Additionally, a number of previous
limitations have been commented on with CATIE data [29,
48], including the study sample was not representative of
all subgroups of schizophrenia, a lack of clarity of inclusion
criteria and dosage scheduling, inadequate statistical power
for certain subgroup comparisons, diversity in study settings
and a relatively short mean duration of staying in the trial
that was originally designed to last for 18 months, which
limits the identification of delayed adverse effects.

5 Conclusions

While our findings demonstrate only limited sex differences
in therapeutic response and adverse reactions to antipsychot-
ics as measured within CATIE, the ongoing need remains
for investment into understanding whether any sex differ-
ences exist, and if so, what these may be. Other areas of
research examining sex differences in human health suggest
these differences are likely to be complex. Data are limited,
with female individuals only relatively recently included in
pharmacological trials, as well as the use of female animal
models of human health, suggesting there is still much to
discover [13, 49]. Moreover, to better understand antip-
sychotic use in female individuals requires study of their
interactions with endogenous and exogenous sex steroid
hormones, which change during adrenarche, menarche,
pregnancy and menopause, as well as with hormonal con-
traceptives and hormone replacement therapy for female
individuals [5, 50]. Furthermore, recent research also sup-
ports the consideration of how genetics may also underpin
sex differences in drug metabolism as an emerging important
consideration in future drug research [51]. Moreover, sex
differences in patient-reported outcomes, including regard-
ing the experience and value that specific symptoms and
their improvement or persistence for certain adverse effects
in male and female individuals, should be explored further.
Finally, studies investigating sex differences should also

focus on the complex factors that lead to medication non-
adherence, which needs to be measured objectively.
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