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Abstract: The lack of female participation in antipsychotic trials for schizophrenia poses an important
issue regarding its applicability, with direct and real-life repercussions to clinical practice. Here, our
aim is to systematically review the sampling sex bias among randomized clinical trials (RCTs) of
second-generation antipsychotics—namely risperidone, olanzapine, quetiapine, ziprasidone, and
aripiprazole—as an update to a previous 2005 review. We searched MEDLINE and the Cochrane
database for studies published through 7 September 2020 that assessed adult samples of at least
50 subjects with a diagnosis of schizophrenia, schizophrenia spectrum disorder, or broad psychosis, in
order to investigate the percentage of women recruited and associated factors. Our review included
148 RCTs, published from 1993 to 2020, encompassing 43,961 subjects. Overall, the mean proportion
of women was 34%, but only 17 trials included 50% or more females. Younger samples, studies
conducted in North America, pharmaceutical funding and presence of specific exclusion criteria for
women (i.e., pregnancy, breast-feeding or lack of reliable contraceptive) were associated with a lower
prevalence of women in the trials. Considering the possible different effects of antipsychotics in both
sexes, and our lack of knowledge on the subject due to sampling bias, it is imperative to expand
actions aimed at bridging this gap.
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1. Introduction

Sampling bias regarding female participation in clinical trials has been a longstanding
issue, mainly because it raises concerns about the applicability of findings for women [1].
Such sex bias is a consequence of researchers’ erroneous assumption that female individuals
present too much data variability due to their reproductive cycle and that men can ade-
quately serve as representatives for both sexes. However, studies [2] have shown that men
exhibit hormonal variability equal to or even greater than women and, more importantly,
robust findings point out that pharmacokinetics and pharmacodynamics differ between
sexes, increasing the need to further investigate drug effects, specifically in women.

Several research funding centers and peer-review journals have defined sex and gender
analysis as a prerequisite of scientific validity. The objective was to improve reproducibility
and validation of research findings and to promote inclusion and transparency [3]. More
recently, a National Institutes of Health (NIH) initiative established the equal representation
of sexes for all grant proposals as a requirement, which represented a further step towards
the reduction of sex bias [4–6].

This review aims to investigate sex bias, specifically in antipsychotic trials for schizophrenia
patients. Schizophrenia is a mental illness that affects both men and women similarly in
terms of prevalence [7] and, although antipsychotics represent the only pharmacological
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treatment supported by scientific evidence, there is a broad gap concerning the recruitment
of women in antipsychotic trials [8,9].

Chaves and Seeman (2006) [8] performed a systematic review of 67 randomized
clinical trials testing second generation antipsychotics and found the median proportion of
women was 33% among the samples. Overall, the study included 21,190 individuals, out of
which less than a third were women (N = 6825, 32.2%). Several factors were associated to
relative paucity of females in these trials: (1) strict inclusion criteria for women, especially
in studies with ziprasidone (i.e., use of reliable contraception or surgical sterilization, post-
menopause for 2 years minimum, or exclusion of pregnancy or lactation); (2) selection of
inpatients exclusively; (3) studies performed in North America, when compared to other
continents; and (4) younger samples.

A more recent review investigated participation of women in long-acting antipsychotic
trials, and reached similar results [9]. Females were again underrepresented, as part of 36%
of the total sample. Furthermore, Santos-Casado et al. identified that, out of the 40 trials
included in the review, six studies analyzed the main outcomes of interest divided by sex,
and only three of those discussed the results separately for women.

Such lack of attention to women represents an even larger issue in light of the sex
differences in schizophrenia, which are consistently reported in the literature. One of the
most well-described regards illness onset: although the first psychotic episode generally
occurs in young adults, women present a higher age of onset and a second peak of incidence
in the perimenopause period [10–12]. This means that estrogen might play an important
role in the pathogenesis of schizophrenia; in fact, previous studies suggest that estrogen
may exert neuroprotective effects in the brain and reduce inflammatory responses [13].

There are findings suggesting that clinical presentation may vary, too, with women
manifesting more affective symptoms and men more negative symptoms [14,15]. Addition-
ally, there might be differences related to prognosis, as studies often report that women’s
premorbid functioning and outcomes in schizophrenia are better than men’s, with lower
rates of hospitalization, suicide and social impairment [16].

Response to antipsychotic treatment appears to differ between sexes as well. The
effective dose of antipsychotic is significantly lower for woman and the influence of sex
hormones on psychotropics’ metabolism and mechanism of action could explain such dif-
ferences [17]. The cytochrome (CYP) system involved in the metabolism of antipsychotics is
influenced by sex hormones; for instance, premenopausal women, due to the higher estro-
gen levels, present lower activity of the isoenzyme CYP1A2, responsible for olanzapine and
clozapine metabolization, resulting in increased plasma concentrations of these antipsy-
chotics when compared to men [18]. Differences in dopamine transmission [19] can also
influence the response to antipsychotics. This was reported in a recent investigation about
how D2 receptor occupancy varies between sexes [20], which showed that men required
twice the dose of olanzapine to achieve the same D2 occupancy as women. Lastly, the
female body has more subcutaneous fat, that slows the absorption of drugs, thus increasing
the accumulation of lipophilic medications, such as antipsychotics, extending their half-life.
This possibly also explains why women can be more vulnerable than men to metabolic
syndrome and cardiovascular complications during antipsychotic treatment. On the other
hand, such contrast appears to fade after menopause, suggesting that pharmacokinetic and
pharmacodynamic properties probably vary across reproductive periods [21]—but far too
little data is available on antipsychotic treatments in postmenopausal women.

Finally, the exclusion of pregnant or breast-feeding women from trials is also a problem,
although there are ethical reasons for this as well. Recommendations of monotherapy
treatment with the lowest effective dose and individualized risk–benefit analyses are widely
spread [22]. However, during pregnancy and postpartum, psychotic symptoms frequently
oscillate [23] and represent an important burden to perinatal women, but research on
psychiatric illnesses during this period are still lacking [22]. Consequently, it is still unclear
how symptoms are set off by pregnancy and childbirth, and improved, evidence-based
treatment for these women are much needed.
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Regardless of the evidence suggesting considerable differences between female and
male metabolisms when both therapeutical and side effects are reported, studies rarely
acknowledge the distinctions between gender. These characteristics could be important
to determine more appropriate posology for women, the lack of which might directly
influence the effect of medications [24]. Yet, recent treatment guidelines for schizophrenia
do not differentiate antipsychotic treatment by sex [15,25].

Despite international recommendations to boost female inclusion and attempts to
reduce sex bias in research, the relative lack of women in clinical trials may still represent a
matter of concern. Thus, to investigate if the ratio of men to women in antipsychotic trials
remains improperly high, we conducted an update to the review carried out by Chaves
and Seeman (2006) [8].

2. Results

In total, 148 studies, published between 1993 and 2020, were included in our review—
67 from the original review performed by Chaves and Seeman (2006) [8] and 81 retrieved
in this update, published from 2005 onwards (see Figure 1 for details on search results and
Table S1 for information on included studies). Table 1 presents the general characteristics of
the studies. The entire sample encompassed 43,961 subjects, 28,956 (66%) men and 15,005
(34%) women, with a mean age of 36.7 years (SD = 7, ranging from 21.5 to 72) and mean
trial duration of 146.5 days (SD = 196, median = 56 days, ranging from 1 to 1095). Most
studies received pharmaceutical funding (N = 109, 73.6%).

Overall, women represented 34% of the whole sample, with a mean proportion
(number of women/all participants) of 34.1% (SD = 0.1), ranging from 0 (one study) to
100% (also a single study), although only 17 (11.4%) trials provided a sample composed of
50% or more females.

Table 2 shows how the proportion of women recruited in the studies differed according
to trial and sample characteristics, taking the categorical variables into account. Full results
regarding the multiple comparisons can be found in Table S2. Trials published before the
year 2000 enrolled a lower proportion of women than those from the next two decades
(F = 3.6, p = 0.03). The studies financed by the pharmaceutical industry also presented
lower participation of women when compared to the studies with non-pharmaceutical
funding (F = 9.31, p < 0.01). Regarding location, we found trials in North America had the
lowest mean proportion of women when compared to Asia, Europe, Latin America and
Oceania, as well as the ones conducted in more than one continent (F = 12.1, p < 0.01), but
no differences emerged among these five categories.

Table 1. General characteristics of included studies.

N Mean (SD) Median Range

Total sample 43,961 297 (277.5) 248.5 50–1995
Men 28,956 195.7 (183.8) 154.5 0–1295
Women 15,005 101.4 (102.9) 78.5 0–700
Proportion of
women - 34.1% (0.1) 34.4% 0–100%

Duration of trial
(days) - 146.5 (196) 56 1–1095

Age (years) † - 36.7 (7) 37 21.5–72
† Data from 144 studies.
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Eighty-five studies stipulated inclusion criteria for women, excluding, for example,
pregnancy, breast-feeding or lack of reliable contraception. Such studies presented lower
female participation than the trials that did not explicitly report such a requirement (F = 5.41,
p = 0.02). Trials conducted with inpatients also had lower means (F = 3.83, p = 0.02). No
significant differences between the categories were found concerning sample size (F = 1.32,
p = 0.27), number of study centers (F = 2.12, p = 0.15), symptom presentation (F = 1.59,
p = 0.21), number of episodes (F = 1.11, p = 0.33) and diagnosis included (F = 1.5, p = 0.23).

When evaluating the antipsychotic treatments individually, results showed that trials
testing olanzapine presented a higher proportion of women (F = 7.95, p < 0.01), and a trend
value emerged for risperidone (F = 3.83, p = 0.06) and ziprasidone (F = 3.57, p = 0.06), but
with a lower mean in the ziprasidone group. Trials in which an FGA (F = 4.65, p = 0.03)
or placebo (F = 12.21, p < 0.01) were used in the comparator arm also had lower female
participation, although the difference for the FGA variable was no longer significant after
year of publishing was added as a covariate in the model (F = 1.57, p = 0.21).
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Table 2. Proportion of women by trial characteristics and one-way analysis of variance (ANOVA).

Number of
Trials
N (%)

Total Sample
N (%)

Proportion of
Women

Mean (SD)
Sig. Post hoc

Comparisons †

Decade of publication
≤2000 28 (18.9%) 9188 (20.9%) 28.7% (0.11)

p = 0.03 * ≤2000 vs. 2001–2010: p = 0.02
≤2000 vs. ≥2011: p = 0.022001–2010 73 (49.3%) 23,034 (52.4%) 36% (0.11)

≥2011 47 (31.8%) 11,739 (26.7%) 36.4% (0.17)

Funding
Pharmaceutical 109 (73.6%) 35,015 (79.7%) 33.6% (0.12)

p = 0.01 * Pharm. vs. Non-pharm.: p < 0.01Non-pharmaceutical 25 (16.9%) 6605 (15.0%) 42.4% (0.17)
Not reported 14 (9.5%) 2341 (5.3%) 30.2% (0.14)

Sample size
50–100 31 (20.9%) 2313 (5.3%) 38% (0.19)

p = 0.27101–200 35 (23.6%) 5092 (11.6%) 35.3% (0.14)
201–500 65 (43.9%) 21,796 (49.6%) 32.5% (0.10)
>501 17 (11.5%) 14,760 (33.6%) 36.4% (0.08)

Location
Asia 28 (21.4%) 5116 (11.6%) 44.3% (0.18)

p = 0.01 *

N. America vs. Asia: p < 0.01
N. America vs. Europe: p < 0.01
N. America vs. Other: p < 0.01

N. America vs. Multiple: p < 0.01
Asia vs. Multiple: p < 0.01

Europe 23 (17.6%) 3820 (8.7%) 38.6% (0.10)
Other 4 (3.1%) 427 (1.0%) 45% (0.20)
North America 34 (26.0%) 9854 (22.4%) 24.9% (0.07)
Multiple continents 42 (32.1%) 20,937 (47.6%) 33.7% (0.09)

Number of study centers
Single center 17 (11.5%) 1630 (3.7%) 38.9% (0.21)

p = 0.15Multicenter 123 (83.1%) 40,684 (92.5%) 33.9% (0.12)
Not reported 8 (5.4%) 1647 (3.7%) 39.6% (0.15)

Inclusion criteria for women
Yes 85 (57.4%) 26,174 (59.5%) 32.2% (0.13) p = 0.02 * Yes vs. Not specified: p = 0.02
Not specified 63 (42.6%) 17,787 (40.5%) 38.2% (0.14)

Symptom presentation
Stable 22 (14.9%) 5557 (12.6%) 38.8% (0.09)

p = 0.21Acute 98 (66.2%) 29,516 (67.1%) 33.5% (0.14)
Both 18 (12.2%) 6889 (15.7%) 36.6% (0.16)
Not reported 10 (6.8%) 1999 (4.5%) 34.5% (0.15)

Setting
Inpatient 63 (42.3%) 15,194 (34.6%) 31.1% (0.15)

p = 0.02 * Inpatient vs. Outpatient: p = 0.04
Inpatient vs. Both: p = 0.02

Outpatient 26 (17.4%) 7566 (17.2%) 36.5% (0.11)
Both 37 (24.8%) 15,282 (34.8%) 38% (0.13)
Not reported 23 (15.4%) 5919 (13.5%) 36.4% (0.12)

Number of psychotic episodes
First episode 16 (10.8%) 2922 (6.6%) 32.7% (0.13)

p = 0.33Multiple episode 56 (37.8%) 17,294 (39.3%) 36.4% (0.16)
Both 38 (25.7%) 12,786 (29.1%) 32.3% (0.11)
Not reported 38 (25.7%) 10,959 (24.9%) 35.6% (0.12)

Diagnosis included
Only SCZ 84 (56.8%) 27,733 (63.1%) 35.1% (0.14)

p = 0.23SCZ spectrum 50 (33.8%) 13,875 (31.6%) 35.8% (0.12)
Broad psychosis 14 (9.5%) 23,53 (5.4%) 28.9% (0.13)

Use of risperidone
Yes 66 (44.9%) 18,732 (42.6%) 37.2% (0.15) p = 0.06
No 81 (55.1%) 24,740 (56.3%) 32.9% (0.11)

Use of olanzapine
Yes 69 (46.9%) 19,016 (43.3%) 38.1% (0.14) p = 0.01 * Yes vs. No: p < 0.01
No 78 (53.1%) 24,456 (55.6%) 31.9% (0.12)

Use of quetiapine
Yes 29 (19.7%) 8523 (19.4%) 35% (0.12) p = 0.94
No 118 (80.3%) 34,949 (79.5%) 34.8% (0.14)

Use of ziprasidone
Yes 27 (18.4%) 7895 (18.0%) 30.4% (0.12) p = 0.06
No 120 (81.6%) 35,577 (80.9%) 35.8% (0.14)

Use of aripiprazole
Yes 29 (19.6%) 10,448 (23.8%) 37.5% (0.10) p = 0.22
No 119 (80.4%) 33,513 (76.2%) 34.1% (0.14)

Use of FGA
Yes 52 (35.4%) 16,550 (37.6%) 31.6% (0.12) p = 0.03 * Yes vs. No: p = 0.03
No 95 (64.6%) 26,922 (61.2%) 36.6% (0.14)

Use of additional SGAs ††

Yes 29 (19.7%) 9372 (21.3%) 36.8% (0.11) p = 0.38
No 118 (80.3%) 34,100 (77.6%) 34.3% (0.14)
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Table 2. Cont.

Number of
Trials
N (%)

Total Sample
N (%)

Proportion of
Women

Mean (SD)
Sig. Post hoc

Comparisons †

Use of placebo
Yes 37 (25.0%) 13,070 (29.7%) 28.3% (0.11) p = 0.01 * Yes vs. No: p < 0.01
No 111 (75.0%) 30891 (70.3%) 36.9% (0.14)

Type of administration
Oral 121 (81.8%) 34,361 (78.2%) 35.3% (0.14)

p = 0.49Injectable 13 (8.8%) 5320 (12.1%) 34% (0.11)
Both 14 (9.5%) 4280 (9.7%) 30.8% (0.14)

Antipsychotic of interest
Multiple SGAs 77 (52.0%) 21,687 (49.3%) 38.5% (0.14) p = 0.01 * Single SGA vs. Mult. SGAs: p < 0.01
Single SGA 71 (48.0%) 22,274 (50.7%) 30.7% (0.12)

Comparator arm
Only SGA 66 (44.6%) 16,555 (37.7%) 40% (0.14)

p = 0.01 *
FGA vs. Only SGAs: p < 0.01

Placebo vs. Only SGAs: p < 0.01
FGA + placebo vs. Only SGAs: p < 0.01

FGA 45 (54.9%) 14,336 (32.6%) 32.4% (0.12)
Placebo 21 (25.6%) 6862 (15.6%) 28.9% (0.11)
FGA + placebo 16 (19.5%) 6208 (14.1%) 27.5% (0.10)

† For post hoc analysis, studies with missing data (category “not reported”) were not included. Only significant comparisons presented
here. For full results, see Table S2. †† Additional SGAs included trials with: amisulpride, asenapine, brexpiprazole, cariprazine, iloperidone,
lumateperone, lurasidone, paliperidone, sertindole and vabicaserin. * The mean difference is significant at the 0.05 level. SCZ: schizophrenia,
FGA: first generation antipsychotics, SGA: second generation antipsychotic.

We also analyzed the antipsychotics as groups and found that studies with multiple
SGAs as the medications of interested had a higher proportion of women than studies
with a single SGA as main treatment (F = 13.31, p < 0.01). This difference, however, could
be explained by the use of FGA or placebo in these trials, as seen by the loss of statistical
significance when FGA and placebo were added in the models as covariates (F = 2.14,
p = 0.15). Within the comparator arm, the mean proportion of women was higher for the
SGA category than all others (F = 7.48, p < 0.01)—as expected, considering the previous
analysis –, but there were no significant differences between FGA, placebo or FGA in
addition to placebo.

In the linear regression models used to analyze continuous variables (Table 3), we
found that year of publication (β = 0.18, t = 2.25, p = 0.03) and mean age of the sample
(β = 0.23, t = 2.788, p < 0.01) were directly associated with the proportion of women
recruited, but sample size (β = −0.05, t = −0.59, p = 0.56) and duration of trial (β = 0.06,
t = 0.69, p = 0.49) were not.

Table 3. Linear regressions models.

B SE β t p

Year of
publication 0.004 0.002 0.183 2.251 0.026

Sample size 0.000 0.000 −0.049 −0.588 0.557
Duration of
trial 0.000 0.000 0.057 0.685 0.494

Mean age 0.004 0.002 0.228 2.788 0.006
Tests were conducted independently for each continuous variable.

Considering the lower prevalence of women in North American studies, we conducted
χ2 tests to assess if relevant trial characteristics differed between locations. Compared to
all other continents, we found that a larger number of trials in North America received
pharmaceutical support (χ2 = 7.30, p < 0.01), specified additional inclusion criteria for
women (χ2 = 4.33, p = 0.03) and used placebo (χ2 = 17.35, p < 0.01), but distributions were
proportional regarding decade of publication (χ2 = 3.63, p = 0.06), setting (χ2 = 2.01, p = 15)
and use of FGA (χ2 = 0.40, p = 0.51).

Last, we performed a stepwise multiple regression analysis including all variables
that proved statistically significant in the previous models, to investigate their independent
effects on the proportion of women. Summary results can be found in Table 4. Year of
publication, setting, use of olanzapine and comparator arm were automatically excluded
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from the model due to the lack of a significant effect, but location, funding, inclusion criteria
for women and mean age had a significant influence on the frequency of women. So, despite
our findings concerning the features of North American trials, this analysis shows that
studies conducted in North America (vs. all other locations), funded by pharmaceutical
companies (vs. non-pharmaceutical funding), requiring specific inclusion criteria for
women and assessing younger samples were associated with a lower enrollment of women,
as independent characteristics.

Table 4. Stepwise multiple regression analysis.

B SE β t p

Constant 0.302 0.074 4.057 0.000
Location −0.025 0.004 −0.494 −5.848 0.000
Funding −0.002 0.000 −0.398 −4.656 0.000
Inclusion
criteria for
women

0.001 0.000 0.221 2.691 0.008

Mean age 0.004 0.002 0.166 2.017 0.046

R2 = 0.337, adjusted R2 = 0.310, F change = 4.067.

3. Discussion

In line with the review conducted by Chaves and Seeman (2006) [8], our study found
that women’s enrollment in antipsychotic trials for schizophrenia remains low, as they
represent merely 34% of the subjects assessed here. Although our analyses suggest this gap
might be decreasing over time, it appears to be moving in a slow pace—17 of the 148 trials
retrieved in this review gathered samples in which at least half of the participants were
women, and only 8 from the past decade.

We identified a few independent variables that influenced the proportion of women
recruited in these studies. Younger samples were associated with a higher number of
men, which was not surprising, as women tend to manifest the first symptoms later than
men. Financial support also emerged as an independent factor in our review: studies
that received pharmaceutical funding recruited 33% of women on average, opposed to
42% in trials without any pharmaceutical support. RCTs are costly and require major
financial investment; so, when a trial receives pharmaceutical support, the pressure to
achieve significant results, especially in terms of efficacy and safety, might encourage the
recruitment of a more homogeneous sample, which is attained through more stringent
eligibility criteria. The selection criteria are designed to enroll a specific population of
interest whose chances of yielding effects with clinical importance are higher, thus justifying
the financial investment, confirmed by more robust findings. However, from a scientific
point of view, such motives should not substantiate selection bias [26].

Studies that included specific requirements for female participation, i.e., no pregnant
or lactating women or reliable contraceptive, showed a lower percentage of women, as
expected. Although we understand that ethical reasons play an important role due to safety
concerns, such exclusion criteria can be often disproportional to the actual risks imposed by
the medication or to an individual’s actual risk of pregnancy [27]. Additionally, a general
rule requiring “reliable” contraceptive, e.g., intake of exogenous hormones, can represent
an additional confounding variable. Last, there is justifiably concern about potentially
generating fetal harm, but the exclusion of pregnancy also leads to setbacks, especially
if we consider that schizophrenia is an illness that affects young populations and that
psychotic symptoms occur relatively often in perinatal women [23,28]. This highlights the
need for research on specific treatments based on pregnancy exposure, and not a complete
exclusion of pregnant women. Therefore, these requirements should be individualized to
each study’s design and antipsychotic of interest.

Finally, our review showed that trials conducted in North America appear to recruit
less women when individually compared to Asia, Europe, Latin America and Oceania,
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with an overall mean difference of −17% regarding the percentage of female subjects
(North America vs. all other continents pulled together). Chaves and Seeman (2006) found
the same results, and argued that, in North America, women might be more reluctant
to provide consent [29] and contraception prerequisites are possibly more rigid, making
women less eligible [29], which, in fact, is in accordance with our findings, as more North
American studies in our review presented such a feature. Additionally, trials in North
America were more often funded by the pharmaceutical industry. However, these variables
emerged as independent factors in our multivariate analysis and center location produced
the highest effect in the model.

One of the main problems induced by sex selection bias in antipsychotic trials regards
applicability. Pharmacokinetic and pharmacodynamic properties can differ across gen-
ders [21]. Factors that may contribute for this include body size and composition, diet,
exercise, use of substance, smoking status, comorbid disease, and differences between
male and female metabolism. The higher percentage of adipose tissue in the female body
composition tends to provide greater bioavailability and slower elimination of lipophilic
drugs, generating higher plasma concentration of antipsychotics. Consequently, side ef-
fects are potentially more distressing for women, especially metabolic side effects. It may
also explain why studies have reported better antipsychotic response with lower doses
of medication among women [30]. Additionally, it seems that this difference ceases to
exist in postmenopausal women, indicating that effective doses probably vary in distinct
reproductive periods [21].

There are consistent findings indicating differences in medication response and toler-
ability between pre and postmenopausal women [31,32]. The latter, in fact, may require
higher maintenance doses than men, possibly as a result of estrogen’s antidopaminergic
effect on antipsychotic response [33,34]. The post menopause period can also intensify
side effects of antipsychotics [35], such as weight gain—which increases metabolic and
cardiovascular risks [36]—and hyperprolactinemia—which is associated with osteoporo-
sis, sexual and urogenital dysfunctions [37], leading to a worse subjective experience of
the treatment.

As such, we highlight the consequences of sex bias in antipsychotic clinical trials, as
the lack of knowledge it generates has an important impact on how drugs are prescribed
and marketed. How the therapeutic and side effects of antipsychotics differ between men and
women continues mostly to be disregarded in treatment guidelines for schizophrenia [15,25].
As a result, clinical decisions which should consider such differences end up dependent of
each practitioner’s judgement.

Furthermore, as pointed out by the recent review conducted by Santos-Casado et al.
(2019) [9], antipsychotic trials rarely analyze or discuss results taking sex or gender dif-
ferences into account separately. Integrating sex and gender analysis into study design
has already brought innovation to other fields and signaled new directions for targeted
therapies (for example, the use of immunotherapies for cancer [38] and improvement
of pain and depression treatments [39]). It can also promote improvements in research
methodology, experimental efficiency, bias reduction, social inclusion and foster discovery
and novel drug development in humans [3].

Conversely, several studies have reported low representation of women in clinical
trials for drug development. Female participation is estimated at 30.6% [40], and only
35% conduct proper subgroup analyzes and half of clinical trials do not show sex-based
analysis [41]. Moreover, sex bias is present even in studies conducted with animal models,
seeing as 80% of them work exclusively with males [42]. As a result, the lack of data on
male and female differences at baseline, response to treatment and sex factors interferences
are not clearly described, leading to biased recommendations that are not adapted to either
women nor men and cannot be generalized [3].

The objective of this update review was to evaluate if participation of women in an-
tipsychotic trials for schizophrenia has been improved, but in fact, the results showed that
the sex bias has not changed. It is worth mentioning one limitation of our review, namely
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SGAs developed more recently, such as paliperidone, lurasidone, sertindole, asenapine
and brexpiprazole, were not included in our study. These SGA trials were only included if
the original antipsychotics determined by Chaves and Seeman (2006)—risperidone, olan-
zapine, quetiapine, ziprasidone, and aripiprazole, which are among the most commonly
prescribed SGAs [43–45]—were also being tested. A recent systematic review and network
meta-analysis conducted by Huhn et al. (2019) [46] encompassed 402 RCTs to compare
the efficacy of 32 oral antipsychotics. Although not their focus, the authors made avail-
able data regarding the sex of participants. We found that the studies using amisulpride
(N = 16), asenapine (N = 8), brexpiprazole (N = 6), cariprazine (N = 4), lurasidone (N = 7),
paliperidone (N = 12) and sertindole (N = 7)—half of which were included in our review,
approximately—recruited, on average, 38% of women, but less than 30% when the sole
comparator was a placebo (which would represent trials excluded in our study). Such
exclusion might have provided an overestimation regarding female enrollment, as women
are usually more recruited only after the safety of new drugs are better established. Like-
wise, we have excluded studies with treatment-resistant populations and those performed
in veteran centers, which also would engage a considerably lower proportion of women.

In conclusion, sampling bias continues to hinder women representativeness in clinical
trials for the treatment of schizophrenia. We feel it is vital to call further attention to
this issue and, more importantly, to implement additional efforts. Accordingly, research
entities—such as ethical committees, government health agencies and scientific journals—
should implement more stringent measures to bridge this gap.

For this reason, we suggest that studies should include an equivalent or, at least,
not so dissimilar gender proportion. Some steps towards this goal include implementing
protocols to individually assess pregnancy risk and provide contraceptive methods to
women of childbearing potential when necessary. As maintaining the use of regular oral
antipsychotic medications is already difficult enough, adding the maintenance of oral
contraception might increase the complexity of the task, so it may be also feasible to select
women who are allowed to use intrauterine devices or intramuscular progesterone, for
instance; nonetheless, it is likely that this could, too, lead to a small number of eligible
female patients. As there is no simple design solution to masking recruitment, authors
should at least provide sufficient information to enable readers to know when this bias has
taken place.

It would also be important to encourage “real life” trials, with less focus on general
efficacy as the main outcome, in order to increase knowledge regarding antipsychotics
specific effects on premenopausal, perinatal and postmenopausal women. So, in addition
to further including women, it is imperative to better analyze data and report findings indi-
vidually for both sexes and account for differences within subgroups as well, considering
women’s reproductive cycles, instead of excluding or ignoring this variable.

4. Materials and Methods
4.1. Search Strategy

This is an update to the Chaves and Seeman (2006) [8] systematic review, following
the same procedures in order to retrieve more recent studies. Briefly, we performed a
systematic review according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses—PRISMA guidelines [47] (the PRISMA checklist can be found in Table
S3). We searched MEDLINE from 2005 to 7 September 2020 for randomized clinical trials
(RCTs) testing risperidone, olanzapine, quetiapine, ziprasidone, or aripiprazole, either
as the main drug or as the comparator, using the terms “risperidone”, “aripiprazole”,
“olanzapine”, “quetiapine”, “ziprasidone”, “schizophrenia”, and “psychosis”, and, as
subject headings, “clinical trials”, “controlled clinical trials”, and “randomized clinical
trials”. We also conducted a search on the Cochrane database, and additional trials were
assessed manually among reference lists of major systematic reviews.
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4.2. Selection Criteria

The inclusion criteria were: (1) assessment of one or more of the mentioned antipsy-
chotics; (2) group placement had to be random; (3) a control group was required, using
either a placebo, a different second generation antipsychotic (SGA), a first generation
antipsychotic (FGA), or distinct dosages or administration forms of the same antipsychotic;
3) adult patients diagnosed with schizophrenia, schizophrenia spectrum disorder, or broad
psychosis, although no specific instrument or criteria was necessary; (4) publication in
full in an English language academic journal; and (5) the total sample (subjects + controls)
had to exceed 50. Trials assessing SGAs developed more recently, such as paliperidone,
lurasidone or brexpiprazole, were only included in our study if the comparator drug
was one of the five antipsychotics of interested. Blindness was not a requirement. We
excluded trials that: (1) included treatment-resistant patients because these are more often
men; (2) tested clozapine, because it is mainly prescribed for treatment-resistant patients;
(3) investigated mood disorders exclusively, even if they were psychotic; and (4) enrolled
patients in Veteran Affairs Centers (where mainly male selection would be expected).

4.3. Screening and Data Extraction

Each study was screened independently by two investigators, first by title and abstract
and, afterwards, with a full-text evaluation. Conflicts were resolved by consensus. The data
extraction for the selected studies was also performed by two investigators, including the
following information: source of financial support (pharmaceutical, non-pharmaceutical),
pharmacotherapy characteristics (antipsychotics and type of administration), control arm
information (other SGA, FGA, placebo, different dose or different administration), number
and localization of the study sites (divided by continent), setting (inpatient, outpatient,
or both), diagnosis (only schizophrenia, schizophrenia spectrum disorder, and broad
psychosis), symptom presentation (acute, stable, or both), number of the psychotic episodes
(first episode only, multiple episodes, or both), duration of the study (in days), number of
the total sample, number of men and number of women, mean age of the sample, and if
the study stipulated further inclusion criteria for women (such as exclusion of pregnant
and lactating women and/or reliable contraception required).

4.4. Statistical Analysis

All analyses were performed on SPSS version 26 [48]. The proportion of women in
each study was weighted based on sample size. We investigated how the percentage of
women varied according to the studies characteristics, using one-way analysis of variance
(ANOVA) for categorical variables and linear regression models for continuous ones. In
addition, analysis of covariance (ANCOVA) was used to add covariables to the latter when
indicated, to test possible interactions. We also used chi-squared (χ2) tests to evaluate
if trial characteristics varied between locations. Afterwards, we performed a stepwise
multiple regression analysis employing the variables that provided statistically significant
results in the first tests to evaluate their individual effects on the proportion of women.
Differences were considered significant if p < 0.05.

5. Conclusions

This update systematic review found that female recruitment in clinical trials for the
treatment of schizophrenia remains insufficient—less than 35% of samples overall. In light
of the possible different effects of antipsychotics in both sexes, and our lack of knowledge
on the subject due to sampling bias, it is vital to actively encourage additional efforts aimed
at bridging this gap.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/women1020009/s1, Table S1: Studies included in the review, Table S2: Post hoc analy-
sis/Multiple comparisons—Differences on proportion of women recruited according to trial charac-
teristics, Table S3: PRISMA Checklist.

https://www.mdpi.com/article/10.3390/women1020009/s1
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