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A B S T R A C T   

Objective: To determine whether gender and menopausal status moderate the response to antipsychotic medi-
cation in patients with schizophrenia. 
Methods: We analyzed data of 22 short-term placebo-controlled registration trials of antipsychotic medications, 
which included 5,231 patients with schizophrenia. We applied two-step individual patient data meta-regression 
analyses to establish the influence of gender and menopausal status on treatment response in mean difference in 
symptom severity and difference in response (>30% symptom reduction). Analyses were performed both with 
and without correction for baseline (negative) symptom severity. 
Results: Antipsychotic treatment is associated with larger mean symptom reduction in women than in men with 
schizophrenia. The number needed to treat (NNT) for a response in women was 6.9, in men 9.4. Although, we 
found an age by gender effect, the gender by treatment effect was independent of premenopausal status and 
baseline (negative) symptom severity. 
Conclusion: In the treatment of schizophrenia we found evidence of a higher response to antipsychotic medication 
in women relative to men. We found no evidence that this effect was driven by menopausal status, or baseline 
(negative) symptom severity. Despite the impact of gender and age on effect size in acute antipsychotic treat-
ment, efficacy was clinically relevant in all subgroups.   

1. Introduction 

Appropriate enrolment of women in clinical trials and gender 
specific-analysis of data may be critical with regard to expected efficacy, 
dosing, and safety of therapeutic agents in schizophrenia. Although 
gender differences in incidence per age category are found, there is no 
gender difference in the various prevalence measures (Liu and Mager, 
2016; Saha et al., 2005). However, the median percentage of women 
enrolled in schizophrenia studies is 35% and pivotal drug trials con-
ducted in patients with schizophrenia are not powered to infer reliable 
gender-specific similarities or differences in effect (Chaves and Seeman, 

2006; Mattila et al., 2014). This may pose a problem if there are gender 
differences in efficacy and/or safety. Such differences could be caused 
by factors related to differences in the natural course of schizophrenia, 
with a later onset and less severe course in women (Aleman et al., 2003; 
McGrath et al., 2004). A protective role of estrogens, which is lost after 
menopause, has also been suggested as an explanation for these gender 
differences (Canuso and Pandina, 2007; Eranti et al., 2013; Häfner, 
2003; Hambrecht et al., 1992; Ochoa et al., 2012; Seeman, 1996). In 
animals, estrogens have an antidopaminergic effect and in humans, 
estradiol - the most potent estrogen in fertile women – has a synergetic 
effect on the dopaminergic system which is involved in the 
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pharmacodynamics of drug treatment of schizophrenia (Di Paolo et al., 
1981; Gogos et al., 2015; Häfner et al., 1991; Raymond et al., 1978., 
Brand et al 2021). Finally, another potential explanation for gender 
differences in efficacy are differences in negative symptoms which are 
more common in men and are associated with limited efficacy of anti-
psychotic medication. 

Former studies on the role of gender in the response to typical 
antipsychotic drugs have yielded conflicting results, and only few 
studies were of adequate methodological quality (Chouinard and 
Annable, 1982; Glick et al., 1993; Goldberg et al., 1966; Goldstein et al., 
1978; Hogarty and Goldberg, 1973; Hogarty et al., 1974; Jeste et al., 
1982; Kolakowska et al., 1985; Seeman, 1996; Szymanski et al., 1995; 
Young and Meltzer, 1980). A small double-blind study including an 
extended drug-free period in well-matched patients, who did not differ 
in age of onset, course of illness, prior hospitalizations and premorbid 
functioning failed to show gender differences in treatment response to 
antipsychotics (Pinals et al., 1996). Goldstein and colleagues reanalyzed 
a large short-term study with a duration of 6 weeks of olanzapine (5-20 
mg dd) versus haloperidol (5-20 mg dd) and found that premenopausal 
women responded better than postmenopausal women to both olanza-
pine and haloperidol, regardless of chronicity (Goldstein et al., 2002). 
This suggested that estrogen may have a positive influence on the 
response to drug treatment. A meta-analysis (29 placebo-controlled 
trials; 6,971 patients randomized to second generation antipsychotics 
and 2,200 to placebo) showed a 29% larger treatment effect in women 
compared to men. The difference was statistically significant (Rabino-
witz et al., 2014). However, in this study, no distinction was made be-
tween pre-and post-menopausal women. Moreover, this study did not 
control for differences in overall baseline symptom severity and differ-
ences in baseline negative symptoms, which are factors that were pre-
viously found to be implicated in gender differences in treatment 
response (Furukawa et al., 2015). 

Here we aim to investigate the association between gender and effect 
size of antipsychotic treatment in schizophrenia and to test whether this 
association is modified by menopausal status and is independent of 
baseline symptom severity and negative symptoms. More specifically, 
we hypothesized that (1) the effect of antipsychotic medication is larger 
in women than in men, (2) that premenopausal women with schizo-
phrenia have a better effect than postmenopausal women, and (3) these 
effects are dependent of baseline symptom severity and negative 
symptoms. 

2. Methods 

2.1. Selection of trials 

Data were obtained from double-blind, randomized, placebo 
controlled short-term efficacy registration trials with antipsychotics for 
the treatment of psychotic episodes in patients with DSM-III-R or DSM- 
IV schizophrenia, as detailed earlier (Mattila et al., 2014). Trial data had 
been submitted to the Dutch regulatory authority for the purpose of 
marketing authorization application and registration in Europe. For the 
purpose of individual patient data (IPD) meta-analysis, pharmaceutical 
companies were subsequently requested to provide crude data. These 
studies all had a low risk of bias based on the assessment of Cochrane 
Risk of bias tool. A study period of at least six weeks was chosen as in-
clusion criterion because this is the duration of short-term schizophrenia 
trials recommended in the EMA Committee for Medicinal Products for 
Human Use (CHMP) guideline for clinical investigation of medicinal 
products in the treatment of schizophrenia. Studies that included less 
than 10 men or women in either the active medication or placebo arm 
were excluded because correlations could not be properly calculated. 
We further restricted the analyses to subjects that were given a proven 
effective dose of the medication, as indicated in the Summary of Product 
Characteristics (SmPC) (EMA/CHMP, 2012). The guideline for the 
preferred reporting items for systematic reviews and meta-analyses 

(PRISMA) was followed except for items pertaining specifically to sys-
tematic literature reviews. 

2.2. Measures for baseline severity, negative symptoms, outcome, and 
menopausal state 

We used the Brief Psychiatric Rating Scale (BPRS) for baseline dis-
ease severity and as main efficacy parameter after six weeks treatment. 
Outcome variables were defined as change in the BPRS total score be-
tween baseline and week six and as response rate with response defined 
as an improvement of at least 30% on the BPRS total score in line with 
the European Medicines Agency Guideline on clinical investigation of 
medicinal products, including depot preparations in the treatment of 
schizophrenia (EMA/CHMP, 2012; Overall and Beller, 1984). If BPRS 
data were missing, we converted data from the Positive and Negative 
Symptom Scale (PANSS) to BPRS scores, conform methods described by 
Mattila and colleagues (Kay et al., 1987; Mattila et al., 2014). For any 
missing individual PANSS item, we used the average of the other PANSS 
items for that patient for that visit. For patients who dropped out before 
week six, the last observation was carried forward (LOCF) to week six. 
The difference in mean improvement in BPRS and the difference in 
percentage of BPRS responders between active treatment and placebo at 
endpoint (LOCF) were considered as the primary outcomes in this 
meta-analysis. BPRS and PANSS assessment was performed by 
well-trained assessors who were unaware of treatment allocation. Data 
concerning the gender of the assessors were not available. 

For baseline negative symptoms we used a negative symptom factor 
that was composed of three BPRS items: blunted affect, emotional 
withdrawal, and motor retardation. The results of most factor analyses 
of the BPRS show that these three items form a negative symptom factor. 
No direct information was available on the menopausal status. There-
fore, following an earlier study, we used age 47 as a proxy for the age of 
the menopause (Abel et al., 2010). Women older than 47 were consid-
ered to be in a post-menopausal phase. 

2.3. Statistical analyses 

Crude data of individual patients were pooled to calculate mean 
values for baseline characteristics and outcome data for men and women 
aged up to 47 years and older than 47 years. We calculated the total 
BPRS scores at baseline and week six. We also calculated response rate, 
defined as at least 30% reduction of BPRS score between baseline and 
week six. 

We used a two-step, random effects IPD meta-analysis (Borenstein, 
2009). Traditional methods for meta-analysis synthesis use aggregate 
study level data that are generally obtained from publications. 
Meta-analysis synthesis of individual patient data uses the crude data 
from individual patients from each study. To explore participant-level 
variations and to control for potential confounders and between-study 
heterogeneity, IPD meta-analysis was chosen over pooled linear 
regression analysis or study aggregate meta-analysis (Riley et al. 2010). 
We used random rather than a fixed effect meta-analyses because the 
included studies tested different medications in different samples, and 
thus between-study heterogeneity in outcomes could be expected. 

In order to test our first hypothesis, the association between gender 
and effect size was estimated in each included study using multivariate 
linear regression analysis with mean BPRS change as dependent variable 
and a logistic regression analysis with response rate as the dependent 
variable. In both regression analyses the interaction of gender by 
treatment (active medication vs. placebo) was added to the model as the 
indicator for a modifier effect of gender on treatment effect. 

In addition, to test hypothesis two, we estimated the modifying effect 
of menopausal status (age dichotomized with a cut-off point age 47), 
above and beyond the modifying effect of age as continuous measure, by 
removing the interaction of menopausal status by treatment (active 
medication vs. placebo). This step separates the modifying effect of age 
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from the modifying effect of menopausal status. The potential partial 
collinearity between age as (linear continuous factor and categorical age 
as proxy for menopausal status does not allow (a priori) for fully dis-
entangling these two effects. Hence, if an interaction is identified, 
further assessment is needed to attribute this to age or menopause. 

To investigate the effect of overall baseline severity and baseline 
negative symptoms, for our third hypothesis, we performed these ana-
lyses with and without correction for these two variables. 

In order to obtain a pooled estimate, we performed meta-analyses on 
the outcomes of the previous step: beta’s for mean differences in effect 
(βtg), and corresponding standard errors yielded from the regression 
analyses. βtg is the beta-coefficient for the interaction term between 
gender and treatment status that quantifies the moderating effect of 
gender on treatment outcome. In a random effects meta-analysis, the 
95% CI indicates the upper and lower limit of the uncertainty in the 
effect estimate taking into account additional variability between 
studies. 

The regression analyses were performed using SPSS version 24 
(SPSS24, IBM, Armonk, NY) and the meta-analyses were performed with 
Comprehensive Meta-Analysis, version two (CMA2, Biostat, Inc, Engel-
woord, NJ). 

3. Results 

A total of 29 studies were eligible for inclusion in the current meta- 
analysis (Mattila et al., 2014). Crude data of 22 of these 29 studies (76%) 
were provided by the pharmaceutical companies and were thus included 
in the analyses. Enrolment in the studies had taken place between 1991 
and 2004. In this paper, we present results from 5,231 patients: 3,726 
(71.2%) on active medication and 1,505 (28.8%) on placebo; 3,790 (72, 
5%) were men and 1,441 (27.5%) women. Of the 22 studies, 16 had a 
duration of 6 weeks, one study had a duration of 7 weeks, and 3 studies 
had a duration of 8 weeks. Two studies had a duration between 3-8 
weeks (Mattila et al. 2014). From all these studies (duration 6-8 
weeks) we could use the weekly crude data (supplementary material 1). 

Table 1 presents demographic- and baseline clinical characteristics 
separately for women and men as pooled crude data of all studies. 
Women were about 4 years older than men. There were no relevant 
baseline differences between men and women in the included studies for 
baseline (negative) symptom severity. 

3.1. Effectsize difference of treatment with antipsychotics between men 
and women 

Table 2 presents higher respon srates and larger average improve-
ments in BPRS scores in women than in men as pooled crude data of all 
studies. 

Fig. 1a presents the results of the IPD meta-analyses. It shows that 
antipsychotics have a statistically significant larger effect in women then 
in men when corrected for dichotomized age (<47 vs. ≥47 years), 
baseline severity, and age continuous in years. This is represented by an 
aggregate beta of 1.839 (95% Confidence Interval: 0.010 – 3.668) for 
mean BPRS change and aggregate beta of 0.135 (95% Confidence In-
terval: -0.248-0.519) translating to an OR of 1.145 (95% Confidence 
Interval: 0.748-1.682) for response rate. 

3.2. Effect Size Difference between premenopausal women and 
postmenopausal women 

Table 3 shows treatment effects in premenopausal (younger) and 
postmenopausal (older) women, and in men younger and older than 47 
years. It shows higher effect sizes in younger patients, resulting in a 
number needed to treat of 9.4 for men younger than 47 years, 6.5 for 
premenopausal women versus a number needed to treat of respectively 
11.5 and 7.8 for their older counterparts. Response rates of in younger 
men who were given placebo and response rates of women that were 
given placebo were respectively 20.9 % and 19.3%. Response rates of 
their older counterparts that were given placebo were respectively 
18.8% and 16.8%. 

Fig. 1b. shows the results for the model when correction for meno-
pause (dichotomized age interaction with gender) is removed. The 
moderating effect of gender is diminished, as represented by a beta for 
the interaction term gender*treatment of 1,515 (95% Confidence In-
terval: -0.303 – 3.332) for mean BPRS change and a beta of 0.102 (95% 
Confidence Interval: -0.279-0.483) translating to an OR of 1.107 (95% 
Confidence Interval 0.756-1.621) for response rate. 

3.3. Role of baseline severity and baseline negative symptoms in effect 
Size Differences 

Fig. 2. Presents the results of a second IPD meta-analysis:it shows 
that antipsychotics have a similarly statistically significant larger effect 
in women than in men when corrected for dichotomized age (<47 vs. 
≥47 years), baseline severity, and age continuous in years as well as 

Table 1 
Demographics, baseline characteristics and treatment outcome.   

Women Men   
Active 
compound 

Placebo Active 
compound 

Placebo  

N (%) 1047 (20.0) 394 
(7.5) 

2679 (51.1) 1111 
(21.2)  

Improvement on 
BPRS scores, mean 
(SD) 

11.0 (13.2) 4.2 
(14.0) 

8.9 (13.1) 3.2 
(14.0)  

Response rate in % 34.9 20.3 29.5 18.9  
Difference in 

response rate 
14.6 10.6  

Number needed to 
treat * 

6.9 9.4    

Women Men Total  
Active 
treatment 

Placebo Active 
treatment 

Placebo  

N (%) 1,047 
(20.0) 

394 
(7.5) 

2,679 
(51.1) 

1,111 
(21.2) 

5231 

Age in yrs, mean 
(SD) 

41.2 (12.5) 41.8 
(12.7) 

37.4 (10.2) 37.7 
(10.6) 

38.6 
(11.1) 

Baseline BPRS 
score mean 
(SD) 

54.2 (9.7) 53.9 
(8.4 

54.1 (9.8) 53.8 
(14.0) 

54.0 
(9.6) 

Baseline 
negative 
symptoms 
(SD) 

9.6 (3.0) 9.4 (2.7) 9.6 (3.1) 9.3 (3.1) 9.5 
(3.1) 

N: number; BPRS: brief psychiatric rating scale; Response rate: at least 30% 
improvement from baseline on the BPRS. *NNT was derived from crude data 
separately from IPD meta-anlyses. 

Table 2 
Treatment outcomes in women and men.   

Women Men  
Active 
compound 

Placebo Active 
compound 

Placebo 

N (%) 1047 (20.0) 394 
(7.5) 

2679 (51.1) 1111 
(21.2) 

Improvement on BPRS 
scores, mean (SD) 

11.0 (13.2) 4.2 
(14.0) 

8.9 (13.1) 3.2 
(14.0) 

Response rate in % 34.9 20.3 29.5 18.9 
Difference in response 

rate 
14.6 10.6 

Number needed to treat 
* 

6.9 9.4 

N: number; BPRS: brief psychiatric rating scale; Response rate: at least 30% 
improvement from baseline on the BPRS. *NNT was derived from crude data 
separately from IPD meta-anlyses. 
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baseline negative symptoms. This is represented by an aggregate beta of 
2.000 (95% Confidence Interval: 0.089 – 3.911) for mean BPRS change 
and aggregate beta of 0.134 (95% Confidence Interval:-0.240-0.509) 
translating to an OR of 1.143 (95% Confidence Interval 0,786-1.663) 
for response rate. 

Furthermore, in order to investigate the modifying effect of baseline 
severity on the effect of gender as well as menopause, the aggregated 
beta’s uncorrected for baseline severity and baseline negative symptoms 
were calculated, amounting to 1.873 (95% confidence interval: 0.024- 
3,722). 

4. Discussion 

Our objective was to determine whether gender and menopausal 
status moderate the response to antipsychotic medication in schizo-
phrenia, and to investigate whether this association was modified by 
baseline severity or baseline negative symptoms. Our findings indicate 
that antipsychotic treatment is associated with larger mean symptom 
reduction in women than in men with schizophrenia. This effect was 
independent of premenopausal status, baseline symptom severity or 
baseline negative symptoms. 

These results are in line with the findings of the meta-analysis by 
Rabinowitz et al. (2014) showing a significantly larger effect size in 
women compared to men and extend former findings by showing that 
this gender effect is not caused by gender differences in baseline 
symptom severity, negative symptoms or menopausal status 

Fig. 1. a: Forrestplots for regressions: ln
(

p̂
1− p̂

)
orŶ = β0 + β1baselineseverity+ β2age+ β3dichotomousage+ β4gender+ β5treatmentstatus+ βtg treatmentstatus ∗ gender 

b: ln
(

p̂
1− p̂

)
= Ŷ = β0 + β1baselineseverity+ β2age+ β3gender+ β4treatmentstatus+ βtg treatmentstatus ∗ gender 

Ŷ = BPRS change 
p̂=response 
В0=intercept 
βtg=regression coefficient for gender by treatment status 

Table 3 
Treatment outcomes in premenopausal and postmenopausal women, and in 
younger and older men.   

Women ≤ 47 years Women > 47 years  
Active 
compound 

Placebo Active 
compound 

Placebo 

N (%) 746 277 301 117 
Improvement on BPRS 

scores, mean (SD) 
11.3 (13.4) 3.3 

(14.7) 
10.4 (12.5) 6.1 

(11.8) 
Response rate in % 36.2 20.9 31.6 18.8 
Difference in response 

rate 
15.3 12.8 

Number needed to treat  
* 

6.5 7.8   

Men ≤ 47 years Men > 47 years  
Active 
compound 

Placebo Active 
compound 

Placebo 

N (%) 2267 920 412 191 
Improvement on BPRS 

scores, mean (SD) 
9.1 (13.4) 2,9 

(14.1) 
7.9 (11.5) 4.4 

(13.6) 
Response rate in % 30.2 19.4 25.5 16.8 
Difference in response 

rate (95% CI) 
10.8 8.7 

Number needed to treat  
* 

9.4 11.5 

N: number; BPRS: brief psychiatric rating scale; Response rate: at least 30% 
improvement from baseline on the BPRS. 

* NNT was derived from crude data separately from IPD meta-anlyses. 
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(Rabinowitz et al., 2014). To illustrate these findings: women improve 
almost two points more on the BPRS compared to men, as indicated by 
aggregate beta of 1.839. A further decrease on the BPRS in premeno-
pausal women of 0.324 when adjusted for menopause is not of sub-
stantial clinical relevance. Furthermore, a difference in aggregated odds 
ratio of 0.033 when adjusting for menopause is in line with this finding. 
These results could be considered as not supporting the role of estrogen 
as a cause for the difference in response to antipsychotic treatment be-
tween men and women. They rather suggest that there is a general age 
effect, with lower efficacy in older patients irrespective of gender. That 
the level of estrogen may not contribute to treatment response is 
consistent with the results of a study showing no additional benefit of 
raloxifene, an estrogen agonist, in the treatment of postmenopausal 
women with schizophrenia (Usall et al., 2011). However, previously, 
three small randomized placebo-controlled studies did show benefits of 
raloxifene as an add-on treatment to antipsychotics in postmenopausal 
women with schizophrenia (Kulkarni et al., 2010). 

Interestingly, our findings suggest that gender differences in efficacy 
were mainly driven by differences in placebo response instead of 
response to active medication (Tables 2 and 3). Both in women and in 
younger patients, the larger separation between active medication and 
placebo was related to a lower response in the placebo group and not 
larger response in the active medication group. This finding is in line 
with recent studies showing that an increase of placebo response is not 
always associated with a parallel increase in response to medication 
(Furukawa et al., 2015). Previously, Rabinowitz et al have suggested 
that the increased male placebo response might be related to males’ 
better response to psychosocial and material aspect of clinical trial 
participation such as inpatient care with shelter and nutrition. Our re-
sults do not suggest that the increased male placebo response can be 
attributed to baseline inflations, as correcting for baseline severity did 
not influence gender difference in efficacy. This emphasis that future 
work is needed to specifically explore other determinants of gender 
differences in placebo response. 

Contrary to previous evidence, which indicate that levels of negative 
symptoms are generally higher in men, no baseline gender differences in 
baseline negative symptoms were present in the current sample. As 
negative symptoms are associated with worse treatment outcome, the 
lack of baseline differences in negative symptoms could explain our 
somewhat surprising finding that gender differences in efficacy were 

independent of baseline negative symptoms in the current sample. 
Only 27.5% of the patients included in our dataset were women. The 

relatively low percentage women in the studies may be due to the in- and 
exclusion criteria of these studies. All studies excluded women of 
childbearing potential (i.e. premenopausal women without adequate 
contraception) which decreases the number of women who could be 
included. There are other possible reasons for the gender difference in 
inclusion in clinical trials, e.g. men being considered to be the “norm” 
study population, observer male bias assuming that women would have 
the same response as men in clinical trials, considering women as con-
founding and more expensive test subjects because of their fluctuating 
hormone levels (Institute of Medicine Committee on Understanding the 
Biology of and Gender, 2001; Kulkarni et al., 2010; Pinn, 2003) Since we 
found gender differences and since equal prevalence in men and women 
is found, we recommend to include equal numbers of both genders. 
Pharmaceutical companies as well as regulatory authorities should 
therefore consider the safe inclusion of more women since it may allow 
for a smaller number of patients to be included in the studies, due to a 
larger effect size in women caused by their lower response rates to 
placebo-intervention. Also, the inclusion of younger patients may 
improve the chance of a positive study due to a larger effectsize in 
younger patients caused by low response rates to placebo-intervention. 
Gender was assessed on basis of presentation of the patient without 
testing for sex, and all included studies report gender as a binary char-
acteristic which disregards those who may have been in the process of or 
have undergone transition. This latter undermines the position of trans 
people in research and makes it harder to determine which of the 
observed gender differences are due to biological differences between 
patients. Pharmaceutical companies as well as regulatory authorities 
should therefore consider reporting on gender as well as birth sex. 

From a clinical point of view our results show that both women and 
men with schizophrenia may benefit from antipsychotic medication, 
with a somewhat larger active medication versus placebo effect in 
women. In addition, our results show a decrease in response to anti-
psychotic medication with age irrespective of gender. The larger effect 
size of antipsychotics in women compared to men is an important factor 
in devising a treatment plan by the clinician weighing this against the 
fact that women are more prone to anticholinergic reactions and 
extrapyramidal side effects compared to men. (Pinals et al., 1996). 

The main strength of this study is that we performed an individual 

Fig. 2. Forrestplots for regressions: ln
(

p̂
1− p̂

)
orŶ = β0 + β1baselineseverity+ β2baselinenegativesymptomseverity+ β3age+ β4dichotomousage+ β5gender+

β6treatmentstatus+ βtg treatmentstatus ∗ gender 

Ŷ = BPRS change 
p̂=response 
В0=intercept 
βtg=regression coefficient for gender by treatment status. 
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patient meta-analysis of placebo-controlled studies with a large sample 
size. This enabled us in finding more reliable answers to the research 
questions, by quantifying the effect modification by gender and meno-
pausal status while accounting for heterogeneity between studies. It is, 
however, not without limitations. First, as in all meta-anlyses, the 
database we have used includes a limited number of studies. Moreover, 
we did not use a formal pre-defined protocol for our meta-analysis 
regarding the primary outcome and statistical analysis. This may have 
caused a risk of result-driven analyses and findings. However, all studies 
included in our meta-analysis are randomized double-blinded placebo- 
controlled studies and are part of registration dossiers that were sub-
mitted to the MEB for granting a license for registration. The enrolment 
was between 1991 and 2004. These dossiers include all studies (and the 
crude data) that have been conducted before registration and contain 
positive studies (active treatment superior to placebo) as well as nega-
tive studies (active treatment not superior to placebo) making this 
database rather unique and, in our opinion, sufficient for answering the 
research question. However, although most currently used antipsychotic 
medications were investigated in the included studies, we were not able 
to include some of the newer antipsychotic medications, therefore 
limiting the generalizability of current findings. Second, the gender 
difference in the response to antipsychotic medication that we found in 
this study may be confounded by age of onset and illness features. Pa-
tients with schizophrenia with an earlier age of onset, who are more 
likely to be males, have - as a group - a poorer pre-morbid adjustment, 
lower educational achievement, more structural brain abnormalities 
and an illness characterized by more cognitive impairment, and a poorer 
overall outcome (Abel et al. 2010). Another potential influence on the 
response to antipsychotic medication are the duration of untreated 
psychosis at the beginning of the illness. However, we could not test the 
effect of these potential confounders in our meta-analysis as the studies 
included in our database generally did not collect this information. More 
research is needed to evaluate whether and how much these potential 
confounders effect the results and conclusions of our meta-analysis. 
Further, medication adherence is likely to influence responsiveness to 
antipsychotic medication. There are reports of gender differences in 
adherence to antipsychotic medication in adolescents (Pérez-Garza 
et al., 2016). However, we could not test the effect of this potential 
confounder because the studies that were included in our meta-analysis 
did not provide data on repeated therapeutic drug monitoring (TDM) of 
medication blood concentrations and because we did include studies 
with long-acting injectable (LAI) antipsychotic medications. Therefore, 
treatment adherence could not be reliably and objectively measured and 
we could not address the potential confounding effect of gender differ-
ences in treatment adherence. Future research including trails with TDM 
or LAI antipsychotic medications is necessary to investigate the role of 
treatment adherence in explaining gender differences in efficacy of 
antipsychotic medications in schizophrenia patients. In addition, there is 
some evidence to suggest that the optimal dose of antipsychotic medi-
cation in women may be lower than guidelines recommended for men 
(Smith 2010). However, this suggestion does not jeopardise our 
conclusion that antipsychotics are equally effective in male and female 
patients with schizophrenia because there is no empirical indication that 
males were undertreated in the studies of the MEB database while male 
and female patients were not dosed differently (supplementary material 
4). Thirdly, another limitation of this study is the use of the three-item 
BPRS subscale to assess negative symptoms, as it could be argued that 
this subscale, although validated, is less specific than, for example, the 
seven-item PANSS negative symptom subscale or the SANS. Moreover, 
the three-item BPRS does not allow for a distinction between the two 
accepted negative symptom domains: expressive deficits and avolitio-
n/asociality. However, we decided to use the BPRS in our analyses 
instead of the PANSS as the PANSS is easily converted to the BPRS while 
converting the BPRS to PANSS is not possible (KAY et al., 1987; Mattila 
et al., 2014). Fourth, we did not have access to a biological confirmation 
on the menopausal status of the female subjects, such as estrogen levels. 

Age, dichotomized around the putative mean age of onset of menopause 
was thus chosen as a proxy variable for menopause. Second, no data was 
available about the use of sex-hormones, which may increase estrogen 
levels in either the pre-menstrual or postmenstrual group. 

5. Conclusion 

The present study shows an association between gender and effect 
size of antipsychotic medication in short-term placebo-controlled 
studies for schizophrenia, with higher efficacy in women relative to 
men. Although age was associated with effect size, with higher efficacy 
in younger patients, we did not find a modifying effect of menopausal 
status. These findings do not support a substantial role of estrogen in 
determining the difference in efficacy of antipsychotic medication. 
Furthermore, gender differences in efficacy are probably driven by 
gender differences in placebo response, meriting future study specif-
ically on gender differences in placebo response. Our findings suggest 
that inclusion of more women in future clinical trials for the indication 
schizophrenia may improve the chances of a positive trial and may allow 
for a smaller number of patients to be included in the trials due to their 
relatively large effect sizes. Finally, we like to note that while women 
treated with antipsychotic medication have an even larger effect size 
compared to men, antipsychotics are effective in both genders and both 
women and men with a psychosis can benefit from antipsychotic 
medication. 
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Häfner, H., Behrens, S., De Vry, J., Gattaz, W.F., 1991. An animal model for the effects of 
estradiol on dopamine-mediated behavior: implications for sex differences in 
schizophrenia. Psychiatry Res. 38 (2), 125–134. 
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