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Abstract The aim of this study is to meta-analytically
assess the efficacy and safety of adjunctive raloxifene
for postmenopausal women with schizophrenia. Six stud-
ies with 440 patients, including 225 (51.14%) patients on
raloxifene and 215 (48.86%) on placebo who completed
13.71 + 5.09 weeks of treatment, were included in this
study. Meta-analysis of Positive and Negative Syndrome
Scale total scores and positive, negative, and general
symptom scores [standard mean difference (SMD) —0.22
to —0.55, 95% confidence interval (CI) —1.01 to —0.02,
p = 0.04-0.01; > = 74-79%)] revealed an advantage of
adjunctive raloxifene treatment over placebo treatment.
There was no significant difference regarding discontinu-
ation rate [risk ratio (RR) = 1.38, p = 0.51] and adverse
drug reactions (RR = 1.27, p = 0.57) between the two
groups. This meta-analysis showed that adjunctive ralox-
ifene appears to be efficacious and safe for postmenopaus-
al women with schizophrenia. Moreover, raloxifene may
be efficacious for patients with less severe symptoms.
Future studies with a large sample size are needed to
confirm these findings.
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Introduction

Schizophrenia is a severe psychiatric disorder with complex
clinical manifestations that impairs function across multiple
domains (Cariagamartinez et al. 2016). A body of evidence
exists to support the idea that lowered estrogen levels are a
predictor of schizophrenia (Mortimer 2007). Specifically,
studies examining schizophrenia in men and women have
produced results leading to the hypothesis that estrogens play
an important role in the pathophysiology of schizophrenia
(Kumari 2011; Talonen et al. 2017; Taylor and Langdon
2006). Interestingly, it has been shown that several antipsy-
chotic drugs increase serum levels of prolactin which gener-
ates a negative feedback cycle lowering estrogen levels
(Peuskens et al. 2014). Yet, in women, psychotic symptoms
are often exacerbated when the levels of estradiol are de-
creased (Riecher-Réssler and Héifner 1993), and both human
and animal studies suggest estrogen provokes
psychoprotective effects in schizophrenia (Kulkarni et al.
2012).

Estrogen can affect neural circuits and neurochemistry im-
plicated in the pathogenesis of schizophrenia (Bethea et al.
2000; Fink et al. 1996). Animal research has shown that es-
tradiol enhances serotonin concentrations, modulates effects
on the dopaminergic system in the brain, reduces inflamma-
tion, and stimulates metabotropic glutamate receptor signaling
(Di 1994; Meitzen and Mermelstein 2011; Sanchez et al.
2013; Sribnick et al. 2005). Human studies have demonstrated
a role for estradiol in modulating stress circuitry activity and
dysregulating hormone-brain pathways in women with de-
pression (Holsen et al. 2010). Indeed, levels of estrogen in
schizophrenic women are lower than in healthy women, and
the onset of illness or relapses coincide more frequently during
the menstrual cycle when estrogen levels are low (Huber et al.
2001; Riecher-Rossler and Kulkarni 2010).
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The use of estradiol as adjuvant treatment in schizophrenia
appears promising, as estradiol therapy can reduce psychotic
symptoms in women with treatment-resistant schizophrenia
(Kulkarni et al. 2014). However, the use of estrogen in long-
term treatment has been limited by potentially adverse effects
on breast tissue and the endometrium (Corson 2009; Kulkarni
et al. 2012). This has led to research regarding the use of
selective estrogen receptor modulators (SERM) such as ralox-
ifene to improve psychotic symptoms without adverse side
effects. Raloxifene is a first-generation SERM with mixed
agonist and antagonist activity (Shang and Brown 2002).
Raloxifene has agonist actions on alpha-amino-propionic-ac-
id, N-methyl D-aspartate, and serotonin receptors in basal gan-
glia, the frontal cortex, and striatum all of which are common-
ly impaired in schizophrenia (Littleton-Kearney et al. 2002).
Raloxifene also acts as an estrogen antagonist in breast and
uterine tissue (Moen and Keating 2008). There is also evi-
dence to indicate that raloxifene could be useful for treating
mood disorder and psychotic symptoms in postmenopausal
women (Jarkova et al. 2002; Wong et al. 2003).

However, the results of randomized controlled trials
(RCTs) regarding the efficacy and safety of raloxifene for
postmenopausal women with schizophrenia have been mixed.
Thus, we conducted this meta-analysis of RCT in order to
assess the efficacy and safety of adjunctive raloxifene.

Methods

This work applied the Preferred Reporting Items for
Systematic reviews and Meta-Analysis (PRISMA) guidelines
without prepublication of the review protocol (Moher et al.
2014).

Search strategy and selection criteria

Electronic searches were carried out to retrieve studies without
language restriction using the following databases: PubMed,
Embase, Cochrane Library, PsycINFO, CNKI, and WanFang
Data; from database inceptions to August 1th, 2017. We used
the following keywords: raloxifene; antipsychotics; schizo-
phrenia; postmenopause; and RCTs (and the Chinese equiva-
lents) were in the searches. A set of search terms were
[(Raloxifene OR Raloxifene hydrochloride) AND
Postmenopausal women) and (Schizophrenia OR
Schizoaffective Disorder OR Schizophreniform Disorder OR
Dementia Praecox) AND (random* OR RCT OR control* OR
compare* OR placebo)] were also utilized. The search strate-
gy and keywords were modified to meet different database
needs. We also searched for unpublished trials using the trial
registers, ClinicalTrials.gov (clinicaltrials.gov), and the
International Clinical Trials Registry Platform (apps.who.int/
trialsearch/) using the search term “schizophrenia and
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raloxifene and postmenopause.” Reference lists of retrieved
studies and review articles were manually searched for
additional studies relevant for the meta-analysis. Conference
abstracts (from the Schizophrenia International Research
Society from 2006 to 2017) and unpublished studies where a
full report was not available, were included when data was
provided by the authors.

The following selection criteria were used for study inclu-
sion, collectively known as the acronym, PICOS: Participant
(P): Postmenopausal women with schizophrenia by any diag-
nostic criteria, such as DSM-IV (Hu 2003). Only choose post-
menopausal women who chose raloxifene which is a selective
estrogen receptor modulator commonly used for clinical treat-
ment of postmenopausal women, such as for osteoporosis
(Naylor et al. 2016). Also, at present, raloxifene treatment
for mental disorders is primarily concentrated in postmeno-
pausal women with schizophrenia (Rodante and Usall 2014).
Intervention (I): Raloxifene plus antipsychotics. Comparison
(C): Antipsychotics plus placebo or antipsychotics plus ralox-
ifene. Outcomes (O): Efficacy and safety. Study design (S):
All relevant RCTs were included while non-randomized and
open-label studies were not. Studies with a cross-over design
were also excluded because raloxifene is likely to have long-
term effects on psychotic symptoms (Lafuente and Esquifino
2002). In addition, when studies were reported to be random-
ized but methods were not clear, authors will be contacted to
substantiate study design. If studies reported results for both
men and women, authors were contacted for female data only.
RCTs of all durations were included, as hormone modulation
is well-known to have rapid onset. Indeed, studies of raloxi-
fene treatment for schizophrenia showed that the majority of
symptoms improved in as little as 4 weeks (Usall et al. 2016;
Kulkarni et al. 2016). Therefore, trials of all treatment duration
were included, and mean change from baseline to study end-
point were identified.

Data extraction and outcome measures

Two independent investigators conducted data extraction and
assessment of study quality. Researchers reviewed the includ-
ed studies and used the same predetermined checklist to ex-
tract relevant information from each study, including study
objective, study design, sample demographics (such as popu-
lation, diagnostic criteria, duration of illness, dose of drugs),
and experimental outcomes. A third investigator examined the
results, and a consensus was reached. Moreover, study authors
were contacted to obtain missing information or for clarifica-
tion. Any discrepancies identified during data entry were re-
solved by discussion. The primary outcome measure was
Positive and Negative Syndrome Scale (PANSS) total scores.
The key secondary outcomes were as follows: PANSS posi-
tive and negative scores, general symptoms scores, discontin-
uation rate, and adverse drug reaction.
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Assessment of study quality

The modified Jadad scale (Jadad et al. 1996) and risk of bias
(Higgins and Green 2008) were used to assess the quality of
each study. The criteria of high quality were defined as a Jadad
score of 4-7. The grading of recommendations assessment
and evaluation (GRADE) system was used to assess the qual-
ity of evidence and the strength of recommendations of the
result of the meta-analysis (Balshem et al. 2011). The overall
level of evidence was rated as “high,” “moderate,” “low,” or
“very low.”

Data synthesis and statistical analysis

Some of the included studies did not provide sufficient data
directly for meta-analysis, therefore we contacted but received
no response. As a result, GetData Graph Digitizer 2.25 soft-
ware (http://getdata-graph-digitizer.com/) was used to digitize
and extract the data in order for inclusion in the meta-analysis.
Specifically, this occurred with an important dose-related
study (Kulkarni et al. 2010) comprising three parts: raloxifene
120 mg (n = 13), raloxifene 60 mg (n = 9), and placebo (n =
13). We referred to the Cochrane Handbook, as well as the
methodology in the Cochrane Effective Practice and
Organization of Care Group (Alderson et al. 2004; Mowatt
et al. 2001). In brief, the “sharedrplacebo” group was split
(n = 13) into two placebo comparisons groups with smaller
sample size, (n = 6 and n = 7). RevMan 5.2 software was then
used for meta-analysis (Green 2008). The random effects or
fix effects model was performed to combine all studies.
Standard mean differences (SMD), and 95% confidence inter-
val (CI) were calculated using the inverse-variance method for
continuous data (PANSS scores). Risk ratio (RR) = 95% CI
was calculated using the Mantel-Haenszel method for dichot-
omous data (discontinuation rate and adverse drug reactions).
For each pooled outcome, p < 0.05 of the Z test was used to
determine the significance of overall effect. There was obvi-
ous heterogeneity when I > 50% or p < 0.1 using the chi-
square test. For outcomes, reasons were sought explaining the
heterogeneity by conducting a sensitivity analysis (i.e., re-
moving the study that SMD > 0.8 (Alderson et al. 2004)).
There were only six studies included in the meta-analysis, so
it was not possible to assess publication bias [which requires at
least ten studies (Sterne and Higgins 2011)]. All analyses were
considered significant at the level of p < 0.05.

Results
Search results

A total of 110 references were obtained from the electronic
search (Fig. 1). All were published in English. After removing

110 records identified through database search

J

110 records screened for duplication

32 duplicates removed

78 records screened by title and abstract

> | 65 records exclude

Full-text articles assessed for eligibility

7 articles exclude for:
Outcomes (2)
Cross-over design (3)
Review (2)

6 studies included in meta-analysis

Fig. 1 Flowchart of identification of articles

duplicates (n = 32), a further 65 articles were excluded based
on title and abstract inspection. Thirteen studies were subject-
ed to full-text inspection. During the stage of quality appraisal
and data extraction, seven articles were omitted due to the
following reasons: (1) the production of multiple publications
from single studies had occurred on two occasions; Usall et al.
(2011) and Huertaramos et al. (2014) shared the same
clinicaltrials.gov identifier (NCT01041092). Specifically,
Usall et al. focused on improvement in symptoms of
psychosis, while Huerta-Ramos et al. reported only cognitive
improvement. Usall et al. (2016) and Labad et al. (2016) also
shared the same clinicaltrials.gov identifier (NCT01573637).
Labad et al. only reported the relationship between genetic
variation and improvement of negative symptoms.
Therefore, these two articles (Huertaramos et al. 2014;
Labad et al. 2016) were excluded. (2) Three articles (Kindler
etal. 2015, 2016; Weickert et al. 2015) had cross-over design,
and did not meet the inclusion criteria. (3) Two articles (Bratek
et al. 2016; Torrey and Davis 2012) were reviews. Finally, six
RCTs (Gilda Kianimehr et al. 2014; Kulkarni et al. 2016;
Kulkarni et al. 2010; Usall et al. 2016, 2011; Weiser et al.
2017) met the selection criteria for the meta-analysis and
one, the Kulkarni et al. 2010, included two treatment arms.

Study and sample characteristics

Six studies comparing adjunctive raloxifene (n = 225) with
placebo (n = 215) lasting 13.71 + 5.09 weeks (range = 8-
24 weeks, median = 12 weeks) were analyzed (Table 1). A
total of 440 patients (sample size range = 33-200) were in-
cluded. Of the six RCTs, two were conducted in Australia
(two RCTs, n = 91), while the others were in Iran (two
RCTs, n = 103), Spain (one RCT, n = 46), and Romania
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(one RCT, n = 200) respectively. Just one study (Weiser et al.
2017) evaluated the efficacy of raloxifene in severely ill, de-
compensated postmenopausal women with schizophrenia. All
participants met the DSM-IV or DSM-IV-TR diagnostic
criteria and all studies used the PANSS scale to assess psychi-
atric symptoms of patients. The dosage of raloxifene was 60 or
120 mg.

Quality assessment

All included studies were RCTs. The methods of sequence
generation were not described in two studies (Gilda
Kianimehr et al. 2014; Weiser et al. 2017), and allocation
concealments were not described in three studies (Gilda
Kianimehr et al. 2014; Kulkarni et al. 2010; Weiser et al.
2017). In addition, two studies (Kulkarni et al. 2016, 2010)
did not have complete outcome data, and did not provide
pertinent data, such as mean and standard deviation. Two oth-
er studies (Usall et al. 2011, 2016) were biased, as reporting
was selective and another study (Kulkarni et al. 2010) were
partially sponsored by a pharmaceutical company (Table 2).
The Jadad score and the number of low risk judgments were
5.50 £ 0.55 (range = 5-6, median = 5.5) and 5.33 £ 0.82
(range = 4-6, median = 5.5), respectively. All studies were
of high quality and the evidence quality of six outcome mea-
sures was assessed by GRADE approach ranging from low
(50%) to moderate (50%) (Table 3).

Primary outcomes

Meta-analysis of PANSS scale total scores showed a superi-
ority in efficacy of adjunctive raloxifene in the treatment
group compared to the placebo group [SMD —0.55, (95% CI
—1.01, -0.09), p = 0.02; P= 77%, Fig. 2]. In order to explain
the heterogeneity, a sensitivity analysis was conducted, and
after one outlier (SMD = 0.26) study (Weiser et al. 2017)
was removed, the results were considered robust [SMD
—0.70, (95% CI —0.96, —0.44), p < 0.00001; I* = 0%].

Secondary outcome

Meta-analysis of positive symptom scores showed that the
adjunctive raloxifene treatment group was superior compared
to the placebo group [SMD —0.22, (95% CI —0.41, —0.02),
p=0.03; P = 79%, Fig. 3a]. In order to explain the heteroge-
neity, a sensitivity analysis was conducted, and after two out-
lier (SMD = 1.17 and 0.15) studies [one treatment arm (ralox-
ifene 60 mg) of study (Kulkarni et al. 2010) and (Weiser et al.
2017)] were removed, the results remained robust [SMD
-0.64, (95% CI —0.92, —0.37), p < 0.00001; > = 41%].
Meta-analysis of negative symptom scores [SMD —0.46,
(95% CI —0.89, —0.02), p = 0.04; I* = 74%, Fig. 3b] and
general symptom scores [SMD —0.55, (95% CI —0.99,

Risk of bias summary table

Table 2

Other
bias

Incomplete outcome data Selective reporting

(attrition bias)

Blinding of outcome

Allocation concealment Blinding of participants and

(selection bias)

Random sequence

Study

(reporting bias)

assessment (detection bias)

personnel (performance bias)

generation (selection bias)

+

Kulkarni et al.

(2010)
Usall et al. (2011) +

Gilda Kianimehr

?

etal. (2014)
Usall et al. (2016) +

+

Kulkarni et al.

?

(2016)
Weiser et al.
(2017)

Note: + low risk of bias, — high risk of bias, ? unclear risk of bias
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Summary of meta-analysis and GRADE assessments of quality of data

Table 3

GRADE result

95% C1

Measure compared

Total effects

Heterogeneity

Number of studies
(pooled sample)

Outcome measure

Moderate
Low

—-1.01, -0.09
—0.41, -0.02
—0.89, —0.02
—0.99, -0.11
0.53,3.61

SMD = —0.55

0.02
0.03

2.36
2.20
2.07
243
0.65
0.56

0.0002

77%

6 (440)
6 (440)
6 (440)
6 (440)
6 (440)
4 (409)

Total psychopathology

SMD =—-0.22

<0.0001
0.0007
0.0005
0.88
0.70

79%

Positive symptom score

Moderate

SMD = —0.46

0.04

74%

Negative symptom score

Moderate
Low

SMD = —0.55

RR
RR

0.01
0.51
0.57

75%

General symptom score

1.38
1.27

0%
0%

All-cause discontinuation

Side effect

Low

0.55,2.95

—0.11), p = 0.01; * = 75%, Fig. 3c] showed a superiority in
efficacy of adjunctive raloxifene. The heterogeneity ceased
when one study (Weiser et al. 2017) was remove. The results
also showed a superiority of adjunctive raloxifene in improve-
ment of negative symptom scores [SMD —0.57, (95% CI
—0.83, —0.31), p < 0.0001; /> = 0%] and general symptom
scores [SMD —0.69, (95% CI —0.95, —0.42), p < 0.00001;
P =0%].

In one study (Usall et al. 2016), eight patients in the ralox-
ifene group (n = 38) did not finish the study: three patients had
changes in medication during the study, three patients refused
to participate, one patient suffered a worsening in psychopa-
thology, and one patient decided not to participate due to diz-
ziness. In the placebo group (n = 32), five patients did not
finish the study, five patients refused to participate, and one
patient presented unrelated adverse effects. In another study
(Kulkarni et al. 2016), three patients in the raloxifene group
(n = 26) did not finish the study, two patients missed the
experimental drug >2 days after week 6, and one patient with-
drew after week 8. In the placebo group (n = 30), four patients
did not finish the study, one patient went abroad after week 4,
one patient missed the experimental drug >2 days after week
6, one patient withdrew after week 8, and one patient was
hospitalized after week 10.

Meta-analysis of all-cause discontinuation showed no sig-
nificant difference between adjunctive raloxifene treatment
and the placebo (RR =1.38, p = 0.51). Similarly, no difference
was found between the two groups regarding discontinuation
due to worsening in psychopathology (RR = 2.54, p = 0.56)
and adverse effects (RR = 2.54, p = 0.56). Five of the six
studies (Gilda Kianimehr et al. 2014; Kulkarni et al. 2016;
Usall et al. 2016, 2011; Weiser et al. 2017) reported adverse
drug reaction. In the current study, no significant difference
was found between adjunctive raloxifene treatment and the
placebo in adverse drug reaction (RR = 1.27, p = 0.57). In
the raloxifene group (n = 205), the adverse drug reactions
were constipation (1.46%, RR = 1.50, p = 0.64), dry mouth
(0.98%, RR = 5.00, p = 0.29), restless leg syndrome (0.49%,
RR =3.00, p = 0.49), dizziness (0.49%, RR =2.54, p = 0.56),
pneumonia (0.49%, RR = 3.00, P = 0.50), binge drinking
(0.49%, RR = 3.44, p = 0.44), marijuana use (0.49%,
RR = 3.44, p = 0.44), and nonadherence to the antipsychotic
regiment (0.49%, RR = 3.44, p = 0.44).

Discussion

Main findings

Based on data suggesting estrogens play a protective role in
the pathophysiology of schizophrenia, raloxifene have been

studied as a candidate adjunctive therapy to available antipsy-
chotics in postmenopausal women with schizophrenia. Meta-
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raloxifene placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI

Kianimehr 2014 68.32 21.04 23 82 26.14 23 152% -0.57 [-1.16, 0.02] e

Kulkarni 2010(120mg)  -13.79 10.77 13 -1.98 10.77 7 10.4% -1.05 [-2.04, -0.06]

Kulkarni 2010 (60mg) -2.86 0.71 9 -198 0.71 6 9.0% -1.17 [-2.31, -0.02]

Kulkarni 2016 -10.18 9.9 26 -3.82 9.9 30 15.9% -0.63 [-1.17, -0.09] asanty

Usall 2011 -6.85 7.57 16 0.62 18.24 17 13.9% -0.52[-1.21, 0.18] L

Usall 2016 -10.24 13.12 38 -0.063 13.12 32 16.6% -0.77 [-1.26, -0.28] e

Weiser 2017 86.1 19 100 813 175 100 19.0% 0.26 [-0.02, 0.54] 7%

Total (95% Cl) 225 215 100.0%  -0.55[-1.01, -0.09] >

Heterogeneity: Tau? = 0.26; Chi? = 25.90, df = 6 (P = 0.0002); I2 = 77% 4 2 s 2 "1

Test for overall effect: Z = 2.36 (P = 0.02)

Fig. 2 Forest plot for total psychopathology as assessed by the PNSS scale

analysis of six RCTs (rn = 440) showed that adjunctive ralox-
ifene was significantly superior to the placebo group in the
reducing overall symptoms of schizophrenia. In addition, ral-
oxifene was generally safe and well-tolerated as discontinuous

Favours [raloxifene]

Favours [placebo]

and adverse reaction occurred at similar frequency between
raloxifene and the placebo.

In this study, we found a significant heterogeneity
(* = 74—79%) in meta-analysis of PANSS scores and

a raloxifene placebo Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kianimehr 2014 14.32 4.33 23 2112 7.07 23 9.3% -1.14 [-1.77,-0.51]
Kulkarni 2010 (120mg)  -4.12 2.32 13 -1.57 2.32 7 3.8% -1.05 [-2.04, -0.06]
Kulkarni 2010 (60mg)  -0.17 1.13 9 -157 1.13 6 2.8% 1.17 [0.02, 2.31] ==
Kulkarni 2016 -2.63 3.75 26 -1.51 3.75 30 13.2% -0.29[-0.82, 0.23] e
Usall 2011 -1.42 2.31 16 0.81 2 17 6.9% -1.01 [-1.74, -0.28] -
Usall 2016 -1.63 3.08 38 -0.41 3.08 32 16.3% -0.39[-0.87, 0.08] - |
Weiser 2017 187 49 100 18 46 100 47.7% 0.15[-0.13, 0.42) .
Total (95% Cl) 225 215 100.0% -0.22 [-0.41, -0.02] L 4
Heterogeneity: Chi? = 28.43, df = 6 (P < 0.0001); I2 = 79% 4 2 0 2 j‘
Test for overall effect: Z = 2.20 (P = 0.03) Favours [raloxifene] Favours [placebo]
b raloxifene placebo Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Kianimehr 2014 19.6 8.66 23 23.08 12.08 23 153% -0.33 [-0.91, 0.26] - [
Kulkarni 2010 (60mg) -1.33 1.28 9 025 128 6 85% -1.16 [-2.30, -0.02]
Kulkarni 2010 (120mg)  -2.26 2.29 13 025 229 7 10.0% -1.05 [-2.04, -0.06] - =
Kulkarni 2016 -2.04 3.37 26 -0.61 3.37 30 16.1% -0.42[-0.95, 0.11] —
Usall 2011 -3.5 2.13 16 -1.81 2.66 17 13.6% -0.68 [-1.39, 0.02] |
Usall 2016 -3.52 4.38 38 -0.88 4.38 32 16.8% -0.60 [-1.08, -0.11] -
Weiser 2017 234 6 100 217 51 100 19.6% 0.30[0.03, 0.58] =
Total (95% Cl) 225 215 100.0%  -0.46 [-0.89, -0.02] . g
Heterogeneity: Tau? = 0.23; Chi? = 23.20, df = 6 (P = 0.0007); I? = 74% 4 2 A 2 fz
Test for overall effect: 2 =2.07 (P = 0.04) Favours [raloxifene] Favours [placebo]
c raloxifene placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random. 95% ClI
Kianimehr 2014 34.56 10.78 23 37.84 11.89 23 15.4% -0.28 [-0.87, 0.30] g |
Kulkarni 2010 (120mg) -7.42 5.68 13 -1.19 568 7 10.2% -1.05 [-2.04, -0.06] I
Kulkarni 2010 (60mg)  -1.31 0.1 9 -1.19 0.1 6 88% -1.13 [-2.26, 0.01] e
Kulkarni 2016 -542 577 26 -1.71 577 30 16.0% -0.63 [-1.17, -0.09] s
Usall 2011 -253 5.71 16 162 5.07 17  13.6% -0.75 [-1.46, -0.04] R
Usall 2016 -5.08 7.65 38 122 765 32 16.7% -0.81[-1.30, -0.32] s
Weiser 2017 4.1 1 100 3.9 09 100 19.3% 0.21[-0.07, 0.49] (B
Total (95% Cl) 225 215 100.0% -0.55[-0.99, -0.11] >
Heterogeneity: Tau? = 0.24; Chi? = 24.28, df = 6 (P = 0.0005); I> = 75% 4 2 5 2 jx

Test for overall effect: Z = 2.43 (P = 0.01)

Favours [raloxifene]

Favours [placebo]

Fig. 3 a Forest plot for positive symptom scores as assessed by the PNSS scale. b Forest plot for negative symptom scores as assessed by the PNSS
scale. ¢ Forest plot for general symptom scores as assessed by the PNSS scale
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therefore a sensitivity analysis was conducted. After one out-
lier study (Weiser et al. 2017) was removed, the heterogeneity
was reduced ( = 0—69%), and the results of meta-analysis
become more robust. In Weiser et al.’s (2017) study, results
did not support the use of raloxifene to reduce symptoms in
severely ill, decompensated, postmenopausal women with
schizophrenia. This result indicated that raloxifene may be
efficacious for patients with less severe symptoms.
Moreover, it is possible that individual differences in response
to antipsychotic drugs could have increased the standard de-
viation of the improvement in PANSS scores in the aforemen-
tioned study. Interestingly, the heterogeneity in meta-analysis
of PANSS positive score was negated (P =69% to P = 41%)
by removing one study [one treatment arm (raloxifene 60 mg)
(Kulkarni et al. 2010)] reporting a null effect. A dose of
60 mg/day is the documented dose for the approved indica-
tions of raloxifene, but as negative symptoms are more resis-
tant to treatment than positive symptoms (Millan et al. 2014),
Kulkami et al. (2010) found that a 120 mg/day dose of ralox-
ifene was more effective than either a 60 mg/day dose of
raloxifene or placebo in recovery of total and general
psychotic symptoms. Usall et al. (2016) found the effect of
60 mg/day of raloxifene on positive symptoms was not as
effective when compared to other symptoms (negative and
general psychopathology). Nevertheless, clinical trials and
case reports have shown that adjunctive raloxifene at doses
of 60 and 120 mg is beneficial in postmenopausal women with
schizophrenia for the treatment of positive, negative, and gen-
eral psychopathology symptoms (Sharma et al. 2012). Usall
et al. (2011) also found a significant effect on positive and
general psychopathological symptoms following the addition
of raloxifene (60 mg/day), although a small sample size and
short follow-up time could partly explain this finding.

Usall et al. (2016) provided data for 24 weeks of treat-
ment, whereas most others only provided data for only
12 weeks. Interestingly, Usall et al. (2011) performed a
12-week follow-up study to assess the utility of raloxifene
in treating psychotic symptoms in postmenopausal women
with schizophrenia exhibiting prominent negative symp-
toms, and found that raloxifene (60 mg/day) significantly
reduced not only negative symptoms but also positive and
general psychopathological symptoms. These results were
confirmed by the same group 5 years later, when a study
of 70 women was conducted for 24-week duration.
However, they found that raloxifene improved negative,
general, and total but not positive symptoms. Another 12-
week follow-up study conducted by Gilda Kianimehr
et al. (2014) with a sample size of 46 patients found ral-
oxifene (120 mg/day) was only effective in treating posi-
tive symptoms. The discrepancies between the findings
may be related to several issues involving sample charac-
teristics, including small sample sizes and differences in
the severity of positive symptoms.

@ Springer

Additionally, raloxifene was found not only to improve
psychotic symptoms but also cognitive function. In this me-
ta-analysis, there were no studies that met the criteria for an-
alyzing cognitive function, and as such, this topic was not
discussed. Animal studies have shown that raloxifene can en-
hance working memory, increase forebrain neurogenesis and
synaptic plasticity, repair neuronal and synaptic connectivity,
and reduce oxidative stress and neuroinflammation (Khan
2016). In humans, functional magnetic resonance imaging
studies revealed raloxifene adjunct therapy improved proba-
bilistic association learning and increased neuronal activity in
specific brain regions associated with schizophrenia (Kindler
etal. 2015). Huertaramos et al. (2014) reported that raloxifene
(60 mg) had a positive effect on verbal memory processing
and executive functions. However, findings by Yaffe et al.
(2005) concluded that cognitive benefits were evident with
120 mg but not 60 mg of raloxifene in postmenopausal wom-
en (Yaffe et al. 2005). These inconsistent results require fur-
ther clarification.

The majority of studies used in the current meta-analysis
showed that overall, discontinuation rates and adverse events
were not significantly different between the raloxifene and
placebo groups. Raloxifene is known to act an agonist on bone
tissue, while it has antagonist effects on breast and uterine
tissue, and thus inhibit the negative effects of estrogens on
uterine and breast tissue. Furthermore, studies have shown
that raloxifene has no effects on the incidence of central ner-
vous events and vaginal symptoms (Davies et al. 1994;
Rodante and Usall 2014). In a controlled trial with raloxifene,
Davies et al. (1994) found that vaginal bleeding, hot flashes,
and leg cramps were greater in postmenopausal women treat-
ed with raloxifene, but did not cause any discontinuations.
However, longer-term studies will need to assess long-
lasting treatment effects.

A meta-analysis by Heringa et al. (2015) analyzing 24 RCT
(n = 1149) reported that estrogens and SERMs were effective
in the treatment of women with schizophrenia. Furthermore,
the group performed a subgroup analysis that yielded signifi-
cant results for the SERM raloxifene (3 studies with 127 pa-
tients) in postmenopausal women for total and negative, but
not positive symptoms. Two recent RCT (Kulkarni etal. 2016;
Usall et al. 2016) were added to the current meta-analysis
which found that raloxifene improved positive symptoms in
postmenopausal patients with schizophrenia. The results of
the current meta-analysis indicated that there was no signifi-
cant difference regarding adverse drug reactions between the
raloxifene and placebo groups. Therefore, compared to other
estrogen-altering compounds, raloxifene is safer, and thus
should be considered as a preferred drug for adjunctive hor-
monal therapy of for postmenopausal women with schizo-
phrenia. Additionally, the lack of adverse effects on uterine
and breast tissue also makes raloxifene advantageous over
other estrogen-altering drugs (Chua et al. 2005).
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Limitations

Several limitations need to be acknowledged. (1) The sample
sizes were relatively small in the current study. In addition, the
publication bias of the present meta-analysis was not tested
because only a small number of RCTs were found. (2) Some
of the included studies did not provide sufficient data for
meta-analysis directly, and although the authors were
contacted, we received no response. Therefore, GetData
Graph Digitizer was utilized to extract data, which may have
resulted in certain inaccuracies. (3) Due to inadequate avail-
able information, the genetic variants for augmentation thera-
py in patients could not be examined. (4) All studies had
relatively short treatment durations (8-24 weeks), thus the
long-term effects of raloxifene could not be examined.
Nevertheless, the validity of the major findings in the study
have been supported by more recent clinical studies. (5) This
meta-analysis focused on the effect of raloxifene on postmen-
opausal women with schizophrenia. Raloxifene also can be
used for the treatment of chronic schizophrenia in men and
premenopausal women (Khodaie-Ardakani et al. 2015;
Kindler et al. 2016; Weickert et al. 2015) and future studies
need to consider the effects of raloxifene on different
populations.

Conclusions

This study showed that adjunctive raloxifene appears to be
efficacious and safe for postmenopausal women with schizo-
phrenia. Adjunctive raloxifene treatment did not have greater
discontinuation or adverse drug reactions compared to the
placebo. Moreover, raloxifene may be efficacious for patients
with less severe symptoms. However, given the low to mod-
erate quality of the evidence of the included studies, these
results must be considered suggestive and not definitive.
Better designed studies that include more detailed descriptions
of the methods employed are needed to confirm (or disprove)
these results. In addition, future studies with a large sample
size are needed to confirm these findings, and the long-term
effects of raloxifene on psychopathology should be examined.
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