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PSICOFARMACOLOGIA SENSIBLE
AL SEXE

¢ lncorpora coneixements de variables
relacionades amb el sexe en les
decisions clinigues, d* Investigacio |
de docencia en farmacoeterapia



TEORIA ESTROGENICA DE LA
ESQUIZOFRENIA

Efecte protector dels estrogens en les dones
que presenten una vulnerabilitat a patir la
malaltia

¢ Estrogens efecte modulador sistema =
dopaminergic, serotoninergic i glutamatergic
(Leung I Leung, 2000, Searles et al 2018)

¢ Edat menarquia correlaciona amb edat inici
malaltia | gravetat simptomatologia (Cohen et
al 1999, Hochman and Lewine 2004, Rubio et
al, 2014 )



TEORIA ESTROGENICA DE
L’ESQUIZOERENIA

Nivells d’estrogens en dones amb esquizofrenia
significativament meés baixos que en dones sanes
(Riecher-Rossler and Kulkarni. 2011)

Inici de la malaltia o recaigudes mes frequents
coincidint amb les fases del cicle menstrual amb
nivells baixos d’estrogens (Riecher-Rdssler et al.
1992; Huber et al. 2001)

Esquizofrenia d’inici tarda més frequent en dones
(Castle et al. 1998, Seeman 2012)



EFECTES PROTECTORS DELS ESTROGENS EN EL SNC

Possible Mechanisms of Estrogen/SERM Neuroprotection

ESTROGEN/SERMs
Neuroprotection

F

Nongenomic Antioxidant

¢ Rapid effect * Scavenges free
radical oxidants

®* Requires
pretreatment

® Involves ER-
mediation

* Involves gene
transcription

e May or may not
involve ER-
mediation

® Does not involve
ER-mediation

® Usually only
e May involve observed at very

MAPK or AKT high pharmaco-
signaling logical concen-
trations
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RALOXIFE. MODULADOR SELECTIU DELS
RECEPTORS ESTROGENICS (SERM)

¢ Agonista en os | metabolisme lipidic,

antagonista en uter | mama (Walf and
Frye, 201.0)

¢ Efecte agonista estrogenic en el SNC
(Landry et al 2002, Cyr et al 2000)



Raloxifene as an Adjunctive Treatiment for
Postmenopausal Women With Schizophremnia:

A Double-Blind., Randomized., Placebo-Controlled Trial
Judith Usall, MDD, PhiD: Elena Huerta-Rarmos, MA;: Raqguel Iniesta, PhiD;

Jesus Cobo, MDD, PhD; Susana Arayva, MD; Mercedes Roca, MDD,
Anrntomrni Serranmno-Blanmnco, AMMD, PhD; Fermnanmndo Teba, MDD and Susamna Ochoa, PhD

Table 1. Basaline Demographic and Clintcal Characteristics for

Women In the Raloxifena and Placebo Groups (N =33)*

Raloxifens
Charscteristic im=1&%

Flacetao
(m=17)

P

Walhse®

Age, mean (510, v 0. 14 (6.41)
Eduecation, mean (S, v 70 (3 40
Spee at onset of disease, meean (51, ¥ 2769 {697
Baselins PANSS score, mieasy (S0X])
Postive subscale 10.57 {3.54)
MNegative subscale 2253 (4.73)
Ceneral peychopathobegical subscale 3080 (4.98)

Taortal 62.64 (B.a0)
Participant medicatiom, n (%)
Antipsychofic
Firsi-gensration antipsychodic 4{12.12)
Second- generation antapsychotic S (XT 2T
Combination 3 (S0
Antidepressant, yes L {l5.15]
Antidepressant, no Il {23.33)
Biperiden, ves 4(12.12)
Biperiden, mo 12 {35 36)
Dosage of antipsychotic, median, mg'd= 4. 25
Fatient status at baseline, o (%)
[npatient 4({12.12)
Catpatient 12 {35.36)

62.66 (4.54)
7.25 (3.69)
25.24 (11.12)

12 25 (S5.04)
21.63 (534}
3.63 (8.32)
65.50 (14.55)

4 (1212)
F(21.21)
& (18.18)
4 (1X12)

13 (39.39)
3 (9.0

14 (4242)
& Db

4 (1X12)
13 (39.39)

.
b
Al

A7
59
A1
52

"Perceniages are baced on the total BN of 33
B values are derived from 1-way analyses of variance.

*Antipsychotic drag doses are expressed as nsperidone eguinvalence.
Abbreviation: PARMSS = Positive and MNegative Syndrome Scale.




Raloxifene as an Adjunctive Treatment for
Postmenopausal Women With Schizophrenia:

A Double-Blind, Randomized, Placebo-Controlled Trial
Judith Usall, MD, PhD; Elena Huerta-Ramos, MA; Raquel Iniesta, PhD;

Jesus Cobo, MD, PhD; Susana Araya, MD; Mercedes Roca, MD;
Antoni Serrano-Blanco, MD, PhD; Fernando Teba, MD; and Susana Ochoa, PhD

Table 2. Baseline PANSS and Last Evaluation to week 12 for Ralaxifene and Placebo Groups

mean (sd)
Raloxifene Group Placebo Group

PANSS Dimensions Baseline last eval Baseline Last eval pvalue
Positive 10.57(3.56) 9.14(2.35) 12.25(5.04) 13.06(6.31) 0.008

Negative 22.53(4.73) 18.93(4.57) 21.63(5.34) 19.81(5.44) 0.048
General 30.8(4.98) 28.27(4.66) 31.63(832) 33.25(9.54) 0.040
Total 62.64(8.60) 55.799.07) 65.5(14.55) 66.13(18.24) 0.009
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Figure 1. Mean FPositive and Megative Syndrome Scale Figure 3. Mean Positive and Megative Syndrome Scale (PANSS)
(PAMNSS) Positive Symptoms at Baseline (day 0) and at Weeks General Psychopathological Symptoms at Baseline (day 0) and
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Figure 2. Mean Positive and Negative Syndrome Scale (PANSS) Figure 4. Mean Positive and Negative Syndrome Scale [PANSS)
Megative Symptoms at Baseline (day 0) and at Weeks 4 and 12 Total Scores at Baseline (day 0) and at Weeks 4 and 12 for

for Raloxifene and Placebo Groups® Raloxifena and Placebo Groups®
23
e — ,

214
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“Analysis-of-variance time = group interaction £ value = (<44, “Analysis-of-variance time » group interaction P value = 014




Raloxifene as an Adjunctive Treatment for
Postmenopausal Women With Schizophrenia:
A Double-Blind, Randomized, Placebo-Controlled Trial

Judith Usall. MD, PhD,; Elena Huerta-Ramos, MA; Raquel Iniesta, PhD;

Jesus Cobo, MD, PhD; Susana Araya, MD; Mercedes Roca, MDD,
Antoni Serrano-Blanco, MD, PhD,; Fernando Teba, MD; and Susana Ochoa, PhD

table 3. Baseline and Last evaluation for Uku and Simpson scales regarding treatment groups

mean (sd)
Raloxifene Group Placebo Group
Baseline Last Eval Baseline Last Eval p.value
Uku 7.15(3.99) 4.77(2.86) 9.50(8.68) 6.57(4.29) 0.827
3.08(2.1)  2.69(1.93) 4,27 (3.47) 3.87(3.35) 0.97

Simpson
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Effects of raloxifemne onmn cognition

im postmenopausal wormen with
schizophrenmnia: A double-blimnd,
randomized, placebo-controlled trial ¥

Elema Huerta—Rarﬁosa'b =7 Raquel Iniesta-P-<, Susamna Ochoa

Jesuas Cc:b:::- Eva Miquela, Mercedes Rocas- <,
&, e = a.b,.c

Table 2 Baseline cognitive and last evaluation to week 12 for raloxifene and placebo groups.

Median (range)

Raloxife group Placebo group

Baseline Last eval Baseline Last eval

TMT-A (60-250) 85.0 (50-210) 120.0 (25-315) 137.0 (41-350) 12
TMT-B (146-595) 400.0 (125-570) 375.0 (90-755) 369.0 (105-660) 9
TAVEC
Learning curve (12-54) 41.5 (24-57) 32.0 (21-45) 32.5 (20-53) 12
Semantic memory (0-15) 6.0 (4-17) 5.5 (0-9) % 12
strategies
Short-term memory (1-13) 8.5 (1-12) 7.0 (4-10) 12
Long-term memory (0-12) 10.0 (0-13) 6.0 (3-10) 12
Recognition (2-16) 15.0 (11-16) 13.5 (4-16) 15 (10 16) 12
CPT
Omisions 9-71) 19.5 (5-40) 60.0 (5-108) 38.0 (3-123) 7
Comisions (4-30) 11.5 (2-21) 15.0 (8-22) 19.0 (7-29) 7
Hit (369.2-617) 517.8 (423-713.2) 639.2 (432.4-1096) 515.8 (305.9-1092.5) 7
Perseverations (2-50) 7.0 (1-45) 7.0 (0-62) 4.0 (0-39) 7
STROOP
Words (48-92) 68.5 (40-92) 10 6.0
Words and colors (16-39) 28.0 (5-45) 10 6.0
WAIS 111
Digits (5-15) 9.5 (6-15) 14 i g 12
Arithmetic (4-10) 6.0 (5-11) 13 : i 10
Letters and numbers 5 (1-12) 4.5 (3-8) 10 z i 74
Phonemic fluency task 16.0(2-33) 20.5 (11-30) 14 i - . 12
Animals fluency task 12.0 (2-22) 11.5 (4-23) 14 10.0( 6-24) i 12

(44-93) 64.50 (29-89) 11
(17-42) 33.0 (20-46) 11

Abbreviation: TMT=Trail Making test, TAVEC=Spanish complutense wverbal learning test, CPT=Continuous Performance Test,
WAIS =Wechsler Adult Intelligence Scale.
*P values are derived from Mann-Whitney U test.
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Table 1. Demographic Data and Baseline for the Women in the Raloxifene and Placebo Groups (N = 70

Raloxifene Placebo

Characteristic (1 =13E) (n=132) F Valueg®

Age, mean (SD), v 62.03 (9.39) 61.34 (10.41) 7
Education y, mean (SD), v 813 (3.10) 7.73(3.26) 64
Age at onset of disease, mean (SD), v 26.29 (8.64) 27.04 (11.37) 18
Baseline PANSS score, mean (SD)
Positive 17.05(4.53) 17.22 (5.66) .89
Megative 24.39(5.32) 22.81 (4.05) 17
General 39.03 (8.14) 34.63(7.18) 020
Total 80.47 (14.30) 74.66 (13.26) 084
Participant medication type, i (%)
Antipsychotic
First-generation antipsychotic 2(3.1%) 4 (6.2%) 53
Second-generation antipsychotic 28 (43.1%) 21 (32.3%)
Combination 5(7.7%) 5(7.7%)
Antidepressant, yes 12 (17.6%) 5(7.4%) 16
Antidepressant, no 25 (36.8%) 26 (38.2%)
Biperiden, yes 9(43.2%) 9(3.2%)
Biperiden, no 28 (41.2%) 22 (32.4%)
Dosage of antipsychotic, median, mg/d® 750 600
Patient status at baseline, i (%)
Inpatient 27 (38.6%0) 29 (41.4%0)
Outpatient 11 (15.7%) 3 (4.3%)

Note: PANSS: Positive and Megative Syndrome Scale

*Percentages based on the total N of 70.

"P-values derived from Student ¢ Test, Mann-Whitney U test, 2 test, or Fisher’s Exact Test.
“Antipsychotic drug doses are expressed as chlorpromazine equivalence.
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Fig. 3. Mean Positive and Negative Syndrome Scale (PANSS) Negative Symptoms at baseline (d 0) and at 4, 12, and 24 weeks for
raloxifene and placebo groups® Error bars indicate standard error of the mean.*ANOVA time x group interaction P-value = .010
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Table 2 Baseline cognitive assessment and last evaluation to week 24 for raloxifene and placebo groups

Median (range)

Raloxifene group

Placebo group

Baseline

Mean (range)

Last evaluation

Mean (range)

Baseline

Mean (range)

Last evaluation

Mean (range)

TMMT-A
TMT-B
TAVEC
Learmning curve
Semantic memory strategies
Short-term memaory
Long-term memory
Recognition
CPT
Omissions
Commissions
Hit
Perseverations
STROOP
Wornds
Words and colors
WAILS 111
Digits
Avrithmetic
Letter-number sequencing
Vocabulary
Phonemic fluency task
Animals fluency task

630 (29-193)
2400 (TT-T43)

0.0 (7T—59)
4.0 (0—22)
5.0 (0—12)
6.0 (D—14)
13.0 (4-16)

240 (1-118)
18.0 (3-29)
554 (400—1203)
7.0 (0—106)

T5.0 (44 114)
33.0 (15-53)

10.0 (4-16)
6.0 (4-11)
4.0 (1-9)
21.5 (5—49)
12.0 (0-61)
12.0 (4-33)

121.5 (25—496)
227.5 (63—T90)

33.0 (16-64)
6.0 (4-40)
5.0 (0—15)
6.0 (D—15)
14.0 (3-16)

23.0 (2-74)
15.0 (5-32)
S60 (385-T93)
9.5 (0_T9)

66.0 (24_120)
26.5 (15-81)

8.0 (3-15)
6.0 (4-9)
5.0 (1—-11)
20.0 (8507
13.0 (0—44)
10.0 (4-24)

31
31
31
31
31

15
18
18
18

26
26

31
30
15
30
31
31

534.5 (25-62)
1280 (84—318)

24.5 (10-55)
2.0 (0—12)
4.5 (D—12)
4.0 (D—12)
12.0 (3-16)

32.5 (7—106)
18.5 (3-32)

545 (432-1231)
7.0 (0—5T)

T5.0 (52-103)
33.5 (29_43)

9.0 (4-17)
6.0 (2-10)
5.0 (0—10)
20 (5_46)
13.0 (0—43)
110§ 1-24)

109.5 (25-T82)
1145 (1D0—328)

31.0 (9_64)
5.0 (D—207
6.0 (D—14)
5.5 (0—14)
13 (9_16)

26.0 (B—168)
13.0 (1-33)
ST (43211273
9.0 (0—90)

68.0 (39_124)
26.5 (12—48)

9.0 (4-18)
6.0 (3-11)
6.0 (D—10)
18.0 (447}
13.0 (0-53)
11.0 (5-28)

26
26

29
28
11

29
29
29

0972
0643

639
O6TE
0.304
0. 499
0.263

0O.TEZ
0692
0968
0.830

o.1Z7
0.453

0175
0339
0908
0864
0.580
0736

TMT Trail Making Test. TAVEC Spanish complutense verbal learning test. CPT Continuous Performance Test, WALS Wechsler Adult Intelli-

gence Scale

*pr walues are derived from Mann—W hitney U7 test
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Raloxifene as an adjunctive treatment for postmenopausal
worlmern with schirzophremnia: a2 meta-analyvsis of randomized
controlled trials

Qi Wang ' - Ninomei Dong * -« Yan Vangs ' - Ninoboai i

raloxifensa placebo

Std. Mean Difference

Std. Mean Difference
o ixed, 95% C

Kianimehr 2014
Kulkarni 2010 (1 20mg)
Kulkarmi 2010 (&0l
Kulkarni 2016

Lisall 2011

Usall 2016

Weiser 2017

Total (95% CI)

Heteroganeaity: Chi¥ = 2843, of = 6 (P < 0.0001); ¥ = T9%
Tast for averall effect: £ = 2.20 (F = 0.03)

b

196
-1.332
-2.26
-2.04

B GG
1.28
229
337

=3.5 213
-3.52 438
234 &

Kianimeahr 2014
HKulkarmi 2010 (&60me)
Kulkarmi 2010 (120mg)
Kulkarni 2016

Lisall 2011

Llzall 2016

Weisar 2017

Total {95% CI1)

raloxifens

23

o9
13
26
16
38

100

225

placebo
_ Study or Subgroup  Mean S0 Total Mean

-1.14 [-1.77. -0.51]
-1.05 [-2.04, -0,06)

1.17 [0.02, 2.31]
-0.29 [-0.82, 0.23]
-1.01 [-1.74, -0.28]
-0.30 [-0.87, 0.08]

015 [-0.13, 0.42]

100 47 7%

100.0% -0.22 [-0.41, -0.02]

Std. Mean Diference

Total Weight IV, Ramdom, 95% Cl

Favours [raloxifena]

2 o 2

Favours |placebo]

Std. Mean Difference
I, Random, 95% CI

2308
0.25
0.25

-0.61
-1.81
-0 88
217

15 39 -0.33 [-0.91, 0.26]
8.5% -1.16 [-2.30, -0.02]
10.0% -1.05 [-2.04, -0.08]
16.1% 40,42 [-0.95, 0.11]
13.6% 20,68 [-1.39, 0.02]
16.8% ~0.60 [-1.08, -0.11]
19.6% 0.30 [0.03, 0.58]
100.0%

215 -0.46 [-0.89, -0.02]

Hatarogeneaity: Tau® = 0.23; Chi* = 23 20, df =6 (F = 0.0007); I" = 74%
Test for overall effect: £= 2.07 (P = 0.04)

raloxifens

Kianimehr 2014
Fulkarmi 2010 (1 20mg)
Hulkarmi 2010 (&0mes)
Kulkarmi 2016

Usall 2011

Usall 2016

Weiser 2017

Total (95% CI)

11.89
5.68
o
577
S5.07
T.65
0.9

Std. Mean Difference

2

Fawvours [raloxifens] Favowrs [placeba]

Std. Mean Difference

-0.28 [-0.87, 0.30]

-1.05 [-2.04, -0.06]

-1.13 [-2.26, 0.01]

063 [-1.17, -0.09]

075 [-1.46, -0.04]

az : S0L81 [-1.30, -0.32]
100 0.21 [-0.07, 0.49]
215

100.0% -0.55 [-0.99, -0.11]

Heterogensaity: Taw® = 0.24. Cha® = 24 28, df = & (P = 0.00058); 1" = T5%
Test for overall effect: £ = 2. 43 (P = 0.01)

Fig. 3

scale. ¢ Forest plot for general symptom scores as assessed by the PINSS scale

IV, Random, 95% Cl

-4

z

Favours [raloxdfena] Favours [placeba]

a Forest plot for positive symptom scores as assessed by the PINSS scale. b Forest plot for negative symptom scores as assessed by the PINSS




Aaoch Womens Ment Healts
DO 101007 ST 3T-01T7T-0TTF3-2

REVIEW ARTICLE

Raloxifene as an adjunctive treatment for postmenopausal
women with schizophrenia: a meta-analysis of randomized
controlled trials
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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 stuadies, these
results must be considered suggestive and not definitive.
Better designed studies that include more detailed descriptions
of the methods employed are needed to confimn (or disprowve)
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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Table 3

Randomized, double-blind, placebo-controlled trials of adjunctive raloxifene for improving cognition in patients with schizophrenia,

Reference Raloxifene dose  Design Dumtion  Sample dze Reproductive stats Results
(women)

Huerta-Ramas 60 mg/day Randomized, double-blind, placebo- 33 women Postmenopausal [m provements in verbal memory and
et al, 2014 controlled trial executive functioning

Weickert et al., 10 mg/day Randomized, doubleblind, placebo- 79 (49 men, 30  Premencpausal [mprovements in verbal memary,
2015 controlled, crossover trial women) aftention and processing speed

Kulkarni e al, 10 mg/day Randomized, double-blind, placebo- 5 women Peri/postmenopausal No cognitive improvement
2016 controlled trial

Weiser etal,, 2017 120mg/day Randomized, double-blind, placebo- Postmenopausal No cognitive improvement

controlled trial




Table 1 SHP information.

SHP reference Gene Alleles Characteristics Minor allele frequency

number Source: 1000 Genomes European
population

Other information

rs9 340799 -y < NMon-coding intronic Gz 0.3082 Also known as Xba l
rs223.4693 CrT Mon-coding intronic Cz 0.4225 Also knoswn as Pvor 1
rs1801132 C MG Coding non- Gz 0. 2107 Residue position Pro325
SWTONYTTIOUS
rs1042597 WGT1A8 C/G Missense Gz 0.2495 Residue position Alal73IGly,
also known as LGT1A82

Table 3  Changes in PANSS general psychopathology subscale by rs2234693 genotype in the ESRT gene.

Raloxifene Placebo

TT N=14 TC N=14 CC N=8 TT N=9 TC N=13 CC N=7

PANSS - General (Baseline)® 38.8 (9.3) 40.6 (7.9) 37.6 (7.3) 35.2 (8.4) 35.3 (8.4) 34.0 (6.5)

PANSS - General (Month 1)° 35.4 (7.6) 36.4 (10.4) 36.5 (6.3) 32.3 (8.7) 35.5 (8.2) 40.4 (14.6)
PANSS - General {(Month 3)° 32.8 (7.2) 36.7 (9.9) 36.8 (4.8) 33.1 (8.5) 36.1 (7.7) 39.3 (14.9)
PANSS - General (Month 6)* 32.3 (7.3) 34.9 (9.0) 35.8 (5.4) 35.2 (10.5) 36.3 (7.8) 38.9 (15.2)

Data are mean (50).
Abbreviation: PANSS=Positive and Megative Syndrome Scale.

2 A significant group = time = genotype interaction (F=3.238, p=0.040) was obtained when conducting an ANOVA for repeated
measures comparing PANSS general psychopathology subscores between groups.

=1

25

2=

=3

==

=1

Mean PANES Negatve Sympiam e

=0

k=]

1 oo e S=fiarntiy Polrmrysi S

Figwur«< 1 Changes in negative syrmphtorms by rs10-42597F in the
LN T a8 gsene and treatment subcroups during the study perivod.
Abbreviation: PARNNSS = Positive and Megative Syrndrnome Scale.
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Fig. 2 Amnaly=sis of 5P manscription factors in peripheral blood momo-
muckar cells of postmenopausal women with schizophrenia treated
wiith adjunctive mabkmifene or placehas. 5P proteins from peripheral
blood mononockar cells of postmenopansal women with schimophee-
nia in raloxifEens mervention and placebo gproups were anabysed ae
baselime and 24 wesks by immunoblot. Participants wene evalzabed
by the Positive and MNegative Sy ndromes Scabs (PANSS) also at base-
lime and wesk 24, a Cormelation bebween SP1 and 5P4 protein kevels
after treatrmeemt (24 wesks)d with the meean changs from the bhaseline
and final matings of PANSS subscales (dfPAMNSSE) in the raloxiEne
and placebo groups. r is shown for each comparison: *Pearson’™s -
for parametric varigbbes; "Spearman’s - for non- parametric variabbes
(<005 Significani associabtions were maintained afier cormec-
tion for multiple comparisons (SPA4-dfPANSS-General: unoorsected
=011, g valoe =0054; dfPFAMNSSTomEl: uncormected = 0018, g
value= 0054 p valee theshold=0033) with a falss discovery rate

(FDR) acceptance ==t a3t 1. b Images show repressnt=tive S
S5P4. and FACTIN immunoblbots of fowr ralox ifene and foour placehb
participants at baselime and wesk 24 Molkecular marker weights =
labhe=lked amd showmn in KIDa The limes =t the bottom of the pa
indicate protein bands for the same individoal (befone and afier tres
mentl ¢ Comparison of S protein levels bebween baselime and =
meatment with maloxifens (baseline n—= 4; 24-week n =T} or place
(n="Tigroup}. Each box mepresents the median and imberguartibe rang
of prodein levels at baseline amd after 24 weeks of mestment.
Ein bevels were mormaliced to sctin valhses. Seatistical smabysis ws
performed using unpaired r est (e 005 ns, not significane). S
significant sssociation was maintained after correction for multip
comparisons (SPd: uncormected p=—0.014; g value=0029, p wal
threshold = 0D S0 with 3 false discovery mae (FDR) acoepianc:e sat 3
L}
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Abstract Raloxifene is a selective estrogen receptor
modulator that has been approved for treating osteoporosis
and breast cancer in high-risk postmenopaunsal women.
However, recent evidence suggests that raloxifene adjunct
therapy improves cognition and reduces symptom severity
in men and women with schizophrenia. In animal models,
raloxifene increases forebrain neurogenesis and enhances
working memory and synaptic plasticity. It may conse-
quently repair the neuronal and synaptic connectivity that
is disrupted in schizophrenia. It also reduces oxidative
stress and neuroinflammation, which are potent etiological
factors in the neuropathology of schizophrenia. Further-
more, in postmenopausal women, raloxifene reduces the
risks for atherosclerosis, diabetes mellitus, and weight gain.
which are serious adverse effects associated with long-term
antipsychotic treatment in schizophrenia; therefore. it may
improve the safety and efficacy of antipsychotic drugs. In
this review, recent insights into the neurocognitive., neu-
roprotective, and cardiometabolic effects of raloxifene in
relation to therapeutic outcomes in schizophrenia are
discussed.

Raloxifene improves cognition and reduces symptom
severity in men and women with schizophrenia.

Raloxifene improves neurological outcome in animal
models by enhancing neurogenesis, synapfic
plasticity, and reducing oxidative stress and
neuroinflammation.

Raloxifene reduces the risk of atherosclerosis,
diabetes mellitus, and weight gain in postmenopausal
women; it may improve the safety and etficacy of
antipsychotic drugs.

1 Introduction
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Accumulating data from wvarious clinical trial studies suggests that adjuvant therapy with ovarian hormones (estrogens) could be
effective in reducing cognitive deficit and psychopathological symptoms in awomen  with psychiatric  disorders. Flowewer,
estrogen  therapy poses  serious limitations and  health  issues  induoding femini-ation in  men and increased risks  of
thromboembolisim, hot flashes. breast hy perplasia, and endometrium hyperplasia when wused for longer duration in older women
(aged = 60 years) or in women who have genetic predispositions. On the other hand., selective estrogen receptor modulators
(SERMs), which may (or may not) carry some risks of hot flashes, thromboembaolism, breast hyperplasia. and endometrial
hyperplasia., are generally devoid of feminization effect. In  dinical trial studies. adjuvant therapy with tamosdfen. a
triphenylethylene class of SERM, has been found to reduce the frequency of manic episodes in patients with bipolar disorder,
whereas addition of raloxifene, a benzothiophene class of SERM, to regular doses of antipsychotic drugs has been found to
reduce cognitive deficit and psychological symptoms in men and women with schizophrenia, including wonmen with treatmment
refractory psychosis. These outcomes together with potent neurocognitive, neuroprotective, and cardiometabolic properties
suggest that SERMs could be the potential targets for designing cffective and safer therapies for psychiatric disorders.

p Schizophrerﬁia WA NEaT e cormin pische

EVIEW ARTICLE OPEN
he effect of raloxifene augmentation in men and women with

schizophrenia spectrum disorder: a systematic review and

clta-analysis

anna de Boer', Merel Prikken”, Wamn U. Lei’, Marieke Begemann' and Iris Sommer®>

Recognizing the robust sex differences in schizophrenia prevalence, the selective estrogen receptor modulator (SERM) raloxifene is
a likely candidate for avgmentation therapy in this disorder. Therefore, a systematic search was performed using PubMed (Medline),
Embase, Psychinfo, and Cochrane Database of Systematic Rewviews. Randomized controlled trials inwvestigating the effect of
raloxifene in schizophrenia spectrum disorders were included in the gquantitative analyses. Outcome Measures were psychotic
SYMPTom sewverity, depression, and cognition. Meta-analyses were performed using Comprehensive Meta-Analysis software. A
random-effects model was used to compute overall weighted effect sizes in Hedges' g. NMine studies were included, investigating
561 patients with a schizophrenia spectrum disorder. Raloxifene was superior o placebo in improwving total sy mptorm severity (N =
482; Hedge's g = 57, p = 0.009), as well as positive (W =561; Hedge's ¢ =0.32, p = 0.02), negative (W= 561; Hedge’'s g = 0.40, pp= 0.02),
and general (N =526; Hedge's g = 0.46, p = 0.01) subscales, as measured by the Positive and Negative Syndrome Scale. Mo
significant effects were found for comorbid depression and cognitive functioning. Altogether, these results confirrm the porential of
raloxifene avgmentation in the treatment of schizophrenia.

npy Schizophrenia (2018)4:1 ; doi:10.1038/s41537-017-0043-3
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