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Antipsychotic-induced hyperprolactinemia (AP-induced HPRL) occurs overall in up to 70% of patients with schizophrenia, which is
associated with hypogonadism and sexual dysfunction. We summarized the latest evidence for the benefits of prolactin-lowering
drugs. We performed network meta-analyses to summarize the evidence and applied Grading of Recommendations Assessment,
Development, and Evaluation frameworks (GRADE) to rate the certainty of evidence, categorize interventions, and present the
findings. The search identified 3,022 citations, 31 studies of which with 1999 participants were included in network meta-analysis.
All options were not significantly better than placebo among patients with prolactin (PRL) less than 50 ng/ml. However, adjunctive
aripiprazole (ARI) (5 mg: MD = —64.26, 95% Cl = —87.00 to —41.37; 10 mg: MD = —59.81, 95% Cl = —90.10 to —29.76; more than
10 mg: MD = —68.01, 95% Cl = —97.12 to —39.72), switching to ARl in titration (MD = —74.80, 95% Cl = —134.22 to —15.99) and
adjunctive vitamin B6 (MD = —91.84, 95% Cl = —165.31 to —17.74) were associated with significant decrease in AP-induced PRL
among patients with PRL more than 50 ng/ml with moderated (adjunctive vitamin B6) to high (adjunctive ARI) certainty of
evidence. Pharmacological treatment strategies for AP-induced HPRL depends on initial PRL level. No effective strategy was found
for patients with AP-induced HPRL less than 50 ng/ml, while adjunctive ARI, switching to ARl in titration and adjunctive high-dose

vitamin B6 showed better PRL decrease effect on AP-induced HPRL more than 50 ng/ml.
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INTRODUCTION

Patients with psychosis like schizophrenia spectrum disorder and
bipolar disorder could benefit from the antipsychotics (APs) [1, 2],
but also suffer from side-effects of APs which prolongs the
optimum treatment time and influences the prognosis.

Hyperprolactinemia (HPRL) is a common side-effect of APs,
relating to the blocking of dopamine receptors in in the
tuberoinfundibular dopaminergic pathway, and occurs in around
70% patients receiving APs [3].

The mostly studied consequences of HPRL are amenorrhea,
galactorrhea, sexual impairment and infertility. Most clinical guide-
lines addressing recommended only symptomatic AP-induced HPRL
need to be treated [4], but the non-symptomatic HPRL also attracts a
clinical attention because of its long-term outcomes. Prolactin, a
pleiotropic hormone which is secreted into circulation and acts in a
wide range of tissues, involves in a wide range of physiological
function such as the immune function, reproductive function and
metabolic function [5]. Pathological HPRL could lead to weight gain,
increased fat mass, leptin insensitivity, insulin resistance, osteoporo-
sis and even breast cancer [6-8], which impairs the physical health
of patients accepted antipsychotics treatment. Currently, clinicians
often focus on the HPRL-induced short-term or directly

consequences like sexual impairment amenorrhea, the long-term
outcomes of HPRL are often overlooked.

Several pharmacological strategies that can improve the AP-
induced HPRL, such as adding adjunctive aripiprazole (ARI) [9-11],
switching to another antipsychotic (e.g., ARI, quetiapine, olanzapine,
clozapine, blonanserin, and brexpiprazole) [12-20], adding dopa-
mine agonists (DA, e.g., cabergoline, bromocriptine) [21-23], adding
metformin (MET) [24], or adding the Peony-Glycyrrhiza decoction
(PGD) and other traditional herb treatments [25-29]. One recent
study also suggested a potential option for adjunctive high-dose
vitamin B6 [30]. The most important issue associated with those
strategies is the risk of worsening psychopathology of psychosis,
which is particularly high in the strategies of switching to another
antipsychotic or adding dopamine agonist [31]. Some previous
meta-analyses have addressed the role of ARI, PGD and MET in
lowering prolactin (PRL) concentration [32-38], and a recent
network meta-analysis (NMA) also compared the efficacy of AR,
PGD and MET on reducing PRL which suggested that adjunctive
aripiprazole (<5 mg/day) was the most effective one [39].

When multiple studies are conducted on the same research
question, even if the same protocol is used, the results obtained in
different medical settings are not the same. Therefore, clinical
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studies need to be repeated. Meta-analysis of all evidence is
crucial for decision-making. Meta-analysis can ensure the repro-
ducibility of research results by using standardized operating
procedures, systematically retrieving relevant research evidence
for methodological evaluation, and comprehensively analyzing
the results of a certain research question. Randomized controlled
trials (RCTs) and their meta-analyses provide the highest level of
evidence from epidemiological studies and are ideal for testing
scientific hypotheses. However, RCTs are often expensive, time-
consuming, and in some cases even unethical or unfeasible. Due
to various limitations of realistic conditions, RCTs are often difficult
to carry out or to meet the current demand for evidence. Single-
arm trials are common in medical research, and single-arm meta-
analysis will conduct quantitative comprehensive analysis of
single-arm trials with the same purpose. A network meta-
analysis (NMA) is a method of assessing the effects of multiple
interventions that leverages all direct and indirect evidence to
provide a more precise estimate of the relative relationship
between interventions than a single direct or indirect estimate. In
addition, even if some interventions have never been compared in
RCTs, NMA can use indirect evidence to estimate the relative
effects of these interventions. The Bayesian hierarchical model is a
statistical model with a structured hierarchy, based on inter-
changeability. The core idea is to add random effect parameters to
the model to reflect the correlation of data within a group and the
heterogeneity between data in different groups. The Bayesian
Hierarchical NMA model increases the precision of parameter
estimates and preserves the interpretability of the intervention.

To our knowledge, there is no systematic reviews or meta-
analysis that examine all strategies for lowering prolactin levels
have been conducted yet. The aim of our study is to perform NMA
[40] to compare the efficacy of all the above strategies in reducing
AP-induced HPRL, and to test the results according different initial
PRL levels, so that to provide a reasonable treatment suggestion
for AP-induced HPRL.

METHODS

Search strategy and selection criteria

We did a systematic review and network meta-analysis according
to Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The protocol was registered in
PROSPERO (CRD42022296815). Four electronic bibliographic
databases were searched: PubMed, Web of Science, Embase and
The Cochrane Library.

The search consisted of the following terms as Medical Subject
Headings (MSH) and keywords appropriate to each database. The
following search strategy was used: (schizo* OR psycho*) AND
(switch* OR aripiprazole OR (bromocriptine OR cabergoline OR
“dopamine agonist”) OR metformin OR (“peony-glycyrrhiza
decoction” OR PGD OR herb*)) AND (prolactin OR PRL OR
hyperprolactinemia).

Eligibility criteria
Language was restricted to those articles written in English or
Chinese. Abstract of Chinese study must be searched in the above
sources, and the abstract must be in English. Studies published since
inception to November 1st, 2021 were considered for inclusion.
Two authors (ZL and YS) completed the screening and recording
independently, and they will not interfere with each other’s
decisions. When there are different opinions between the two
authors, the third author (YZ) clarified and made final decision.
According to PICOS acronym, the selection criteria were
included as follows: Participants (P): we included studies in adults
with schizophrenia (as diagnosed using any recognized diagnostic
criteria) who were treated with antipsychotics and experienced
hyperprolactinemia induced by antipsychotics. We excluded
studies in subjects with significant medical illnesses (such as liver
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or renal dysfunction, cardiovascular disease, organic brain
disorder), pregnancy or lactation, the psychiatric diagnosis other
than schizophrenia and a current history of substance use
disorder; Studies in teenagers (under 18 years old) and elder
people (more than 65 years) were also excluded; Interventions (/):
(1) previous antipsychotics plus adjunctive medication which
could reduce the prolactin level; (2) switch previous antipsychotics
to another antipsychotic; Comparators (C): previous antipsychotics
plus placebo or antipsychotic monotherapy (studies without
controls were analyzed in single-arm meta-analysis); Outcomes
(0): the mean change of PRL levels (ng/ml) after treatment (with
PRL level at baseline and endpoint or the change of PRL levels);
Study design (S): single-arm study and case-control studies were
applied for single-arm meta-analysis. Placebo-controlled and
head-to-head randomized controlled trials (RCTs) that compared
different strategies were applied for network meta-analysis. The
mean baseline prolactin levels must more than 25 ng/ml (HPRL
was defined as prolactin levels more than 25 ng/ml). Studies with
small sample size (n < 5) were excluded.

Data collection process

Two authors (ZL and YS) completed the screening and recording
independently, and they could not interfere with each other’s
decisions. When there are different opinions between the two
authors, the third author (YZ) clarified and made final decision.

Data abstraction and synthesis
The baseline PRL level and endpoint PRL level were extracted (must
include the mean and standard deviation), and the change of
prolactin between baseline and endpoint was also extracted, if any.
For studies with multiple treatment arms of the same type of
interventional drug, the mean/SDs were combined following
methods described in the Cochrane Handbook (https:/
training.cochrane.org/handbook/current) and elsewhere.

Quality assessment
For single-arm and case-control studies, we applied the Metho-
dological Index for Non-Randomized Studies (MINORS) score to
assess the risk of bias [41]. For RCT studies, we applied the
Cochrane Risk of Bias tool 2 (RoB 2) to assess the risk of bias [42].
For the outcomes of NMA, we applied the Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE) to evaluate the level of evidence, which provided the
framework for rating the certainty of the evidence of each paired
comparison as high, moderate, low, or very low [43].
Discrepancies were resolved through discussion, and if needed,
a third author. The risk of bias was marked in both articles and
survey results.

Data analysis
All the statistical actions were conducted on the R software, based
on the meta [44] (applied for single-arm meta-analysis and RCT
meta-analysis on each strategy which includes more than three
studies), gemtc and rjags (applied for network meta-analysis)
package [45].

We modeled the mean changes of prolactin levels with
standard deviations and reported posterior mean difference
(MD) with 95% confidence intervals (Cls). The concentration unit
of prolactin was unified into nanogram per milliliter using a
relevant conversion formula.

For single-arm meta-analysis (evaluate the effect after treat-
ment) and RCT meta-analysis (evaluate the effect between
strategy and placebo) on each strategy, use of the random or
fixed effects model and the heterogeneity of meta-analysis was
determined by P (50 was set as threshold). Meta-regression (for
categorical variables, in the study, we included dosage of
aripiprazole [5mg or more than 5mg per day] and baseline
prolactin level [more than 100 ng/ml or not]; for continuous

Translational Psychiatry (2022)12:267


https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current

Z. Lu et al.

l6/]
[84]
44|

[zz]
[9/]

saduIaRY

va aAdunfpy
va aAunfpy
va aAunfpy

14V @AnRdUN(py
14V ®AnRdUN(py

14V @ARduNfpy
14V @ARduN(py
14V ®AndUN(py
14V ®AnRdUN(py
14V ®AndUN(py
14V @AndUN(py
14V @AndUN(py
14V @AndUN(py
14V 03 Buiydums
14y 03 Buiydums
14y 03 Buiydums
14y 01 Buiyoums
14y 01 Buiyoums
3N0O 01 buiydums
V10 03 Buiyoums
349 01 buiyoums
019 01 buiydums
(IV )14V 03 Buiydums
14V 03 Buiydums
14y 03 Buiydums
V10 01 buiyoums
01D 01 buiyoums
071D 03 bulydIMS
019 01 buiydums
3N0O 01 buiydums
3IND 03 buiydums
V10 03 Buiydyms
14y 03 Buiydums
14y 01 buiyoums
14y 01 Buiyoums

jusuneas)

SId
snoLep
snoLep

snoLep
SId

VI10/INY/SIH
Tvd/SId
SIH
INS/INV/SIY
SId
(IvSIH
(Iv1SIH
snolep
dN
snouep
snouep
snolep
snouep
snouep
SI4
snolep
snouep
(Iv1)Ivd
snouep
snouep
Sid
SY54
SY54
snolep
TVH/SIH
snouep
snolep
INV/SId
ns/sid
SiH

sdy Kiewnd

AIFNSd
AIFNSd
AIFNSd

4N
AIFNSd

0L-adl
AIFNSd
AIFNSd
AIFNSd
AIFNSd
AI-NSd
4N

4N

4N
AIFNSd
AIFNSd
AI-WNSd
AI-NSd
4N

4N
S-Wsd
AIFNSd
4N
AIFNSd
AIFNSd
AI-NSd
lNI-Wsa
lNI-Wsa
AIFWSd
AIFNSd
AIFNSd
AIFNSd
AIFNSd
AI-NSd
AI-NSd

sjoo3 >n3soubelq

syuow 9
syluow z|
syjuow 9

SY99M 8Y
syluow ¢

syuow ¢
Yiuow |
S}oaMm g
S}oaMm g
S)oaMm g
S)99M 9|
syuow ¢
S EETN 74
4N
S)99M 97
syjuow |
S)OIM 17|
SyoaMm g
syuow 9
INEE S
INEE ]
S)oIM 7|
syuow 9
SHOIM 1T
S)99M 9g
SYoam g
S}9aMm 9
S}9aMm 9
S)o9OM 7|
S)o9M 9|
SYoaMm g
S)o9M 9|
SYoaMm g
SYoam g
S)oaM 9|

uoneinp |euy

8G°'LE
€EEE
SC9S

80'€C
L6'CL
4N
0s

L'16
sl
98ty
4N
1044
S¥'sy
999
(TLlY
S9
4N
9C'6S
4N
A
JAVAS
€99

4N
4N

ool

(%) °lew

L'EE
L'LE
9ty

4N
4N

7'6C
VAd44
4N
8€'/LE
144
9Ly
(A7
€Ly
4N
8'0€
L'¢s
V€S
£L'8€
'8¢
4N
9'/S
4N
7o
(43
9vS
v've
¥'0€
€'€e
6'€S
69'SC
91°¢s
SC6€
G€
0L’LE
€E8Y

uea|y (sieak)
aby

6l

08

oL
144

9l
A
6l
9C
Ll
4"
€l
L

[44
€S
€9
0c¢
14
LT
€€
0S
LL
[43
0c
LE
Ll
ol
9l
T4
S

(4

azis ajdwes

|12gej-uado
[2qel-usdo
|12qel-uado

[29ef-uado
|12qe|-uado

|1ogej-uado
1°qej-usado
|12qel-uadQ
|12qel-uadQ
|oqel-uado
|°qel-uadQo
|12qel-uadQ
|12qej-usdo
|12gej-uado
|1ogej-uado
|12gej-uado
|12qej-uadQ
|2qel-uadQ
1°gej-usado
|12gej-usado
|12gej-usado
|12gej-usado
|12gej-usado
|12gej-uado
|1ogej-uado
|12qel-uadQ
|12qel-uadQ
|oqel-uadQ
|12gej-usado
|oqel-uadQ
|1ogej-usado
|12gej-usado
|12gej-usado
|12gej-uado
|12qej-uado

JudWISSISSE
pulg

(#002) Y oJejjened
(¢107) Y seuosod
(€107) SD einoAeyjey

(0L02) ad
Jewny A9sfes

(1L02) N@ Bunr

(8L07) @
ueyjuelpuasney

(Lzog) Vv ziewy
(6002) Xr usyd
(0102) YD usyd
(0L0T) MoynINg-Inse
(LL0T) W ua100Y UeA
(€102) W Al Ipelz
(£107) r 101fng

(2L0Z) W O30WIYsIN
(6002) MS Wiy
(S10Z) N olowiyseH
(8002) H 1yanaxeL
(0Z0T7) MA usr
(6002) v oforuowy
(0007) rg uouny
(LZ0Z) W ®soulyd|
(6102) SA 0OM
(Lzow) 1a Al
(9102) SA com
(01L02) H 1yonaxel
(2002) SY Wiy
(6661) W souenjiey
(8661) [ Sljouewiziey
(€107) agemey
(€002) H 1yseyexel
(5002) W ewifesen
(9002) rg uouny
(9007) Hg 931
(8002) 1N N1

(LLoT) AD Usyd
S1DY-uoN

(dea) uonedyiqnd)
Joyine 3sai4

'sapnis papnpaul Jo 111 °L 3jqeL

SPRINGER NATURE

Translational Psychiatry (2022)12:267



Z. Lu et al.

[s8]

[¥8]
[€8]

[L1]
[£1]

[S1]
[e8]

[18]
[ea]
[Le]
[08]

S2DU19)9Y

0Q93e|d/d5d
asd/va
oga3e|d/vYad
ogade|d/13N
ogade|d/13N

0Q92€|d/0L ™ dI0W ™ |4y
/0L IHY/S 19V

0Qgade|d/0L oW Yy
/0L 19V/S 19V

0G238]d/0 1 "2I0W Y
JOLTI8V/S I8V

asd/s 1y
0LTI¥V/S ¥V
0q92e(d/0LIHY
0G23e]d/0 1L "2I0W Y
092e|d/SIHY
oQgade|d/S 14V
ogade|d/S 14V
0q92e|d/S T IHY
0G92e|d/0LIHY
0q92e|d/S IHY
092e(d/0LIHY
0G238]d/0 1 2I0W Y

0023e|d/0 L ~2I0W Y
/OLTIHV/S 18V

)" PaxXy Yy YdUMS
JWIPIXYTIHY Y2UMS
dod/ey I 1gy Ydums

21 1T IYY Youms
/eY"PIXYT 1YY YoUMS
/WITPAXYT YV YoUMS

0Qa2e|d/3N0 03 Buiydsums

) PaxXy” |4y YduMS
/ Y 1YY Youms

0Q22|d/e3 Iy YIUMS

va aAmunlpy
va sAunlpy
va aAndunfpy
va sAndunipy

juswijeal |

INV
snoLep
SI4

SId
snolep

SId
SId

INV/SId
snouep
snouep
vd

Sid
snouep
SIH

SI4
ns/sid
S
vd/Sid
snouep
VH

SId

snolep
snolep

SId
SId

SId
SId

IHL
SY54
vd/SId
INY

sdy Kiewnd

0L-adl
4N
0L-adl
€-dnWdD
AIFWSd

AI-NSd
AI-NSd

€-dDD
4N
€-dwWDD
AI-NSd
0L-adl
€-dwWd>D
€-dwW>dD
€-dW>dD
€-dDD
AIFNSd
AIFNSd
AIFNSd
AIFNSd

AIFNSd
AIFNSd

€-dDD

AI-NSd
4N

AIFNSd
AIFNSd

4N
4N
AIFNSd
AIFNSd

s|oo} >isoubeiq

$)PaM 8
D EE 4]
' EEW 4]
syjuow 9
syjuow 9

SyoaMm 8

SyoaMm 8

SY9M 71
syuow 9
SyoaM 9
YoM {7
Syoam 8
EEXeT4
S EEIN:]
SYEETNC]
SyooM 9
SyooMm 8
S EEIN:]
Sy99Mm 9|
Syoam 8

SyooMm 8

SYEETNS

syuow ¢

YoM 8

Sy9aMm g

SEET 4]
S EER 74

syoam 9
SYooM ¢
SY9PM -
4N

uonjeinp jeuj

71°09

ool

96°'LY

A4

S'Ly

SOy

8¢€¢L
8€'CS

9§
L'es

44744
szl
0S
4N

(%) @12

81'8¢C
S1'9¢
S¥'0e
4N
44

ELSE
EV'Ee

8/'9¢
coce
69'7¢
S¥'0€
v0'veE
S/'8¢
S'0€
S¢

T4
£9'6C
GEEE
€0°LE
6€'6€

LSEE

S'6¢
€L°€C

o
ogey

oL'Ly
8/°0§

4N
4N
6'Cy
4N

uea|y (sieak)
aby

(44
€9
(4
€L
¥8

8§

€61
L9
8/1
o
9Ll
vl
S9
L1
09
L0l
09
(44
S

ocl
6L
L9
SOL

(44

00¥
6C

LL

Ll
0c

azis ajdwesg

9|qnop
|12qel-uado
9|buis
[9qej-uado
s|gnop

a|qnop
2|gnop

|1ogej-usado
|1ogej-uado
9|gnop
9|gnop
9|gnop
|2qel-uadQ
9|gnop
9|buls
9|6uls
9|6uls
9|6uls
9|gnop
9|gnop

ajgnop

|12gej-usado
|12gej-uado

|12qel-uadQ
9|qnop

|12gej-uado
3|gnop

[9qej-uado
|12qej-usdo
|12gej-usdo
|12gej-usdo
jJuswIssasse
pulig

(£107) d Buex
(01L02) 14 NA
(8002) NH uen)
(LLoZ) Xr erx
(2102) ¥4 NW

(8L02) O Bueyz
(9102) WH usyd

(SL027) XD nX
(#7102) AS ©IX
(#102) TH Buem
(#102)  buer
(7L0T) Xr usyd
(L102) gZ N1
(6002) ZH usyd
(8002) Ar Ir
(9002) d1 nX
(S102) [ oeyz
(9102) A 01D
(8L02) 1A A1)
(£002) Or wiys

(SL0T) Xr usyd

(S102) rL Buemy
(L107) d Bueny

(6002) W Apahg
(8002) W Apakg

(6002) A suewPAY
(€107) rg 297
S104

(S861) gr uyod
(1861) M 19A31S
(#107) olowiyseH
(¥00T7) N J2ussallg

(+eaj uonediqng)
ioyine jisii4

panunuod ‘| 3jqel

Translational Psychiatry (2022)12:267

SPRINGER NATURE



w
g 322
c Qa © D
[ 0 £
= = — £ O
2 — = = N €3¢
> ¥ o 9 o £ gL
«c SIESINOIESIN © © 2
v wv
QP w
E x
& o
S
225
ISR
SR
2~
T< g
o T o C
= — = '8
2z 558
m<§ ScnN
o o < o S E 5
e Q2 9 § ¥ v vyU=
c O Y@ o cE?°
o N s 630
E o © ng fo R
=
s &£ &g G55 csP2
[} 2= o =
QO Q0 g |
¢ oo £ 22 £ETS
[ = a o > ns gXxX£
€=
c =2
8= 2
") 'U<|S|
a v <O
< 28
= L
b wn w wn U§.§
© > = - | S22
£ ] o O 233
£ 2l gl =] = TG A
= S =2 & © © 2 C
a >0>> <8¢
Q% &
gETD
& SEE
5 £
] S u.L
- 28 .Y
2 2<%
c 22| == oo
& pa== Etgg
8 00 & & o g E
(=) Y Yoo v
cgv,
823
=32
c q)ha
] = aQ
= S o a
© ) %) Efg
3 g 232 ¢gos
T O U U O = £ o
— 2= 0 =2 0 U VU Cc
& el B el 2 S3°T
S
F - ® - ©o H5903
«s.og
S =g
s Eo s
S 2o
o ~ ) J &0
= - o ™M oo
) f & m ST g
= oS — m IS
\Ig“
TEc
g5
< B;
[ N o
S SE T
= a<g
— S O ¢
M 2L e
- N NS = G
s 2888 Fof
N O n o .=
<SS A ™ M om gL @
ox S
334
('] > |
N ZEE
v 24T
& 595
Q. TE =
£ o & 13
© o N © o X 2
wn A — N E“:lc
s < .8
- VU =
|2 ®©
30
- <"
[ o o N <
9 Q e} %OE
© © k=1
Eo 2 o= NG g
n c c
a8 o5 g 5%8
=0 Qo a 2
= wn O (o] QT Y
mes © O © O = oo
© N Q
gts
= ©
n v v
ke] = v =32
v H >0 .8
=] S = 273
c ] © S >
£ - = . S22
=] o) - o €5 a
S 555 g 8 & 23 4
S ARSI < oo o
€8 -5 5=z few
. S VUdNUT Sz 2
- T .= n ISR
e B2 c2>§§5 wsl
= £33 8528 J23
s L& = 0N > £ET g9
[ < © =

Translational Psychiatry (2022)12:267

quetiapine, VitB6 adjunctive high-dose vitamin B6, RIS risperidone, SUL sulpiride, AIM amisulpride, HAL haloperidol, FGAs first-generation antipsychotics, PAL paliperidone, LAl long-acting injection, THI

thioridazine, OLA olanzapine, DSM-IV Diagnostic and Statistical Manual of Mental Disorders, fourth version, ICD-10 International Statistical Classification of Diseases and Related Health Problems, 10th Revision,

CCMD-3 Chinese Classification of Mental Disorders, 3rd version, NR not report.
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variables, we included the age, duration of trail and precent of
male subjects), and sensitivity analyses (metainf code: exclude
each included study individually) were preformed to examine the
sources of heterogeneity. Subgroup analyses were conducted
based on the result of meta-regression analysis. Funnel plot and
Egger’s test were used to assess the publication bias.

To further test the comparative effectiveness among different
treatment strategies, network meta-analysis with random-effects
model was conducted. We assessed the Heterogeneity by F.
Node-split method was used to calculate the inconsistency
between direct and indirect evidence. We compared the efficacy
of different strategies using the surface under the cumulative
ranking curve (SUCRA). Subgroup analysis (we included dosage of
aripiprazole (5mg, 10 mg, more than 5mg per day) or different
switching strategies (titration of aripiprazole and tardation of
previous antipsychotics reduction [switch_ari_ti_ta], fixed dosage
of aripiprazole and tardation of previous antipsychotics reduction
[switch_ari_fixed_tal, fixed dosage of aripiprazole and reducing
previous antipsychotics immediately [switch_ari_fixed_im]), and
baseline prolactin level (<50 ng/ml, 50-100 ng/ml and >100 ng/
ml) were preformed to examine the sources of heterogeneity.

All statistical differences were considered significant when the
P<0.05.

RESULTS

Study selection and characteristics

The search identified 3022 citations, including 1872 unique
reports, and 152 studies were retrieved after the screening by
title and abstract, finally 70 full-text articles were included in the
analysis (Table 1). Then the 49 studies were included for single-
arm meta-analysis (26 studies with 1273 participants for switching
strategy, 15 of which with 1015 participants were for switching to
ARI strategy; 15 studies with 716 participants for adjunctive ARI
strategy; 9 studies with 189 participants for adjunctive dopamine
agonists), 18 studies were included for RCT meta-analysis (3 studies
with 63 participants for switching strategy, 12 studies with 542
participants for adjunctive ARl strategy, 3 studies with 130
participants for adjunctive PGD strategy) and 31 studies with
1999 participants were included for network meta-analysis. Figure
1 shows the flow chart of the study selection.

Single-arm meta-analysis

Switching strategy. The result of switching strategy was sig-
nificant. Switching to another antipsychotic could significantly
reduce the prolactin levels (Supplementary Fig. 2,
MD = — 42.55ng/ml, 95% Cl=—61.47 to —37.19 ng/ml). These
studies were quite heterogeneous (I = 98%), so a random-effect
model was used to generate the pooled estimates. Egger’s test
results indicate there was no statistically significant level of
publication bias (Supplementary Fig. 3A, t=0.01, df=24,
P =0.9932). Sensitivity analyses found that the random model
was stable (Supplementary Fig. 3B). Test of heterogeneity also
indicated the high heterogeneity (Q=1,119.48, df=25,
P <0.0001), so we applied the age, sex (male participants rate),
baseline PRL level, medication type and trail duration to detect the
contributions of heterogeneity, the result showed that the sex and
baseline PRL level was significant.

Switching to ARI.  Switching to ARI could significantly reduce the
prolactin levels (Supplementary Fig. 4, MD = —55.79 ng/ml, 95%
Cl=—-72.74 to —38.85 ng/ml). These studies were quite hetero-
geneous (P =98%), so a random-effect model was used to
generate the pooled estimates. Egger’s test results indicate there
was no statistically significant level of publication bias (Supple-
mentary Fig. 5A, t=-0.03, df=13, P=0.9760). Sensitivity
analyses found that the random model was stable (Supplementary
Fig. 5B). Test of heterogeneity also indicated the high
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Fig. 1
decoction.

heterogeneity (Q =773.01, df=16, P <0.0001), so we applied the
age, sex (male participants rate), baseline PRL level, dosage of ARI
and trail duration to detect the contributions of heterogeneity, the
result showed that baseline PRL level was significant.

Adjunctive ARI. Adjunctive ARI could significantly reduce the
prolactin levels (Supplementary Fig. 6, MD = —46.31 ng/ml, 95%
Cl=—-57.77 to —34.84 ng/ml). These studies were quite hetero-
geneous (P=97%), so a random-effect model was used to
generate the pooled estimates. Egger's test results indicate a
statistically significant level of publication bias (Supplementary
Fig. 7A, t = —2.20, df =14, P = 0.0454). Sensitivity analyses found
that the random model was stable (Supplementary Fig. 7B). Test of
heterogeneity also indicated the high heterogeneity (Q = 738.30,
df =21, P<0.0001), so we applied the age, sex (male participants
rate), baseline PRL level, dosage of ARI and trail duration to detect
the contributions of heterogeneity, the result showed that
baseline PRL level was significant.

Adjunctive dopamine agonist. Adjunctive dopamine agonist
could significantly reduce the prolactin levels (Supplementary
Fig. 8, MD = —40.29 ng/ml, 95% Cl=—57.19 to —23.39 ng/ml).
These studies were quite heterogeneous (I’ = 85%), so a random-
effect model was used to generate the pooled estimates. Egger’s
test results indicate there was no statistically significant level of
publication bias (Supplementary Fig. 9A, t=-043, df=7,
P=0.6795). Sensitivity analyses found that the random model
was stable (Supplementary Fig. 9B). Test of heterogeneity also
indicated the high heterogeneity (Q = 63.95, df =9, P < 0.0001), so
we applied the age, sex (male participants rate), baseline PRL level
and trail duration to detect the contributions of heterogeneity,
above factors were all not significant.

RCT meta-analysis

Switching strategy. Only 3 studies were included in the analysis,
and the result was not significant (P = 0.11), which might due to
the high heterogeneity, their strategies were switching to ARI, OLA
or QUE separately (Supplementary Fig. 10).

Adjunctive ARI. Compared to placebo, adjunctive ARl could
significantly reduce the prolactin levels (Fig. 2A, MD = —68.84 ng/
ml, 95% Cl= —85.65 to —52.04 ng/ml). These studies were quite
heterogeneous (¥ = 89%), so a random-effect model was used to
generate the pooled estimates. Egger's test results indicate there
was no statistically significant level of publication bias

SPRINGER NATURE

Flow chart of included studies. RCT randomized controlled trials, ARI aripiprazole, DA dopamine agonist, PGD Peony-Glycyrrhiza

(Supplementary Fig. 11A, t = —0.86, df = 10, P = 0.4094). Sensitivity
analyses found that the random model was stable (Supplementary
Fig. 11B). Test of heterogeneity also indicated the high hetero-
geneity (Q=182.90, df=14, P<0.0001). According to the meta-
regression analysis of the single-arm meta-analysis of adjunctive ARI,
we conducted subgroup analysis to detect the heterogeneity. When
we conducted the subgroup analysis stratified by the baseline PRL
level (we set the 50 and 100 ng/ml as threshold, which were 2 times
and 4 times of the normal limit; because there was no study with
baseline PRL less than 50 ng/ml, we divided all the studies into two
subgroup based on the 100ng/ml), the PRL reduction after
treatment in subgroup of lower baseline PRL (less than 100 ng/ml)
was less than the subgroup of higher baseline PRL (more than
100 ng/ml) (Fig. 2B, C, MD: —51.03v.s. —95.03 ng/ml). When we
conducted the subgroup stratified by the dosage of ARI, the PRL
reduction after treatment in subgroup of 5 mg/d was more than the
subgroup of more than 5mg/d (MD: —89.39 v.s. —53.63 ng/ml), it
indicated that patients with antipsychotic-induced HPRL might be
benefited from the low dosage of ARI more.

Adjunctive PGD. The effect of PGD on reducing PRL level was not
significant (Supplementary Fig. 12A, MD=-11.76, 95%Cl =
—31.41 to 8.07). Egger’s test results indicate there was no
statistically significant level of publication bias (Supplementary
Fig. 12B, t =—0.43, df =7, P=0.6795). Sensitivity analyses found
that the random model came to stable when we omitted the
study of Man SC et al. (Supplementary Fig. 12C). Test of
heterogeneity also indicated the high heterogeneity (Q = 19.68,
df =3, P=0.0002).

Network meta-analysis. First of all, we conducted network meta-
analysis on effect of different strategies (including adjunctive ARI,
switching to another antipsychotic, adjunctive PGD, adjunctive
MET, adjunctive DA, and adjunctive high-dose vitamin B6) on
antipsychotic-induced HPRL, 26 studies with 1999 participants
were included (5 studies was excluded because these head-to-
head studies compared the different switching strategies or
adding different dosage of ARI). When comparing to the placebo,
adjunctive ARl (MD = —-60.21, 95% Cl=-7836 to —41.89),
switching to another antipsychotic (MD = —3823, 95% Cl=
—68.76 to —8.04) and adjunction vitamin B6 (MD = —91.98,
95% Cl=—159.55 to —25.78) showed the significant effect of
decreasing PRL level. Furthermore, adjunctive ARl (MD = —33.68,
95% Cl=—66.17 to —0.24) showed a more significant effect of
decreasing PRL than adjunctive PGD. (Fig. 3A, B).
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A Experimental Control
Study Total Mean SD  Total Mean SD Mean Difference MD 95%—-Cl  Weight
Chen JX etal. 2015 90 -57.52 45.8500 30 -3.89 57.5627 + -53.63 [-76.30; -30.96] 8.3%
Shim JC et.al. 2007 26 -75.10 24.1808 28 12.00 44.5421 + -87.10 [-106.04; —68.16] 8.7%
Kelly DL et al. 2018 24 2630  12.6000 18 -561 583325 . —— -20.69 [-48.11; 6.73] 7.8%
Qiao Y etal. 2016 30 —64.76 33.1663 30 40.97 88.5928 +: -105.73 [-139.58; -71.88] 7.0%
Xu LP et al. 2006 30 -121.20  42.0046 30 -12.00 66.5201 + ¢ -109.20 [-137.35; -81.05] 7.7%
JiJY etal. 2008 60 —86.00 37.3631 57 -5.00 39.9500 -!- -81.00 [-95.03; —66.97] 9.2%
Chen HZ et al. 2009 34 -51.00 14.7986 31 1.00 14.1067 _ = -52.00 [-59.03; —44.97] 9.6%
Liu ZBetal. 2011 80 -104.40 35.6432 62 5.20 50.5146 —!— » -109.60 [-124.40; -94.80] 9.1%
Chen JX etal. 2014 59 -69.95 45.0217 57 =5.55 60.6709 -64.40 [-83.89; -44.91] 8.6%
Liang Jetal. 2014 20 =23.95 424909 20 14.57 57.7180 —38.52 [-69.93; -7.11] 7.3%
Chen HM et al. 2016 46 -75.49 44.7500 15 -2.38 46.1415 -73.11 [—99.80; —46.42] 7.8%
Zhang LG etal. 2018 43 -3841 30.6900 15 =541 26.6696 -33.00 [-49.32; -16.68] 9.0%
Random effects model 542 393 -68.84 [-85.65; —52.04] 100.0%
Heterogeneity: 12 =89% , t*=751.9825 , p <0.01 ! v ' '

-100 =50 0 50 100

B Experimental Control
Study Total Mean SD  Total Mean SD Mean Difference MD 95%—Cl  Weight
baseline.prl = <100 ng/ml -
Chen JX etal. 2015 920 =57.52 45.8500 30 -3.89 57.5627 + -53.63 [-76.30; —30.96] 8.3%
Shim JC et.al. 2007 26 =75.10 24.1808 28 12.00 44.5421 + -87.10 [-106.04; —68.16] 8.7%
Kelly DL etal. 2018 24 -26.30 12.6000 18 -5.61 583325 —_— —-20.69 [-48.11; 6.73] 7.8%
Chen HZ et al. 2009 34 -51.00 14.7986 31 1.00 14.1067 _ : -52.00 [-59.03; -44.97] 9.6%
Chen JX etal. 2014 59 —69.95 45.0217 57 -5.55 60.6709 —E— —64.40 [-83.89;-44.91] 8.6%
Liang Jetal. 2014 20 -23.95 424909 20 14.57 57.7180 + -38.52 [-69.93; -7.11] 7.3%
Zhang LG etal.2018 43 -38.41 30.6900 15 =541 26.6696 : —'— -33.00 [-49.32;-16.68] 9.0%
Random effects model 296 199 e -51.03 [-66.92; -35.15] 59.2%
Heterogeneity: 12=77% i % =348.3903 , p <001 .
baselire.prl = >100 ng/ml .
Qiao Y etal. 2016 30 —64.76 33.1663 30 40.97 88.5928 +. -105.73 [-139.58; -71.88] 7.0%
Xu LP et al. 2006 30 -121.20  42.0046 30 -12.00 66.5201 —_—— ' -109.20 [-137.35; -81.05] 7.7%
JiJY etal. 2008 60 —86.00 37.3631 57 -5.00 39.9500 -.— —81.00 [-95.03; -66.97] 9.2%
LiuZBetal. 2011 80 —104.40 35.6432 62 5.20 50.5146 —i— . —109.60 [-124.40; -94.80] 9.1%
Chen HM et al. 2016 46 -75.49 44,7500 15 -2.38  46.1415 + =73.11 [-99.80; -46.42] 7.8%
Random effects model 246 194 - - —95.03 [-110.77;-79.30] 40.8%
Heterogeneity: 17 =65% , t*=188.2031 , p =0.02 Z
Random effects model 542 393 <= —68.84 [-85.65; —52.04] 100.0%
Heterogeneity: 12=89%, ©?=751.9825 , p <0.01 ! v ' e
Test for subgroup diférences: xf =1488,df=1 (p<0.01) -100 -50 0 50 100

C Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl  Weight
dosage = >5mg .
Chen JX etal. 2015 90 -57.52 45.8500 30 -3.89 57.5627 +i— -53.63 [-76.30; -30.96] 8.3%
Shim JC etal. 2007 26 -75.10 24.1808 28 12.00 44.5421 + -87.10 [-106.04; —68.16] 8.7%
Kelly DL et al. 2018 24 -26.30 12.6000 18 -5.61 583325 . + - —20.69 [-48.11; 6.73] 7.8%
Chen JX etal. 2014 59 —69.95 45.0217 57 -5.55 60.6709 —!— -64.40 [-83.89;-44.91] 8.6%
Liang Jetal. 2014 20 =23.95 424909 20 14.57 57.7180 —_——— —-38.52 [-69.93; -7.11] 7.3%
Chen HMetal. 2016 46 —75.49 44.7500 15 -2.38 46.1415 + —73.11 [—99.80; —46.42] 7.8%
Zhang LGetal.2018 43 -3841 30.6900 15 =541 26.6696 : -33.00 [-49.32; -16.68] 9.0%
Random effects model 308 183 - -53.63 [-71.32; -35.94] 57.5%
Heterogeneity: 17 =78% , t*=429.0950 , p < 0.01 .
dosage = 5mg &
Qiao Y etal. 2016 30 —64.76 33.1663 30 40.97 88.5928 +: -105.73 [-139.58; -71.88] 7.0%
Xu LP et al. 2006 30 =121.20  42.0046 30 -12.00 66.5201 —_— ' -109.20 [-137.35; -81.05] 7.7%
JiJY etal. 2008 60 -86.00 37.3631 57 -5.00 39.9500 -!- —-81.00 [-95.03; -66.97] 9.2%
Chen HZ et al. 2009 34 -51.00 14.7986 31 1.00 14.1067 : : -52.00 [-59.03; -44.97] 9.6%
Liu ZBetal. 2011 80 -104.40 35.6432 62 5.20 50.5146 '!‘ ' —109.60 [-124.40; —94.80] 9.1%
Random effects model 234 210 ~— -89.39 [-113.03; -65.74] 42.5%
Heterogeneity: 17=94% , t*=617.4587 , p <001 :
Random effects model 542 393 = —68.84 [—85.65; —52.04] 100.0%
Heterogeneity: 17 =89% , t*=751.9825 , p <0.01 J ' ! 1
Test for subgroup diférences: %2 =563,df=1 (p=002) ~100 =50 0 50 100

Fig. 2 RCT meta-analysis of adjunctive aripiprazole. A Forest plot of RCT meta-analysis; B subgroup analysis based on baseline PRL level;
C subgroup analysis based on ARI dosage. RCT randomized controlled trials, PRL prolactin, ARl aripiprazole, MD mean difference, Cl
confidence intervals, SD standard difference.
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Treatment strategies on adding adjunctive ARl and switching to
another antipsychotic were further divided according to dosage of
ARI and switching antipsychotic medications. Three ARI subgroups
(5 mg ARI, adjunctive 10 mg ARI, adjunctive more than 10 mg ARI)
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and 5 switching subgroups (witching to ARl with fixed dosage and
reducing the previous antipsychotic immediately (switch_ARI_fix-
ed_im), switching to ARI with fixed dosage and reducing the
previous antipsychotic in tardation (switch_ARI_fixed_ta),
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Fig. 3 Network meta-analyses of all the strategies in treatment of patients with antipsychotic-induced hyperprolactinemia. A Network
plot and league table of comparison of all the strategies in treatment of patients with antipsychotic-induced hyperprolactinemia; B network
plot and league table of comparison of all re-divided strategies in treatment of patients with antipsychotic-induced hyperprolactinemia. ARI
adjunctive aripiprazole, DA adjunctive dopamine agonist, MET adjunctive metformin, PGD adjunctive Peony-Glycyrrhiza decoction, Switching
switch to another antipsychotic, VitB6 adjunctive high-dose vitamin B6. ARI_5 mg adjunctive 5 mg aripiprazole, ARI_10 mg adjunctive 10 mg
aripiprazole, ARI_more_10 mg adjunctive more than 10 mg aripiprazole, switch_ARI_fixed_im switching to ARI with fixed dosage and reducing
the previous antipsychotic immediately, switch_ARI_fixed_ta switching to ARI with fixed dosage and reducing the previous antipsychotic in
tardation, switch_ARI_ti_ta switching to ARI in titration and reducing the previous antipsychotic in tardation, switch_OLA switching to
olanzapine, switch_QUE switching to quetiapine. The color of each cell indicates the certainty of evidence according to the Grading of
Recommendations Assessment, Development, and Evaluation. Red color refers to very low certainty of evidence, yellow color refers to low
certainty of evidence, green color refers to moderate certainty of evidence, blue color refers to high certainty of evidence. The significant

outcomes were shown in bold.

switching to ARI in titration and reducing the previous anti-
psychotic in tardation (switch_ARI_ti_ta), switching to OLA,
switching to QUE) were performed. Finally, 31 studies with 2954
participants were included. When comparing to the placebo,
adjunctive ARI (5 mg: MD = —61.21, 95% Cl = —80.23 to —42.33;
10mg: MD = —-55.97, 95% Cl=-78.66 to —33.14; more than
10 mg: MD = —62.21, 95% Cl = —80.23 to —42.33), adjunctive PGD
(MD=-27.84, 95% Cl=-5523 to —0.29), switch_ARI_ti_ta
(MD = —44.53, 95% Cl = —81.76 to —7.98) and adjunctive vitamin
B6 (MD=—-87.35, 95% Cl=-14831 to —26.15) showed the
significant effect of decreasing PRL level. Furthermore, adjunctive
ARl 5mg (MD = —33.53, 95% Cl=—63.83 to —2.80) and more
than 10mg (MD = —34.13, 95% Cl=-68.23 to —0.68) showed
more significant effect of decreasing PRL than adjunctive PGD.
(Fig. 3C, D).

Subgroup analysis. When it comes to the effect of baseline PRL
on the NMA model, we conducted subgroup analysis based on
different baseline PRL levels (including less than 50 ng/ml and
more than 50ng/ml; furthermore, we further analyzed the
subgroup of more than 100 ng/ml).

In the subgroup of less than 50ng/ml, 9 strategies were
included (9 studies with 792 participants). There was no significant
difference of PRL change after treatment between therapy and
placebo. (Fig. 4A, B).

In the subgroup of more than 50ng/ml, 9 strategies were
included (21 studies with 1762 participants). When comparing to
the placebo, adjunctive ARI (5 mg: MD = —64.26, 95% Cl = —87.00
to —41.37; 10 mg: MD = —59.81, 95% Cl = —90.10 to —29.76; more
than 10 mg: MD = —68.01, 95% Cl=—97.12 to —39.72), switch_-
ARI_ti_ta (MD = —74.80, 95% Cl = —134.22 to —15.99) and vitamin
B6 (MD=-91.84, 95% Cl=-16531 to —17.74) showed the
significant effect of decreasing PRL level. (Fig. 4C, D).

In the subgroup of more than 100 ng/ml, 7 strategies were
included (12 studies with 881 participants). When comparing to
the placebo, only adjunctive 5mg ARl (MD= —81.25, 95%
Cl=-126.00 to —3545) showed the significant effect of
decreasing PRL. (Fig. 4E, F).

Safety. Finally, we evaluated the incidence of side-effects of all
strategies (including ARI_5 mg, ARI_10 mg, ARI_more_10 mg, MET,
PGD, switch_OLA, and VitB6), 15 studies and 844 participants were
included, the result showed that only ARI_more_10 mg (OR = 2.2,
95% Cl = 1.2 to 4.3) were associated with higher incidence of side-
effects compared to placebo.

DISCUSSION

To the best of our knowledge, this was the first NMA to comparing
the efficacy of all strategies (6 strategies in total, including adjunctive
ARI, switching to another antipsychotic, adjunctive PGD, adjunctive
MET, adjunctive DA and adjunctive high-dose vitamin B6) for
reducing AP-induced HPRL. Before we conducted the NMA, we
firstly conducted the single-arm and RCT meta-analysis, the results

Translational Psychiatry (2022)12:267

showed that adjunctive ARI, switching to another antipsychotic, and
adjunctive DA were associated with the significant decrease in AP-
induced prolactin levels.

When we directly compared the six options, the NMA result
showed that the adjunctive ARI, switching to another antipsycho-
tic and adjunctive high-dose vitamin B6 was associated with the
significant decrease in AP-induced prolactin levels compared to
the placebo, and provided the moderated certainly evidence.
Because there were some head-to-head RCTs which compared
different dosage of ARI and switching to different antipsychotics,
so we conducted the NMA included 12 options (adjunctive 5 mg
AR, adjunctive 10 mg ARI, adjunctive more than 10mg ARI,
switch_ARI_fixed_im,  switch_ARI_fixed_ta, switch_ARL_ti_ta,
switching to OLA, switching to QUE, adjunctive PGD, adjunctive
MET, adjunctive dopamine agonist, and adjunctive vitamin B6),
the result showed that the adjunctive ARI (in all subgroup),
adjunctive PGD, switch_ARI_ti_ta and adjunctive vitamin B6 was
associated with the significant decrease in AP-induced PRL
compared to the placebo, and provided the high (adjunctive
ARl) to moderated (adjuntive vitamin B6) certainly evidence;
furthermore, the paired comparation indicated that the adjunctive
ARI 5mg was more efficacious than adjunctive PGD, while the
certainly evidence was low. Baseline PRL was also a key-factor
which influenced the change of PRL after treatment. We divided
those studies into 2 subgroups based on the baseline PRL level
(less than 50 ng/ml and more than 50 ng/ml), then we want to
explore the best strategy for high PRL level (more than 100 ng/ml)
and we set the studies whose baseline PRL more than 100 ng/ml
as a subgroup. The result showed that all the options were not
significant compared placebo for the patients with PRL level less
than 50 ng/ml, which indicated that the intervention for patient
with AP-induced HPRL less than 50 ng/ml might be not necessary;
adjunctive ARI (all the subgroups: 5mg, 10 mg and more than
10 mg), switch_ARI_ti_ta (low certainly evidence) and adjunctive
high-dose vitamin B6 were associated with the significant
decrease in AP-induced PRL compared to the placebo for the
patients with PRL more than 50 ng/ml, and provided the high
(adjunctive ARI) to moderated (adjunctive vitamin B6) certainly
evidence; only the adjunctive 5 mg ARI was associated with the
significant decrease in AP-induced PRL compared to the placebo
for the patients with PRL more than 100 ng/ml.

The advantage of ARI, and PGD in reducing HPRL is consistent
with previous researches [33, 35, 38]. The NMA of Zhang L et al.
compared the efficacy among ARI, PGD and MET, it indicated
that adjunctive ARI (<5mg) was associated with the most
significant reduction in prolactin levels compared to placebo;
they also found that adjunctive PGD had the most significant
effect in reducing risperidone-induced HPRL; furthermore,
adjunctive aripiprazole (<5 mg) had the most significant effect
in reducing amisulpride-induced HPRL, while the result was
imprecise [39]. In our study, adjunctive ARI was also significantly
associated with decrease in AP-induced HPRL, especially
adjunctive ARl 5mg in subgroup of baseline PRL more than
100 ng/ml, while this option was not significant in the subgroup
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Fig. 4 Subgroup analyses of network meta-analysis. A Network plot and league table of comparison of pharmacological treatment
strategies in treatment of patients with antipsychotic-induced hyperprolactinemia less than 50 ng/ml; B network plot and league table of
comparison of pharmacological treatment strategies in treatment of patients with antipsychotic-induced hyperprolactinemia more than
50 ng/ml; C network plot and league table of comparison of pharmacological treatment strategies in treatment of patients with antipsychotic-
induced hyperprolactinemia more than 100 ng/ml. ARI_5mg adjunctive 5mg aripiprazole, ARI_10 mg adjunctive 10 mg aripiprazole,
ARI_more_10 mg adjunctive more than 10mg aripiprazole, MET adjunctive metformin, PGD adjunctive Peony-Glycyrrhiza decoction,
switch_ARI_fixed_im switching to ARI with fixed dosage and reducing the previous antipsychotic immediately, switch_ARI_fixed_ta switching
to ARI with fixed dosage and reducing the previous antipsychotic in tardation, switch_ARI_ti_ta switching to ARl in titration and reducing the
previous antipsychotic in tardation, VitB6 adjunctive high-dose vitamin B6. The color of each cell indicates the certainty of evidence according
to the Grading of Recommendations Assessment, Development, and Evaluation. Red color refers to very low certainty of evidence, yellow
color refers to low certainty of evidence, green color refers to moderate certainty of evidence, blue color refers to high certainty of evidence.

The significant outcomes were shown in bold.

PRL compared to placebo, which was inconsistent with previous
reviews [36, 37].

As for the switching strategy, there was no previous study, we
did the single-arm meta-analysis firstly in this study, the result
showed that the option was significant, but the result of RCT
meta-analysis was not significant. The main reason might be
switching to different antipsychotics. In the NMA, switching
strategy was significant compared to placebo, especially for the
switch_ARI_ti_ta option in the subgroup of PRL more than 50 ng/
ml, while this option was not effective in the subgroup of PRL
more than 100 ng/ml.

When it comes to the strategy of adjunctive DA, because the
RCT number was too small, we just conducted the single-arm
meta-analysis and it indicated this option was associated with
decrease of AP-induced HPRL. However, the NMA result showed
this strategy was not significantly associated with decrease of AP-
induced HPRL.

Adjunctive high-dose vitamin B6, a recent novel attempt of old
drug, was applied to treat the AP-induced HPRL, which showed a
significant benefit for the participants. From 1970s, several case
reports showed that high-dose vitamin B6 (from 200 to 1200 mg/
day) could improve the galactorrhea-amenorrhea syndrome with
or without hyperprolactinemia (including the drug-induced
hyperprolactinemia) [46, 47], while there were some opposite
results [48-50]. Due to the inconsistent curative effect and
considering the adverse effect of high-dose vitamin B6, few
studies were conducted to evaluate the potential efficacy.
However, vitamin B6 is supposed that it works by promoting
dopamine production and then activates dopamine receptors to
reduce the secretion of pituitary prolactin [51], and the side-effects
of high-dose vitamin B6 are fewer than expected [52], re-attempts
of it are conducted recently and the results indicated that it could
improve the AP-induced HPRL with few side-effects [30, 53]. In our
study, the results of NMA showed that this option might be a very
effective method for the patients with AP-induced HPRL and
provide a moderate certainly evidence. However, there was only
one study about it, this moderate evidence needed to be further
researched in the future [30].

Because the strategies act in different mechanisms, the side
effects of different strategies are various and affect a wide range
of system including nervous system (insomnia, somnolence,
agitation, anxiety/depression, psychosis, sedation, weakness,
akathisia, tremor), metabolic system (liver dysfunction, elevated
blood sugar), autonomic nervous system (nausea, salivate,
constipation, dry mouth, rhinitis, diarrhea, stomachache) and
cardiovascular system (tachycardia, electrocardiogram ST segment
elevation). In order to evaluate the safety of each strategy, we
extracted the total side-effect incidence rate and conducted the
NMA. The result showed that ARI_more_10 mg were associated
with higher incidence of side-effects compared to placebo.
Combined the result of efficacy, low-dose ARI might be a better
choice.

Strengths of our review included the most comprehensive
synthesis of evidence to date on benefits of pharmacological
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therapies for adults with AP-induced HPRL, capturing all recent
publications. And we conducted subgroup analysis based on the
baseline PRL, which was more reasonable for clinical practice. We
used state-of-the-art approaches to categorize and present the
findings using GRADE frameworks. Limitations of our review
included the absence of individual patient data pooling, which
particularly reduced the precision of synthesis for subgroup
effects. Studies varied in population characteristics and duration of
follow-up. However, our meta-regression analyses showed no
important differences in results across age and follow-up
durations. In addition, some options like adjunctive vitamin B6
only included one publication, it might lack the representative.

In conclusion, patients with AP-induced HPRL could benefit
from the strategies of adjunctive ARI, adjunctive Vitamin B6,
adjunctive PGD and switching to ARI in titration. Patients with
initial PRL less than 50 ng/ml might not need special intervention;
adjunctive ARI, switch_ARI_ti_ta and adjunctive high-dose vitamin
B6 proved to be the better PRL decrease effect for AP-induced
HPRL more than 50 ng/ml; only adjunctive ARI 5 mg showed the
significant effect of reduction PRL when the patients with AP-
induced HPRL more than 100 ng/ml. Most comparative medium or
high certainty evidence requires the confident application of these
findings as clinical practice guidelines.
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The data and codes in this study are available from the corresponding author on
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