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Background: Hyperprolactinemia is a common antipsychotic-induced adverse

event in psychiatric patients, and the quality of clinical studies investigating the

best treatments has varied. Thus, to better summarize the clinical evidence, we

performed an umbrella review of overlapping systematic reviews and meta-

analyses for the treatment of antipsychotic-induced hyperprolactinemia.

Methods: The PubMed, Cochrane Library, PsycINFO, Scopus and EMBASE were

searched, and reviews and meta-analyses meeting our inclusion criteria were

selected. Relevant data were extracted, and an umbrella review was conducted

of all included meta-analyses. The quality of included meta-analyses was

assessed by using PRISMA scores and AMSTAR 2 quality evaluation. Finally, the

clinical evidence for appropriate treatments was summarized and discussed.

Results: Five meta-analyses published between 2013 and 2020 met the

requirements for inclusion in this umbrella review. The PRISMA scores of the

included meta-analyses ranged from 19.5–26. AMSTAR 2 quality evaluation

showed that 2 of the 5 included meta-analyses were of low quality and 3 were

of very low quality. The included meta-analyses provide clinical evidence that

adding aripiprazole or a dopamine agonist can effectively and safely improve

antipsychotic-induced hyperprolactinemia. Two meta-analyses also showed

that adjunctive metformin can reduce serum prolactin level, but more clinical

trials are needed to confirm this finding.

Conclusion: Adjunctive dopamine agonists have been proven to be effective and

safe for the treatment of antipsychotic-induced hyperprolactinemia. Among the

researched treatments, adding aripiprazole may be the most appropriate.
KEYWORDS

antipsychotic, hyperprolactinemia, adverse effects, aripiprazole, metformin, dopamine
agonists, umbrella review
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1 Introduction

Schizophrenia is a chronic and disabling disease (1) for which

antipsychotics are currently the main first-line treatment (2).

Chemical neurotransmitters associated with schizophrenia include

serotonin, norepinephrine, acetylcholine, dopamine, gamma-

aminobutyric acid (GABA), and others. Among them, the

dopamine system is predominant (3). Dopamine mediates activity

through five G protein-coupled receptors, which are divided in two

subgroups, D1-like receptors (D1 and D5) and D2-like receptors (D2,

D3, and D4) (4). The occurrence of psychotic symptoms is closely

related to the dopamine D2 receptor (5). Long-term clinical

application of antipsychotics has established that drugs acting on

the D2 receptor can significantly improve the positive symptoms of

schizophrenia (6). Antipsychotics block the mesolimbic

dopaminergic pathway and mesocortical dopaminergic pathway,

inhibit neuronal activity, and also affect the nodular-funnel pathway

of the hypothalamus, thereby leading to an increase in prolactin (7).

Prolactin is synthesized and secreted by prolactin cells in the

anterior pituitary gland, and this process can be inhibited by

dopamine. In fact, any factors that reduce the action of dopamine

on D2 receptors can lead to an increase in prolactin (8).

A continuously elevated prolactin level beyond the normal

range for any reason is known as hyperprolactinemia (9).

Hyperprolactinemia is one of the most common antipsychotic-

induced adverse events in psychiatric patients, and it can lead

to menstrual disorders, gynecomastia, and galactorrhea (10).

The reported incidence ranges for antipsychotic-induced

hyperprolactinemia were 18%–72% in men and 42%–93%

in women (11–14). Previous studies have suggested that

antipsychotic-induced hyperprolactinemia is associated with the

long dissociation time-course of these drugs (15) and their relatively

poor ability to cross the blood–brain barrier (BBB) (16). Improving

antipsychotic-induced hyperprolactinemia can increase medication

compliance among patients (17, 18). However, treatment of

antipsychotic-induced hyperprolactinemia has been a challenge

clinically (19). The commonly used methods to improve

antipsychotic-induced hyperprolactinemia include reducing the

doses of the antipsychotic, switching to another antipsychotic that

has a lesser effect on prolactin, adding a dopamine agonist, adding

aripiprazole, and adding metformin (20). Among these methods,

research to date has mainly focused on the adjunctive use

of aripiprazole.

Aripiprazole exhibits a unique receptor binding characteristic.

It is a partial agonist for dopamine D2 and D3 receptors that inhibits

dopamine activity when the dopamine level is high and stimulates

dopamine activity when the dopamine level is low (21). As a result

of this characteristic, aripiprazole can be a stabilizer of dopamine

and serum prolactin levels. Dopamine receptor agonists, including

bromocriptine, cabergoline, and others, are widely used to treat

hyperprolactinemia due to any reason. Dopamine agonist therapy is

indicated for all patients with menstrual disorders, osteoporosis,

and other symptoms caused by hyperprolactinemia (8). Some

studies have also reported the effectiveness of traditional Chinese

medicine in treating hyperprolactinemia (22–24), but the relevant

clinical evidence remains insufficient.
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In recent years, several meta-analyses have been conducted to

explore the best treatment strategy for hyperprolactinemia.

However, the quality of these meta-analyses has varied, and their

conclusions have included some inconsistencies. Therefore, the

present study aimed to provide an umbrella review of overlapping

systematic reviews and meta-analyses of treatments for

antipsychotic-induced hyperprolactinemia to identify the best

clinical evidence for treatment selection.
2 Methods

2.1 Inclusion and exclusion criteria

Articles were selected for analysis according to the following

inclusion criteria: (1) meta-analysis or systematic review based on

randomized controlled trials (RCTs) or observational studies; (2)

participants were adults or adolescents with diagnosed psychotic

disorders (schizophrenia, bipolar disorder with psychotic features,

schizoaffective disorder, psychotic disorder not otherwise specified,

etc.), without restrictions of gender, race and length of disease

duration; (3) reporting of at least one outcome (serum prolactin

level, prolactin-related symptoms, adverse events, etc.); and (4)

published in English. Articles that meet the following criteria were

excluded: (1) nonhuman subjects; (2) lack of necessary information;

(3) network meta-analysis; (4) inappropriate comparison, outcome,

study type or population (for example, studies focused on general

population or mixed population were excluded); and (5) full-text

not accessible.
2.2 Search strategy

Two researchers independently searched the PubMed, Cochrane

Library, PsycINFO, Scopus and EMBASE. The literature searches

were conducted since the inception of the databases up to November

2023. The key search terms included “antipsychotic induced

hyperprolactinemia”, “treatment”, “meta analysis”, “meta-analysis”,

and “systematic review”. A more specific example of a PubMed

search is as follows: “antipsychotic”[Title/Abstract] AND

“hyperprolactinemia”[Title/Abstract] AND (“meta analysis”[Title/

Abstract] OR “meta-analysis”[Title/Abstract] OR “systematic

review”[Title/Abstract]) AND “treatment”[Title/Abstract]. After

elimination of duplicates and screening of the titles and abstracts,

articles that met the inclusion criteria were selected. The full texts of

the retained articles were downloaded and evaluated in detail.

Citations were also screened manually to identify other potentially

eligible articles.
2.3 Data extraction

All useful information and data were extracted from the selected

studies by two authors independently and entered into a standard,

simple form with repeated checking. The following types of data

were collected for each meta-analysis: first author, types and
frontiersin.org
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number of included studies, publication year, Information on

antipsychotic, population, intervention measures, outcomes,

quality assessment tool, results and main conclusion.
2.4 Quality evaluation

A quality assessment plan was developed in advance with the

research questions. The PRISMA Statement consists of 27 items and

is widely used to evaluate the quality of meta-analyses and

systematic reviews (25). A PRISMA score of 21–27 points reflects

a high-quality study; 15–21 points indicates medium quality; and

<15 points is considered as low quality. It primarily assesses

whether the report is transparent, complete and accurate,

irrespective of the soundness of the methodology. Relying solely

on the PRISMA score for evaluation accurately gauges the author’s

writing comprehension ability but falls short in assessing the quality

of the review’s planning and conducting.

To address this limitation, the present umbrella review also

employed The Assessment of Multiple Systematic Reviews 2

(AMSTAR 2) (26) scoring standard to assess the quality of the

methodology. It comprehensively evaluates systematic reviews

and meta-analyses from multiple aspects, such as the literature

search, statistical analysis, bias and conflict of interest. It is the most

commonly used tool to evaluate the methodological quality of meta-

analyses internationally. AMSTAR 2 is applied to meta-analyses or

systematic reviews based on RCTs and/or nonrandomized studies

of interventions (NRSIs), but does not include network meta-

analyses. For this reason, to ensure the consistency of quality

evaluation, network meta-analyses were excluded from the

present umbrella review.
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3 Results

3.1 Research selection and characteristics

From our searches of three databases, 62 articles were retrieved.

After the removal of duplicates, 37 articles remained. Based on

screening of titles and abstract, 17 articles were selected for full-text

evaluation. The full texts of the 17 potentially relevant articles were

downloaded and assessed completely. Finally, 5 meta-analyses (27–

31) that met the requirements were included in this systematic

review. The search process and exclusion reasons are described

in Figure 1.

The included articles were published between 2013 and 2020.

The quality assessment tools used in these articles included the

Cochrane Risk of Bias tool, GRADE, and Jadad. The basic details of

the included studies are presented in Table 1.
3.2 Search strategy assessment

The electronic bibliographic databases utilized in the five included

meta-analyses included Pubmed, Embase, Cochrane, CKNI, Wanfang

database, and others. The details of the search methodology applied in

each meta-analyses are summarized in Table 2.
3.3 PRISMA quality of the included
meta-analyses

The PRISMA scores for the included meta-analyses ranged

from 19.5–26 (average score, 22.4). All included meta-analyses
Articles retrieved from database 

searches (n=61, PubMed n=17, 

Cochrane Library n=14, PsycINFO 

n=6, Scopus n=11 EMBASE 

n=13)

Additional article obtained through 

other sources (n=1)

Duplicates removed (n=37)

Records remaining after reading of 

titles and abstracts (n=17)

Records excluded (n=20) for the 

following reasons:

Non-therapeutic article (n=6)

Non-meta-analysis or meta-

analysis not based on RCTs or 

observational studies (n=13)

Non-English article (n=1)

Full-texts articles obtained (n=17)
Full-text excluded (n=12) for the 

following reasons:

Network meta-analyses (n=2)

Included population (n=10)
Article included (n=5)

FIGURE 1

Flow diagram of article selection.
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TABLE 1 Basic information of the included meta-analyses.

ality
ssment
ool

Introduction

ADE

Five RCTs were included to compare the safety and efficacy of
aripiprazole vs. placebo in the adjunctive treatment of
antipsychotic-induced hyperprolactinemia.
Results: Adjunctive aripiprazole demonstrated a substantial
79.11% rate of prolactin level normalization. Meta-analysis
indicated comparable side effect profiles between the adjunctive
aripiprazole and placebo groups, except for higher occurrences of
sedation, insomnia, and headache observed with adjunctive
aripiprazole doses exceeding 15 mg/day.
Main conclusion: Adding aripiprazole is a safe and effective way
to reduce prolactin level. The most appropriate dose of
aripiprazole may be 5 mg/day.

ne Risk of
as tool
ADE

Updated meta-analysis conducted to assess the safety and
efficiency of adjunctive aripiprazole for antipsychotic-induced
hyperprolactinemia.
Results: Adjunctive aripiprazole significantly increased the
proportion of patients with hyperprolactinemia recovery
compared to the control condition. While the adverse effect rates
during follow-up were similar between groups, the aripiprazole
group exhibited higher likelihoods of reporting somnolence and
headaches. High-dose aripiprazole (>5mg/day) appeared more
effective than low-dose (<5mg/day), though the difference was not
statistically significant.
Main conclusion: Adding aripiprazole is both safe and effective for
treating antipsychotic-induced hyperprolactinemia.

ne Risk of
as tool

Systematic review evaluating the efficacy and safety of adding
metformin to treat antipsychotic-induced hyperprolactinemia. A
search yielded three trials involving 325 patients, including one
randomized clinical trial and two observational studies. Because
only three studies were included, meta-analysis could not be
performed.
Results: Adjunctive metformin exhibited a notable reduction in
serum prolactin levels. The RCT showed a 67% resumption of
menstruation in those with menstrual disturbances compared to
5% in the placebo group. Observational data indicated that 91% of
patients no longer exhibited signs or symptoms of galactorrhea.
Adverse drug reactions in the RCT were similar between
metformin and placebo, except for non-discontinuation-associated
increases in nausea, insomnia, and agitation.
Main conclusion: Adjunctive metformin can significantly reduce
prolactin levels and alleviate prolactin-related symptoms.
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Experimental Control

1. Li, X.
2013 (27)

5 RCTs

Haloperidol
Sulpiride

Risperidone
Quetiapine

Adult patients with
antipsychotic-

induced
hyperprolactinemia

Aripiprazole Placebo
Adverse

events, efficacy
of treatment

G

2. Meng, M.
2015 (28)

21 RCTs

Haloperidol
Sulpiride

Perphenazine
Chlorpromazine
Risperidone
Quetiapine
Clozapine
Olanzapine
Paliperidone

Patients with
schizophrenia and
confirmed to have
antipsychotic-

induced
hyperprolactinemia
through blood tests

Aripiprazole
Placebo or

APs
monotherapy

HPL recovery
Cochr

B
G

3. Bo, Q. J.
2016 (29)

2
Observational

studies
1 RCT

Sulpiride
Chlorpromazine

Clozapine
Olanzapine
Risperidone
Quetiapine

Adult patients with
antipsychotic-

induced
hyperprolactinemia

Metformin Placebo
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prolactin level,
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side effects
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TABLE 1 Continued

ntion
Outcomes

Quality
assessment

tool
Introduction

Control

Placebo or
APs

monotherapy

Serum
prolactin level,
prolactin-
related

symptoms

Cochrane Risk of
Bias tool
Jadad

GRADE

Meta-analysis evaluating adjunctive metformin in treatment of
AP-associated hyperprolactinemia.
Results: The metformin group exhibited a significantly lower
serum prolactin level at the endpoint. The rate of menstruation
resumption in patients with menstrual disturbances was notably
higher at 66.7% in the metformin group compared to 4.8% in the
control group. Adverse drug reactions and all-cause
discontinuation were similar between the metformin and control
groups.
Main conclusion: Adjunctive metformin is effective and safe for
reducing hyperprolactinemia and prolactin-related symptoms.

Placebo or
maintaining
antipsychotic
treatment

Prolactin
concentrations

Cochrane Risk of
Bias tool

Comparison of four different strategies for lowering prolactin
concentration. Meta-analyses were performed only on RCTs that
maintained the original antipsychotics or used placebo for
comparison groups.
Results: Five randomized controlled trials investigating the
addition of aripiprazole showed a substantial reduction in
prolactin concentration compared to both placebo and the
maintenance of antipsychotic treatment. Additionally, the analysis
of three placebo-controlled RCTs indicated comparable
withdrawal rates for aripiprazole (10.1%) and placebo (11.5%),
emphasizing that, according to the available evidence, the primary
consideration for reducing prolactin concentrations in
schizophrenia patients with hyperprolactinemia is the addition of
aripiprazole.
Main conclusion: Adding aripiprazole is the preferred option for
reducing prolactin concentration in patients
with hyperprolactinemia.
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4. Zheng, W.
2017 (30)

4 RCTs

Sulpiride
Risperidone
Clozapine
Olanzapine
Quetiapine

Adult patients with
schizophrenia
diagnosed any

diagnostic criteria

Metformin

5. Labad, J.
2020 (31)

7 RCTs
18 Open-label

studies
1 Study with
one open-

label arm and
two

randomized
arms

Haloperidol
Risperidone
Sulpiride

Amisulpride
Other

multiple antipsychotics

Patients with
psychotic disorders

who
had

hyperprolactinemia

1. Switch to
antipsychotics that
have less effect on

prolactin
2. Aripiprazole
3. dopamine
agonists

4. metformin

RCT, randomized controlled trial; AP, antipsychotic; GRADE, Grading of Recommendations, Assessment, Development an
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had scores higher than 15, indicating there were no serious defects.

Two meta-analyses (29, 30) had scores in the range of 15 to <21,

which reflects some defects. The other three meta-analyses (27, 28,

31) were relatively more complete and had scores higher than 21.

The details of the PRISMA quality scores of the included meta-

analyses are presented in Table 3.
3.4 AMSTAR 2 assessment of the included
meta-analyses

The AMSTAR 2 quality evaluation of the five included meta-

analyses is presented in Table 4. Two meta-analyses (29, 31) were of

low quality, and three (27, 28, 30) were of very low quality. The main
Frontiers in Psychiatry 06
reason for the low quality was that none of the meta-analyses provided

a list of excluded articles and explained the reasons (item 7). Other

reasons for the reduced quality were that three meta-analyses (27, 28,

30) did not register and publish their research protocol in advance

(item 2) and two meta-analyses (27, 30) failed to assess the publication

bias because of the limited number of RCTs (item 15).
3.5 Clinical evidence for treatment of
antipsychotic-induced hyperprolactinemia

The five meta-analyses included in this review suggested that

adjunctive aripiprazole, dopamine agonists, and metformin can

effectively reduce serum prolactin concentrations. Among the
TABLE 2 Databases searched by each of the included meta-analyses.

PubMed Embase SCI Cochrane CKNI Scopus
Clinical
Trials.gov

Others

1. Li, X.
2013 (27)

√ √ √ √ CBM

2. Meng, M.
2015 (28)

√ √ √ √ √
EBSCO, Chongqing VIP, Wangfang, CBM,
Taiwan Electronic Periodical Services

3. Bo, Q. J.
2016 (29)

√ √ √ √ √ √
Wanfang, CBM, WHO ICTRP, Chinese Clinical
Trials Register.

4. Zheng, W.
2017 (30)

√ √ √ √ PsycINFO, CMB, Wanfang

5. Labad, J.
2020 (31)

√ √ √ PsycINFO
SCI, Science citation index; CKNI, China National Knowledge Infrastructure; CBM, Chinese Biomedical Literature; EBSCO, EBSCOhost; WHO ICTRP,World Health Organization International
Clinical Trials Registry Platform.
TABLE 3 PRISMA quality scores of included meta-analyses.

Li, X.
2013 (27)

Meng, M.
2015 (28)

Bo, Q. J.
2016 (29)

Zheng, W.
2017 (30)

Labad, J.
2020 (31)

1. Title 1 1 1 1 1

2. Structured abstract 1 1 0.5 0.5 0.5

3. Rational 1 1 1 1 1

4. Objectives 1 1 1 1 1

5. Protocol and registration 0 0 1 0 1

6. Eligibility criteria 0.5 1 0.5 1 1

7. Information sources 1 1 1 1 1

8. Search 0.5 0.5 0.5 0.5 1

9. Study selection 1 1 1 0.5 1

10. Data collection process 1 1 1 0.5 1

11. Data items 0.5 1 1 0 1

12. Risk of bias in individual studies 1 1 1 1 1

13. Summary measures 0 1 0 1 1

14. Synthesis of results 1 1 0 1 1

(Continued)
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TABLE 3 Continued

Li, X.
2013 (27)

Meng, M.
2015 (28)

Bo, Q. J.
2016 (29)

Zheng, W.
2017 (30)

Labad, J.
2020 (31)

15. Risk of bias across studies 1 1 1 1 1

16. Additional analyses 1 1 0 0 1

17. Study selection 1 1 1 1 1

18. Study characteristics 1 1 1 1 1

19. Risk of bias within studies 1 1 1 1 1

20. Results of individual studies 1 1 1 1 1

21. Synthesis of results 1 1 0 1 1

22. Risk of bias across studies 0 1 0 0 0.5

23. Additional analysis 1 1 0 0 1

24. Summary of evidence 0.5 0.5 1 0.5 1

25. Limitations 1 1 1 1 1

26. Conclusions 1 1 1 1 1

27. Funding 1 1 1 1 1

Total 22 25 19.5 19.5 26
F
rontiers in Psychiatry
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TABLE 4 AMSTAR 2 quality evaluation of included meta-analyses.

Li, X. 2013 (27) Meng, M.
2015 (28)

Bo, Q. J.
2016 (29)

Zheng, W.
2017 (30)

Labad, J.
2020 (31)

1. PICO Y Y Y Y Y

2. Explicit statement N N Y N Y

3. Selection of the study designs N N N N N

4. Search study PY Y PY PY PY

5. Study selection in duplicate Y Y Y Y Y

6. Data extraction in duplicate Y Y Y Y Y

7. List of excluded studies N N N N N

8. Description of included studies Y Y Y PY Y

9. Risk of bias in individual studies Y Y Y Y Y

10. Funding of individual studies N N N N N

11. Methods for statistical combination Y Y NMC Y Y

12. Assessment of potential impact of risk
of bias in individual studies

Y Y NMC N Y

13. Account for risk of bias when
interpreting the result

Y Y Y Y Y

14. Explanation for heterogeneity Y Y Y Y Y

15. Publication bias N Y NMC N Y

16. Conflict of interest Y Y Y Y Y

Credibility VL VL L VL L
Y, Yes; N, No; PY, Partial yes; NMC, No meta-analysis conducted; L, Low; VL, Very low; PICO, Population, Intervention, Control group, Outcome.
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included meta-analyses, Labad et al. (31) had the highest quality

scores, indicating this meta-analysis was of the highest clinical

significance. Li et al. (27) and Meng et al. (28) had rather high

PRISMA scores, indicating that they have certain value for clinical

guidance. Due to the insufficient studies included, meta-analysis

was not conducted in Bo et al. (29), which resulted in decreased

quality scores. Zheng et al., 2017 (30) exhibited several article

structural defects, resulting in lower scores during evaluation. The

PRISMA scores for the included meta-analyses suggested that all

the reports were relatively comprehensive and accurate. However,

the AMSTAR 2 scores were generally low, indicating

methodological deficiencies in the reports. These shortcomings

encompassed a lack of an exclusion list, a failure to analyze

publication bias, and so on. It implied that the included meta-

analyses demonstrated a relatively objective process of secondary

analysis. However, the methodological flaws contributed to a

certain degree of reduction in the credibility of the conclusions.

3.5.1 Adjunct aripiprazole
Three of the meta-analyses (27, 28, 31) discussed the efficacy of

adjunctive aripiprazole and came to a positive conclusion that

aripiprazole can effectively reduce the serum prolactin level in

patients with antipsychotic-induced hyperprolactinemia. All of

the three meta-analyses also assessed the safety of adjunctive

aripiprazole and reached a similar conclusion that adjunctive

aripiprazole was generally safe and well tolerated. While the

PRISMA scores for these three meta-analyses were high, ranging

from 22 to 26, the AMSTAR 2 quality varied, with one meta-

analysis rated low and the other two very low. This suggests a need

for further enhancement in the methodology of each meta-analysis.

Li et al. (27) demonstrated a significant 79.11% rate of prolactin

level normalization with adjunctive aripiprazole. Meta-analysis

indicated comparable side effect profiles between the adjunctive

aripiprazole and placebo groups, except for higher occurrences of

sedation, insomnia, and headache observed with adjunctive

aripiprazole doses exceeding 15 mg/day. Furthermore, despite

aripiprazole’s partial agonist activity at D2 receptors, adjunctive

treatment did not lead to clinical deterioration or symptom

exacerbation in hyperprolactinemia cases in this meta-analysis. The

findings affirmed the safety and good tolerability of adjunctive

aripiprazole (5–10 mg/day) in addressing antipsychotic-induced

hyperprolactinemia. Notably, the meta-analysis recommended

vigilant monitoring for side effects such as sedation, insomnia, and

headache during adjunctive aripiprazole treatment. Li et al. (27)

further explored the most appropriate dose of adjunctive aripiprazole

and found that it may be 5 mg/day.

Meng et al. (28) reported comparable findings. They suggested

that adjunctive aripiprazole could significantly increase the

proportion of patients whose prolactin level returned to the normal

range compared to the control condition. While the adverse effect

rates during follow-up were similar between groups, the aripiprazole

group exhibited higher likelihoods of reporting somnolence and

headaches. In the investigation of the ideal dosage, high-dose

aripiprazole (>5mg/day) appeared more effective than low-dose

(<5mg/day) in promoting recovery from hyperprolactinemia,
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though the difference was not statistically significant. The findings

provided reassurance that the use of adjunctive aripiprazole did not

exacerbate existing psychotic symptoms.

Labad et al. (31) claimed that of all the potential therapeutic

strategies for lowering prolactin, clinical trials prominently

addressed the addition of aripiprazole to antipsychotic treatment,

positioning it as the first option based on evidence-based medicine

levels. The safety profile of aripiprazole was well-explored, revealing

no significant differences compared to placebo. This meta-analysis

further demonstrated low rates of psychopathological worsening

with the open-label studies suggested a withdrawal rate of

approximately 5% attributed to psychopathology worsening.

Additionally, the analysis of three placebo-controlled RCTs

indicated comparable withdrawal rates for aripiprazole (10.1%)

and placebo (11.5%), emphasizing that, according to the available

evidence, the primary consideration for reducing prolactin

concentrations in schizophrenia patients with hyperprolactinemia

is the addition of aripiprazole. In this meta-analysis, the doses of

adjunctive aripiprazole ranged from 5 to 30 mg/day. However, this

meta-analysis did not extensively investigate the optimal dosage of

aripiprazole. Only one study included in the meta-analysis suggests

that the effect size of aripiprazole dosage of 10 or 20 mg/day is

greater compared to 5 mg/day.

3.5.2 Adjunct metformin
Two of the included meta-analyses (29, 30) evaluated the use of

metformin in the treatment of hyperprolactinemia. The PRISMA

scores for both meta-analyses were 19.5, and the AMSTAR 2 quality

evaluations were low quality and very low quality, respectively. Both

meta-analyses suggested that adjunctive metformin appeared to be

effective and safe for reducing prolactin and improving prolactin-

related symptoms. The meta-analysis by Bo et al. (29) included

three clinical studies, with metformin doses of 750, 1000, and 1500

mg/day respectively. They suggested that adjunctive metformin

exhibited a notable reduction in serum prolactin levels, averaging

54.6 mg/L in the three trials. The RCT showed a 67% resumption of

menstruation in those with menstrual disturbances compared to 5%

in the placebo group. Observational data indicated that 91% of

patients no longer exhibited signs or symptoms of galactorrhea.

Adverse drug reactions in the RCT were similar between metformin

and placebo, except for non-discontinuation-associated increases in

nausea, insomnia, and agitation.

In the meta-analysis conducted by Zheng et al. (30), the average

dosage of metformin was 1167 mg/day (ranging from 750 to 1500 mg/

day), and the results showed an average decrease in prolactin at

endpoint of 6.87 mg/L. They also observed a menstruation

resumption rate of 66.7% among patients with menstrual

disturbances, compared to 4.8% in the control group. The incidence

of adverse drug reactions and the overall discontinuation rate were

similar between the metformin and control groups.

3.5.3 Adjunct dopamine agonists
Among all included meta-analyses, only Labad et al. (31) assessed

the effectiveness and safety of dopamine agonists. They investigated

Cabergoline (dose range 0.125mg/week-1mg/day), Bromocriptine
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(dose range 5-40mg/day), and Terguride (dose range 1mg/day),

finding that all three dopamine agonists could lower serum

prolactin levels. Among them, Cabergoline had the most

substantial clinical evidence for reducing serum prolactin, while

Terguride had slightly lower effect sizes for prolactin reduction.

Regarding safety, dopamine agonists exhibited safety profiles

exceeding expectations. The overall withdrawal rate for Cabergoline

was 2.9% (with no psychotic relapse), for Bromocriptine was 20%

(with psychopathology worsening at 13.3%), and for Terguride was

13% (all due to psychopathology worsening).
4 Discussion

Systematic review is an important research method to determine

the best sources of evidence. However, only high-quality systematic

reviews can provide scientific evidence for use by healthcare

providers. The objective of the present review was to conduct an

umbrella review of overlapping meta-analyses and systematic reviews

of treatments for antipsychotic-induced hyperprolactinemia to

determine which article(s) provide the best available evidence for

selecting treatments. To date, the Food and Drug Administration

(FDA) has not approved any therapeutic strategy for the treatment of

antipsychotic-induced hyperprolactinemia. Therefore, it is very

important to summarize the findings and quality of previous

clinical studies, in order to help clinicians choose the most suitable

treatment for their patients. From our literature searches, five articles

were included in this umbrella review, and these meta-analyses

reported that aripiprazole, metformin and dopamine agonists may

be effective at reducing prolactin concentrations in patients with

antipsychotic-induced hyperprolactinemia.

Aripiprazole as a dopamine receptor stabilizer is widely

regarded as having the ability to lower serum prolactin levels. In a

meta-analysis of 32 RCTs examining various antipsychotics’ impact

on prolactin levels in children and adolescents, it was found that

only aripiprazole significantly decreased serum prolactin levels (32).

Moreover, aripiprazole is supported by the most extensive clinical

evidence for treating antipsychotic-induced hyperprolactinemia.

The Chinese Society of Neuroscience & Psychiatry, Schizophrenia

Clinical Research Alliance released a consensus on the management

of antipsychotic-induced hyperprolactinemia in 2021 (20). In the

consensus, adjunctive aripiprazole was hailed as the most effective

intervention among all therapeutic measures. This conclusion

aligns with the findings from this umbrella review. All the clinical

evidence included in this review once again validates the safety

and efficacy of adjunctive aripiprazole for the treatment of

antipsychotic-induced hyperprolactinemia. Currently, there is no

conclusive evidence for the optimal dosage of aripiprazole in

treating hyperprolactinemia, but most studies suggest that low-

dose aripiprazole have advantages over higher doses. This may be

related to the fact that low-dose aripiprazole have already occupied

most D2 receptors in the striatum (33). More large-sample clinical

studies are needed to further explore the dose-response relationship

of aripiprazole in treating hyperprolactinemia. It is noteworthy that

the decrease in serum prolactin abnormalities induced by

aripiprazole may serve as a biomarker for the rebound of positive
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symptoms in patients with schizophrenia. A clinical study suggests

that after switching to aripiprazole treatment, patients with

abnormally low prolactin levels experience a significantly higher

rebound rate of psychotic symptoms compared to patients without

abnormally low prolactin levels (34). Therefore, monitoring serum

prolactin levels during treatment may help predict later rebound of

psychotic symptoms.

As a first-line drug for diabetes, the effects of metformin for

improving antipsychotic-induced weight gain and abnormal

glucose and lipid metabolism had been demonstrated by many

studies (35). However, its effect on hyperprolactinemia has not been

clearly established. One study showed that metformin can improve

the endogenous dopaminergic tone in female patients with

polycystic ovary syndrome (36). Building on this potential

mechanism, developing studies have focused on whether

metformin can reduce prolactin levels. The limited clinical

evidence provided by the two meta-analyses included in our

review (29, 30) suggests that metformin shows promise as a

treatment for antipsychotic-induced hyperprolactinemia.

Although the current evidence for the adjunctive metformin in

the treatment of hyperprolactinemia is insufficient, there have been

an increasing number of clinical trials exploring its effectiveness and

safety as a potential drug. Recently, a randomized controlled trial

assessed the efficacy of metformin in treating hyperprolactinemia

induced by amisulpride, yielding positive conclusions that

metformin can effectively reduce serum prolactin levels without

significant adverse effects (37). This study once again provided

compelling clinical evidence for the efficacy of metformin in

reducing prolactin. Additionally, clinical evidence suggests that

metformin, while improving antipsychotic-induced metabolic

syndrome in patients with schizophrenia, also has a role in

improving psychiatric and cognitive symptoms (38). This

indicates that the benefits of metformin for patients may be

multidimensional and worth exploring further. In the future,

more research should focus on the potential of metformin,

thereby expanding the possibilities for treating antipsychotic-

induced hyperprolactinemia.

Dopamine agonists have been regarded as an important treatment

of hyperprolactinemia since the invention of bromocriptine (39). In

addition to drug-induced hyperprolactinemia, dopamine agonists

have established indications for treatment of physiological

hyperprolactinemia and hyperprolactinemia caused by pituitary

prolactin adenoma and other reasons. However, the mechanisms of

action of dopamine agonists and antipsychotics are conflicting to a

certain extent. Dopamine agonists were reported to potentially

aggravate schizophrenia (40, 41). For this reason, when considering

adjunctive dopamine receptor agonists for the treatment of

hyperprolactinemia, special attention should be paid to the drug’s

safety profile. In the present umbrella review, Labad et al. (31) assessed

the safety and efficacy of adding dopamine agonists and reported

psychopathological worsening rates of 13.3% for bromocriptine and

13% for terguride, but no psychotic relapses in patients treated with

cabergoline. While these rates of psychopathological worsening were

lower than expected, this outcome was consistent with an earlier study

exploring the safety of dopamine agonists (42), in which only 8 cases

(1.3%) experienced psychotic side effects in a sample of 600 patients
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using dopamine agonists. Another study reviewed four pediatric cases

of risperidone-induced hyperprolactinemia treated with cabergoline

and found that cabergoline was well tolerated (43). These studies

suggest that dopamine receptor agonists are generally safe for

psychiatric patients.

Presently, in the treatment of antipsychotic-induced

hyperprolactinemia, existing clinical studies are evolving in two

directions. Firstly, by substantiating reliable treatment methods

with larger sample sizes, such as adjunctive aripiprazole, or by

conducting more in-depth subgroup analyses to explore optimal

treatment dosages. Secondly, by attempting to introduce more

treatment methods to explore diverse treatment modalities. This

suggests that antipsychotic-induced hyperprolactinemia is

increasingly drawing attention from clinicians, and investigating

its diverse and standardized treatment methods will hold significant

clinical value. With the progress of studies, some novel treatment

approaches are also gaining increased attention, such as adding the

Peony-Glycyrrhiza decoction (PGD) (44), adjunctive high-dose

vitamin B6 (45), and so on.

PGD is a traditional Chinese medicine formulated with peony

and glycyrrhiza. It is believed to have the effect of reversing the

decrease in estradiol levels caused by prolactin (46). A prior

network meta-analysis assessed the efficacy of PGD in reducing

prolactin levels, suggesting that while PGD may not be as effective

as aripiprazole, it still has a significant effect in lowering prolactin

levels. Furthermore, in subgroup analysis, PGD demonstrated more

notable effects than other treatments in patients with risperidone-

induced hyperprolactinemia (47). The findings confirmed the

effectiveness of PGD treatment while also introducing a new

concept that there may be different underlying mechanisms for

hyperprolactinemia induced by different antipsychotics, thus

requiring consideration of diverse treatments.

Vitamin B6 plays a crucial role in cellular metabolism and stress

response. Clinical research has now begun to explore its clinical

value in treating hyperprolactinemia (45). A recent network meta-

analysis comprehensively evaluated all treatment measures for

hyperprolactinemia, affirming the effectiveness of traditional

methods such as aripiprazole while also proposing the potential

of high-dose B6 treatment for hyperprolactinemia. Moreover, the

study indicated that different treatments have varying efficacy for

patients with different prolactin levels, and patients with initial

prolactin levels below 50 ng/ml may not require specific

interventions (48). This suggests that in the future, a more precise

treatment model for hyperprolactinemia should consider the initial

prolactin levels of patients.
5 Limitations

This umbrella review has some limitations. Firstly, we only

included meta-analyses and systematic reviews, and thus, it was not

possible to examine outcomes at the patient level. Secondly, due to
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the low number of RCTs included in some articles, meta-analysis

could not be conducted, thus reducing the quality. Thirdly, some

articles included and analyzed low-quality RCTs, which may affect

the validity of the conclusions.
6 Conclusion

Adding aripiprazole or a dopamine agonist can effectively and

safely improve antipsychotic-induced hyperprolactinemia. There is

clinical evidence indicating that adjunctive metformin can also

reduce the serum prolactin concentration, but more clinical trials

are needed to confirm this finding. Adjunctive dopamine agonists

have been proven to be effective and safe for the treatment of

antipsychotic-induced hyperprolactinemia. Among those

evaluated, aripiprazole may be the most appropriate.
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