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Abstract 

Objective To analyze whether metformin treatment in patients with polycystic ovary syndrome (PCOS) results in a 
decrease of anti-Müllerian hormone (AMH) levels, we reviewed and analyzed PCOS studies which evaluated serum 
AMH levels before and after metformin treatment.

Methods This is a systematic review and meta-analysis of self-controlled clinical trials. Databases including Pub-
Med, Embase, and Web of Science library were searched to identify eligible studies published before February 2023. 
Random-effects models were applied to assess standardized mean differences (SMDs) with 95% confidence intervals 
(95% CI).

Results The electronic-based search retrieved 167 articles of which 14 studies (12 publications) involving 257 women 
with PCOS were included. In general, AMH levels decreased significantly after metformin treatment [SMD (95% CI) of 
-0.70 (-1.13 to -0.28); P = 0.001]. Metformin exhibited a strong inhibitory effect on AMH levels for PCOS patients with 
age less than 28 [SMD − 1.24, 95% CI − 2.15 to − 0.32, P = 0.008]. Additionally, AMH levels significantly slid down in 
PCOS patients with no more than 6 months metformin treatment [SMD − 1.38, 95% CI − 2.18 to − 0.58, P = 0.0007], 
or with no more than a dose of 2000 mg/day [SMD -0.70, 95% CI -1.11 to -0.28; P = 0.001]. Notably, suppressive 
effects of metformin treatment were merely observed in patients with AMH levels at baseline higher than 4.7 ng/ml 
[SMD − 0.66, 95% CI − 1.02 to − 0.31, P = 0.0003].

Conclusion This meta-analysis provided quantitative evidence demonstrating that metformin significantly decreased 
AMH levels, especially for young patients and those with AMH levels at baseline higher than 4.7 ng/ml.
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Introduction
Affecting 6%–10% women of reproductive age, poly-
cystic ovary syndrome (PCOS) is one of the most com-
mon endocrine disorders [1]. Produced in granulosa 
cells, anti-Müllerian hormone (AMH) serves as an indi-
cator of ovarian reserve based on its ability to reflect 
the number of antral and pre-antral follicles [2]. While 
AMH is essential in folliculogenesis, excessive AMH 
also contributes to anovulation by counteracting FSH 
in follicle growth and maturation [3]. A correlation of 
serum AMH levels with different PCOS phenotypes 
was observed [4]. Consequently, AMH measurement 
is increasingly considered a surrogate for polycystic 

ovarian morphology [5] as the patients present elevated 
serum AMH levels which are 2 ~ 3 folders higher [6].

Metformin is often prescribed to PCOS patients. 
Besides alleviating insulin resistance of PCOS patients, 
metformin is also effective in menstrual cycle restora-
tion and ovulation induction [7–9]. As of yet it remains 
not fully understood how metformin improves repro-
ductive function of PCOS patients. A number of stud-
ies were carried out to determine whether metformin 
treatment could regulate AMH levels in PCOS patients. 
Some of the trials depicted a decrease of AMH lev-
els after metformin treatment [6, 10, 11], but some 
reported no changes of AMH levels [12, 13]. It is vital to 

Fig. 1 Search flow diagram



Page 3 of 10Zhou et al. Journal of Ovarian Research          (2023) 16:123  

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
14

 s
tu

di
es

 in
 th

e 
m

et
a-

an
al

ys
is

N
A 

no
t a

va
ila

bl
e,

 N
IH

 N
at

io
na

l I
ns

tit
ut

es
 o

f H
ea

lth
, S

CT
 s

el
f-

co
nt

ro
l t

ria
l, 

SD
 s

ta
nd

ar
d 

de
vi

at
io

n,
 P

re
 b

ef
or

e 
m

et
fo

rm
in

, P
os

t a
ft

er
 m

et
fo

rm
in

Fi
rs

t A
ut

ho
r

Ye
ar

Co
un

tr
y

PC
O

S 
cr

ite
ri

a
A

ge
(M

ea
n±

SD
Pr

e/
Po

st
)

N
um

be
r 

(P
re

/P
os

t)
BM

I
(M

ea
n±

SD
Pr

e/
Po

st
)

St
ud

y 
de

si
gn

D
os

e(
m

g/
 d

ay
)

Th
er

ap
ym

on
th

M
et

ho
d

A
M

H
 (m

ea
n±

SD
)

Pr
e

Po
st

Pi
lto

ne
n

20
05

Fi
nl

an
d

Ro
tt

er
da

m
21

-4
1

26
18

-4
1

SC
T

m
ea

n 
15

00
6

EI
A

12
.2

5±
2.

1
11

.4
±

2.
24

Ba
yr

ak
20

07
U

SA
N

IH
29

.5
±

4.
8

10
30

.2
±

4.
5

SC
T

85
0

1/
4

EL
IS

A
2.

82
±

1.
8

2.
92
±

1.
6

Ca
rls

en
20

09
N

or
w

ay
Ro

tt
er

da
m

30
.6
±

5.
9

20
33

.4
±

7.
5

SC
T

25
50

6
EL

IS
A

15
.3
±

11
.5

15
.2
±

12
.0

To
m

ov
a-

a
20

11
Bu

lg
ar

ia
Ro

tt
er

da
m

N
A

13
33

.8
±

2.
76

 V
s

SC
T

25
50

6
EL

IS
A

6.
39
±

1.
3

5.
36
±

0.
96

31
.3

5±
2.

80

To
m

ov
a-

b
20

11
Bu

lg
ar

ia
Ro

tt
er

da
m

N
A

4
22

.0
8±

1.
12

 V
s

SC
T

25
50

6
EL

IS
A

4.
38
±

2.
31

11
.3

1±
1.

78

22
.0

8±
1.

32

Pa
ni

di
s

20
11

G
re

ec
e

N
IH

20
.5

3±
3.

09
15

21
.9

7±
1.

69
 v

s
SC

T
17

00
6

EL
IS

A
9.

24
±

3.
70

7.
77
±

2.
82

20
.7

5±
1.

32

N
ea

gu
20

12
Ro

m
an

ia
A

E/
PC

O
S

N
A

11
N

A
SC

T
gr

ad
ua

lly
 

in
cr

ea
se

 to
 2

55
0

2
N

A
8.

99
±

0.
99

6.
28

.±
0.

46

N
as

ci
m

en
to

20
13

Br
az

il
Ro

tt
er

da
m

26
.3
±

1
16

29
.1
±

1.
7

SC
T

15
00

2
EL

IS
A

6.
99
±

0.
85

5.
81
±

0.
78

G
rig

or
ya

n-
a

20
14

Ru
ss

ia
Ro

tt
er

da
m

28
.7
±

5.
2

18
N

A
SC

T
17

00
6

EI
A

8.
1±

1.
8

6.
9±

1.
6

G
rig

or
ya

n-
b

20
14

Ru
ss

ia
Ro

tt
er

da
m

28
.7
±

5.
2

22
N

A
SC

T
17

00
6

EI
A

7.
7±

1.
4

7.
9±

1.
6

Sa
le

h
20

15
Ira

q
Ro

tt
er

da
m

27
.5
±

1.
32

20
30

.8
5±

0.
95

 V
s

SC
T

15
00

3
EL

IS
A

4.
49
±

0.
54

3.
03
±

0.
53

29
.0

1±
1.

01

Fo
ro

oz
an

fa
rd

20
17

Ira
n

Ro
tt

er
da

m
25

.2
±

4.
2

30
26

.2
±

3.
8

SC
T

gr
ad

ua
lly

 
in

cr
ea

se
 to

 1
50

0
2

EL
IS

A
10
±

3.
75

7.
8±

3.
7

W
iw

ek
o

20
17

In
do

ne
si

a
Ro

tt
er

da
m

28
.2

5±
3.

99
20

28
.0

2±
6.

02
Vs

SC
T

15
00

6
Be

ck
m

an
9.

30
±

5.
06

7.
47
±

4.
59

27
.6
±

6.
13

Co
ul

te
r g

en
 II

 A
M

H
 a

ss
ay

C
hh

ab
ra

20
18

In
di

a
Ro

tt
er

da
m

30
.0

3±
3

32
N

A
SC

T
17

00
3

N
A

11
.8

7±
5.

6
7.

4±
3.

9



Page 4 of 10Zhou et al. Journal of Ovarian Research          (2023) 16:123 

determine whether metformin affect the levels of serum 
AMH in women with PCOS or not. It is also critical 
to uncover the clinical characteristics of the enrolled 
PCOS patients in the trials. Therefore, we reviewed the 
relevant literature systematically and performed meta-
analysis on the data collected to determine the effect of 
metformin treatment on AMH levels in PCOS patients.

Methods
This study was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and 
Meta-analyses (PRISMA) statement (Supplementary 
Table 1) [14].

Search strategy
In this study, two investigators (ZZ, CH) independently 
searched the databases of PubMed, Embase, and Web 
of Science for original articles from database incep-
tion to October 1, 2019. The search strategy of the cur-
rent study was limited to full text articles published in 
English. The search terms used were: (anti-Müllerian 
hormone or AMH or Mullerian inhibiting substance 
or MIS) AND (metformin) AND (PCOS or polycys-
tic ovary syndrome). A search update was conducted 
on February 5, 2023. Besides, the investigators manu-
ally screened the reference lists of included studies to 

identify any relevant publications missed in the elec-
tronic search.

Literature selection criteria
Articles meeting all the following criteria were included: 
(1) women with PCOS receiving metformin treatment 
in self-controlled clinical trials (2); AMH means and 
standard deviations (SDs) reported or enough informa-
tion provided so that AMH means and SDs could be 
calculated (3); the study employed Rotterdam criteria, 
National Institutes of Health (NIH) criteria, or Androgen 
Excess and Polycystic Ovarian Syndrome Society 2006 
(AE/PCOS) criteria for PCOS diagnosis; (4) published in 
English and in full text format. Articles were excluded if 
they were published as abstracts, letters, reviews, expert 
comments, editors’ opinions, animal studies, or case 
reports.

Data extraction
All information from each eligible article was extracted 
by two reviewers (ZZ, CH) independently using one 
standardized data extraction form. The extracted infor-
mation included: study design, first author, year of publi-
cation, age of women with PCOS, number of women with 
PCOS, dose and duration of metformin, levels and meas-
urement methods of AMH. Only data from the most 

Fig. 2 Meta-analysis of serum AMH levels in women with PCOS before and after metformin administration from 14 studies using a random-effect 
model. CI = confidence interval, AMH= anti-Müllerian hormone, PCOS = polycystic ovary syndrome, SMD = standard mean difference
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recent point in time were extracted if duplicate data were 
found. Disagreements upon information obtained by dif-
ferent reviewers were settled through discussion. Fur-
thermore, we contacted the primary authors to acquire 
and verify the information when necessary.

Statistical analysis
The primary outcome was the alterations of AMH levels 
in women with PCOS before and after metformin treat-
ment. We assessed the methodological quality of the 
included studies according to the Newcastle–Ottawa 
scale (NOS). NOS fulfills the following three domains: 
selection, comparability, and outcome. The studies were 
allocated stars which ranging from zero to nine according 
to the risk of bias (Supplementary Table 2).

The standard mean difference (SMD) and 95% confi-
dence interval (CI) for AMH levels were calculated using 
the fixed-effect model when there was no or low statis-
tical heterogeneity (I2 < 50%). The random-effect model 
was chosen when there was moderate or high heteroge-
neity (I2 ≥ 50%). To determine the sources of heteroge-
neity, we performed subgroup analyses which included 
age, duration and dose of treatment, and AMH levels at 
baseline. In addition, sensitivity analysis was conducted 
to evaluate the stability of the meta-analysis result. 
Potential publication bias was studied via the funnel 

plot, the Begg’s test and the Egger’s test. Statistical analy-
sis was performed using Review Manager (Revman 5.3; 
Cochrane Collaboration, Copenhagen, Denmark) and 
STATA 12.0 (Stata Corp. College Station, TX, USA), 
P < 0.05 was considered statistically significant.

Results
Study selection
A flow chart of relevant research articles filtration is 
shown in Fig.  1. Based on the search strategy, 167 arti-
cles were identified from electronic databases of Pub-
Med, Embase, and Web of Science. After excluding the 
duplicates (n = 83), reviewers selected 84 papers after 
screening the titles and abstracts. Among these 84 arti-
cles, 64 were excluded for the following reasons: 41 con-
ference abstracts and supplements, 2 clinical guidelines, 
7 reviews, 2 animal studies, and 12 irrelevant studies. 
Therefore, 20 full articles were assessed for eligibility. 
Among them, we further excluded 8 for the following 
reasons: 6 failed to gain access to the necessary infor-
mation, 2 were not in English. Finally, 12 articles were 
included in the meta-analysis.

Study characteristics
Twelve articles representing 257 PCOS patients were 
considered appropriate for the meta-analysis (Table  1). 

Fig. 3 Forest plot for subgroup analysis stratified by age
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The studies by Grigoryan et  al. [15] and Tomova et  al. 
[16] were each divided into two following the grouping 
ways the original articles indicated. Therefore, the meta-
analysis included a total of 14 studies. The NIH criteria 
were employed in the studies carried by Panidis [12] 
and Bayrak [17]; The study conducted by Neagu [18] 
employed the AE/PCOS diagnostic criteria; The Rotter-
dam criteria were employed in other included studies [6, 
10, 11, 13, 15, 16, 19–21].

Synthesis of results
As shown in Fig.  2, significant heterogeneity was found 
for the included studies (I2 = 80%, P < 0.00001). Thus, a 
random-effects model was applied to combine effect size. 
Our meta-analysis demonstrated a significant decrease 
in the serum AMH levels in patients with PCOS after 
metformin treatment (SMD -0.70, 95% CI -1.13 to -0.28, 
P = 0.001).

The included studies in the present meta-analysis dis-
played substantial heterogeneity regarding the effect of 
metformin on the serum AMH levels. Considering that 
treatment duration and dose of metformin as well as 

patients’ age and AMH levels at baseline could be critical 
factors affecting the therapeutic effect and cause exten-
sive heterogeneity, we conducted subgroup analyses: Age 
was categorized as < 28 years and ≥ 28 years; dose of met-
formin as < 2000  mg/day and ≥ 2000  mg/day; treatment 
duration of metformin as < 6  months and ≥ 6  months, 
and the baseline of AMH as < 4.7 ng/ml and ≥ 4.7 ng/ml. 
These subgroup analyses led to interesting findings. On 
one hand, as presented in Fig. 3, metformin exhibited a 
strong inhibitory effect on AMH levels for PCOS patients 
with age less than 28 (SMD − 1.24, 95%CI − 2.15 to − 0.32, 
P = 0.008). On the other hand, metformin can hardly 
reduce the AMH levels in patients with age of 28 or more 
(SMD − 0.33, 95%CI − 0.70 to 0.04, P = 0.08). Addition-
ally, serum AMH levels significantly slid down in PCOS 
patients with no more than 6  months metformin treat-
ment (SMD − 1.38, 95%CI − 2.18 to − 0.58, P = 0.0007) 
(Fig.  4), or with no more than a dose of 2000  mg/day 
(SMD -0.70, 95% CI -1.11 to -0.28, P = 0.001) (Fig.  5). 
Unexpectedly, prolonged metformin treatment or higher 
daily dose of metformin failed to change AMH levels in 
PCOS patients. To determine whether the AMH levels 

Fig. 4 Forest plot for subgroup analysis stratified by treatment duration
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at baseline could affect the outcomes of metformin treat-
ment, subgroup analysis was performed based on the 
levels of AMH. We used 4.7 ng/ml as a cut-off value as 
suggested in previous study [22]. As shown in Fig. 6, met-
formin treatment led to a significant decrease of AMH 
levels in patients with AMH levels at baseline higher than 
4.7  ng/ml. Conversely, this effect was not observed in 
patients with lower AMH levels. Nevertheless, there were 
still significant heterogeneity in these subgroup analyses, 
suggesting the high complexity of AMH regulation upon 
metformin treatment.

Pooled analysis using the random effects model dem-
onstrated that metformin treatment significantly reduced 
AMH levels in PCOS patients (SMD -0.70, 95% CI -1.13 
to -0.28, P = 0.001). The fixed-effects model analysis was 
also conducted and produced similar outcome (SMD 
-0.62, 95% CI -0.80 to -0.43, P < 0.00001, Supplementary 
Fig. 1). Sensitivity analysis was carried out and the result 
showed that deleting any of the included studies did not 
change the outcome of the existing pooled analyses (Sup-
plementary Fig. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15). 

Although the funnel plot was not perfectly symmetrical 
(Supplementary Fig. 16 A), the Begg’s test (P = 0.827) and 
Egger’s test (P = 0.370) revealed little evidence of publica-
tion bias (Supplementary Fig. 16 B ~ D).

Discussion
Though metformin is not used as first-line agent for 
PCOS therapy, it exerts beneficial roles in ovulation 
induction [23] as well as improving insulin sensitiv-
ity [7]. The mechanisms by which metformin improves 
ovarian function remain not fully understood. A widely 
accepted theory is that metformin could improve repro-
ductive function by relieving insulin resistance. But 
metformin was recommended for all PCOS patients 
despite of pre-treatment insulin sensitivity [24], which 
indicated an insulin-independent role of metformin per 
se. In 2005, Dr. Fleming and colleague reported the first 
study demonstrating an efficacy of metformin in reduc-
ing AMH levels in PCOS patients [25]. In Tomova’s study 
[16], patients who restored regular menstrual cycles after 
metformin treatment revealed 16.27% decrease of AMH 

Fig. 5 Forest plot for subgroup analysis stratified by treatment dose
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levels, but AMH levels almost tripled instead of slid in 
those without satisfactory clinical response to metformin 
treatment. A number of clinical investigations related 
with AMH and metformin have been conducted but the 
outcomes were not consistent. All these studies were 
small-scale trials. Thus systematic review with meta-
analysis is needed to combine these evidences. Results 
of the current meta-analysis showed that circulating 
AMH levels significantly reduced in PCOS patients after 
metformin therapy, suggesting an improvement of poly-
cystic ovarian morphology. Yin and colleagues retrieved 
consistent result in their study [26]. Unlike their point 
of interest, subgroup analysis was conducted in the pre-
sent study, which would arouse an interest to clarify the 
detail mechanism by which metformin regulates AMH 
levels in PCOS patients. As HOMA-IR values of pre- and 
post- treatment were not provided in the collected stud-
ies, we were not able to determine whether metformin 
suppressed AMH levels independent of insulin sensi-
tivity alteration. Notably, a recent clinical investigation 

revealed similar AMH levels between insulin resistant 
PCOS patients and those with normal insulin sensitiv-
ity [27]. Plus the authors did not observe a correlation 
between AMH levels and insulin resistance index [27]. 
Thus, high AMH levels and insulin resistance might con-
tribute to the pathogenesis of PCOS independently.

The subgroup analyses results showed that the inhibi-
tory effects of metformin were largely compromised 
in subgroups of patients with age over 28, or treatment 
duration longer than 6 months, or treatment dose higher 
than 2000  mg/day, or the AMH levels at baseline were 
lower than 4.7  ng/ml. As age is the predominant fertil-
ity factor, it is not surprise that metformin treatment 
achieved a better outcome in younger patients. The out-
comes of subgroup analyses based on treatment dose or 
duration, nevertheless, are unexpected. We speculate that 
PCOS patients prescribed with higher metformin dose or 
longer treatment might suffer from a more severe disease 
status such as severe insulin resistance. It’s unlikely that 
increasing the dose and/or an extension of treatment 

Fig. 6 Forest plot for subgroup analysis stratified by the AMH levels at baseline
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would reverse the effect of metformin on AMH levels. 
Thus, the AMH-lowering effect of metformin treatment 
may not be easily detected in these subjects. Nonetheless, 
we cannot exclude the possibility that high dose and/or 
long-term metformin treatment potentially lead to side 
effects which counteract the therapeutic effect in normal-
izing AMH levels. Based on these subgroup analyses, it 
should be safe to conclude that the severity of disease in 
PCOS patients could foretell the efficacy of metformin 
treatment. Additionally, it is worthy to note that met-
formin treatment has little effect in PCOS patients with 
AMH levels at baseline lower than 4.7 ng/ml. Since AMH 
levels at physiological range indicate ovarian reserve [2], 
this result indicates that metformin will not jeopardize 
ovarian function of PCOS patients with low AMH levels. 
The NIH criteria were sometimes employed for PCOS 
diagnosis and the patients in those studies exhibited low 
AMH levels [17]. The etiology of PCOS as well as the reg-
ulation of AMH in these patients could be distinct. But 
for patients with polycystic ovarian morphology, AMH 
may be a good prognostic marker of therapeutic effi-
ciency in the treatment of infertility and polycystic ovary 
syndrome. As high AMH levels were reported to asso-
ciate with compromised response to progesterone and 
clomiphene citrate treatment [28, 29], metformin might 
hold an advantageous position in PCOS patients with 
high AMH levels and could be used in combination with 
other agents as first-line therapy for ovulation induction. 
The results of this meta-analysis could provide valuable 
evidence in clinical practice, especially when AMH is 
used as prognostic biomarker for PCOS patients in met-
formin treatment.

For the enrolled studies, we also noticed that methods 
applied for determining AMH levels were not alike. As a 
promising biomarker of ovarian function, a global stand-
ard for AMH measurement is in need urgently to maxi-
mize its utility in PCOS diagnosis and therapy.

In conclusion, results of the current meta-analysis sug-
gested that metformin treatment could decrease serum 
AMH levels in patients diagnosed with PCOS. Patients’ 
ages and AMH levels, as well as dose and duration of 
metformin treatment, should be taken into consideration 
in clinical practice. As the sample sizes of the collected 
studies in this meta-analysis are small, well designed 
large-scale RCT studies in PCOS patients are still neces-
sary to affirm these findings.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13048- 023- 01195-1.

Additional file 1.  

Additonal file 2: Supplementary Table 2. Quality assessment of stud-
ies pooled in the meta-analysis based on the Newcastle-Ottawa Scale 
judgment.

Additional file 3: Supplementary Figure 1. Meta-analysis of serum AMH 
levels in women with PCOS before and after metformin administration 
from 14 studies using a fixed-effect model.

Additional file 4: Supplementary Figure 2-15. Sensitivity analysing 
of serum AMH levels in women with PCOS before and after metformin 
administration using a random-effect model by excluding the studies one 
by one.

Additional file 5: Supplementary Figure 16. Publication bias analysis.

Additional file 6.  

Acknowledgements
We gratefully acknowledge the helpful discussion with Dr Jianlin Chen in 
developing the search protocol used for this systematic review. Thanks also 
to Dr.Julie Bai for proofreading the manuscript and correcting grammatical 
mistakes.

Authors’ contributions
O.X. and C.H. were responsible for study conception and design; Z.Z and C.H. 
were responsible for data acquisition and interpretation and wrote the first 
draft of the manuscript; C.L., Z.Q., and Y.J. contributed to the selection based 
on title and abstract and full text, to the inclusion and exclusion of articles, and 
to data extraction and quality assessment. C.Q. and L.Y. assisted and guided 
with the study design and reviewed data extraction. O.X. verified the process 
of article selection and reviewed data extraction. All authors critically revised 
the protocol and manuscript. O.X. and C.H. were responsible for the final 
approval of the manuscript.

Funding
National Natural Sciences Foundation of China (81970746), and Hunan Provin-
cial Natural Sciences Foundation of China (2021JJ30751, 2022JJ30797), Scien-
tific Research Project of Hunan Provincial Health Commission (202101042125).

Declarations

Competing interests
The authors declare no competing interests.

Author details
1 Department of Pathology, Third Xiangya Hospital, Central South University, 
Changsha 410013, China. 2 Key Laboratory of Diabetes Immunology, Ministry 
of Education, National Clinical Research Center for Metabolic Disease; Depart-
ment of Metabolism and Endocrinology, Second Xiangya Hospital, Central 
South University, Changsha 410013, China. 3 Department of Endocrinology, 
The Affiliated Changsha Central Hospital, Hengyang Medical School, University 
of South China, Changsha 410004, Hunan, China. 

Received: 9 March 2023   Accepted: 29 May 2023

References
 1. Escobar-Morreale HF. Polycystic ovary syndrome: definition, aetiology, 

diagnosis and treatment. Nat Rev Endocrinol. 2018;14(5):270–84. https:// 
doi. org/ 10. 1038/ nrendo. 2018. 24.

 2. Visser JA, Themmen AP. Anti-Mullerian hormone and folliculogenesis. Mol 
Cell Endocrinol. 2005;234(1–2):81–6. https:// doi. org/ 10. 1016/j. mce. 2004. 
09. 008.

 3. Dewailly D, Robin G, Peigne M, et al. Interactions between androgens, 
FSH, anti-Mullerian hormone and estradiol during folliculogenesis 
in the human normal and polycystic ovary. Hum Reprod Update. 
2016;22(6):709–24. https:// doi. org/ 10. 1093/ humupd/ dmw027.

https://doi.org/10.1186/s13048-023-01195-1
https://doi.org/10.1186/s13048-023-01195-1
https://doi.org/10.1038/nrendo.2018.24
https://doi.org/10.1038/nrendo.2018.24
https://doi.org/10.1016/j.mce.2004.09.008
https://doi.org/10.1016/j.mce.2004.09.008
https://doi.org/10.1093/humupd/dmw027


Page 10 of 10Zhou et al. Journal of Ovarian Research          (2023) 16:123 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 4. Sahmay S, Atakul N, Oncul M, et al. Serum anti-Mullerian hormone levels 
in the main phenotypes of polycystic ovary syndrome. Eur J Obstet 
Gynecol Reprod Biol. 2013;170(1):157–61. https:// doi. org/ 10. 1016/j. 
ejogrb. 2013. 05. 019.

 5. Fraissinet A, Robin G, Pigny P, et al. Use of the serum anti-Mullerian 
hormone assay as a surrogate for polycystic ovarian morphology: impact 
on diagnosis and phenotypic classification of polycystic ovary syndrome. 
Hum Reprod. 2017;32(8):1716–22. https:// doi. org/ 10. 1093/ humrep/ 
dex239.

 6. Piltonen T, Morin-Papunen L, Koivunen R, et al. Serum anti-Mullerian hor-
mone levels remain high until late reproductive age and decrease during 
metformin therapy in women with polycystic ovary syndrome. Hum 
Reprod. 2005;20(7):1820–6. https:// doi. org/ 10. 1093/ humrep/ deh850.

 7. Velazquez EM, Mendoza S, Hamer T, et al. Metformin therapy in polycystic 
ovary syndrome reduces hyperinsulinemia, insulin resistance, hyper-
androgenemia, and systolic blood pressure, while facilitating normal 
menses and pregnancy. Metabolism. 1994;43(5):647–54. https:// doi. org/ 
10. 1016/ 0026- 0495(94) 90209-7.

 8. Ng EH, Wat NM, Ho PC. Effects of metformin on ovulation rate, hormonal 
and metabolic profiles in women with clomiphene-resistant polycystic 
ovaries: a randomized, double-blinded placebo-controlled trial. Hum 
Reprod. 2001;16(8):1625–31. https:// doi. org/ 10. 1093/ humrep/ 16.8. 1625.

 9. Birch Petersen K, Pedersen NG, Pedersen AT, et al. Mono-ovulation in 
women with polycystic ovary syndrome: a clinical review on ovulation 
induction. Reprod Biomed Online. 2016;32(6):563–83. https:// doi. org/ 10. 
1016/j. rbmo. 2016. 03. 006.

 10. Chhabra N, Malik S. Effect of Insulin Sensitizers on Raised Serum Anti-
mullerian Hormone Levels in Infertile Women with Polycystic Ovarian 
Syndrome. J Hum Reprod Sci. 2018;11(4):348–52. https:// doi. org/ 10. 4103/ 
jhrs. JHRS_ 59_ 17.

 11. Foroozanfard F, Samimi M, Almadani KH, et al. Effect of metformin on the 
anti-Mullerian hormone level in infertile women with polycystic ovarian 
syndrome. Electron Physician. 2017;9(12):5969–73. https:// doi. org/ 10. 
19082/ 5969.

 12. Panidis D, Georgopoulos NA, Piouka A, et al. The impact of oral con-
traceptives and metformin on anti-Mullerian hormone serum levels in 
women with polycystic ovary syndrome and biochemical hyperandro-
genemia. Gynecol Endocrinol. 2011;27(8):587–92. https:// doi. org/ 10. 
3109/ 09513 590. 2010. 507283.

 13. Nascimento AD, Silva Lara LA, Japur de Sa Rosa-e-Silva AC, et al. Effects of 
metformin on serum insulin and anti-Mullerian hormone levels and on 
hyperandrogenism in patients with polycystic ovary syndrome. Gynecol 
Endocrinol 2013;29(3):246–9.  https:// doi. org/ 10. 3109/ 09513 590. 2012. 
736563

 14. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting 
systematic reviews and meta-analyses of studies that evaluate healthcare 
interventions: explanation and elaboration. BMJ 2009;339:b2700.  https:// 
doi. org/ 10. 1136/ bmj. b2700

 15. Grigoryan O, Absatarova J, Andreeva E, et al. Effect of metformin on the 
level of anti-Mullerian hormone in therapy of polycystic ovary syndrome 
in obese women. Minerva Ginecol. 2014;66(1):85–9.

 16. Tomova A, Deepinder F, Robeva R, et al. Anti-Mullerian hormone in 
women with polycystic ovary syndrome before and after therapy with 
metformin. Horm Metab Res. 2011;43(10):723–7. https:// doi. org/ 10. 
1055/s- 0031- 12863 07.

 17. Bayrak A, Terbell H, Urwitz-Lane R, et al. Acute effects of metformin 
therapy include improvement of insulin resistance and ovarian morphol-
ogy. Fertil Steril. 2007;87(4):870–5. https:// doi. org/ 10. 1016/j. fertn stert. 
2006. 08. 096.

 18. Neagu M, Cristescu C. Anti-Mullerian hormone–a prognostic marker for 
metformin therapy efficiency in the treatment of women with infertility 
and polycystic ovary syndrome. J Med Life. 2012;5(4):462–4.

 19. Carlsen SM, Vanky E, Fleming R. Anti-Mullerian hormone concentrations 
in androgen-suppressed women with polycystic ovary syndrome. Hum 
Reprod. 2009;24(7):1732–8. https:// doi. org/ 10. 1093/ humrep/ dep074.

 20. Wiweko B, Susanto CA. The Effect of Metformin and Cinnamon on Serum 
Anti-Mullerian Hormone in Women Having PCOS: A Double-Blind, Ran-
domized. Controlled Trial J Hum Reprod Sci. 2017;10(1):31–6. https:// doi. 
org/ 10. 4103/ jhrs. JHRS_ 90_ 16.

 21. Saleh BO, Ibraheem WF, Ameen NS. The role of anti-Mullerian hormone 
and inhibin B in the assessment of metformin therapy in women with 

polycystic ovarian syndrome. Saudi Med J. 2015;36(5):562–7. https:// doi. 
org/ 10. 15537/ smj. 2015.5. 11112.

 22. Iliodromiti S, Kelsey TW, Anderson RA, et al. Can anti-Mullerian hormone 
predict the diagnosis of polycystic ovary syndrome? A systematic 
review and meta-analysis of extracted data. J Clin Endocrinol Metab. 
2013;98(8):3332–40. https:// doi. org/ 10. 1210/ jc. 2013- 1393.

 23. Practice Committee of the American Society for Reproductive Medicine. 
Electronic address Aao, Practice Committee of the American Society for 
Reproductive M. Role of metformin for ovulation induction in infertile 
patients with polycystic ovary syndrome (PCOS): a guideline. Fertil Steril 
2017;108(3):426–41. https:// doi. org/ 10. 1016/j. fertn stert. 2017. 06. 026

 24. Palomba S, Falbo A, Zullo F, et al. Evidence-based and potential benefits 
of metformin in the polycystic ovary syndrome: a comprehensive review. 
Endocr Rev. 2009;30(1):1–50. https:// doi. org/ 10. 1210/ er. 2008- 0030.

 25. Fleming R, Harborne L, MacLaughlin DT, et al. Metformin reduces serum 
mullerian-inhibiting substance levels in women with polycystic ovary 
syndrome after protracted treatment. Fertil Steril. 2005;83(1):130–6. 
https:// doi. org/ 10. 1016/j. fertn stert. 2004. 05. 098.

 26. Yin WW, Huang CC, Chen YR, et al. The effect of medication on serum 
anti-mullerian hormone (AMH) levels in women of reproductive age: a 
meta-analysis. BMC Endocr Disord. 2022;22(1):158. https:// doi. org/ 10. 
1186/ s12902- 022- 01065-9.

 27. Sahmay S, Aydogan Mathyk B, Sofiyeva N, et al. Serum AMH levels and 
insulin resistance in women with PCOS. Eur J Obstet Gynecol Reprod Biol. 
2018;224:159–64. https:// doi. org/ 10. 1016/j. ejogrb. 2018. 03. 007.

 28. Mahran A, Abdelmeged A, El-Adawy AR, et al. The predictive value of 
circulating anti-Mullerian hormone in women with polycystic ovarian 
syndrome receiving clomiphene citrate: a prospective observational 
study. J Clin Endocrinol Metab. 2013;98(10):4170–5. https:// doi. org/ 10. 
1210/ jc. 2013- 2193.

 29. Mumford SL, Legro RS, Diamond MP, et al. Baseline AMH Level Associated 
With Ovulation Following Ovulation Induction in Women With Polycystic 
Ovary Syndrome. J Clin Endocrinol Metab. 2016;101(9):3288–96. https:// 
doi. org/ 10. 1210/ jc. 2016- 1340.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.ejogrb.2013.05.019
https://doi.org/10.1016/j.ejogrb.2013.05.019
https://doi.org/10.1093/humrep/dex239
https://doi.org/10.1093/humrep/dex239
https://doi.org/10.1093/humrep/deh850
https://doi.org/10.1016/0026-0495(94)90209-7
https://doi.org/10.1016/0026-0495(94)90209-7
https://doi.org/10.1093/humrep/16.8.1625
https://doi.org/10.1016/j.rbmo.2016.03.006
https://doi.org/10.1016/j.rbmo.2016.03.006
https://doi.org/10.4103/jhrs.JHRS_59_17
https://doi.org/10.4103/jhrs.JHRS_59_17
https://doi.org/10.19082/5969
https://doi.org/10.19082/5969
https://doi.org/10.3109/09513590.2010.507283
https://doi.org/10.3109/09513590.2010.507283
https://doi.org/10.3109/09513590.2012.736563
https://doi.org/10.3109/09513590.2012.736563
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1055/s-0031-1286307
https://doi.org/10.1055/s-0031-1286307
https://doi.org/10.1016/j.fertnstert.2006.08.096
https://doi.org/10.1016/j.fertnstert.2006.08.096
https://doi.org/10.1093/humrep/dep074
https://doi.org/10.4103/jhrs.JHRS_90_16
https://doi.org/10.4103/jhrs.JHRS_90_16
https://doi.org/10.15537/smj.2015.5.11112
https://doi.org/10.15537/smj.2015.5.11112
https://doi.org/10.1210/jc.2013-1393
https://doi.org/10.1016/j.fertnstert.2017.06.026
https://doi.org/10.1210/er.2008-0030
https://doi.org/10.1016/j.fertnstert.2004.05.098
https://doi.org/10.1186/s12902-022-01065-9
https://doi.org/10.1186/s12902-022-01065-9
https://doi.org/10.1016/j.ejogrb.2018.03.007
https://doi.org/10.1210/jc.2013-2193
https://doi.org/10.1210/jc.2013-2193
https://doi.org/10.1210/jc.2016-1340
https://doi.org/10.1210/jc.2016-1340

	The effects of metformin on anti-Müllerian hormone levels in patients with polycystic ovary syndrome: a systematic review and meta-analysis
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Search strategy
	Literature selection criteria
	Data extraction
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Synthesis of results

	Discussion
	Anchor 19
	Acknowledgements
	References


