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Abstract

Background: This meta-analysis summarizes evidence from studies using metformin (Met) to improve endometrial
receptivity (ER) in women with PCOS.

Methods: Following the PRISMA protocol, we conducted a comprehensive search of academic literature from
various databases, including PubMed, EMbase and Cochrane libraries. Studies published in English before Jan 27,
2021, were recruited for primary screening. Data on endometrial thickness (EMT), endometrial artery resistance
index (RI), clinical pregnancy rate (CPR) and miscarriage rate (MR) were extracted and analyzed.

Results: Sixty-two eligible studies that included 6571 patients were evaluated in this meta-analysis. Primary
indicators are EMT and endometrial aetery RI; secondary indicators include the clinical pregnancy rate and
miscarriage rate. Metformin significantly increased EMT (SMD = 2.04, 95% Cl (0.96,3.12),P = 0.0002) and reduced
endometrial artery Rl compared to the non-Met group (SMD =—2.83, 95% Cl: (— 5.06, — 0.59), P =0.01). As expected,
metformin also improved CPR and reduced MR in PCOS patients as a result, clinical pregnancy rate (risk ratio [RR] =
1.26, 95% Cl: 1.11-1.43, P =0.0003), and miscarriage rate (RR=0.73, 95% Cl:0.58-0.91, P =0.006).

Conclusion: Metformin may improve endometrial receptivity (ER) in PCOS patients by increasing EMT and reducing
endometrial artery Rl. However, the level of most original studies was low, with small sample sizes. More large-scale,
long-term RCTs with rigorous methodologies are needed.
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Introduction patients still cannot achieve clinical pregnancy after re-

During recent decades, assisted reproductive technolo-
gies (ARTs), such as IUI, in vitro fertilization (IVF) and
embryo transfer (ET), have become increasingly popular.
Move over, the prognosis of ART treatment for infertil-
ity patients has greatly improved; however, some
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ceiving multiple high-quality embryo transfers. There
are many causes that may explain such implantation fail-
ure, and endometrial receptivity (ER) is critical [1]. By
definition, ER refers to the ability of the endometrium to
allow the blastula to locate, adhere, invade, and ultim-
ately implant during the period when the endometrium
matures (luteal phase) [2]. A successful pregnancy re-
quires synchronization of the development of the em-
bryo and a receptive endometrium [3]. It is generally
accepted that the quality of the embryo and ER play an
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Table 1 Baseline characteristics of the included studies

No Study Intervention | Rescarch type | Number Years(T/C) Related indicators No Study Intervention | Research type | Number Years(1/C) Related indicators
1| DANIELA 2001 Met S00mg Tid ccs $2 27412721 EMT. RI 32 | Brewer 2010 Met 850mg Bid RCT 142 3132 CPRMR
2 | Davia 72001 Met S00mg Tid ccs 25 2941.230:1.0 cPR 33 | 3.Cheng 2010 Met S00mg Tid RCT 45 27.00:29927.70:3.13 CPR

3| Kocak 2002 Met $00mg Bid ccs ss 3047452531.143.5 EMTPCR 34 | Jahnson 2010 Met S00mg Tid RCT 7 40 CPRMR
4 | Swock 2002 Met 500mg Tid ccs 2 18401840 PCR 35 | Karimzadeh 2010 | Met 500mg Tid RCT 178 . 72747238 | CPR

S | Malkawl 2003 Met 850mg Bid ccs 161 23342334 CPRMR 36 | Palomba 12011 Met $50mg Bid RCT 257 27.5:48282:43 CPRMR
6 | Kjotrod 2004 Met S00mg Bid ccs 27 290315287327 CPRMR 37 | Abu Hashim 12011 | Met S00mg Tid RCT 138 2724257265423 CPRMREMT
7 | Liu2004 Met 500mg Tid ccs 0 Not Mentioned CPR 38 | Abu Hashim 112011 | Met 500mg Tid RCT 75 EMT

8 | Palomba 2004 Met $50mg Bid RCT 109 268422275024 CPRMR 39 | Johason 2011 Met S00mg Tid RCT 6 Not Mentioned CPR

9| Sahin 2004 Met $50mg Bid ccs 21 21-3119-28 cPR 40 | Kjotrod 2011 Met S00mg Tid RCT 149 20623429538 cPR

10| Tasdemir 2005 Met $50mg Bid ocs 2 306432318027 CPREMT 41| Palomba 11 2011 Met S00mg Tid RCT 120 21-3322:34 CPRMR
11| Hwu 2008 Met $00mg Tid RCT 80 2007444527804375 | CPR 42 | Swanton 2011 Met S00mg Tid RCT 134 32037329439 cPR

12| Palomba 12008 Met 850mg Bid RCT 70 266:2.7269:28 CPRMR 43 | Basinat 2012 Met S00mg Tid RCT 34 248643.7825.26:4.32 CPR

13 | Palomba 112005 | Met 850mg Bid ccs 92 20-3420-34 CPRMR 44| Morin 2012 Met $00mg Tid RCT 320 CPRMR
14| Palomba 1112008 | Met $50mg Bid RCT 28 2342234 CPRMR 45 | Ayaz2013 Met S00mg Tid RCT 42 cPR

15| Mol 2006 Met $00mg Tid RCT 162 219437284447 CPRMR 46| Mosammat 2013 Met $00mg Tid RCT 9 CPRMR
16| Nestler 2006 Met 850mg Bid RCT 92 20-3420-34 CPRMR 47 | Hosseini 2013 Met S00mg Tid RCT 368 2692:3802671:3.73 | CPR

17| Palomba 2006 Met 850mg Bid RCT 7 2582326330 RI, EMT 48 | Kar2013 Met S00mg Tid ccs 61 Not Mentioned CPR

18| Tang 2006 Met $50mg Bid RCT 101 20-392039 CPREMT 49 | Mohsen 2013 Met $50mg Bid Ps s0 2546325463 EMT.RI
19| Karimzadeh 2007 | Met 500mg Tid RCT 200 352035 cPr s0 | Any. 2014 Met S00mg Tid RCT 7 282038282438 CPREMT
20 | Neveu 2007 Met $00mg Tid RCT mn 203:0.529.140.8 CPRMR 1| Kumar 2014 Met 850mg Bid ccs 60 CPR

21| Palomba 2007 Met 850mg Bid cs 72 22402041 CPRMR 52 | Vahidin 2014 Met 850mg Bid ccs 20 35/<38 CPREMT
22 | Richard 2007 Met S00mg Tid RCT 418 283640279640 cPR $3 | Femandez 2015 Met $00mg Tid RCT 34 2649.4 28205 cPR

23 | Schachter 2007 Met 850mg Bid RCT st 288404288404 CPRMR 54| Maged 2015 Met S00mg Tid RCT 0 258435260436 CPREMT
24 | Moll 2007 Met $00mg Tid RCT 25 279437284247 CPR $5 | wang 2015 Met 850mg Bid RCT 10 CPRMR
25 | Wei 2008 Met $00mg Bid RCT s 286125286133 CPRMR 6 | Cheraghi 2016 Met $00mg Tid RCT 30 2807434127.942.8 CPREMT
26 | Kazerooni 2009 Met 500mg Tid RCT 37 CPREMT 57 | Jacob 2016 Met §50mg Bid RCT 153 29.944.429.6439 cPR

27 | Qublan 2009 Met 850mg Bid RCT 66 CPRMR s8 | Lin2017 Met S00mg Tid RCT 2 272028268431 CPRMR
28 | Zain 2009 Met S00mg Tid RCT n 2934495296143 CPR 59 | Abdalmageed 2019 | Met $00mg Bid RCT 102 3114373189436 CPRMR
29 | Abu Hashim 12010 | Met 01mg Tid RCT 192 268622273126 CPRMREMT 60 | Jiang 2019 Met 2500 per d RCT 9 274613 4826.87:4.01 CPRMR
30 | Abu Hashim 112010 | Met $00mg Tid RCT 127 2624227262422 EMT 61| Pourghasem 2019 | Met $00mg Tid RCT 100 310641113042:258 | CPR

31| Banan 2010 Met $50mg Bid ccs 6 255443627.35:3.95 CPRMR 62 | Prabhakar 2020 Met S00mg Tid RCT 109 282M:3412786:3.06 | CPRMR

Abbreviation: RCT randomized controlled trial, CS cohort study, CCS case-control study, PS prospective study, MET metformin, CC clomiphene, CPR clinical
pregnancy rate, EMT endo metrial thickness, MR miscarriage rate; R resistance index, Bid bis in die, Tid ter in die
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Table 2 Methods and results of the meta-analysis
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Included studies Selection Comparability | Outcome Total quality
socres

Representativeness | Selection of | Ascertainment | Demonstration Assessment | Was Adequacy

of the the of exposure that outcome of outcome | follow-up of

exposed cohort nonexposed of interest was long enough follow-up

cohort not present at for outcomes of cohorts
start of study to occur

DANIELA J 2001 * * * * * 6
David T 2001 * * * * * * 6
Kocak 2002 * * * * * 5
Sturrock 2002 * * * * 4
Malkawl 2003 * * * 3
Kjotrod 2004 * * * * ok * 6
Liu 2004 * * * * 4
Sahin 2004 * * * * 4
Tasdemir 2005 * * * >k 5
Palomba 1 2005 * * * * 4
Palomba I1 2007 * * * * * 6
Baran 2010 * * * * 4
Kar 2013 * * * * * 5
Mohsen 2013 * * * * 4
Kumar 2014 * * * 3
Vahidin 2014 * * * * * * 7

Cl confidence interval, CC clomiphenecitrate, LOD laparoscopic ovarian diathermy, L letrozole, MET metformin, M-H mantel-haenszel, MD mean difference, NAC N-

acetyl-cysteine, OR oddsratio, Std standard deviation
AStatistically significant difference

important role in pregnancy establishment and mainten-
ance. However, improving ER remains a challenge for
clinicians [4], and it is an crucial strategy to improve the
live birth rate [5].

As an insulin sensitizer, metformin has been widely
used in infertility clinics. It is generally applied to reduce
insulin resistance and glucose metabolism abnormalities
in PCOS patients [6]. To improve the pregnancy rate of
PCOS patients, metformin has been widely used alone
or in combination with clomiphene for ovulation induc-
tion [7], though the impact of ER on PCOS patients is
still controversial.

Recently, many meta-analyses and systematic reviews
have been conducted on women with infertility and
PCOS treated with metformin, such as the ovulation
rate, pregnancy rate, miscarriage rate, serum sex hor-
mone levels, and adverse effects [8]. Nonetheless, few
meta-analyses and systematic reviews have addressed the
effects of metformin on ER in PCOS patients. The main
purpose of this study was a comprehensive systematic
review and meta-analysis to compare the effects of met-
formin used alone or in combination on ER in PCOS
patients.

Methods

Search strategy

Strictly following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) 2009
Checklist Protocol, two independent reviewers (Y.B. and
W.Y.H) performed a literature search in three electronic
databases (PubMed, EMbase, and Cochrane Library).
Studies published before May 31, 2020, were retrieved

using the following key words: “Metformin” [Mesh] OR
Dimethylbiguanidine OR Dimethylguanylguanidine OR
Glucophage OR Metformin Hydrochloride OR Hydro-
chloride, Metformin OR Metformin HCl OR HCI, Met-
formin AND (“polycystic ovary syndrome” [Mesh] OR
Ovary Syndrome, Polycystic OR Syndrome, Polycystic
Ovary OR Stein-Leventhal Syndrome OR Stein
Leventhal Syndrome OR Syndrome, Stein-Leventhal OR
Sclerocystic Ovarian Degeneration OR Ovarian Degener-
ation, Sclerocystic OR Sclerocystic Ovary Syndrome OR
Polycystic Ovarian Syndrome OR Ovarian Syndrome,
Polycystic OR Polycystic Ovary Syndrome 1 OR Sclero-
cystic Ovaries OR Ovary, Sclerocystic OR Sclerocystic
Ovary). Preselected results were limited to English publi-
cations. Manual searches were also conducted to acquire
potentially eligible articles that might have been missed
by computer-based searches.

Study selection

Two investigators (W.Y.H and Y.B) reviewed the titles
and abstracts of all literatures identified by the search
strategy to generate a list of relevant articles, and the full
texts were searched and read by another two reviewers
(L.EFY and Y.X.Z). Any disagreement was resolved by
discussion or based on the judgment of a third expert
(Y.H.Y) until a consensus was reached.

Eligibility criteria

Studies were considered eligible for the meta-analysis
and systematic review if they met the following inclusion
criteria: (i) experimental or observational studies; (ii)
subjects received treatment alone or in combination, and
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indicators related to ER were assessed. The exclusion
criteria were as follows: (i) case reports and reviews; (ii)
patients with endometrial hyperplasia, endometrial can-
cer, uterine myoma, endometrial polyps, intrauterine ad-
hesion (IUA), and other pathological changes that could
affect ER; (iii) studies published in non-English lan-
guages; and (iv) the full text could not access. Data were
extracted from eligible studies by two reviewers using
piloted screening forms in Microsoft Office Excel. In-
cluding the author, year of publication, number of

participants, mean age, intervention, and time to meas-
ure EMT. The details of each outcome measure, such as
EMT, endometrium artery RI, clinical pregnancy rate,
and miscarriage rate, were precisely recorded.

Statistical analysis

The meta-analysis was conducted using Cochrane Re-
view Manager software (RevMan 5.3). Continuous out-
comes were measured by Std mean differences (SMDs)
and dichotomous outcomes by risk ratios (RRs), both
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Table 3 Quality assessment of the included studies

Page 5 of 14

Outcome /subgroup title No of No-of Statistical method Effect size p-value
studies  participants
1.Endometrial thickness (EMT) 13 1253 Std(SMD 1V,Random,95%CI) ~ 2.04 [0.96, 3.12] 0.0002*
1.1.1 Met Treatment After vs Before 3 226 Std(SMD IV ,Random,95%CI)  1.95[0.33, 3.75] 0.02
1.1.2 Met vs Placebo 2 102 Std(SMD 1V,Random,95%CI)  0.24 [-0.16, 0.64] 0.24
1.1.3 Met+CC vs CC 3 112 Std(SMD 1V,Random,95%CI)  1.15[0.62, 1.68] <0.0001*
1.1.4 Met+CC Treatment After vs Before 3 680 Std(SMD 1V,Random,95%CI)  5.10 [2.24, 7.97] 0.0005*
1.1.5 Met+X vs X 2 133 Std(SMD 1V,Random,95%CI)  0.49[0.14, 0.83] 0.006*
2.Endometrium artery RI 3 278 Std(SMD 1V,Random,95%CI)  -2.83[-5.06,-0.59]  0.01*
2.1.1 Met Treatment After vs Before 2 174 Std(SMD IV, Random,95%CI) ~ -1.39[-4.09, 1.31]  0.31
2.1.2 Met+CC Treatment After vs Before 1 52 Std(SMD IV, Random,95%CI) ~ -5.41 [-6.62,-4.20] ~ <0.00001*
2.1.3 Met+CC vs CC 1 52 Std(SMD 1V,Random,95%CI)  -3.28 [-4.14,-2.43]  <0.00001*
3.Clinical pregnancy rate (CPR) 56 6163 RR(M-H,Random, 95%CI) 1.26[1.11, 1.43] 0.0003*
3.1.1 Met vs Placebo 15 1753 RR(M-H,Random, 95%CI) 1.37[1.08, 1.74] 0.01*
3.1.2 Met vs CC 6 359 RR(M-H,Random, 95%CI) 1.40 [1.11, 1.76] 0.004*
3.1.3 Met+CC vs CC 22 2305 RR(M-H,Random, 95%CI) 1.39[1.15, 1.69] 0.0008*
3.1.4 Met+FSH vs FSH 3 298 RR(M-H,Random, 95%CI) 1.37[0.98, 1.91] 0.06
3.1.5 Met+CC vs LOD 7 981 RR(M-H,Random, 95%CI) 0.79[0.49, 1.27] 0.34
3.1.6 Met+X vs X 3 567 RR(M-H,Random, 95%CI) 1.21[0.97, 1.50] 0.10
4. Miscarriage rate (MR) 27 1362 RR(M-H,Random, 95%CI) 0.73[0.58, 0.91] 0.006*
4.1.1 Met vs Placebo 8 349 RR(M-H,Random, 95%CI) 0.78 [0.53, 1.15] 0.22
4.1.2 Met vs CC 5 203 RR(M-H,Random, 95%CI) 0.51[0.26, 0.99] 0.05
4.1.3 Met+CC vs CC 4 227 RR(M-H,Random, 95%CI) 0.91[0.41, 1.98] 0.80
4.1.4 Met+FSH vs FSH 2 78 RR(M-H,Random, 95%CI) 0.70 [0.18, 2.67] 0.60
4.1.5 Met+CC vs LOD 6 432 RR(M-H,Random, 95%CI) 0.77[0.47, 1.24] 0.28
4.1.6 Met+X vs X 2 73 RR(M-H,Random, 95%CI) 0.35[0.12, 0.96] 0.04*

A study can be awarded a maximum of one star for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given

for Comparability

with 95% confidence intervals (Cls). Heterogeneity
measurement was performed by forest plots as well as
calculating I* (>50% was considered extensive hetero-
geneity). A fixed-effects model was used to combine
study results if heterogeneity was minimal; otherwise,
the random-effects model was used. Potential publica-
tion bias was also examined qualitatively by funnel plots
using RevMan software when the distribution of CI devi-
ated significantly.

Results

Study inclusion and basic characteristics

The literature research initially resulted in 7098 poten-
tially relevant publications (Medline: 1773, EMbase:
4179, Cochrane: 1146); after removing duplicates, the
remaining 1123 records were screened via titles and ab-
stracts. 91 full-text articles assessed for eligibility, after
further assessment of eligibility criteria, 29 articles were
excluded (23 studies did not mention certain observation
indicators, and complete data were not available in the
other 6 studies). Thus, a total of 62 articles were used in
this study [9-70], involving 6571 patients; the studies
varied from 46 RCTs, 16 cohort studies, that is, they

were nonrandomized experimental studies (Fig. 1). The
baseline characteristics of the included studies are pre-
sented in Table 1. The Methods and results of the meta-
analysis are presented in Table 2.

Quality assessment of the included studies

Bias in the included studies was assessed by different
tools. Figure 2 illustrates the risk of bias of the RCTs.
Both selection and reporting bias were relatively low.
The MINORS score of nonrandomized experimental
studies is shown in the last column of Table 3.

Meta-analysis

Sixty-two eligible studies were included in the meta-
analysis of metformin vs control. The intervention ap-
proach was slightly complicated between studies. There-
fore, we analyzed the data in different subgroups. EMT
and endometrium artery RI were considered-primary
outcomes; the CPR and MR were secondary outcomes.
Each outcome measurement is described in forest plots
in Figs. 3, 4, 5 and 6.
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Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

1.1.1 Met Treatment After vs Before

DANIELA 2001 85 05 26 77 04 26 77%
Mohsen 2013 84 16 50 72 2 50 78%
Palomba 2006 124 235 37 595 101 37 7.6%
Subtotal (95% CI) 113 13 23.1%

Heterogeneity: Tau? = 1.95; Chi2 = 45.82, df = 2 (P < 0.00001); I = 96%
Test for overall effect: Z = 2.36 (P = 0.02)

1.1.2 Met vs Placebo

An.Y 2014 122 32 38 119 22 34 7.8%
Cheraghi 2016 99 19 15 89 16 15  7.6%
Subtotal (95% CI) 53 49 15.4%
Heterogeneity: Tau? = 0.00; Chiz2 = 1.02, df =1 (P = 0.31); I?=2%

Test for overall effect: Z=1.17 (P = 0.24)

1.1.3 Met+CC vs CC

Kazerooni 2009 9.69 1.96 18 7.24 114 19 7.6%
Kocak 2002 94 24 27 7.7 2 28 7.7%
Vahidin 2014 115 222 10 85 1.7 10 7.4%
Subtotal (95% Cl) 55 57 22.8%
Heterogeneity: Tau? = 0.08; Chi? = 3.09, df = 2 (P = 0.21); I? = 35%

Test for overall effect: Z = 4.27 (P < 0.0001)

1.1.4 Met+CC Treatment After vs Before

Abu Hashim | 2011 92 12 138 54 05 138 7.8%
Abu Hashim 11 2010 9.1 01 127 53 06 127 7.6%
Abu Hashim 11 2011 88 1.8 75 56 04 7% 7.8%
Subtotal (95% CI) 340 340 23.2%

Heterogeneity: Tau? = 6.32; Chi? = 187.10, df = 2 (P < 0.00001); I> = 99%
Test for overall effect: Z = 3.49 (P = 0.0005)

1.1.5 Met+X vs X

Tang 2006 11 08 52 10.7 0.1 49  7.8%
Tasdemir 2004 116 3.1 16 103 3.2 16  7.7%
Subtotal (95% CI) 68 65 15.5%

Heterogeneity: Tau? = 0.00; Chi? = 0.07, df =1 (P = 0.78); I? = 0%
Test for overall effect: Z = 2.77 (P = 0.006)

Total (95% Cl) 629 624 100.0%
Heterogeneity: Tau? = 3.85; Chi? = 598.52, df = 12 (P < 0.00001); I? = 98%
Test for overall effect: Z = 3.69 (P = 0.0002)

Test for subgroup differences: Chi? = 19.93, df = 4 (P = 0.0005), I* = 79.9%

Fig. 3 Forest plot of comparison: Met vs control, outcome: endometrial thickness (EMT)
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Endometrial thickness (EMT)

EMT was determined in thirteen studies. The random-
effects model showed that EMT in the metformin group
was significantly thicker than that in the control group
after treatment (SMD =2.04, 95% CI (0.96,3.12), P =
0.0002). (Fig. 3).

Endometrium artery Rl

The endometrium artery RI was reported in three studies.
According to the random-effects model, the endometrium
artery RI in the metformin group was significantly smaller
than that in the control group after treatment (SMD = -
2.83, 95% CL: (- 5.06, - 0.59), P = 0.01). (Fig. 4).

Clinical pregnancy rate (CPR)

The CPR was described in Fifty-six studies. As revealed
by the random-effects model, the clinical pregnancy rate
in the metformin group was significantly different from

that in the control group (RR =1.26, 95% CI: 1.11-1.43,
P =0.0003). (Fig. 5).

Miscarriage rate (MR)

Twenty-seven studies included the MR. The random-
effects model was applied, which indicated that the clin-
ical pregnancy rate in the metformin group was signifi-
cantly lower than that in the control group (RR =0.73,
95% CI:0.58—0.91, P = 0.006). (Fig. 6).

Publication bias analysis

In terms of publication bias estimation, as shown in
Fig. 7, funnel plots indicated a relatively low likelihood
of publication bias.

Discussion
In recent years, endometrial factors have been respon-
sible for 1/3 ~ 2/3 of pregnancies loss; however, the



Yuan et al. Reproductive Biology and Endocrinology (2021) 19:89

Page 7 of 14

Control

Experimental

Mohsen 2013 0.83 1 50 0.85 0.75 50 25.7%
Palomba 2006 0.58 0.08 37 09 0.14 37 25.3%
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Heterogeneity: Tau? = 3.72; Chi? = 50.90, df = 1 (P < 0.00001); I> = 98%
Test for overall effect: Z=1.01 (P = 0.31)

2.1.2 Met+CC Treatment After vs Before

DANIELA 2001 0.57 0.03 26 0.71 0.02 26 24.1%
Subtotal (95% Cl) 26 26 24.1%
Heterogeneity: Not applicable

Test for overall effect: Z = 8.76 (P < 0.00001)

2.1.3 Met+CC vs CC

DANIELA 2001 0.57 0.03 26 0.67 0.03 26 24.9%
Subtotal (95% Cl) 26 26 24.9%

Heterogeneity: Not applicable
Test for overall effect: Z = 7.55 (P < 0.00001)

Total (95% Cl) 139 139 100.0%
Heterogeneity: Tau? = 5.03; Chi? = 125.68, df = 3 (P < 0.00001); I* = 98%

Test for overall effect: Z=2.48 (P = 0.01)

Test for subaroun differences: Chiz = 11.26. df = 2 (P = 0.004). I? = 82.2%
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Fig. 4 Forest plot of comparison: Met vs control, outcome: endometrium artery RI

underlying mechanisms related to ER remain unclear
and need further investigation [71]. It is well established
that ER insufficiency is associated with several
gynecological diseases, such as hydrosalpinx, endometri-
osis, and uterine fibroids [72]. In addition, PCOS, a
pathological condition with high serum androgen levels,
can impede ER. Some studies report several ER-related
markers, including integrin, MMP-9, TMP1, VEGF and
LIF, are significantly decreased in the endometrium of
PCOS patients during the window of implantation com-
pared with normal controls [73]. Other studies have
found that HOXA-10 and IGFBP-1, molecules associ-
ated with embryo development and endometrial decid-
ualization, are downregulated in the endometrium of
PCOS patients. It is considered that the mechanism of
ER reduction in PCOS patients may be explained in
three aspects. First, PCOS patients usually experience
amenorrhea or oligomenorrhea, which causes a relatively
low progesterone level. Second, the progesterone-lacking
endometrium undergoes long-term exposure to estro-
gen, which leads to a continuous proliferative phase of
the endometrium and may eventually impede ER estab-
lishment. Third, PCOS patients usually have complica-
tions with insulin resistance and hyperinsulinemia.
Moreover, glucose metabolism is important for endo-
metrial preparation for embryonic implantation, espe-
cially for endometrial decidualization. The transport of
glucose from outside to inside the cell is mediated by a
kind of special transporter, GLUT, which is responsible
for glucose intake in many tissues under the influence of
insulin, including the human endometrium. Expression
of GLUTs in PCOS patients with insulin resistance is

significantly decreased in the endometrium compared
with women with obesity but without PCOS. Glucose
metabolism disorders may exacerbate ER and lead to a
series of alterations in the endometrium, including ER
molecular marker expression and macro indicators.
Consistently, it has been reported that the serum level of
insulin directly alters expression of ER-related markers.

Metformin, as a sensitizer of insulin, has been used for
PCOS patients with insulin resistance to facilitate fertil-
ity restoration [74]. The application of metformin can
increase GLUTs expression in the endometrium of
PCOS patients; however, its effects possible mechanisms
on ER are remain poorly understood.

In 2019, Jun Zhai reported that metformin could im-
prove ER by downregulating expression of miR-491-3p
and miR-1910-3p, thereby increasing expression of
HOXA10 and ITGB3, known as important endometrial
receptive markers, in the endometrium of PCOS women
[75-77]. The expression level of these microRNAs also
increased with up-regulating metformin concentration,
showing a clear dose-dependent manner. Second, other
studies have suggested that metformin inhibited estra-
diol and progesterone-induced endometrial stroma by
regulating the p38 MAPK signaling pathway and by
changing the expression of various cytokines, such as
MMP-2, MMP-9, ER and PGR, which are involved in
the decidualization of stromal cells [78]. Decidualization
refers to the conversion from endometrial stromal fibro-
blasts to specialized secretory decidual cell, which pro-
vide a nutrient and immune privileged matrix and are
essential for embryo implantation and placental develop-
ment [79]. Third, some studies have documented that
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3.1.1 Met vs Placebo

Abdalmageed 2019 17
ANn.Y 2014 17
Brewer 2010 10
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Karimzadeh 2007 40
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Kumar 2014 8
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Subtotal (95% CI)
Total events

Heterogeneity: Tau® = 0.00; Chi* = 4.05, df = 4

11
26
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Fig. 5 Forest plot of comparison: Met vs control, outcome: Clinical pregnancy rate (CPR)
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Fig. 6 Forest plot of comparison: Met vs control, outcome: Miscarriage rate (MR)

Risk Ratio

2

0.01 0.1 1
Favours [experimental]

10
Favours [control]

100




Yuan et al. Reproductive Biology and Endocrinology (2021) 19:89

Page 10 of 14

(A) 0 SE(MD) i ﬁ

MD
2

4 -2 0 2 4

O et Treatment After vs Before
O Metvs Placebo

Met+CC vs CC

/A MetsCC Treatment Ater vs Before
MeteX vs X

SE(I0g[OR])

©)° ?
=)
o o oyo.g O o
+ a® n O
s 0. 209 50 °
(o] ' fe)
eH
1 )
o]
15
oR
2
01 02 05 1 2 5 10
O Metys Placebe Met+CCvs CC Met+CC vs LOD ¥ MeteCCvs LOD
O Matvs CC Met+FSHVSFSH  + MateCCvs LOD

rate.
Fig. 7 Funnel plot of comparison: Met vs control

(A)Endometrial Thickness; (B)Endometrium Artery RI; (C)Clinical pregnancy rate; (D)Miscarriage

(B) SE(MD)
0 P
&
o}
0.05 H
01
015 :
e
MD
02
2 RY 0 1 2
O et Treatment Ater vs Befors Met+CC vs CC
< Met+CC Treatment After vs Before
(D) 0 SE(10g[OR])
05 10,
+
y O
o o &
A0 4
! f
o
o '
15 1 O
A
2 OR
002 01 1 10 50
01 oup:
O wetvs Placebo Met+CC vs CC Met+CC vs LOD # Metex vs X
O Metvs cC A MetFSHYsFSH  + MeteCC vs LOD

endometrial GLUT4 protein and mRNA expression were
significantly increased after Met treatment in PCOS pa-
tients. Hyperglycemia and hyperinsulinemia may reduce
GLUT4 expression in adipocytes, and Met can reverse
this process and promote GLUT4 translocation [80].
GLUT4 express decreased in the endometrium may re-
duce glucose transmembrane transport, affect cell glu-
cose utilization, and lead to endometrial embolism;
subsequently, embryo implantation failure and miscar-
riage occur. However, it was also observed that expres-
sion of GLUT4 protein and mRNA in the endometrium
of PCOS patients was increased after Met treatment.
Therefore, Met may upregulate GLUT4 expression in
the endometrium of PCOS patients and improve ER.
There is an assumption that Met can promote endo-
metrium decidualization by increasing the expression of
GLUT4 in the endometrium or providing enough energy
for thickening of endometrium. Move over, it is also re-
ported that it takes a long time to remodel and develop
blood vessels in the placenta since the embryo implant-
ation. At this stage, the embryo is exposed to a hypoxic
environment. Changes in oxygen pressure cause multiple

functional responses, such as adaptive responses to re-
duced oxygen concentrations or alternative metabolic
pathways to provide oxygen energy substrates [81].
Therefore, we suggested that when the endometrial ar-
tery RI during embryo implantation is lower the blood
supply for endometrium is better; that is, the RI of the
endometrial artery is lower and more conducive to the
remodeling and regeneration of blood vessels during em-
bryo implantation. As mentioned above, treatment of
PCOS with metformin can reduce the RI of the endo-
metrial artery, and it is likely to provide a good environ-
ment for embryo implantation.

In this meta-analysis, the primary outcomes were
EMT and endometrial artery RI. The main methods for
evaluating ER are ultrasound, endometrial biopsy, endo-
metrial fluid aspiration and hysteroscopy [82]. The appli-
cation of ultrasound to evaluate ER can be divided into
four aspects: EMT, endometrial volume, endometrial
pattern and endometrial blood flow [83]. Currently, It is
generally believed that EMT is the most common ER
index. Some studies suggest a positive correlation be-
tween EMT and pregnancy rate [84—86], but there are
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also some reports no association [87]. Although the
evaluation of ER in endometrial blood perfusion are con-
stantly enriched, the most commonly used indicators are
the PI and RI of the endometrial artery [88]. Many stud-
ies believe that the PI and RI of the endometrial artery
can be used as effective indicators of ER [89, 90]. How-
ever, some suggest that measurement of the ER index of
the uterine spiral artery or endometrial artery cannot re-
liably predict the prognosis of IVF [91-93].

This systemic review and meta-analysis summarize
studies investigating the effect of metformin on ER of
PCOS patients. It is still unclear how the protective ef-
fects of Met in endometrial receptivity operates, and fur-
ther research is needed. Moreover, due to the high
heterogeneity of the included data and the large merger
bias, the results need to be treated with caution.

Limitations

This meta-analysis had several limitations that should be
taken into consideration when interpreting the conclu-
sions. First, this meta-analysis summarized a total of 46
RCTs, 16 cohort studies, but the sample sizes were rela-
tively small. Second, a poorly randomized design in-
cluded studies, and the complex interventions made
more biased in the study mergers. The results obtained
were widely heterogeneous and considered to be the
main limiting factor. According to the above limitations,
caution should be used when evaluating the results of
this meta-analysis.

Implications

The following issues should be considered in future
study design. First, as the time to measure EMT may
have different effects on the study results, the time to
measure EMT or ER in all patients should be the same
period. Second, the current study involved few evalu-
ation indicators for ER and Endometrium artery RI. Fu-
ture research should add up more evaluation markers
for ER.

Conclusion

Overall, this systematic review and meta-analysis sug-
gests that the effect of metformin for improving endo-
metrial receptivity in women with PCOS is weak but
meaningful. Notably, the sample size of the studies was
not large, and the evidence was high quality albeit insuf-
ficient. Therefore, large-scale and multiple centers RCT's
with rigorous methodological quality are needed to clar-
ify the role of metformin in ER. Further research is
needed to explore the long-term efficacy and the mecha-
nisms of the intervention.
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