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Original Article

Effects of metformin on pregnancy outcome, metabolic profile, 
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Background: Researches of the efficacy and safety of metformin on long-term pregnancy outcomes 
remains conflicted. We performed an updated systematic review and meta-analysis to systematically 
investigate the effect of metformin treatment on pregnancy outcome, metabolic profile, and sex hormone 
characteristics in women with polycystic ovary syndrome (PCOS) and their offspring.
Methods: The PubMed, Embase, and Cochrane Library databases were searched from inception to 
July 10, 2021 with the keywords “metformin”, “PCOS”, and “pregnancy”. Randomized controlled studies 
reported pregnant related outcomes after metformin intervention among PCOS women were included, 
while abstracts and reviews were excluded. Two authors independently identified trials, extracted data and 
assessed risk of bias with Cochrane Reviewer’s Handbook 5.0. Random effects models were used to evaluate 
the pooled risk ratios (RR) and 95% confidence intervals (95% CI) of pregnancy outcome, metabolic profile, 
and sex hormone levels.
Results: Eighteen studies were included. The majority of trials were in medium methodological quality. 
In terms of pregnancy complications among women with PCOS, metformin treatment was associated 
with a significantly reduced risk of preterm delivery (RR =0.37, 95% CI: 0.23–0.61), pregnancy-induced 
hypertension (PIH) and preeclampsia (RR =0.45, 95% CI: 0.24–0.83) and macrosomia (RR =0.26, 95% 
CI: 0.11–0.64). In terms of offspring, metformin significantly associated with larger head circumference 
(MD =0.29, 95% CI: 0.13–0.45) and higher long-term body mass index (BMI) measures (MD =0.37, 95% 
CI: 0.17–0.56). In terms of metabolic profile and sex hormone characteristics, a significant decrease in 
homeostatic model assessment for insulin resistance (HOMA2-IR) scores was found in mothers (MD =−0.32, 
95% CI: −0.63 to −0.02), whereas a significant increase of sex hormone binding globulin (SHBG) levels was 
detected in offspring (MD =0.33, 95% CI: 0.01–0.65). 
Discussion: Although the relative low quality of randomized controlled trials (RCTs) and limited results 
made it difficult to draw a definite conclusion, our study showed that metformin treatment during pregnancy 
can reduce the risk of pregnancy complications but may have impacts on increasing SHBG levels and long-
term BMI in offspring. 
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Introduction

Polycystic ovary syndrome (PCOS), which is often 
accompanied by insulin resistance (IR), is one of the most 
common hormonal disorders affecting the ovaries during 
childbearing years, with an estimated prevalence of 5% to 
10% (1). Women with PCOS have difficulties conceiving 
naturally. Even when pregnancy is successfully achieved 
through medication, surgery, or in vitro fertilization, 
women with PCOS still experience many complications, 
such as gestational diabetes mellitus (GDM), miscarriage, 
pregnancy-induced hypertension (PIH) and preeclampsia, 
preterm birth, and intrauterine growth retardation or 
malformation (2,3).

Metformin can regulate the menstrual cycle and promote 
ovulation by improving IR and reducing hyperinsulinemia 
and weight loss, thereby increasing the pregnancy rate for 
patients with PCOS. At present, most guidelines for PCOS 
treatment recommend that metformin treatment should 
be implemented during the early period of pregnancy. 
However, studies have shown that metformin can enter 
the placenta through transport channels such as plasma 
membrane monoamine transporters and organic cation 
transporters, resulting in possible exposure of the fetus to 
the drug (4,5). Evidence for the efficacy, safety, and benefits 
of continual metformin use during the pregnancy period 
still remains conflicted, for example, some studies reported 
use of metformin is significantly associated with reduction 
in gestational diabetes among PCOS women (6-8),  
however, several other studies showed that metformin have 
no significant effect on gestational diabetes (1,9-11). Some 
studies found metformin had no effect on pregnancy induced 
hypertension (9,12), whereas others showed that metformin 
significantly reduced hypertension (8,13). Besides, 
whether metformin is associated with metabolic profile 
and sex hormone levels also remain a subject of debate. 
Recent published studies showed controversial results 
of fasting glucose and SHGB hormone levels (9,14-16).  
The small sample size of the studies might contribute to 
the various and inconsistent results, thus it is necessary to 
develop a meta-analysis to assess the efficacy of metformin.

Given the controversial results, we conducted the present 
systematic review and meta-analysis to compare the risks 

and benefits of metformin on pregnancy outcome, metabolic 
profile, and sex hormone levels of PCOS women and their 
children, with the expectation to give an evidence-based 
analysis for clinical practice. We present the following article 
in accordance with the PRISMA reporting checklist (17)  
(avai lable  at  https ://atm.amegroups.com/art ic le/
view/10.21037/atm-22-909/rc).

Methods

Search strategy and selection criteria

This protocol was registered on the PROSPERO platform 
(No. CRD42021266145).

We searched  the  China  Nat iona l  Knowledge 
Infrastructure (CNKI), Wanfang Databases, PubMed, 
Embase, and Cochrane Library databases to identify human 
studies using the following keywords: (“metformin”) 
AND (“polycystic ovary syndrome” OR “PCOS”) AND 
(“outcomes” OR “complications” OR “effects”). The 
detailed search strategies were showed in Supplementary 
file (Table S1). Studies published from inception to July 10, 
2021 were included.

Two researchers (DYZ and YC) independently 
assessed the articles for eligibility. Randomized controlled 
trials investigating the effects of continual treatment of 
metformin during pregnancy on maternal or offspring 
outcomes were included if they met the following inclusion 
criteria: (I) the study population were women who were 
pregnant and diagnosed with PCOS according to the 
Rotterdam 2003 criteria or offspring whose mother had 
been diagnosed with PCOS; (II) metformin was used as 
an intervention on participants during pregnancy; (III) 
the study included a placebo control group who were not 
treated with metformin during pregnancy; (IV) the study 
assessed outcomes relating to pregnancy complications, 
including PIH and preeclampsia, GDM, and preterm birth, 
or offspring outcomes, including birth weight, birth length, 
head circumference at birth, and body mass index (BMI) at 
longer follow-up; (V) the study was a published randomized 
controlled trial (RCT) study. We excluded conference 
abstracts, case reports, systematic reviews and meta-analysis, 
and studies without control groups or without available 
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full text or data were excluded. The detailed information 
regarding to the specific inclusion and exclusion criteria and 
treatment intervention of each study were summarized in 
Table S2 and Table S3. When data appeared in more than 1 
publication, only the dataset with the most comprehensive 
data was included.

Data extraction

Working independently, DYZ and YC used detailed 
information forms to extract the data and conduct 
the quality assessment. A third researcher (LZX) was 
responsible for addressing any unresolved disagreements 
between DYZ and YC concerning the extracted data or 
its quality. The data extraction included the following 
information: first author, year of publication, country where 
the study was conducted, study design, total sample size, 
survey time, mean or median age with standard deviation 
(SD) of pregnant women, mean or median BMI with SD of 
pregnant women, follow-up time, number of events or total 
participants in the exposure group and control group, mean 
or median of offspring weight, length, and BMI with SD.

We used the Cochrane Reviewer’s Handbook 5.0 to 
assess the risk of bias for all of the eligible articles. We 
evaluated the selection, performance, detection, attribution, 
reporting and other bias of RCT studies and clarified the 
risk of bias as “low”, “high” and “unclear”. We defined the 
articles with 7 low-risk items as “high quality”, the articles 
with 5 or more than 5 high-risk or unclear risk items as “low 
quality”, and the rest as “medium quality”.

Statistical analysis

We calculated the pooled risk ratio (RR) or mean 
difference, each accompanied by the 95% CI. To estimate 
risks for pregnancy outcomes, we divided the data into two 
comparative groups: participants treated with metformin 
versus participants without metformin treatment. We used 
an I2 statistic of ≥50% as an indicator of large statistical 
heterogeneity. If substantial heterogeneity was detected, we 
used a random-effects model to calculate pooled effect size 
and 95% CIs.

Subgroup analyses and meta-regression analyses were 
also performed to explore potential sources of heterogeneity. 
The subgroup analyses were categorized by the following 
variables: regional income level based on the World Bank 
standard (18), and quality of the study. Evidence for 
differences between the subgroups was quantified by the 

RRs or mean difference comparing associations in the 
subgroups and the corresponding P values for interaction. 
Studies that clearly provided essential information were 
included in corresponding subgroup analyses. A meta-
regression analysis of the relationship between metformin 
treatment and pregnancy outcomes was conducted for each 
outcome with high heterogeneity.

We used funnel plots, Egger’s test, and Begger’s test to 
assess the possibility of publication bias and small-study 
effects in each result. In addition, sensitivity analyses were 
performed to determine the impact of individual studies on 
the pooled estimates by excluding each of the studies from 
the pooled estimate. All analyses used the “Meta-Analysis” 
statistical package in Stata 12 software (StataCorp LLC, 
College Station, TX, USA).

Results

We conducted the search on July 10, 2021. A total of 
3,149 records were included in the initial search, and 
2,837 remained after duplicates were removed. After 
excluding articles that did not meet the inclusion criteria, 
48 studies were full-text screened, and finally 18 articles 
were determined to be eligible and included in this analysis 
(Figure 1) (1,9-12,14-16,19-28).

The characteristics of the included studies and their 
corresponding quality scores are reported in Table 1. These 
studies covered 6 countries (13 in Norway, and each in 
China, Egypt, Bangladesh, Finland and a multi-national 
study). Among the 18 eligible studies, a total of 2,461 
women and 1,291 offspring were included in this meta-
analysis. Regarding pregnancy complications, 11 studies 
were included for maternal prenatal outcomes, 4 studies 
for maternal metabolic profile, and 2 studies for maternal 
hormone levels. Regarding complications among offspring, 
10 studies were included for prenatal outcomes, 2 studies for 
metabolic profile, and 2 studies for sex hormone levels. One 
study involved psychiatric and neurological complications 
among pregnant women and offspring.

The effect of continual use of metformin on pregnancy 
outcomes

Using a random-effects model, the meta-analysis showed 
that continual use of metformin during pregnancy can 
significantly reduce the occurrence of PIH and preeclampsia 
(RR =0.45, 95% CI: 0.24–0.83, I2=12%, P=0.33); preterm 
delivery (RR =0.37, 95% CI: 0.23–0.61, I2=0%, P=0.52); 

https://cdn.amegroups.cn/static/public/ATM-22-909-supplementary.pdf
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Figure 1 Flow chart of the included studies.

Preliminary search (n=3,149) 
• EmBase (n=544)
• PubMed (n=784)  
• Cochrane library (n=515)
• Wanfang database (n=1,306)

Records screened (n=2,837)

Reports sought for retrieval (n=48)

Studies included in review (n=18)
Reports of included studies (n=18)

Reports assessed for eligibility (n=48)

Records removed before screening:
• Duplicate records removed (duplicates =312)

Records excluded
• Not relevant studies (n=2,789)

Records not retrieved (n=0)

Reports excluded
• Abstracts or conference meeting (n=3)  
• Not RCT studies (n=14)
• Not available relevant outcomes (n=8)  
• The participants were not pregnant women (n=1)
• Review or comment (n=4)
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and macrosomia (RR =0.26, 95% CI: 0.11–0.64, I2=0%, 
P=0.83; Figure 2). However, it has no significant efficacy on 
improving the live birth rate (RR =1.20, 95% CI: 0.98–1.47, 
I2=2%, P=0.36); or decrease the risk of GDM or miscarriage 
compared with a placebo, with a pooled RR of 0.86 (95% 
CI: 0.67–1.12, I2=35%, P=0.19) and (RR =0.53, 95% CI: 
0.24–1.21, I2=0%, P=0.74; Figure 2), respectively. With 
respect to other complications, such as persistent nausea 
and gastrointestinal discomfort, a study conducted by 
Salvesen (12) reported no difference between the metformin 
and placebo groups. 

With respect to offspring, we found that intrauterine 
exposure of metformin was significantly associated with 
increased risk of larger head circumference at birth (MD 
=0.29, 95% CI: 0.13–0.45, I2=56%, P=0.11) and higher BMI 
measures in the long term (MD =0.37, 95% CI: 0.17–0.56, 
I2=0%, P=0.82). Despite these differences, no difference 
was detected in other offspring outcomes, including birth 
weight (MD =−0.08, 95% CI: −0.27 to 0.12, I2=51%, 
P=0.04) or birth length (MD =0.08, 95% CI: −0.09 to 
0.24, I2=0%, P=0.87; Figure 3). Additionally, no significant 
difference was found in birth asphyxia (RR =0.62, 95% 
CI: 0.28–1.36, I2=54%, P=0.14), hypoglycemia (RR =0.59, 
95% CI: 0.20–1.75, I2=71%, P=0.06), or malformation (RR 

=1.57, 95% CI: 0.26–9.61, I2=26%, P=0.25; Figure 4).
Regarding long term cognitive function, a follow-up 

study of 7.7 years by Greger (10) found no statistically 
significant difference in IQ scores between metformin and 
placebo. Moreover, no significant difference was detected 
in verbal comprehension, working memory, perceptual 
organization, or processing speed.

The effect of metformin on metabolic profile and sex 
hormone levels

Our study found that metformin could significantly 
decrease homeostatic model assessment for insulin 
resistance (HOMA-IR) scores (MD =−0.32, 95% CI: −0.63 
to −0.02, I2=0%, P=0.62) in maternal women, although 
no effect on fasting glucose (MD =0.10, 95% CI: −0.14 to 
0.35, I2=63%, P=0.06) or glycated hemoglobin (HbA1c; 
MD =−0.20, 95% CI: −0.47 to 0.07, I2=71%, P=0.06) was 
detected (Figure 5). In addition, levels of androstenedione, 
dehydroepiandrosterone sulfate (DHEAS), sex hormone 
binding globulin (SHBG), and testosterone were similar in 
the maternal blood of the metformin group and the placebo 
group (Figure 6). 

In the metformin group, offspring of mothers with PCOS 
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Figure 2 Effect of continual metformin treatment in pregnancy on perinatal outcomes in women with PCOS. PCOS, polycystic ovary 
syndrome.
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Figure 3 Effect of continual metformin treatment on birth anthropometrics in offspring.

had significantly higher SHGB levels in their blood (MD 
=0.33, 95% CI: 0.01–0.65, I2=69%, P=0.07). There was a 
tendency towards higher androstenedione (MD =0.02, 95% 
CI: −0.30 to 0.34), testosterone (MD =0.13, −0.19 to 0.45), 
and 11-deoxycortisol (MD =0.27, 95% CI: −0.10 to 0.63), 
but the difference was not statistically significant (Figure 7).

A study by Rø et al. (25) reported higher systolic blood 
pressure in the metformin group at a follow-up of 8 years 
(106 vs. 101 mmHg), with a borderline significance of 
P=0.05. Our study found no significant differences in the 
metabolic health profile of offspring, including fasting 
glucose, insulin, c-peptide, or HOMA2-IR (Figure 8).

Methodological assessment

The majority of the studies were in medium quality, while 
4 of the studies were in low quality. Sixteen (88.9%) studies 
were in low risk in randomization sequence generation, 

while 2 studies were in high risk because they didn’t 
provide appropriate methods of randomization. Fourteen 
(77.8%) studies reported appropriate methods of allocation 
concealment, while the rest 4 studies didn’t report it. 
Thirteen (72.2%) studies provided the method of blinding 
for the participants, while no studies reported blinding 
of outcome assessment. Eight (45.4%) studies reported 
incomplete outcome data and in a high risk, the remaining 
studies were in low risk. There were only 3 (16.7%) studies 
in low risk of selective reporting of outcomes and none 
of the studies reported information of other bias. The 
assessment of risk of bias for the included trials was showed 
in Figures S1,S2.

Subgroup analysis and meta-regression

To further investigate influential factors with results, we 
conducted subgroup analyses according to study location 

https://cdn.amegroups.cn/static/public/ATM-22-909-supplementary.pdf
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Figure 4 Effect of continual metformin treatment on birth outcomes in offspring.

Figure 5 Effect of continual metformin treatment in pregnancy on metabolic health in women with PCOS. PCOS, polycystic ovary 
syndrome.
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Figure 6 Effect of continual metformin treatment in pregnancy on sex hormone levels in women with PCOS. PCOS, polycystic ovary 
syndrome.

Figure 7 Effect of continual metformin treatment on sex hormone levels in offspring.
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Figure 8 Effect of continual metformin treatment on metabolic health in offspring.

and quality level. The results showed that the effect of 
metformin on GDM could be influenced by the study 
region. Metformin significantly reduced the risk of GDM 
in Middle or low income country compared with high 
income country, with RRs of 0.11 (95% CI: 0.02–0.85) 
and 0.94 (95% CI: 0.72–1.23, I2=0%, P=0.59), respectively 
(P=0.04 for subgroup differences). Birth weight was found 
to be influenced by both study region and study quality. 
We found that metformin had a significant efficacy on 
studies conducted in Middle or low income country and 
studies with low levels of quality (P<0.01 for both subgroup 

differences). In addition, no difference was found in the 
regional or quality subgroup analysis concerning preterm 
delivery (Figures S3-S8). The meta-regression analysis 
found no effect of either age or BMI on the effect of 
metformin (P=0.2949 and P=0.2431).

Publication bias and quality control

The leave-one-out sensitivity analysis showed consistency 
on all outcomes. Either Egger’s test or Begger’s test showed 
no publication bias for either pregnancy or offspring 

https://cdn.amegroups.cn/static/public/ATM-22-909-supplementary.pdf
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outcomes (P>0.05) (Figures S9-S19; Table S4). 

Discussion

To our knowledge, this study is the largest and most wide-
ranging systematic review and meta-analysis comprehensively 
summarizing current evidence on the possible effect of 
metformin treatment on maternal and offspring pregnancy 
outcome, metabolic health, and sex hormone levels in 
women with PCOS and their offspring. Our results showed 
that metformin treatment during pregnancy could reduce the 
risk of pregnancy complications, including PIH, macrosomia 
and preterm delivery. In addition, we found that metformin 
ameliorated IR in women with PCOS and increased SHBG 
levels in offspring. Regarding negative impacts, our results 
showed that metformin might increase the risk of larger 
head circumference at birth and lead to higher BMI in the 
long-term.

Individuals with PCOS have an increased risk of 
developing maternal complications involving GDM, PIH, 
and miscarriage (29,30). Previous studies have reported that 
PCOS is associated with severe pregnancy complications, 
including a threefold increased risk of GDM, a threefold 
to fourfold increased risk of PIH and preeclampsia, and a 
twofold increased risk of preterm delivery (28,29,31). In 
addition, approximately 30% to 50% of patients experience 
miscarriage (32). Our study demonstrated that metformin 
treatment decreased the risk of PIH and preeclampsia, 
and preterm delivery by 55% and 63%, respectively, 
when compared with the placebo group. Controversy 
remains regarding the effect of metformin on pregnancy 
outcome. In 2012, Morin-Papunen et al. (24) reported an 
insignificant difference between the metformin and the 
placebo group. In 2010, a randomized, placebo-controlled, 
double-blind, multicenter trial conducted by Vanky et al. 
investigating 257 women with PCOS found that metformin 
treatment from first trimester to delivery did not reduce 
pregnancy complications (including preeclampsia and 
preterm delivery) in patients with PCOS (28). However, 
our findings are consistent with a number of high-quality 
studies. In 2019, a multicenter, randomized, controlled 
trial performed at 14 hospitals revealed that metformin 
treatment from the late first trimester until delivery 
reduced the risk of late miscarriage and preterm birth but 
did not prevent GDM (11). Additionally, our findings are 
consistent with another meta-analysis which reported that 
metformin treatment throughout pregnancy can increase 
the success possibility of full-term delivery and decrease 

the risk of preterm labor and pregnancy complications, 
such as PIH, with no serious side effects.

In terms of offspring, the effect of metformin treatment 
throughout the pregnancy period remains unknown due 
to the limited number of studies addressing the issue. 
Our meta-analysis found that metformin significantly 
decreased the risk of macrosomia but was associated with 
significantly increased fetal head circumference. However, 
there was no evidence that fetal birth weight or length were 
associated with metformin treatment. Our results showed 
that metformin had a significant impact on children’s long-
term growth as measured by BMI, which indicated that 
metformin-exposed children tended to be larger than 
placebo-exposed children. This finding is consistent with 
the 5–10 years follow-up of the PregMet RCT conducted 
by Hanem et al., which found that metformin treatment 
in PCOS pregnancies led to children with a higher mean 
BMI accompanied by central adiposity and an increased 
prevalence of obesity at 5–10 years of age (9). Another study 
following the offspring of women with GDM found that 
metformin-exposed offspring were larger by measures of 
weight, arm and waist circumference, and BMI at 9 years 
compared with offspring exposed to insulin treatment 
during pregnancy (29). Although our study found no 
difference in the birth weight of offspring, children exposed 
to metformin appeared to have a higher risk of obesity in 
childhood.

With respect to metabolic profile, our study found that 
metformin could help modulate IR in pregnant women with 
PCOS. A previous study revealed that metformin could 
reduce plasma insulin levels by promoting weight loss and 
improving the metabolic health of women (30). Although 
animal models have suggested that metformin might 
contribute to improvements in IR in female offspring, the 
effect of metformin on the offspring of patients with PCOS 
remains uncertain. A follow-up study of children from the 
PregMet study found no difference in HOMA2IR scores in 
offspring between the groups (9). Our results are consistent 
with these studies; although metformin appeared to improve 
the HOMA2IR scores in offspring, no significant difference 
was detected.

We also investigated the effect of metformin on sex 
hormone levels. Our study found that SHGB levels were 
significantly increased in offspring of women with PCOS; 
however, no similar trend was found in mothers. The 
underlying mechanism might be related to the improvement 
of the metabolic health of mothers. A previous study 
has shown that IR can cause decreased SHBG, so taking 

https://cdn.amegroups.cn/static/public/ATM-22-909-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-909-supplementary.pdf


Annals of Translational Medicine, Vol 10, No 7 April 2022 Page 13 of 15

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(7):418 | https://dx.doi.org/10.21037/atm-22-909

metformin during pregnancy might impact SHBG by 
ameliorating HOMA2IR levels (33). Regarding androgen 
and testosterone levels, we found that neither was affected 
by metformin treatment, which is consistent with previous 
study (14). Although no significant difference in maternal 
hormone levels was found in this study, the correlation 
between maternal and offspring hormone levels should be 
investigated in the future.

This meta-analysis has several limitations. First, there 
are a limited number of studies addressing the relevant 
outcomes, especially regarding long-term metabolic 
profile and sex hormone levels, and so our results should 
be interpreted cautiously. Second, the qualities of eligible 
studies were not high. Therefore, a higher quality study 
with a larger sample size should be established to further 
investigate the inconsistent situation. Third, although we 
found no significant difference in maternal sex hormone 
levels between groups, the impact of maternal sex hormones 
on the sex hormones of offspring should be further studied 
in the future. 

In conclusion, although the relative low quality of RCTs 
and limited results made it difficult to draw a definite 
conclusion, our study showed that metformin treatment 
during pregnancy can reduce the risk of pregnancy 
complications but may have impacts on SHBG levels and 
long-term BMI in offspring.
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