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Abstract: The global outbreak of the coronavirus disease 2019 (COVID-19) led to the suspension of most treatments with
assisted reproductive technique (ART). However, with the recent successful control of the pandemic in China, there is an urgent
public need to resume full reproductive care. To determine whether the COVID-19 pandemic had any adverse effects on female
fertility and the pregnancy outcomes of women undergoing ART, a systematic review and meta-analysis was conducted using
the electronic Chinese and English databases. Dichotomous outcomes were summarized as prevalence, and odds ratios (ORs)
and continuous outcomes as standardized mean difference (SMD) with 95% confidence interval (CI). The risk of bias and
subgroup analyses were assessed using Stata/SE 15.1 and R 4.1.2. The results showed that compared with women treated by
ART in the pre-COVID-19 time frame, women undergoing ART after the COVID-19 pandemic exhibited no significant
difference in the clinical pregnancy rate (OR 1.07, 95% CI 0.97 to 1.19; I2=0.0%), miscarriage rate (OR 0.95, 95% CI 0.79 to
1.14; I2=38.4%), embryo cryopreservation rate (OR 2.90, 95% CI 0.17 to 48.13; I2=85.4%), and oocyte cryopreservation rate
(OR 0.30, 95% CI 0.03 to 3.65; I2=81.6%). This review provided additional evidence for gynecologists to guide the management
of women undergoing ART treatment during the COVID-19 pandemic timeframe.
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1 Introduction

According to the World Health Organization
(WHO), the new coronavirus disease 2019 (COVID-19)
constitutes a public health emergency of international
concern (PHEIC) (WHO, 2020b). As of 4:39 p.m.
CET, 25 February 2022, there had been 430 257 564
confirmed cases of COVID-19 worldwide, including
5922047 deaths reported to WHO. As of 20 February
2022, a total of 10 407 359 583 vaccine doses had been
administered (WHO, 2022). Despite of full vaccination,
people are still possible to be infected by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and

become SARS-CoV-2’s carrier (UK Health Security
Agency, 2022). Due to the special physiological changes
and immune responses during and after the pregnancy
period, pregnant women are considered as a high-risk
group (Rangchaikul and Venketaraman, 2021; UK
Health Security Agency, 2022), and the mental health of
pregnant women during the COVID-19 pandemic has
also gradually received attention (Huang et al., 2020).

Previous studies have concluded the clinical mani‐
festations, risk factors, and maternal and perinatal out‐
comes of COVID-19 in pregnancy (Allotey et al., 2020).
Compared with non-infected women, infected women
in pregnancy are more likely to have preterm birth, and
women with pre-existing comorbidities, high maternal
age, and high body mass index (BMI) are more prone
to develop severe COVID-19 (Allotey et al., 2020;
Qiao, 2020). However, the evidence on the effect of
COVID-19 pandemic on the pregnancy outcomes of
women undergoing assisted reproductive techniques
(ARTs) has not been systematically reviewed.
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Therefore, we systematically evaluated the rele‐
vant literature to identify whether the COVID-19
infection and the changes caused by the COVID-19
pandemic, such as quarantine measures and changes
in the frequency of medical visits, affect the labora‐
tory and clinical outcomes of women undergoing
ART.

2 Methods

Our systematic review was based on a pre-
specified protocol, which has been published on the
PROSPERO website (https://www.crd.york.ac.uk/
PROSPERO) under the final registration number
PROSPERO CRD42022312812. The findings of our
review on pregnancy outcomes in women treated with
ART after the COVID-19 pandemic are in line with
the preferred reporting items for systematic review
and meta-analyses (PRISMA) recommendations
(Table S1).

2.1 Search strategy and selection of papers

A comprehensive search strategy was used to
identify articles in the following English and Chinese
language databases: WHO COVID-19 Database,
PubMed, Embase, the Cochrane Library, Web of
Science, China National Knowledge Infrastructure
(CNKI), and Wanfang databases from 1 December
2019 to 20 February 2022. The search strategy was
provided in Method S1. In addition, to identify poten‐
tial studies, we manually screened the reference lists
of the included articles.

Two reviewers (WH and YW) independently
assessed each study from the databases in two screening
phases, namely, initial screening based on the title and
abstract, followed by full-text screening of the eligible
articles for final inclusion. Any discrepancies were
resolved through discussion with a third investigator
(FQ).

Studies were included in the second screening
phase if they met all of the following inclusion criteria:
(1) pregnant women who underwent ART after the
COVID-19 pandemic or pregnant women who were
both infected by SARS-CoV-2 and undergoing
ART; (2) original full papers presenting unique data;
(3) primary case reports, case series, observational
studies, or randomized-controlled trials. In case of

doubt, a full-text analysis was performed. We excluded
studies if they met any of the following exclusion
criteria: (1) duplicates; (2) not a primary study; (3) not
related to the COVID-19 pandemic or ART; (4) the
ART cycles were all performed before the COVID-19
pandemic; (5) no outcome of interest.

We defined women with confirmed COVID-19 if
they had positive laboratory test results of SARS-CoV-2
infection irrespective of the clinical signs and symp‐
toms, such as COVID rapid detection test (RDT) and
serum SARS-CoV-2 antibody (immunoglobulin G
(IgG) and/or IgM) test (WHO, 2020a). The ART
included all available techniques like ovarian stimu‐
lation, in vitro fertilization (IVF), fresh/frozen embryo
transfer (FET), and intracytoplasmic sperm injection
(ICSI). The comparative cohort studies compared
the clinical outcomes (e.g., clinical pregnancy rate
and miscarriage rate) and laboratory outcomes (e.g.,
embryo cryopreservation rate and oocyte cryopreser‐
vation rate) between pregnant women with and
without SARS-CoV-2 infection or before and after
the COVID-19 pandemic. The cohort studies were
those in which patients were sampled on the basis
of exposure and followed up over time, including
both prospective and retrospective cohort studies.
Finally, the outcomes were accessed, with no require‐
ment to have a comparison group (Dekkers et al.,
2012).

2.2 Study characteristics and data extraction

Two reviewers (WH and YW) independently
extracted the bibliographic data from each eligible
study, including the characteristics of the study design
and the relevant outcomes (e.g., clinical outcomes and
laboratory outcomes). If there was a disagreement,
two reviewers would discuss it and arrive at a consen‐
sus with a third investigator (FQ). We considered each
analysis of a specific outcome with different ART
types (such as FET and IVF) as a separate comparison.
Therefore, multiple comparisons were included from
a single study.

The dichotomous data were collected as the
number of events or total number of events, and the
continuous data were collected as mean and standard
deviation (SD). We extracted the number of ART
cycles instead of the number of women, since this
was more in line with the clinical practice and
could be easily calculated. When the data were
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reported as median and interquartile range (IQR),
the authors were contacted for raw data. The studies
with missing data, unavailable author to contact
details, or no response received from the authors or
remainders within six weeks, were excluded from
the analyses.

2.3 Bias risk and methodological quality assessment

Two reviewers (WH and YW) independently
accessed the methodological quality of included com‐
parative cohort studies using the Newcastle-Ottawa
Scale (NOS) from three board study aspects: the
selection of study groups, the comparability of study
groups, and the outcome ascertainment of either the
exposure or interested outcomes (Wells et al., 2000).
These three aspects were assessed and graded by
answering nine questions: four questions pertaining
the study selection, two questions for the study com‐
parability, and another three questions regarding the
outcome ascertainment. The full score for each ques‐
tion was 1, the answer of “Yes” scored 1, and answers
of “?” and “No” scored 0. In this analysis, the studies
with NOS scores of 1–3, 4–6, and 7–9 were defined
as of low, median, and high quality, respectively (de
Gruijter et al., 2021).

Any discrepancies were resolved among the
reviewers to reach a consensus. If the evaluation team
could not reach an agreement on the quality of included
studies, a more conservative judgement was selected
(e.g., if one reviewer made a judgement of “low quality,”
while another reviewer made a judgement of “median
quality,” the latter would be used).

2.4 Data synthesis and statistical analysis

Meta-analyses were performed using Stata 15.1,
and the figure of risk of bias was obtained using R
4.1.2. If the difference of the studies were negligible,
the comparative dichotomous data were combined
and summarized as odds ratio (OR) with 95% confi‐
dence interval (CI), and the continuous data were
combined as mean and SD. Heterogeneity was assessed
as I-square (I2), and we defined the significance level
of the meta-analyses as P<0.05 or I2>50%. When
significant heterogeneity was observed, we pooled the
dichotomous data as proportions with 95% CI using
the DerSimonian and Laird method for meta-analysis
of random effects, if not, Mantel-Haenszel fixed-
effects model was used.

For subgroup analyses, at least two studies per
subgroup were needed. If a meta-analysis was not pos‐
sible because of limited data, a descriptive summary
was conducted. The assessed subgroup variables
included IVF, ICSI, FET, and so on.

2.5 Sensitivity analyses

In order to eliminate the imbalance of groups,
sensitivity analysis was conducted using the different
ART type groups (fresh cycles, embryo warming, and
oocyte warming) instead of the summary group.

3 Results

3.1 Study selection and characteristics

The selection process was provided in the flow‐
chart (Fig. 1). A total of 342 studies were identified
from the seven databases using the comprehensive
electronic database search strategies. After removing
42 duplicate studies and performing the two phases
of selection, seven studies of 33 883 ART cycles
were finally included in this review. Five of them
compared the women undergoing ARTs before and
after the COVID-19 pandemic without infection with
SARS-CoV-2 (Aharon et al., 2021; Chen et al., 2021;
Levi-Setti et al., 2021; Shaw et al., 2021; Trawick
et al., 2022), and another two studies compared
women who underwent ARTs and were infected by
SARS-CoV-2 with those who were not infected
(Kolanska et al., 2021; Wang et al., 2021). The detailed
characteristics of all included studies were presented
in Table S2.

3.2 Bias risk and methodological quality assessment

Using the NOS tool, 85.7% (6/7) of the included
studies scored 4–6, and 14.3% (1/7) scored 9 (Kolanska
et al., 2021); therefore, the included studies had an
overall median risk of bias. A total of 71.4% (5/7)
scored 2 for study selection, because most of them
were retrospective cohort studies. Meanwhile, 85.7%
(6/7) of the included studies scored 1 for the ascertain‐
ment of outcomes, since these studies did not include
the follow-up of the cohorts. However, all of the
included studies had high scores for the comparability
of cohorts on the basis of the design or analysis (Fig. 2;
Table 1).
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3.3 Effects of the COVID-19 pandemic on the
pregnancy outcomes of women undergoing ART

3.3.1 Clinical outcomes

3.3.1.1 Clinical pregnancy rate
The clinical pregnancy rate was defined as the

observed presence of a gestational sac. A total of
three studies (Aharon et al., 2021; Chen et al., 2021;

Levi-Setti et al., 2021) involving 10 593 ART cycles
(3543 cycles after the COVID-19 pandemic and 7050
cycles before the COVID-19 pandemic) investigated
the clinical pregnancy rate of women undergoing
ART before and after COVID-19. Overall, there was
no difference between the two groups in the clinical
pregnancy rate (OR 1.07, 95% CI 0.97–1.19; I2=0.0%;
P=0.434; Fig. 3a). Meanwhile, a subgroup analysis

Fig. 1 Flowchart of the study selection process.
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according to ART type showed the same conclusion,
with three studies including 4700 FET cycles (OR
1.12, 95% CI 0.97–1.29; I2=49.9%; P=0.139; Fig. 3b).
Other ART types such as embryo warming (1166 cycles,
P=0.28), oocyte warming (63 cycles, P=0.975), artifi‐
cial insemination by husband (AIH) (3859 cycles, P=
0.917), or artificial insemination by donor’s semen
(AID) (795 cycles, P=0.469) could not be involved in
the subgroup analyses, since only one study reported
these outcomes (Fig. S1). Moreover, no significant
difference was observed in the clinical pregnancy
rates when comparing individual months of the two
time periods, while controlling for the anti-Müllerian
hormone (AMH), BMI, and endometrial thickness
calculated with the multivariable logistic regression
model (Aharon et al., 2021).
3.3.1.2 Miscarriage rate

The pregnant loss rate (PLR), which included
biochemical or clinical pregnancy losses (Aharon et al.,
2021), was is in line with the miscarriage rate (Levi-
Setti et al., 2021). Two studies (Aharon et al., 2021;
Levi-Setti et al., 2021) including 4938 ART cycles

(1954 cycles after the COVID-19 pandemic and 2984
cycles before the COVID-19 pandemic) investigated
the miscarriage rate (PLR) in women undergoing ART
during the two time periods. There is no evidence
that the miscarriage rate of women undergoing ART
during the pandemic was affected (OR 0.95, 95% CI
0.79–1.14; I2=38.4%; P=0.182; Fig. 3c). According to
study by Aharon et al. (2021), in individual months,
the COVID-19 pandemic did not significant change
the PLR of women undergoing ART.

3.3.2 Laboratory outcomes

3.3.2.1 Embryo cryopreservation rate
A total of two studies (Chen et al., 2021; Trawick

et al., 2022) including 13088 ART cycles (3627 cycles
after the COVID-19 pandemic and 9461 cycles before
the COVID-19 pandemic) investigated the embryo
cryopreservation rate of women undergoing ART
before and after the COVID-19 pandemic. Overall,
the embryo cryopreservation rate was not signifi‐
cantly changed during the COVID-19 pandemic
(OR 2.90, 95% CI 0.17–48.13; I2=85.4%; P=0.009;
Table 2).
3.3.2.2 Oocyte cryopreservation rate

Two studies (Shaw et al., 2021; Trawick et al.,
2022) including 3088 ART cycles (1717 cycles after
the COVID-19 pandemic and 1371 cycles before the
COVID-19 pandemic) investigated the oocyte cryo‐
preservation rate of women undergoing ART before
and after the COVID-19 pandemic. We combined the
elective oocyte cryopreservation rate and the medical
oocyte cryopreservation rate in the study by Shaw
et al. (2021). Overall, the COVID-19 pandemic did not
significantly affect the oocyte cryopreserve rate (OR
0.30, 95% CI 0.03–3.65; I2=81.6%; P=0.020; Table 2).
3.3.2.3 Anti-Müllerian hormone level

AMH is a biochemical marker of ovarian reserve
(Visser et al., 2012), and low AMH levels may lead
to infertility and the need for ART. A total of three
studies (Aharon et al., 2021; Levi-Setti et al., 2021;
Trawick et al., 2022) including 2972 cycles post-
COVID-19 period detected the AMH levels of women
undergoing ART in 2019 versus 2020. Overall, there
was no significant change in AMH levels in women
receiving ART during the pandemic compared to
the pre-pandemic era (standardized mean difference
(SMD) −0.07 ng/mL, 95% CI −0.22–0.07 ng/mL; I2=
67.0%; P=0.048; Table 3).

Fig. 2 Quality assessment using the Newcastle-Ottawa Scale
(NOS) for the risk of bias for studies included in this review.
Questions 1‒4 (Q1‒Q4) consider study selection; Q5 and
Q6 consider study comparability; Q7‒Q9 consider outcome
ascertainment. Q1, What is the representativeness of the
exposed cohort? Q2, How is the selection of the non-exposed
cohort made? Q3, What is ascertainment of exposure?
Q4, Is it demonstrated that the outcome of interest was
not present at the start of the study? Q5, The comparability
of cohorts on the basis of design or analysis (1): is the
study controlled for the most confounding factors? Q6, The
comparability of cohorts on the basis of design or analysis
(2): is the study controlled for any other confounding
factors? Q7, Was the assessment of outcome adequate?
Q8, Was the follow-up long enough for outcomes to occur?
Q9, How adequate was the follow-up of the cohorts?
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Fig. 3 Comparison of pre-COVID vs. post-COVID pregnancies. (a) Effect of the COVID-19 pandemic on the clinical
pregnancy rate of women undergoing artificial reproductive technique (ART); (b) Effect of the COVID-19 pandemic on
the clinical pregnancy rate of women undergoing fresh/frozen embryo transfer (FET); (c) Effect of the COVID-19
pandemic on the miscarriage rate (pregnancy loss rate) of women undergoing ART. n: the number of expected events;
N: the number of total cycles; MH: the Mantal-Haenszel fixed-effects model; CI: confidence interval.

Table 2 Laboratory outcomes in pregnant women undergoing artificial reproduction technique (ART) before and after

COVID-19 pandemic

Outcome

Embryo cryopreservation rate

Oocyte cryopreservation rate

No. of
studies

2

2

Cycles*

After COVID-19

1343/3627 (37.0%)

438/1717 (25.5%)

Before COVID-19

3886/9461 (41.1%)

394/1371 (28.7%)

OR (95% CI)

2.90 (0.17–48.13)

0.30 (0.03–3.65)

I2 (%)

85.4

81.6

P

0.009

0.020
* Cycles are expressed as the number with event/the total number in group (percentage). OR: odds ratio; CI: confidence interval.
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3.3.2.4 Antral follicle count
A total of two studies (Levi-Setti et al., 2021;

Trawick et al., 2022) (including 902 cycles after
COVID-19 pandemic) investigated the antral follicle
counts of women with ART treatment. Overall, the
pandemic did not significantly affect the count of
antral follicles (SMD 0.05 ng/mL, 95% CI −0.04–
0.15 ng/mL; I2=0%; P=0.602; Table 3). When adjusted
for age, BMI, AMH, and antral follicle count, the
number of oocytes retrieved did not have a significant
difference between pre-COVID and post-COVID preg‐
nancies (P=0.68) (Trawick et al., 2022).

3.4 Effects of the SARS-CoV-2 infection in women
undergoing ART

3.4.1 Clinical outcomes

Two studies (Kolanska et al., 2021; Wang et al.,
2021) compared the effects of the infection of SARS-
CoV-2 on the pregnancy outcomes in women treated
with ART with those in non-infected women. Regard‐
ing clinical outcomes, SARS-CoV-2 infection did not
significantly affect the biochemical pregnancy rate,
clinical pregnancy rate, early miscarriage rate, or
implantation rate (Wang et al., 2021). Regarding the
laboratory outcomes, the proportions of mature oocytes,
damaged oocytes, fertilized oocytes, cleavage embryos,
high-quality embryos, and available blastocysts were
also similar between the two groups, despite a slight
decrease in the blastocyst formation rate in the infected
group (Wang et al., 2021).

3.4.2 Laboratory outcomes

Two studies (Kolanska et al., 2021; Wang et al.,
2021) compared the effects of the infection of SARS-
CoV-2 on the AMH levels in women treated with
ART with those in non-infected women. The data of
AMH levels in these two studies were presented as
mean and IQR, which could not be analyzed by Stata
15.1. Kolanska et al. (2021) carried out a prospective
observational study and identified that mild infection

with SARS-CoV-2 did not alter the ovarian reserve.
Meanwhile, Wang et al. (2021) included an unmatched
group and a matched group in a retrospective study,
and neither exhibited a difference in AMH levels
between the infected and non-infected groups (P=
0.789 and P=0.247, respectively). These findings were
in line with other study outcomes on ovarian reserves
and ovarian responses.

3.5 Sensitivity analyses

The sensitivity analyses could only be carried
out among five studies that compared the related
outcomes of women treated with ART pre- and post-
COVID-19 pandemic. The overall effect of the pan‐
demic on clinical pregnancy rate was not changed
with the sensitivity analysis when using the summary
group (I2=4.0%, P=0.399) instead of separated groups
(I2=33.3%, P=0.186); therefore, we used the summary
group in the meta-analysis due to a smaller I2. The
result was in line with the miscarriage rate (summary
group: I2=59.6%, P=0.116; separated group: I2=38.4%,
P=0.182). Therefore, we used the separated group to
analyze the miscarriage rate for the same reason as
mentioned above.

4 Discussion

4.1 Mini review and key results

4.1.1 Mini review

It is widely accepted that SARS-CoV-2 infection
can impact the male reproductive systems (He et al.,
2020). While many studies have proved that COVID-19
infection could have adverse effects on pregnant
women, such as preterm birth and an increased risk
of maternal death (Allotey et al., 2020; Chmielewska
et al., 2021), it is also known that the COVID-19
pandemic can bring extra stress to pregnant women,
leading to an increased risk of anxiety and depression
(Mayeur et al., 2020; Lablanche et al., 2022). However,

Table 3 Female fertility outcomes in women undergoing artificial reproduction techniques (ART) before and after the

COVID-19 pandemic

Outcome

AMH levels

Antral follicle count

No. of studies (comparisons)

3 (2972)

2 (902)

SMD (95% CI) (ng/mL)

−0.07 (−0.22–0.07)

0.05 (−0.04–0.15)

I2 (%)

67.0

0

P

0.048

0.602

SMD: standardized mean difference; CI: confidence interval; AMH: anti-Müllerian hormone.
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for women undergoing ART, this review is the first
one to perform a comprehensive investigation.

4.1.2 Key results

The findings of this review showed that the
difference was not statistically significant before and
after the COVID-19 pandemic for all of the studied
outcomes (clinical and laboratory outcomes).

The comparison between non-COVID-infected
pregnant and COVID-infected pregnant women under‐
going ART treatment found no significant differences
in the clinical outcomes, laboratory outcomes, ovarian
reserves, or ovarian responses.

4.2 Discussion of key results

During the time frame of high COVID-19 expo‐
sure risk, the clinical pregnancy rate was not signifi‐
cantly affected (P=0.434), which was not in line with
the reduced quality of medical services (Chen et al.,
2021) and the increased psychological and financial
stress during the pandemic (Kahn et al., 2021). How‐
ever, the lack of increased risk for pregnancy loss rate
(P=0.182) was quite reassuring. This was in agree‐
ment with the data on SARS-CoV-1 and Middle East
respiratory syndrome (MERS) (Wong et al., 2004),
which may be due to the quarantine strategies during
the COVID-19 pandemic (Peto et al., 2020), as fewer
outings mean fewer accidents (Hitosugi et al., 2006).

As for the laboratory outcomes of embryo cryo‐
preservation rate and oocyte cryopreservation rate, the
results of this review showed no significant difference
between before and after the COVID-19 pandemic.
However, since the COVID-19 pandemic reduced the
number of traditional visits to reproduction centers
because of quarantine strategies (Peto et al., 2020),
significantly more patients opted for embryo cryo‐
preservation over oocyte cryopreservation in 2020
compared with the same time period in 2019 (Trawick
et al., 2022), which may reflect a change in people’s
reproduction life plans (Lindberg et al., 2020). While
these results are affirmative, more studies are needed
to assess the impact of COVID-19 pandemic on preg‐
nancy outcomes in women treated with ART.

We found that none of the relevant outcomes in
infected women with ART treatment were different
from those in non-infected women for the same time
period in 2020, which was also proved by a recent
cross-sectional study (Li et al., 2021). A plausible

explanation for this result is that mild infections may
not systematically affect pregnant women; to some
extent, the impact of the SARS-CoV-2 on oocytes and
embryos may be limited (Wang et al., 2021).

4.3 Strengths and limitations

In this review, we strictly adhered to the report‐
ing guidelines when searching databases, selecting the
eligible articles, assessing quality, and analyzing the
data, despite of the urgent need for evidence on the
impact of COVID-19 in ART procedures and related
outcomes (Allotey et al., 2020).

The main limitation of this review is that the
number of included studies was relatively small and
the quality of included data was medium because of
their retrospective nature. Therefore, many related
outcomes such as pregnancy rate and implantation
rate could not be fully investigated. Moreover, there
was a high heterogeneity of laboratory outcomes
(I2>50%, Table 2). Since we could establish the
original heterogeneity, in order to account for the
heterogeneity, we used the random effect model for
these outcomes.

The included studies only performed subgroup
analyses of ART types, whereas other influencing
factors, like region, race, severity of symptoms (mild
and severe), government response stringency index
(Dell'Utri et al., 2020), and WHO healthcare effi‐
ciency index (Greene et al., 2020), should also be fully
explored in the future.

5 Conclusions

SARS-CoV-2 infection and the ramifications of
COVID-19 pandemic did not seem to exert adverse
effects on the pregnancy outcomes of women under‐
going ART treatment. However, additional studies
with better design are needed to further confirm this
finding.
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