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Abstract

Background: Physical activity (PA) may protect against infertility by modulating the hypothalamic-pituitary-gonadal
axis, thereby reducing gonadotropin levels, elevating immune function, and inhibiting inflammation and circulating
sex hormones. However, whether PA reduces the risk of infertility remains largely unknown. We therefore conducted a
systematic review and meta-analysis to determine the preventive effects of PA on infertility.

Methods: We searched PubMed, Cochrane Library, EMBASE, and CINAHL databases to retrieve published epidemio-
logic studies on the relationship between PA and infertility. Following the PRISMA guidelines, we selected English
literature publishedprior to 11 April 2022, and assessed study quality using the Newcastle—Ottawa Scale. Our protocol,
including the full methods employed for this review, is available on PROSPERO (ID =CRD42020143344).

Results: Six cohort studies and four case—control studies based on 708,965 subjects and 12,580 cases were eventu-
ally screened and retained. High levels of PA were shown to reduced risk of infertility relative to low levels (cumula-
tive relative risk [RR] =0.59, with a 95% confidence interval Cl 0.49-0.71), and we reported results for cohort studies
(RR=10.63, 95% C1 0.50-0.79) and case—control studies (RR=0.49, 95% Cl 0.35-0.67). Our findings were comparable
for men (RR=0.65, 95% Cl 0.41-1.04) and women (RR=0.56, 95% C| 0.47-0.66). The meta-analysis of six risk estimates
from five studies of low, moderate, and high PA levels showed that moderate PA may also reduce the risk of infertility
compared with low PA (RR=0.54, 95% Cl 0.38-0.77). However, high PA also appeared to slightly augment the risk of
infertility compared with moderate PA (RR=1.31, 95% Cl 1.08-1.59).

Conclusions: This present systematic review comprehensively reflected an inverse relationship between different
levels of PA and infertility, and our meta-analysis showed that a moderate-to-high PA level significantly reduced the
overall risk of infertility, and that this level of PA activity was a common protective factor. In addition, limited evidence
suggested that compliance with international PA guidelines would greatly lower the risk of infertility (RR=0.58, 95%
C10.45-0.74; 1> =0.0%). Future studies, however, need to be executed to further determine the frequency, optimal
dosage, and duration required to effectively attenuate the risk of infertility.

Fangfang Xie, Yanli You, authors contributed equally to this work

*Correspondence: doctoryaofei@126.com; xjt@fudan.edu.cn

! Shanghai Municipal Hospital of Traditional Chinese Medicine, Shanghai
University of Traditional Chinese Medicine, No.274, Middle ZhijiangRoad,
Shanghai 200071, China

2 Shanghai University of Traditional Chinese Medicine, 1200 Cailun Road,
Pudong New District, Shanghai 201203, China

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-022-03426-3&domain=pdf

Xie et al. Journal of Translational Medicine (2022) 20:237

Page 2 of 13

[ Keywords: Infertility, Physical activity, Meta-analysis

Background

Infertility is a disease characterized by failure to confirm
clinical pregnancy after 12 months of routine unpro-
tected intercourse, or due to the impaired reproductive
capability of the individual or their partner [1]. The prev-
alence rate in more developed nations is 3.5% to 16.7%,
and that in less developed nations is 6.9% to 19.3%, with
the overall median prevalence estimated to be 9% [2]. The
incidence of infertility has increased significantly, and it
has become the third most serious disease after cancer
and cardiovascular disease [3]; it has been estimated that
186 million people worldwide are affected by infertility,
the majority of whom are residents of developing coun-
tries [4, 5]. Infertility exerts a negative impact on overall
health, population numbers, and socio-economic fac-
tors [6], and the inability to produce children affects men
and women worldwide. Infertility can cause depression,
pain, loss of control, low self-esteem, marital distress, and
sexual dissatisfaction—as well as societal discrimination
and ostracism [7, 8]. The exact cause of infertility remains
unknown, although the morbidity associated with this
condition is high. Several studies have suggested that late
childbirth, illegal and legal abortions, genetic variation,
and the excessive use of contraception are all possible
factors involved in the growth of infertility [6, 9-11].

Both psychotherapy and pharmacotherapy are effec-
tive treatments for infertility. Medications for female
infertility such as clomiphene citrate have developed into
first-line treatments for infertility and are gaining popu-
larity among the general public. However, its side effects
include—but are not limited to—insomnia, headache,
mood swings, dizziness, hair loss, visual disturbances,
and multiple pregnancy [12]. Although cognitive behav-
ior therapy (CBT) is an alternative to pharmacotherapy
that aims to diminish anxiety and to promote the mental
health of infertile women, few authors have assessed the
effectiveness of CBT interventions in the field of infertil-
ity [13, 14]. Therefore, the prevention of infertility will
avoid the long, expensive, and difficult processes involved
in pregnancy.

One potential candidate that is increasingly being used
to treat infertility is physical activity (PA). The World
Health Organization (WHO) defines PA as "any physi-
cal movement produced by skeletal muscle that con-
sumes energy" [15], and recommends more than 150 min
of high PA per week to reduce the risk of reproduction
[16]. When properly prescribed, PA is an inexpensive and
universal “medication” with minimal side effects; PA is
a veritable "home pharmacy" that we always carry with

us [17]. PA appears to reduce infertility through biologic
and physiologic mechanisms by strengthening antioxi-
dant defenses and reducing inflammation of bodily fluids,
organs, and tissues [18, 19]. Some randomized controlled
trials have reported a therapeutic effect of PA on infer-
tility that acts through systemic effects such as increased
immune function, insulin resistance, and circulating sex
hormones [20]. However, in contrast to the well-known
beneficial effects of regular PA on many adverse health
outcomes (including prevention of premature death),
the effect of PA on fertility in the general population is
unclear [21].

A large number of meta-analyses in recent years have
revealed that PA reduces the risk of endometriosis in
infertile women, while others suggest that PA in polycys-
tic ovary syndrome improves reproductive performance
[22]. However, to our knowledge, few meta-analyses have
been undertaken to evaluate the effects of PA on infertil-
ity. Therefore, in the present systematic review and meta-
analysis we assessed whether the implementation of PA
reduced the risk of infertility. In addition, equally impor-
tant potential regulatory factors and their relationships to
infertility including alcohol consumption, smoking, and
household income factors were also evaluated. Although
we still recognize very little in terms of the duration and
intensity of PA in reducing the risk of infertility, our
results are likely to provide valuable information with
respect to clinical guidelines and interventions in refining
the design of primary interventions in infertility.

Main text

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines, and our protocol,
including the full methods for this review, is available on
https://www.crd.york.ac.uk/PROSPERO/#recordDetails
(ID =CRD42020143344) (Additional file 2).

Literature search

We evaluated relevant studies publishedto 11 April
2022 in the EMBASE, Cochrane Library, PubMed, and
CINAHL databases. We used the OR operator to con-
nect these descriptors of PA: ‘physical activity, ‘Exer-
cises, ‘Activities, Physical, ‘Activity, Physical, ‘Physical
Activities, ‘Exercise, Physical, ‘Exercises, Physical, ‘Physi-
cal Exercise, ‘Physical Exercises, ‘Acute Exercise, ‘Acute
Exercises, ‘Exercise, Acute, ‘Exercises, Acute, ‘Exercise,
Isometric, ‘Exercises, Isometric, ‘Isometric Exercises,
‘Isometric Exercise, ‘Exercise, Aerobic, ‘Aerobic Exercise,
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‘Aerobic Exercises, ‘Exercises, Aerobic, ‘Exercise Train-
ing, ‘Exercise Trainings, ‘Training, Exercise, and “Train-
ings, Exercise” Subsequently, we employed an AND
operator to combine the previous terms with the follow-
ing terms for infertility outcomes: “Infertility’, “Sterility,
Reproductive’, “Sterility”, “Subfertility’, and “Sub-Fer-
tility” Our search strategy was based upon human-ori-
ented research articles in English, and we also examined
reference lists that met the search strategy so as to allow

searching for other pertinent studies.

Inclusion and exclusion criteria

Two authors (EEX. and C.G.) comprehensively and inde-
pendently reviewed the articles. Studies were included
if they: (1) investigated the relationship between PA and
infertility; (2) used observational studies in cohort or
case—control designs; (3) published odds ratios (OR), rel-
ative risks (RR), or hazard ratios (HR); and (4) reported a
relative risk with its corresponding 95% confidence inter-
val (CI) or sufficient information to calculate these indi-
ces. We excluded studies that combined PA with other
interventions such as diet, behavioral therapy, or antide-
pressant medication; and also excluded those that were
classified as an editorial, review, meta-analysis, comment,
news, letter, or practice guideline Additional file 1.

Data extraction

All retrieved studies were independently screened by two
individuals, and if a paper was considered relevant, it was
included and a standardized qualification form was used
to retrieve the complete article and potentially related
research that allowed us to conduct a detailed assess-
ment. If the reviewer disagreed with the qualifications of
the study, an agreement was reached after discussion.

To assess the potential differences in PA relative to
infertility, we extracted the first author’s last name; num-
ber of cases; publication date; sex; sample size; study
design and location; definition of highest, moderate, and
lowest levels of physical activity; relative risk estimates
with corresponding 95% confidence intervals (CI); and
adjustment factors. We extracted the relative risk esti-
mates of men and women separately whenever they were
treated as independent samples. If authors reported dif-
ferent types of PA assessments, lifelong PA, vigorous PA,
and quantitative PA were given priority in our assess-
ments. When selecting quantitative PA assessments,
we utilized PA frequency as this was the most common
quantitative PA measurement component, and the fre-
quency was reported as the number of PA periods per
week.

In the 10 studies that we selected, four [23-26]
reported relative risk estimates with high levels of PA
as the reference group, and we converted the reported
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relative risk estimates (RRi) to reciprocal values. The
remaining studies directly involved high PA.

Study quality

Study quality was evaluated with the Newcastle-Ottawa
Scale (NOS), with the evaluation carried out by two peo-
ple independently (FEX. and L.Y.Y.). A third experienced
manager joined the discussion and decided the outcome
in case of any disparate evaluation results. The total score
for the NOS of nine points was primarily used to evaluate
case—control studies (exposure, selection, and compara-
bility) and cohort studies (comparability, outcome, and
selection). Quality scores lower than four were assigned
to low-quality studies, and those ranging from five to
nine were determined to be high-quality studies [27].

Data analysis

The odds ratios and hazard ratios were interpreted to
reflect the relative risk estimates (RRi) in measuring the
association between PA and infertility risk. We directly
extracted the most comprehensively adjusted risk esti-
mates reported in the original literature when RRi values
were available. Otherwise, we calculated RRs and 95%
Cls via Stata software, version 11.0. We then calculated
the relative risk estimate log (RRi) and its corresponding
natural logarithm: S.E. si= (log [upper 95% CI limit of the
RR] —log [RR])/1.96, and a random-effects model was
exploited rather than a fixed-effects model to account
for the weighted averages of the log (RRi)s, while taking
into consideration the heterogeneity of effects measure-
ments. In addition, the log (RRi)s by wi=1/(si*+t*) were
weighted, where si represented the standard error of log
(RRi), and t* represented the restricted maximum likeli-
hood estimate of the overall variance. Heterogeneity was
obtained using Q- and I’-statistics [28]. We employed
I? statistics to assist in characterizing the heterogeneity
between studies, and showed an I*<25%, which desig-
nated an important indicator of heterogeneity [28]. Con-
sidering that our results may be biased, we utilized funnel
plots, Begg’s rank method [29], and Egger’s linear regres-
sion method to detect publication bias [30]. p-values
were considered to be statistically significant at the 0.05
level.

In a sub-analysis we examined the relation of PA to
infertility risk with the classification of sex (men, women),
study design (case—control, cohort), PA intensity (high,
moderate and low), component or measure of PA (quali-
tative assessments, activity frequency), number of adjust-
ment factors (smoking, marital status, weight or height),
adjusted body mass index (BMI: yes, no), adjusted smok-
ing (yes, no) and geographic region (United States of
American (USA), United Kingdom (UK), and Asia).
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Statistical analyses were conducted with Stata version
11.0 software (Stata Corp LP, College Station, TX, USA),
and relative risk estimates were reported with 95% Cls.
The statistical significance level of this study was 0.05
(a=0.05).

Results
A total of 708,965 subjects and 12,580 cases were
included in this meta-analysis. We initially retrieved 2923
studies through four databases (495 from PubMed, 1170
form EMBASE, 465 from the Cochrane Library, and 793
from CINAHL), of which 1720 articles were retained
after we removed duplicate studies. We also excluded
unrelated studies by reading the titles and abstracts, and
read the remaining 50 studies in depth; of these, 40 were
further excluded because PA or relative risk date was not
available or the study design did not meet our require-
ments. In one study the authors examined male and
female samples separately and analyzed the risk of infer-
tility in PA for men and women [23]. We then ultimately
included in the present work 10 studies that yielded 12
different relative risk estimates [3, 21, 23-26, 31-34]
(Fig. 1).

Table 1 shows the principal characteristics of the six
cohort studies [3, 21, 24, 26, 31, 32] and four case—control
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studies [23, 25, 33, 34] of PA and infertility in our meta-
analysis. The studies were conducted in eight countries:
two in China [3, 31], two in the UK [32, 33], and the
remaining six in the USA [34], Iran [24], Norway [21],
Estonia [26], the Palestinian Territories [25], and France
[23]. Two-thirds of the analyzed factors were adjusted
for smoking, alcohol consumption; and obesity; and one-
third of the risk estimates were adjusted for other factors
such as age, marriage, medication use, and marital status.
In addition, according to the five studies we included [23,
31-34], PA over 150 min/week was defined as high PA,
less than 30 min as low PA, and 30—150 min as moderate
PA (depicted in Table 1).

We summarized 12 relative risk estimates using the
random-effects model to reveal a 41% reduction in
infertility risk with a high vs. low level of PA (RR=0.59;
95% CI 0.49-0.71), and with low heterogeneity among
studies (I>=30.4%, p-value for heterogeneity across all
studies<0.001) (Fig. 2). When we executed a stratified
analysis of the study-design type, we observed a 37%
reduction in infertility risk when a case—control study
was removed (RR=0.63; 95% CI 0.50-0.79, heteroge-
neity Chi-squared =44.4%, p<0.001). Similarly, when
the cohort studies were removed, a 51% reduction was
observed in infertility risk (RR=0.49; 95% CI 0.35-0.67,

Database search(n=2923)
PubMed (n= 495)
EMBASE (n= 1170)
Cochrane (n= 465)
CINAHL (n=793)

|

Records after duplications removed
(n=1720)

Records screened

Records excluded(n=1670)
»[ 1174 based on title

(n=1720)

!

Full-text articles

496 based on abstract

assessed for eligibility
(n=50)

l

Studies included in
Meta-analysis
(n=10)

Full-text articles excluded (n = 40).
Reasons for exclusion:

Data not available(n=22)

Not case-contol or prospective(n=12)
Duplication (n=4)

Not written in English(n=2)

Fig. 1 PRISMA flow diagram of identification and selection of eligible studies
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Fig. 2 Forest plot of a random effects meta-analysis including 12 risk estimates of infertility for a high versus low level of PA

heterogeneity Chi-squared =0.0%, p <0.001). The P-value
for heterogeneity across the case—control and cohort
studies were all significant (p <0.001) (Fig. 3). In addition,
the pooled estimates from both the case—control and
cohort studies showed low heterogeneity (I>=0%). When
we analyzed our data according to the factor of sex, a
direct comparison between women and men revealed
a stronger inverse association between PA and infertil-
ity in men (RR=0.65, 95% CI 0.41-1.04, p=0.075) than
women (RR=0.56, 95% CI 0.47-0.66, p=0.000) (Fig. 4).

In order to determine publication bias, we constructed
a funnel plot (Fig. 5), and executed Begg’s rank correla-
tion test (p=0.95) (Fig. 6) and Egger’s regression test
(p=0.48) (Fig. 7), with none indicating publication bias
(p>0.05).

Regarding the impact of differing levels of PA on
the risk of infertility, our meta-analysis of six risk esti-
mates from five studies [3, 21, 24-26] of low, moder-
ate, and high PA levels showed that moderate PA may
also reduce the risk of infertility compared with low PA
(RR=0.54, 95% CI 0.38-0.77) (Fig. 8); while compared
with moderate PA, high PA increased the risk of infer-
tility (RR=1.31, 95% CI 1.08-1.59) (Fig. 9). In addition,
our limited evidence [23, 31-34] suggested that compli-
ance with international PA guidelines greatly lowered the

risk of infertility (RR =0.58, 95% CI 0.45-0.74; I*=0.0%)
(Fig. 10).

An evaluation of study quality is depicted in Table 2,
with an average quality score of 6.10 (SD=0.57,
median=6). The studies we included contained a vari-
ety of potential confounders, including smoking (2/8),
drinking alcohol (2/8), and marital status (2/8), with none
of the studies showing a correction of infertility symp-
toms. Among these studies, investigators in four studies
diagnosed and defined infertility clearly, and the overall
evaluation of our included articles was above six points.
The studies reflected high-quality research according
to the questionnaire survey, although they did not indi-
cate whether their case group was a continuous case or
acknowledge its representativeness.

Discussion

PA fosters development and normal growth, improves
mood, function, and sleep quality, and lowers the risk
of chronic diseases [35, 36]. In the field of reproduction,
new WHO guidelines recommend that pregnant women
achieve at least 150 min/week of vigorous-intensity aer-
obic exercise to help increase their chances of becom-
ing pregnant, and to also improve their overall health
[16]. These recommendations are considered safe in
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Fig. 3 Forest plot of a random effects meta-analysis including 12 risk estimates of infertility for a high versus low level of PA, grouped by study

T T
1 2 4

the treatment of infertility and are consistent with ours.
In addition, the WHO Guidelines Advisory Commit-
tee graded the evidence based on the consistency and
quality of the research, with evidence graded as strong
or moderate used as the basis for the key guidelines
[37, 38]. This was reflected in our results with regard
to high-to-moderate PA. In 2018, the American Col-
lege of Sports Medicine International Multidisciplinary
Roundtable was tasked with updating the recommenda-
tions and focused on evidence from the exercise method,
including resistance exercise and aerobic exercise [39].
Thus, in our meta-analysis we selected exercise patterns
based on differing levels of PA; i.e., high vs. low PA, high
vs. moderate PA, and moderate vs. low PA—as well as
on meeting vs. not meeting the international PA guide-
lines. We implemented a random-effects meta-analysis
on the association between PA and infertility, and our
results indicated that PA was a protective factor against
infertility; and that compared with low PA, high PA lev-
els reduced the risk of infertility by 39% and moderate
PA did so by 30%. However, compared to moderate PA,
high PA increased the risk of infertility (RR=1.31, 95%
CI 1.08-1.59).

An analysis stratified by sex and research types showed
that PA exerted a protective effect on infertility, and that
the summary RR estimate was not affected by individ-
ual and potentially influential factors such as sex, study
region, study design, or the number of adjustment fac-
tors. The effects of individual factors were verified in
previous meta-analyses of PA and polycystic ovary syn-
drome [22], reproductive health [40], and depression
[41]. Congruent with our results, these reports showed
no statistically significant heterogeneity across sex [41],
study design [22, 40], geographic region [42], or adjust-
ment factors [40].

In 2016, the authors of a review explored the impact
of PA on infertility patients [43]. Several methodologic
issues related to PA and infertility were discussed, includ-
ing a definition of the components of PA, assessment of
the research (e.g., type, duration, and frequency), and a
consideration of the optimal way to measure PA. Inves-
tigators evaluated several influencing factors and eventu-
ally concluded that PA may alleviate infertility through
variables such as body mass index and age [44]. Another
study showed that when obese infertile women increased
their PA, such lifestyle changes not only improved their
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Fig. 4 Forest plot of a random effects meta-analysis including 12 risk estimates of infertility for a high versus low level of PA, grouped by gender

Funnel plot with pseudo 95% confidence limits

RR
Fig. 5 Standardized Funnel plot corresponding to the main
random-effects meta-analysis

fertility, but also improved the overall health of their
offspring [45]. Another paper focused on the relation-
ship between PA and endometriosis risk in women with
infertility or pain, and revealed that PA reduced pain and

Fig. 6 Standardized Begg's rank correlation test corresponding to the
main random-effects meta-analysis

infertility caused by endometriosis; however, the authors
left as unexplained whether their findings could be inter-
preted as constituting a role for exercise at the molecu-
lar and endocrine levels, or whether the findings were
related to a variety of complex mechanisms such as study
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Fig. 7 Standardised Egger’s regression test corresponding to the
main random-effects meta-analysis

design, control selection, and PA in improving infertility.
There are currently no data as to the potential effects of
PA on infertility.

A recent study in which the efficacy of PA on preg-
nancy rate [46] focused on PA intensity included both
moderate and vigorous intensity. Herein we finally con-
cluded that any amount of vigorous PA was associated
with increased pregnancy rate and that pregnant patients
need to be supported in their exercise regimens during
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pregnancy. Our findings on the impact of PA on infertil-
ity are thus virtually identical to the results of the previ-
ous study.

Several mechanisms may explain our current find-
ings. PA in women experiencing infertility may lead to
the resumption of ovulation by regulating the hypotha-
lamic—pituitary—adrenal (HPA) axis so as to increase
hypothalamus-pituitary—gonadal (HPG) activity. High
PA with energy consumption and opioid fluctuations
caused by excessive exercise also demonstrated HPA dys-
function. Long-term exercise for women with infertility
can decrease insulin and free androgen levels, leading
to HPA mediating the recovery of infertility [47]. Other
underlying mechanisms of infertility have been explained
as related to toxic metals causing adverse reproductive
effects. For example, non-essential metals that include
cadmium (Cd), lead (Pb), and arsenic (As) are reproduc-
tive toxicants that are widely distributed within the envi-
ronment and affect hormonal levels. Infertile women
may manifest reduced sensitivity by their ovaries to
gonadotropins, resulting in higher circulating gonado-
tropin levels such as higher average serum FSH and LH
levels, and high serum FSH levels indicate poor ovarian
function [48]. Several studies have shown that engag-
ing in PA might assist in reducing Pb accumulation and
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Fig. 8 Forest plot of a random effects meta-analysis including 6 risk estimates of infertility for a moderate versus low level of PA
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Fig.9 Forest plot of a random effects meta-analysis including 4 risk estimates of infertility for a high versus moderate level of PA

gonadotropin levels in infertile women [31, 49-51]. In
addition to these mechanisms subserving the influence
of PA on infertility, PA is also known to activate anti-oxi-
dant defenses and increase immune function. PA signifi-
cantly inhibited inflammatory biomarkers (interleukin-6
and tumor necrosis factor-a), oxidative stress (reactive
oxygen species and malondialdehyde), and antioxidants
(superoxide dismutase, catalase, and total antioxidant
capacity); and these changes coincided with favorable
improvements in semen parameters, sperm DNA integ-
rity, and pregnancy rate. These data indicated that PA
was sufficient in improving male reproductive function
markers in infertile patients [52].

One novel aspect of the current study was the use of
known varieties of infertility to conduct a meta-analysis
of the relationship between PA and infertility. Another
strength of the current study was a minimized publica-
tion bias in our systematic exploration of databases in
the fields of infertility and PA. We categorized the studies

by design, conducted subgroup analyses for each design
group, and implemented a tool for the assessment of
study quality to address potential selection, misclassifi-
cation, and confounder biases specifically. We ultimately
uncovered an inverse association between PA and infer-
tility risk in analyses that included all risk estimates from
high-quality studies.

Conclusion

Our comprehensive meta-analysis provided support for
an inverse relationship between PA and risk of infertility,
revealing that a moderate to high PA level significantly
reduced the overall risk of infertility and was a common
protective factor. In addition, limited evidence suggested
that compliance with international PA guidelines greatly
lowered the risk of infertility (RR=0.58, 95% CI 0.45—
0.74; 1>=0.0%). In the future, investigators need to deter-
mine the frequency, optimal dosage, and duration of PA
required to effectively reduce the risk of infertility.



Xie et al. Journal of Translational Medicine (2022) 20:237 Page 11 of 13

Study Relative

D risk (95% Cl)
1
1

Foucaut et al 2019 ( : 0.45 (0.22, 0.94)
1
|

Foucaut et al 2019 : 0.63 (0.29, 1.37)
1

Lei r4 :

ei et al 2015 < 0.38 (0.11, 1.29)

:

Rich-Edwards et al 2002 —;—0— 0.63 (0.44, 0.91)
1
|

Forman et al 1994 k 0.54 (0.32, 0.90)
1

Green et al 1986 ( ' 0.90 (0.20, 3.60)
1

Oversll (I-squsred = 0.0%, p = 0.902) @ 0.58 (0.45, 0.74)
I

NOTE: Weights are from random effects analysis :
1

T T T T
25 5 1 2 4
Fig. 10 Forest plot of a random effects meta-analysis including 6 risk estimates of infertility for PA guidelines

Table 2 Quality of studies according to Newcastle-Ottawa Scale

First author, Year, country Selection (Max,score4) Comparability (Max,score2) Exposure(case-control)
or outcome (cohort)
(max,score3)
Cohort
Rich-Edwards, 2002 2 2 2
Cong, 2016 2 2 1
Esmaeilzadeh, 2013 2 2 2
Lei, 2015 3 1 2
Gudmundsdottir, 2009 4 1 2
Lddnelaid, 2021 3 2 1
Case-control
Foucaut, 2019 4 1 2
Green, 1986 3 2 1
Forman, 1994 3 1 2
Dhair, 2020 3 2 1
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