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ABSTRACT

Background: Physical inactivity and sedentary behavior have been associated with adverse female reproductive outcomes,
but whether these associations are causal remains uncertain. Methods: We used genome-wide association study summary
data to evaluate four self-reported activity-related traits—leisure screen time (LST), moderate-to-vigorous physical activity
(MVPA), sedentary behavior at work (SDW), and sedentary commuting behavior (SDC)—in relation to 25 female reproductive
conditions. Linkage disequilibrium score regression was used to assess genetic correlations. Univariable and multivariable
Mendelian randomization (MR) analyses were performed, with MR-Egger, weighted median, weighted mode, MR-RAPS, and
Causal Analysis Using Summary Effect Estimates (CAUSE) used for sensitivity analyses. Results: Longer LST was causally
associated with higher odds of adenomyosis, endometriosis, excessive, frequent, and irregular menstruation, ectopic
pregnancy, and abortion. MVPA was causally associated with lower odds of adenomyosis, endometriosis, and excessive,
frequent, and irregular menstruation. Multivariable MR further supported independent associations of LST with abortion and
postpartum depression. SDW showed limited associations, whereas no significant causal association was identified for SDC.
Conclusions: Genetic evidence supports causal associations of physical activity and sedentary behavior with several female
reproductive outcomes. Reducing leisure screen time and increasing moderate-to-vigorous physical activity may represent
modifiable strategies to support female reproductive health.
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INTRODUCTION

Physical inactivity contributes substantially to the global
disease burden and has been estimated to account for
more than 5 million deaths annually."” However, world-
wide, there is a growing trend of insufficient physical
activity occurring during leisure hours (27.5%), particu-
larly in high-income Western countries (42.3%).5
Moreover, research has shown that sedentary time
increases among women of reproductive age over time,"
thereby potentially posing a health risk.)

To date, physical activity and sedentary behavior have
only been associated with a subset of female reproduct-
ive conditions. For example, a correlation between
sedentary behavior and postpartum depression has been
reported.”! However, evidence regarding most female
reproductive conditions is limited and inconsistent. Pre-
viously, two systematic reviews were unable to conclus-
ively demonstrate an association between physical activ-
ity and endometriosis,®” whereas individual studies have
reported associations with higher levels of physical
activity.!'""'"! The effects of prolonged sitting behavior on
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gestational diabetes!"""* and gestational hypertension!">'’!
are also inconsistent. These discrepancies may reflect
biases, including small sample size, reverse causation,
and the confounding impact of lifestyle and environ-
mental factors. Moreover, a negative genetic correlation
between physical activity and sedentary behavior may
result in an exaggeration of individual effects on female
reproductive conditions.!"

Mendelian randomization (MR) is a causal inference
approach that employs genetic variations associated with
exposure as instrumental variables (IVs). This approach
shifts the focus of causal association studies from phen-
otypic to genotypic investigations."! With a random
allocation of genetic variations occurring at conception,
MR can significantly mitigate the influence of residual
confounding factors and reverse causality issues.'” In
the present study, MR and linkage disequilibrium score
regression (LDSC) were employed to examine potential
genetic correlations and causal associations between four
self-reported physical activity and sedentary behavior
traits and 25 female reproductive conditions.

METHODS

Study design

To investigate potential causal associations between the
exposure traits and reproductive outcomes, single-nucle-
otide polymorphisms (SNPs) associated with the expos-
ures were screened for use as instrumental variables.
Univariable MR, multivariable MR (MVMR), and sensit-
ivity analyses were performed. In addition, full genome-
wide association study (GWAS) summary statistics were
used for LDSC and Causal Analysis Using Summary
Effect Estimates (CAUSE). These complementary
approaches were used to evaluate genetic correlations
and causal associations between physical activity, sedent-
ary behavior, and female reproductive health (Figure 1).

GWAS of exposure and IVs selection

Exposure data pertaining to four self-reported physical
activity and sedentary behaviors, specifically leisure
screen time (LST), moderate-to-vigorous physical activ-
ity (MVPA), sedentary behavior at work (SDW), and
sedentary commuting behavior (SDC), were obtained
from a recent meta-analysis GWAS."I All four traits
were based on self-reported assessments as defined in
the source GWAS. Briefly, the relevant cohort included
703,901 individuals from 51 studies representing
European (94.0%), African (2.1%), East Asian (0.8%),
and South Asian (1.3%) lineages. In addition, individuals
of Hispanic descent (1.9%) were included. To minimize
the influence of including such a diverse set of popula-
tions on our results, only data from participants of
European ancestry were analyzed. Consequently, the
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LST data were based on 526,725 individuals, while the
MVPA data were based on 608,595 individuals. Addi-
tionally, the SDW and SDC datasets were based on
372,609 and 159,606 individuals, respectively.

Independent (#* = 0.001, clumping window size = 10
MB) and genome-wide significant (P < 5 X 10°®) genetic
instrtuments for LST, MVPA and SDW were extracted
from each GWAS. Rare SNPs with a minor allele fre-
quency (MAF) < 0.01 were excluded. SNPs associated
with confounding factors (P < 5 X 10°) identified by
Phenoscanner, and those that highly correlated with the
outcomes (P < 5 X 10*), were also excluded.

GWAS of outcomes

Outcome data were obtained from FinnGen, a compre-
hensive database exclusively comprising individuals of
Finnish descent. This database is regularly updated and
encompasses a substantial number of participants. The
phenotypes in this database are defined based on the
International Classification of Diseases codes, specific-
ally Revisions 8, 9, and 10, where available. There were
25 female reproductive conditions examined.

LDSC

Genome-wide genetic correlations of self-reported phys-
ical activity and sedentary behaviors on each of 25
female reproductive conditions were determined using
LDSC, which utilized GWAS summary data.” To
determine the necessary linkage disequilibrium (LD)
score of the SNPs, we estimated the LD structure for
the Huropean populations based on the European 1000
Genomes database and Hap-Map3 SNPs (https://githu
b.com/bulik/TLdsc).

MR analysis

Two-sample MR analyses were conducted to examine
the causal associations of four self-reported physical
activity and sedentary behaviors with female reproduct-
ive conditions. Multiple methods were employed in the
MR analysis to ensure accuracy and stability of the res-
ults. First, an inverse-variance weighted (IVW) analysis
based on a random-effects model was utilized as the
primary analysis. Weighted median, MR-Egger, and MR-
robust adjusted profile score (MR-RAPS) were also
employed for sensitivity analysis. A causal association
was considered significant only when the IVW analysis
was statistically significant and the direction of effect
was consistent across all four MR methods. CAUSE, a
Bayesian posterior probabilities-based MR method, was
further applied in our analysis to enhance statistical
power. Instead of relying solely on significant loci, full
genome-wide results were submitted for CAUSE.”!
Finally, we conducted Cochran's IVW Q test and MR-
Egger regression to assess heterogeneity and pleiotropy,
respectively.
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Figure 1. Flowchart of study design. SNP, single-nucleotide polymorphism; GWAS, genome-wide association study; MR, Mendelian randomization;
IVW, inverse-variance weighted; MR-RAPS, MR-robust adjusted profile scoring; CAUSE, Causal Analysis Using Summary Effect Estimates; LDSC,

linkage disequilibrium score.

MVMR was employed to address the potential for indi-
vidual contributions of physical activity and sedentary
behavior to be overstated regarding female reproductive
conditions, given the negative correlation between them.
Briefly, MVMR utilizes genetic variants associated with
multiple exposures to estimate the specific effect of each
exposure on a specific outcome.?*! Consequently, we
considered all IVs associated with L.ST, MVPA and
SDW to comprehensively evaluate their individual
impacts on female reproductive health.

F statistic was calculated to represent the strength of the
instrumental variables and equals: £ ?/SE . posure -
SNPs with an F statistic value < 10 are considered weak
instrumental variables.”**! All female reproductive con-
ditions are binary. Consequently, odds ratio (OR) and
95% confidence interval values were used to assess the
strength of the causal association between exposure and
outcome.

exposure

Statistically significant associations were defined using a
Bonferroni-corrected threshold of P < 0.002 (0.05/25
outcomes), whereas associations with 0.002 < P < 0.050
were considered suggestive. Two-tailed P values were
used for all analyses. Statistical analyses were conducted
using the “TwoSampleMR”, “MendelianRandomiza-
tion”, and “CAUSE” packages in R version 4.2.1.

RESULTS

Genetic correlation of physical activity and
sedentary behavior on female reproductive
health

The LDSC analysis revealed genetic correlations of three
self-reported physical activity and sedentary behaviors
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on various female reproductive outcomes: LST, MVPA
and SDW (Figure 2, Supplementary Table 1). In con-
trast, few female reproductive conditions were found to
genetically correlate with SDC. Specifically, gestational
diabetes (r, =-0.40-0.33, P < 0.001 for all) exhibited
genetic links to all four categories of physical activity and
sedentary behavior, and was also the sole female repro-
ductive condition that significantly correlated with SDC.
Moreover, abortion (r,= -0.44-0.26, P < 0.001 for all),
excessive, frequent, and irregular menstruation (7, = -
0.25-0.23, P < 0.001 for all), inflammatory disease of
uterus (r, = -0.50-0.32, P < 0.002 for all), and post-
partum depression (r,= -0.34-0.25, P < 0.001 for all), all
concurrently displayed genetic correlations with LST,
MVPA and SDW.

Causal associations of LST with female
reproductive health
IVs for LST included 115 SNPs that were selected from

a pool of 20,320,958 SNPs. The F statistic of these
SNPs ranged from 29.3 to 97.2 (Supplementary Table 2).

Prolonged LST showed significant causal associations
with adenomyosis (OR = 1.57, P < 0.001), endometri-
osis (OR = 1.29, P < 0.001), excessive, frequent and
irregular menstruation (OR = 1.23, P < 0.001), ectopic
pregnancy (OR = 1.51, P < 0.001), and abortion (OR =
1.27, P < 0.001) (Figure 3). These associations were sup-
ported by MR-RAPS (P < 0.001 for all). Weighted
median analysis also supported associations of LST with
endometriosis (OR = 1.32, P = 0.002), excessive, fre-
quent, and irregular menstruation (OR = 1.25, P=
0.001), and abortion (OR = 1.26, P<
0.001)(Supplementary Table 3). MR additionally sugges-
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Figure 2. Genetic correlations of physical activity and sedentary behavior with female reproductive health. Colors represent P values from the
LDSC genetic-correlation tests; darker blue indicates smaller P values. SDC, sedentary commuting behavior; SDW, sedentary behavior at work; LST, leis-

ure screen time; MVPA, moderate-to-vigorous physical activity.

ted potential associations of prolonged LST with post-
partum depression (OR = 1.36, P < 0.001), three dys-
plastic lesion indicators (OR = 1.31-1.34, P=
0.002-0.001), spontaneous abortion (OR = 1.17, P =
0.014), and inflammatory disease of the uterus (OR =
1.39, P = 0.004). These suggestive findings were not
consistently supported across all four MR methods after
multiple-testing correction. Although heterogeneity was
detected by Cochran's O test, the primary IVW analysis
used a random-effects model.

The CAUSE analysis provided additional support for
several associations. Excessive, frequent, and irregular
menstruation (OR = 1.13, P = 0.014), abortion (OR=
1.14, P = 0.040), ectopic pregnancy (OR = 1.25, P =
0.026), and postpartum depression (OR = 1.14, P=
0.040) were found to correlate with LST
(Supplementary Table 4).

Causal associations of MVPA with female
reproductive health

After conducting a search of 12,000,000 SNPs, 16 SNPs
were selected as IVs for MVPA based on their qualifica-

tion. The F statistic of these SNPs ranged from 30.1 to
81.4 (Supplementary Table 5).

MVPA showed significant causal associations with lower
odds of adenomyosis (OR = 0.36, P < 0.001), endomet-
riosis (OR = 0.47, P < 0.001), and excessive, frequent,
and irregular menstruation (OR = 0.55, P < 0.001)
(Figure 4). MR-RAPS also supported these three associ-
ations (P < 0.001 for all). The association of MVPA
with excessive, frequent, and irregular menstruation
(OR = 0.56, P = 0.001) was additionally supported by
weighted median analysis. MR additionally suggested
potential associations of MVPA with preterm birth
(OR = 0.58, P= 0.012) and female infertility (OR =
0.62, P = 0.038). The reported associations were robust
in the heterogeneity and pleiotropy sensitivity analyses
(Supplementary Table 6).

The CAUSE analysis indicated associations of MVPA
with excessive, frequent, and irregular menstruation
(OR = 0.83, P= 0.011), abortion (OR = 0.89, P=
0.047), and inflammatory disease of the uterus (OR =
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Figure 3. Forest plot of inverse-variance weighted Mendelian randomization estimates for leisure screen time and female reproductive health.
Points indicate odds ratios (ORs), and horizontal bars indicate 95% confidence intervals (CIs). nSNP, number of single-nucleotide polymorphisms; OR,

odds ratio; CI, confidence interval.

0.63, P = 0.026)(Supplementary Table 4).

Causal associations of SDW and SDC with
female reproductive health

A search of 12,000,000 SNPs resulted in the identifica-
tion of nine SNPs that satisfied the criteria to serve as
IVs for SDW. The range of F statistic for these SNPs
vatied from 29.9 to 88.4 (Supplementary Table 7).

MR results showed a causal association of SDW with
lower odds of endometriosis (OR = 0.58, P = 0.001)
(Figure 5), which was also supported by MR-RAPS
(OR = 0.57, P= 0.002) (Supplementary Table §). MR
also suggested associations with excessive, frequent, and
irregular menstruation (OR = 0.63, P < 0.001) and abor-
tion (OR = 0.80, P = 0.023). CAUSE additionally identi-
fied an association between SDW and gestational dia-

betes (OR = 0.80, P= 0.048). Heterogeneity was
assessed using Cochran's Q test, and directional pleio-
tropy was evaluated using the MR-Egger intercept
(Supplementary Table 8).

SDC did not yield genome-wide significant SNPs in the
GWAS dataset. Consequently, only the Bayesian
CAUSE method was used to investigate potential causal
associations. No significant causal associations were
identified between SDC and the included female repro-
ductive conditions (Supplementary Table 4).

MVMR

A negative genetic correlation between physical activity
and sedentary behavior can lead to an exaggeration of their
respective impacts on each female reproductive condition.
To counter this concern, MVMR was employed.
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Figure 4. Forest plot of inverse-variance weighted Mendelian randomization estimates for moderate-to-vigorous physical activity and female
reproductive health. Points indicate odds ratios (ORs), and horizontal bars indicate 95% confidence intervals (CIs). nSNP, number of single-nucleotide

polymorphisms; OR, odds ratio; CI, confidence interval.

In MVMR, LST was independently associated with abor-
tion (OR = 1.12, P = 0.002) (Figure 6) and postpartum
depression (OR = 1.26, P = 0.001). MVPA was inde-
pendently associated with adenomyosis (OR = 0.46, P =
0.002), endometriosis (OR = 0.62, P = 0.002), excessive,
frequent, and irregular menstruation (OR = 0.66, P <
0.001), and prolonged pregnancy (OR = 2.43, P=
0.001).

DISCUSSION

To systematically assess the influence of physical activity
and sedentary behavior on female reproductive health,
we analyzed comprehensive GWAS data using LDSC
and MR. The findings support the potential relevance of
reducing sedentary behavior and increasing physical
activity for female reproductive health.
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Consistent with previous research, the present findings
indicate a positive correlation between sedentary beha-
vior and postpartum depression. In a prospective cohort
study conducted in France, an elevated risk of post-
partum depression was found to be linked to sedentary
behavior in the final trimester of pregnancy.”” Similarly, a
study conducted among non-pregnant women has con-
sistently demonstrated a higher risk of depression among
women who engaged in prolonged sitting (¢g., in front
of a computer, watching television) or overall sedentary
behaviors.” Sedentary behavior influences depression
through multiple biological mechanisms which involve
changes in plasma beta-endorphin levels, core body tem-
perature, the central serotonergic system, neurotransmit-
ter availability, and cerebral blood flow in regions associ-
ated with emotional regulation.”” A case-control study
also identified prolonged sedentary behavior during
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Figure S. Forest plot of inverse-variance weighted Mendelian randomization estimates for sedentary behavior at work and female reproductive
health. Points indicate odds ratios (ORs), and horizontal bars indicate 95% confidence intervals (CIs). nSSNP, number of single-nucleotide polymorphisms;

OR, odds ratio; CI, confidence interval.

pregnancy as a risk factor for abortion.” It has been
demonstrated that prolonged sedentary behavior influ-
ences a range of symptoms and indicators throughout
pregnancy. For example, elevated sedentary time during
pregnancy has been linked to unfavorable self-rated
health,” long-term absences from work due to
sickness,” and heightened overall mental distress symp-
toms encompassing depression and anxiety.P!! Further-
more, sedentary behavior was found to positively correl-
ate with C-reactive protein and low density lipoprotein
cholesterol levels,” fasting glucose levels, abnormal
glucose tolerance,"” as well as arterial and venous cord
blood partial pressure of carbon dioxide and acidic arter-
ial and venous pH during pregnancy.’* These factors
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may potentially contribute to abortions that occur due to
prolonged sedentary behavior.

It is intriguing that the impact of sedentary behavior on
female reproductive conditions was found to be limited
to LST in the present study, and no discernible effect
was observed in relation to SDW or SDC. This phe-
nomenon could potentially be attributed to expectant
mothers consciously limiting their occupational and
commuting engagements in the mid and later phases of
pregnancy. Prior investigations have indicated that
among children and adolescents, excessive LST was
linked to adverse dietary patterns® " and diminished
sleep duration.’” Nonetheless, observation of this
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Outcome nSNP OR (95% CI) LsT P
Abortion 93 1.12 (1.05, 1.20) - 0.002
Adenomyosis (Endometriosis of uterus) 99 1.10 (0.87, 1.34) 1 0.406
All dysplastic lesions of the cervix uteri 95 1.16 (0.97, 1.35) e 0.130
All dysplastic lesions of the cervix uteri, vagina or vulva 100 1.17 (0.99, 1.35) = 0.087
Amenorrhoea 99 0.96 (0.65, 1.26) —_ 0.781
Diabetes in pregnancy 98 1.00 (0.86, 1.14) T 0.964
Dysplasia of cervi uteri 99 1.13 (0.94, 1.33) r= 0.212
Ectopic pregnancy 102 1.29 (1.09, 1.50) i 0.015
Endometriosis 90 1.02 (0.88, 1.15) T 0.827
Excessive, frequent and irrelgular menstruation 90 1.00 (0.90, 1.11) 4 0.941
Female infertility 93 0.99 (0.83, 1.15) -+ 0.879
Habitual aborter 103 1.34 (0.64, 2.03) o manl 0.414
Inflammatory disease of cervix uteri 105 1.06 (0.73, 1.39) e 0.725
Inflammatory disease of uterus 98 1.05 (0.82, 1.27) - 0.701
Oligomenorrhoea 104 1.17 (0.72, 1.62) —t— 0.490
PCOS 98 1.21(0.77, 1.66) b 0.397
Polyp of the female genital tract 101 0.95 (0.80, 1.10) - 0.507
Postpartum depression 94 1.26 (1.12, 1.39) - 0.001
Pre-eclampsia or eclampsia 104 1.10 (0.93, 1.27) - 0.251
Pregnancy hypertension 100 0.95 (0.83, 1.08) - 0.440
Preterm labour and delivery 101 1.07 (0.91, 1.22) r 0.402
Prolonged pregnancy 103 0.99 (0.75, 1.24) -1 0.960
Spontaneous abortion 98 1.06 (0.93, 1.18) - 0.405
Uterine fibroids 95 0.99 (0.89, 1.10) R 0.873
Uterine polyps 103 0.87 (0.57, 1.17) — 0.349
—
Qq/ 0(? N ‘1/0 ‘w_»0
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¢ a2
Yom . 4
OR (95% Cl) MVPA P OR (95% Cl) sDw P
1.00 (0.85, 1.15) + 0.973 0.83 (0.68, 0.98) = 0.018
0.46 (-0.03,0.94) ——=——| 0.002 1.02 (0.56, 1.48) —_ 0.933
0.79 (0.41, 1.16) — 0.212 1.11(0.75, 1.47) e 0.564
0.88 (0.51, 1.25) — 0.495 1.00 (0.65, 1.35) e 0.995
1.28 (0.67, 1.89) —t— 0.433 0.65(0.03,1.27) ———=—— 0.181
0.86 (0.57, 1.15) —r 0.303 0.97 (0.69, 1.24) — 0.813
0.74 (0.34, 1.14) — 0.142 1.01(0.63, 1.39) — 0.960
1.18 (0.75, 1.61) —— 0.454 0.92 (0.51, 1.32) — 0.673
0.62 (0.32, 0.93) — 0.002 0.96 (0.69, 1.23) — 0.787
0.66 (0.44, 0.88) — 0.000 0.93(0.72, 1.14) -t 0.478
0.76 (0.42, 1.10) — 0.109 0.80 (0.48, 1.12) —t 0.167
167(0.22,311) —————f—— 0.487 0.37(-0.93, 1.66) ———roA— 0.128
1.16 (0.49, 1.82) —f— 0.669 0.90 (0.27, 1.52) — 0.730
064(0.18,1.11)  ———— 0.065 0.87 (0.41, 1.33) —— 0.558
0.77 (-0.21,1.75)  ————1— 0.609 0.61(-0.23, 1.45) ———=—— 0.249
1.09(0.16,2.01) —————— 0.860 0.72(-0.07,152) ———— 0.422
0.75(0.42, 1.07) — 0.080 0.99 (0.71, 1.26) — 0.930
1.02(0.73,1.31) -t 0.906 1.01(0.75, 1.28) e 0.937
1.18 (0.84, 1.53) 1= 0.342 1.08 (0.76, 1.40) —— 0.649
1.02(0.76, 1.28) -+ 0.883 0.99 (0.76, 1.23) - 0.965
0.81(0.49, 1.14) —t 0.216 1.04 (0.75,1.32) — 0.804
2.43(1.92, 2.95) —- 0.001 0.92 (0.47, 1.38) —_— 0.734
0.95(0.68, 1.23) —= 0.723 0.86 (0.63, 1.10) e 0.217
0.88 (0.67, 1.10) — 0.260 1.02 (0.82, 1.22) -+ 0.865
0.59(0.00, 1.19) o 0.086 1.09 (0.53, 1.64) . 0.772
PN PSS R PN RPN

Figure 6. Forest plot of multivariable Mendelian randomization estimates for physical activity, sedentary behavior, and female reproductive
health. Points indicate odds ratios, and horizontal bars indicate 95% confidence intervals. LST, leisure screen time; MVPA, moderate-to-vigorous physical
activity; SDW, sedentary behavior at work; nSNP, number of single-nucleotide polymorphisms.

association within a pregnant demographic, and its
potential to clarify the varied impact of prolonged
sedentary behavior in diverse settings on abortion, war-
rant further validation.

The relationship between physical activity and endomet-
riosis remains a topic of ongoing debate. In two system-
atic reviews, a link between physical activity and endo-
metriosis was not established.®!” In contrast, there are
individual studies which have demonstrated this
correlation.™ However, in the latter, frequent and
intense engagement in high-intensity physical activity
over an extended period was a factor. In a recent ran-
domized controlled trial, therapeutic exercise regimens
were found to enhance patient quality of life, alleviate
pain, and reduce pelvic injuries in women with endomet-
tiosis who do not respond to conventional treatment.*!
The present findings support a potential protective asso-
ciation of MVPA with endometriosis, but clinical inter-
vention studies are required before physical activity can
be considered a therapeutic strategy.

Regarding menstruation, the impact of physical activity
remains inconclusive. Two studies have demonstrated that
physical activity does not influence menstrual
regularity.">*! However, a large-scale cohort study repor-
ted that highly active women exhibited a 10% lower likeli-
hood of experiencing heavy menstrual bleeding compared
to those who reported no physical activity.*” It is possible
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that discrepancies in reporting physical activity levels and
categorizing different levels of physical activity intensity
may underlie these divergent findings.

The present study has several strengths. First, recent and
comprehensive GWAS data on physical activity and
sedentary behavior were analyzed, enabling a broad eval-
uation of causal associations with female reproductive
conditions. Second, the CAUSE method uses full gen-
ome-wide summary data, thereby enhancing statistical
power, addressing sample overlap and enabling assess-
ment of horizontal pleiotropy. Third, LDSC and MR
analyses provided complementary petspectives on the
associations between exposures and outcomes. Several
limitations should also be acknowledged. First, the phys-
ical activity and sedentary behavior traits were based on
self-reported information and may therefore be subject
to measurement bias. Second, the analyses were restric-
ted to European-ancestry datasets, which may limit gen-
eralizability to other populations. Third, female repro-
ductive outcomes were obtained from FinnGen to
address sample overlap; replication in additional cohorts
would strengthen the robustness and generalizability of
the findings.

CONCLUSIONS

In summary, our genetic analyses support causal associ-
ations of physical activity and sedentary behavior with
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several female reproductive conditions. Further studies
are warranted to clarify the underlying mechanisms and
to evaluate whether reducing sedentary behavior and
increasing physical activity can improve female repro-
ductive health in clinical settings.
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