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BACKGROUND: In the context of increasing rates of overweight and obesity in young adult women, and the increasing numbers of women
seeking help for fertility problems, it is important to understand whether physical activity (PA) could help with management of reproductive
health problems, with or without weight loss.
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2 Physical activity and reproductive health

OBJECTIVE AND RATIONALE: The primary aim of this systematic review and meta-analysis was to assess the effects of PA on selected
reproductive health outcomes in young adult women, in order to inform best practice advice for women in terms of promoting fertility and
reproductive health in young adulthood.

SEARCH METHODS: An electronic search of PubMed, EMBASE, MEDLINE, Cumulative Index to Nursing and Allied Health Literature,
PsycINFO, Web of Science, SportDiscus, and Cochrane was performed for studies published between January 2000 and May 2018. Keywords
and Medical Subject Headings terms related to PA, reproductive health, and weight gain were used. Studies were selected if they were
intervention studies, if PA was delivered as part of an intervention to pre-menopausal women, and if any reproductive health outcome was
reported. Quality analysis was performed using the Tool for the assEssment of Study qualiTy and reporting in EXercise.

OUTCOMES: Eighteen studies, with a mix of four types of study design (4 randomized controlled trials (RCTs), 11 randomized comparison
trials, 2 non-randomized comparison trials, and 1 single-arm clinical trial), were identified. Comparisons included fertility treatment (four studies)
and common treatments for women with polycystic ovary syndrome (PCOS) symptoms (nine studies). Pooled analysis of data from three of
the four studies with a control group showed higher pregnancy [risk ratio (RR) 2.10, 95% CI (1.32, 3.35); three studies] and live birth [RR
2.11, 95% CI (1.02, 4.39); two studies] rates in the intervention groups compared with non-therapy controls. Aggregated data from the fertility
treatment comparative studies (i.e. those that compared PA with standard fertility treatment such as clomiphene, gonadotrophins, and/or
IVF) showed no significant intervention differences: RR 1.46, 95% CI (0.87, 2.45) for clinical pregnancy (four studies) and RR 1.09, 95% CI
(0.56, 2.12) for live births (two studies). Pooled analysis from the comparison trials that used pharmaceutical or dietary treatment for PCOS as
comparison showed higher pregnancy rates [RR 1.59, 95% CI (1.06, 2.38); five studies] and live birth rates [RR 2.45, 95% CI (1.24, 4.83); two
observations] in the PA intervention groups than in the comparison groups. Analysis of other outcomes, such as ovulation rates, menstrual
regularity, and conception rates, showed no differences between the PA intervention and comparison groups.

WIDER IMPLICATIONS: There is emerging evidence from RCT that PA may improve pregnancy rates in women with reproductive health
problems. Comparative studies indicate that PA intervention may be as effective as other commonly used clinical intervention strategies
for improving reproductive health outcomes. While the type, intensity, frequency, and duration of optimal PA intervention, and the role of
PA independent of weight loss, remain unclear, these preliminary findings suggest that PA may be an affordable and feasible alternative or
complementary therapy to fertility treatments.

Key words: systematic review / meta-analysis / physical activity / exercise / reproductive health / ovulation / menstrual cycle / conception
/ live births / pregnancy

Introduction
It is well known that physical activity (PA) is beneficial for disease
prevention and is associated with reductions in the risk of a large
number of diseases and conditions, including cardiovascular disease,
type 2 diabetes, and breast and colon cancers, among others (2018
Physical Activity Guidelines Advisory Committee, 2018). Relationships
between PA (or physical inactivity) and reproductive health outcomes
are, however, less well understood. The recently released ‘2018 Phys-
ical Activity Guidelines Advisory Committee Scientific Report’ states
that, in addition to disease-prevention benefits, women who are more
physically active are less likely to gain excessive weight during preg-
nancy. This is coupled with reduced risks of developing gestational dia-
betes and post-partum depression (2018 Physical Activity Guidelines
Advisory Committee, 2018).

These observations highlight the complex interplay between PA
and weight gain in young adult women. Observational data from
the Australian Longitudinal Study on Women’s Health suggest that,
when women are in their 20s and 30s, levels of PA tend to decline
slightly, fluctuating with life events such as getting married and having
a baby. Between the ages of 18–23 years and 31–36 years, only
18% of this young adult cohort maintained adequate levels of PA
at five consecutive three-yearly surveys (Dobson et al., 2012). Over
the same period, the proportion of women whose BMI was in the
overweight or obese categories increased from 21% to 45% (Dobson
et al., 2012). This is important, because reproductive problems, such

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

as infertility, are known to be more prevalent in overweight and obese
women (Dağ and Dilbaz, 2015), and research has shown that low levels
of leisure time PA may increase the risk of menstrual irregularities
(Gudmundsdottir et al., 2014), especially if coupled with overweight
(Dağ and Dilbaz, 2015) or obesity (Hartz et al., 1979; Sim et al., 2014a;
Mutsaerts et al., 2016).

Research with athletes suggests that high levels of PA are associ-
ated with menstrual irregularities and subsequent potential infertility
(Warren and Perlroth, 2001; Torstveit and Sundgot-Borgen, 2005;
Gifford et al., 2017). It is likely that these reproductive health problems
are caused by a complex interplay of exercise-induced neuroendocrine
mechanisms, whereby acute increases in ovarian hormone levels during
exercise perturb hypothalamic neuroendocrine pathways, resulting in
chronically low levels of circulating estradiol and reduced ovarian
stimulation (De Crée, 1998). These changes are most notable when
there is negative energy balance, as observed in many athletes (Warren
and Perlroth, 2001; Williams et al., 2015). However, in the general
population, especially in mid-high-income countries, many young adult
women are in positive energy balance and do not do excessive amounts
of exercise.

In the non-athlete context, most research into PA and fertility has
focused on overweight and obese women with ovulatory disorders
such as polycystic ovary syndrome (PCOS). This condition is under-
pinned by weight-independent insulin resistance and is associated with
reproductive and cardiovascular complications (Harrison et al., 2010).
Studies that have compared diet and exercise interventions in women
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Mena et al. 3

with PCOS have shown that exercise has a more lasting effect on reduc-
ing insulin resistance (Hutchison et al., 2011) and a greater effect on
restoring ovulation (Palomba et al., 2008). The proposed mechanism
by which PA restores ovulation starts with enhanced insulin sensitivity,
which aids in the restoration of normal levels of steroidogenesis
(Hakimi and Cameron, 2017). Research suggests that increases in sex
hormone-binding globulin and decreases in free androgens, resulting
from increased insulin sensitivity, have the capacity to restore the
GnRH cycle, leading to spontaneous ovulation in women with PCOS
(Froment and Touraine, 2006).

Very little is known about the effects of PA on reproductive health
outcomes, such as infertility and menstrual irregularities, in the general
population. In the context of increasing population levels of rates
of overweight and obesity in young adult women, (Gomersall et al.,
2014; Australian Bureau of Statistics, 2015; Brown et al., 2016) and
the increasing numbers of women seeking help for fertility problems
(Herbert et al., 2009), it is important to understand whether PA
could help with management of reproductive health problems, with
or without weight loss. The primary aim of this systematic review and
meta-analysis was therefore to assess the effects of PA on selected
reproductive health outcomes in young adult women, in order to
develop evidence-based advice for women in terms of promoting
fertility and reproductive health in young adulthood.

Methods

Protocol and registration
This systematic review was registered with the International Prospec-
tive Register of Systematic Reviews (Registration no. CRD42018094169,
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=
CRD42018094169) and undertaken according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines (Moher et al., 2010).

Eligibility criteria
Papers were selected if they were as follows:

• intervention studies such as randomized controlled trials (RCTs),
quasi-experimental studies (with or without a control or compari-
son group) or other non-randomized clinical trials;

• included premenopausal women aged 18–46 years;

• described any type (aerobic, endurance, or resistance) of PA
intervention;

• described outcome measures related to fertility; and

• published between 1 January 2000 and May 2018, in English or
Spanish.

There was no restriction in terms of associated risk factors for
infertility such as PCOS or overweight and obesity. Hence, women with
any BMI were included.

Information sources and search terms
The following electronic databases were used to identify potentially
eligible studies: PubMed, EMBASE, MEDLINE, Cumulative Index to
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Nursing and Allied Health Literature, PsycINFO, Web of Science,
SportDiscus, and Cochrane. The reference lists of eligible studies were
hand searched to identify further studies.

Search terms included keywords for three domains: PA, reproductive
outcomes in women (fertility), and weight gain. The search terms
were adapted for each database, with keywords searched in full text
and Medical Subject Headings. Results were refined by the following
additional filters: ‘humans’ and ‘female’ gender and, when possible,
by study design (RCTs, clinical trials, controlled clinical trials, etc.).
Additional search terms for study design were used when the database
did not offer the option of study design selection. A summarized search
strategy is presented in Supplementary Table SI.

Study selection and data extraction
Results of the searches were exported to a citation manager (EndNote
version X8.2) for removal of duplicates. Titles and abstracts of the
retrieved papers were screened by one author (G.M.) and verified by
another (W.B.), before retrieving full-text versions for data extraction.
Each study was read in full to extract information on the following:
study design, country, participant information, sample size, interven-
tion, comparison, intervention duration, follow-up period, dropouts,
number of participants included in the analysis, outcomes (both repro-
ductive and those related to weight gain), and method used for valida-
tion of the outcome. Study authors were contacted to request missing
data in one paper (Duval et al., 2015).

Risk of bias in individual studies
Study quality and reporting were assessed using the Tool for the
assEssment of Study qualiTy and reporting in EXercise (TESTEX; Smart
et al., 2015). This tool includes a checklist of 12 items for 15 points.
Five of the 15 possible points are related to study quality and 10 to
study reporting. One point is awarded for the following study qual-
ity criteria: eligibility criteria, randomization, allocation concealment,
groups similar at baseline, and blinding of assessor for at least one key
outcome. For study reporting, the remaining 10 points are distributed
between six items. Points are awarded if adherence was >85%; adverse
effects were reported; exercise attendance was reported; intention-
to-treat (ITT) analysis was performed; between-group statistical com-
parisons were reported for the primary outcome measure and for
the secondary outcome measure; point estimates were reported;
there was activity monitoring in control groups; exercise load was
adjusted to keep relative intensity constant; and exercise volume and
expenditure could be calculated. Higher scores reflect better study
quality and reporting. The assessment of quality was performed by two
researchers (G.P.M. and W.B.) and in cases of discrepancy the third
author was consulted.

Synthesis of results
Papers were categorized by study design (RCTs, comparison trials, or
single-arm clinical trials), and data relating to each reproductive health
outcome were then extracted and summarized using narrative review,
and, if possible, meta-analysis.

For meta-analysis, data were imported into Review Manager Version
5.3.5 (The Cochrane Collaboration, Oxford, UK). Separate analy-
ses were performed for studies in which the PA intervention was
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4 Physical activity and reproductive health

compared with a control (i.e. standard care or no treatment) condition
and studies that compared PA with another intervention. When data
were available, sub-analyses were performed to calculate risk ratios
(RR) and mean between group differences (with 95% CIs) by outcome.
Random effects models were used for meta-analysis. All the analyses
were performed using Review Manager Software Version 5.3.5 (The
Cochrane Collaboration, Oxford, UK).

Results

Study selection and characteristics
Details of the study selection process are shown in the PRISMA flow
diagram (Fig. 1). The initial search retrieved 270 citations. Of these, 18
met all the inclusion criteria and were included in the narrative review
(qualitative synthesis). Details of each study are summarized in Table I.
Of the 18 selected studies, 4 were RCTs (with a ‘no-intervention’ or
‘usual care’ control group), 13 were comparison trials (11 randomized
and 2 non-randomized comparison trials), and 1 was a single-arm
clinical trial (Moran et al., 2011b). The comparison trials included four
that used fertility treatment (e.g. clomiphene citrate, gonadotrophins,
and/or IVF) and nine that used treatments for women with PCOS-
related symptoms, such as metformin, diet, or the oral contraceptive
pill (OCP), as the comparison intervention. Two of the 18 were pilot
studies (Bruner et al., 2006; Moran et al., 2011b). Due to variation in
study design and outcome measures, data from 12 trials were included
in the meta-analyses (three RCTs and nine comparison trials).

As shown in Table I, four studies took place in Italy, four in Australia,
two each in Sweden and Canada, and one each in Iran, Turkey, Slovakia,
USA, The Netherlands, and Denmark. Of the comparison trials, six
had two intervention arms, six had three intervention arms, (Thomson
et al., 2008; Stener-Victorin et al., 2009; Palomba et al., 2010; Nybacka
et al., 2013; Legro et al., 2015; Orio et al., 2016) and one had four
groups (Karimzadeh and Javedani, 2010). Sample size varied from 12
participants in 1 pilot study (Bruner et al., 2006) to 577 in the Dutch
study by Mutsaerts et al. (2016).

Description of participants
The age of participants in each trial ranged from 18 to 46 years, and
BMI (reported in 13 trials) ranged from 18 to 45 kg/m2. Although one
trial included participants with normal BMI (Orio et al., 2016), all the
others had ‘overweight’ (n = 5), ‘obesity’ (n = 5), or both (n = 6)
as inclusion criteria. All the trials (n = 18) were restricted to women
with reproductive health problems, such as infertility (with ongoing or
past IVF), PCOS, or hyperandrogenism (Orio et al., 2016). In three
trials, participants were anovulatory, and in one the participants had
hyperinsulinemia and insulin resistance (Lazurova et al., 2004). Of the
total 2035 participants, 769 received a PA intervention.

Description of interventions
In general, the PA interventions were poorly described, and important
details that might allow their replication, such as type, frequency,
intensity, and duration of the intervention were not always reported.
Where described, in most cases the PA component was part of a
multi-strategy or ‘lifestyle’ intervention (i.e. diet and counselling). Only
six trials (two RCTs, Vigorito et al., 2007; Moran et al., 2011b) and
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four comparison trials (Palomba et al., 2008; Stener-Victorin et al.,
2009; Nybacka et al., 2013; Orio et al., 2016) tested a PA component
alone, while eight had both a dietary and PA component (three RCTs,
Moran et al., 2011a; Sim et al., 2014b; Kaya et al., 2016; five com-
parison trials, Bruner et al., 2006; Thomson et al., 2008; Karimzadeh
and Javedani, 2010; Duval et al., 2015; Mutsaerts et al., 2016). One of
the comparison trials used exercise plus counselling sessions (Roessler
et al., 2013) and three included pharmacotherapy interventions (e.g.
conventional drugs for improving fertility such as clomiphene citrate
(Palomba et al., 2010), weight loss drugs such as sibutramine (Lazurova
et al., 2004), or drugs for the treatment of women with PCOS such
as the OCP (Legro et al., 2015) combined with a dietary and PA
intervention.

Only seven trials provided full details of the exercise intervention
(type, frequency, intensity, duration, etc.). In most trials, the inter-
vention included advice to increase PA levels (Lazurova et al., 2004;
Stener-Victorin et al., 2009; Karimzadeh and Javedani, 2010; Sim et al.,
2014b; Duval et al., 2015; Legro et al., 2015; Kaya et al., 2016). In 10
studies the intervention was monitored (Bruner et al., 2006; Vigorito
et al., 2007; Palomba et al., 2008, 2010; Thomson et al., 2008; Moran
et al., 2011b; Nybacka et al., 2013; Roessler et al., 2013; Mutsaerts
et al., 2016; Orio et al., 2016), and in 1 study the PA intervention was
a home-based programme (Moran et al., 2011a). One trial used a step
counter to encourage participants to reach a target of 10 000 steps per
day (Mutsaerts et al., 2016a).

PA intervention duration varied across the trials, from 6 (Palomba
et al., 2010) to 32 weeks (Karimzadeh and Javedani, 2010), with
12 and 16 weeks the most common durations. Ten interventions
involved aerobic exercise only (Vigorito et al., 2007; Palomba et al.,
2008; Stener-Victorin et al., 2009; Palomba et al., 2010; Moran et al.,
2011b; Roessler et al., 2013; Sim et al., 2014b; Legro et al., 2015;
Mutsaerts et al., 2016; Orio et al., 2016), five included both aerobic
and resistance training (Bruner et al., 2006; Thomson et al., 2008;
Karimzadeh and Javedani, 2010; Moran et al., 2011a; Nybacka et al.,
2013), and three did not specify the type of exercise intervention
(Lazurova et al., 2004; Duval et al., 2015; Kaya et al., 2016). Eight trials
reported that the exercise intensity remained constant throughout the
intervention period (Bruner et al., 2006; Vigorito et al., 2007; Thomson
et al., 2008; Palomba et al., 2010; Moran et al., 2011a; Roessler et al.,
2013; Legro et al., 2015; Orio et al., 2016). Percentage of maximal
oxygen consumption (VO2max) (Vigorito et al., 2007; Palomba et al.,
2008, 2010; Orio et al., 2016) and percentage of maximum heart rate
(Bruner et al., 2006; Thomson et al., 2008; Stener-Victorin et al., 2009;
Moran et al., 2011a; Roessler et al., 2013) were the most commonly
used measures of intensity. In half the trials (n = 9), details of exer-
cise intensity were not provided (Lazurova et al., 2004; Karimzadeh
and Javedani, 2010; Moran et al., 2011a; Nybacka et al., 2013; Sim
et al., 2014b; Duval et al., 2015; Legro et al., 2015; Kaya et al., 2016;
Mutsaerts et al., 2016).

Risk of bias within studies
In exercise training intervention trials, some traditional study quality
criteria, such as blinding of the participant and the researcher, are
difficult to implement. We therefore used a quality assessment tool
designed specifically for use in exercise training studies (see above).
One study author (Duval et al., 2015) responded to our request for
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Mena et al. 9

Figure 1 Preferred reporting items for systematic reviews and meta-analyses flow diagram for selecting studies for the
systematic review and meta-analysis. PA, physical activity.

further information, but as no further data were available, no quality
assessment could be made. Results of the assessment of quality for
the randomized trials using the 15-item/points tool are shown in
Supplementary Table SII. The lowest score was 6 (Karimzadeh and
Javedani, 2010), and the highest was 15 (/15) (Palomba et al., 2010).
Most trials were of moderate quality, and the median score was 10/15.
All reported the eligibility criteria for participation. When assessing
randomization, all trials except three specified the method of ran-
domization used (Vigorito et al., 2007; Karimzadeh and Javedani, 2010;
Roessler et al., 2013). In terms of participant allocation and similarity
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.

.

.

.
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.

.

.

.

.

.
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.

of the groups at baseline, all the trials scored 1 for each criterion.
The TESTEX tool does not score participant and research blinding;
however, it does allocate 1 point to blinding of outcome assessors. For
this criterion, only 4 trials scored 1 point (Vigorito et al., 2007; Palomba
et al., 2010; Sim et al., 2014b; Orio et al., 2016). Most failed to provide
reports of adverse effects or session attendance. Similarly, only seven
reported the exercise volume and energy expenditure (Bruner et al.,
2006; Vigorito et al., 2007; Thomson et al., 2008; Palomba et al., 2010;
Nybacka et al., 2013; Roessler et al., 2013; Orio et al., 2016). All the
trials scored 1 point for statistical comparisons and point measures
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of variability for the outcomes. Only four did not use ITT analysis
(Bruner et al., 2006; Karimzadeh and Javedani, 2010; Nybacka et al.,
2013; Roessler et al., 2013). One point was awarded to the study by
Nybacka et al. (2013) for using the missing at random approach, as
this is believed to be generally more accurate than older methods for
handling missing data. As Vigorito et al. (2007) reported no missing
data in their trial, the ITT approach was not applicable and 1 point
was awarded for this criterion.

In addition to the TESTEX tool, we recorded the method of verifi-
cation of the outcome. Most trials reported objective methods of out-
come verification, such as serum hormones and ultrasound images. For
the outcome ‘pregnancy’, five measured β-hCG in serum as a method
of verification (Palomba et al., 2008; Karimzadeh and Javedani, 2010;
Duval et al., 2015; Legro et al., 2015; Kaya et al., 2016), and of these,
all except the trial by Duval et al. (2015) relied on ultrasonographic
evidence of a gestational sac and/or fetal heartbeat. One trial did not
measure serum hormones but verified pregnancy by ultrasound (heart
beat at 7-week gestation) (Sim et al., 2014b). For verification of ovu-
lation, most trials used serum hormone levels (serum progesterone)
(Lazurova et al., 2004; Palomba et al., 2008, 2010; Nybacka et al.,
2013; Legro et al., 2015) while others measured urinary pregnanediol-
glucoronide (PDG) (Thomson et al., 2008; Moran et al., 2011b). One
also included an ultrasonographic image of a dominant ovarian follicle
(≥12 mm) as part of the ovulation assessment (Palomba et al., 2010).
For menstrual irregularity, menstrual cycle history was self-reported
and recorded by the participants in menstrual diaries (Vigorito et al.,
2007) or in menstrual calendars (Thomson et al., 2008). One trial asked
participants to record menstrual bleeding on a rank analogue scale from
0 to 10 (Palomba et al., 2010).

Outcomes
The reproductive health outcomes from the 18 studies included in this
review are shown in Table II. For meta-analyses, we present results
separately for the following: trials in which the PA intervention was
compared with a no treatment control (RCTs) (three studies) and
trials where there was a comparison group that comprised fertility
treatment or other pharmacological therapy, diet, etc. (nine trials). In
order to overcome the mix of active comparison treatments, we split
the second group into the following: ‘fertility treatment’ trials (those
that used standard fertility treatment, such as clomiphene citrate,
gonadotrophins, and/or IVF) and ‘other comparison’ trials (those that
used metformin, diet, sibutramine, or OCP, which are commonly used
for treating symptoms in women with PCOS). Where feasible, meta-
analyses were performed separately for these three groups, and sub-
analyses were performed for each specific outcome as reported below.

RCTs
Pregnancy and live births. Aggregated data from three of the four
RCTs are shown in Fig. 2. The pregnancy rate was higher in women
in the PA intervention groups (37/71; 52.1%) than in women who
received conventional/standard treatment (16/68; 23.5%; RR 2.10,
95% CI: 1.32, 3.35). Two of these trials also reported on live
births. As for pregnancies, there was a higher rate of live births in
the PA interventions [19/45 (42.2%) than in the control groups,
8/42 (19.0%); RR 2.11; 95% CI: 1.02, 4.39]. As these three trials
showed similar effects, heterogeneity, as indicated by I2, was very low
(Fig. 2).
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Other outcomes: menstrual irregularity and conception. As only one
of the trials with a control group reported on menstrual regularity
(Vigorito et al., 2007) and similarly, only one reported on conception
rates (Sim et al., 2014b), meta-analysis for these outcomes could not be
performed. However, as shown in Table II, Sim et al. (2014b) reported
higher rates of natural conception in the PA intervention group (3/27;
11.1%) than in the control group (0/22; 0%). In the trial by Vigorito
et al. (2007), 60% (27/45) of women in the trained group showed
normal menstrual cycles after the intervention. Without results from
the untrained group (control), we cannot draw conclusions from this
trial.

Comparison trials
As two of the comparison studies used both a ‘fertility treatment’ and
an ‘other comparison’ for PCOS treatment (Karimzadeh and Javedani,
2010; Palomba et al., 2010), the results of those studies are included in
both the following analysis groups.

Comparison with fertility treatment
Pregnancy. Analysis of pooled data from four studies that compared
PA with fertility treatment (i.e. standard fertility treatment: clomiphene
citrate, gonadotrophins, and/or IVF) showed a higher rate of clinical
pregnancy in the PA intervention groups (218/486; 57.8%) than in
the comparison groups (214/517; 41.4%), but the difference was not
statistically significant (RR 1.46, 95% CI: 0.87, 2.45) (one study had
two different comparison groups; see Fig. 3). Results from one of these
trials, which compared weekly group sessions with a kinesiologist and a
dietitian with standard fertility treatment, showed that the spontaneous
pregnancy rate was markedly higher in the intervention group (50%)
than in the comparison group (12.9%) (Duval et al., 2015; Table II).

Live births. Two of the fertility treatment comparison trials that
reported pregnancy also reported on live births. Pooled data did not
favour the PA interventions over standard fertility treatment (RR 1.09;
95% CI: 0.56, 2.12) (Fig. 3).

Improved menstrual irregularity. Two fertility treatment comparison
trials reported on menstrual regularity (Karimzadeh and Javedani, 2010;
Palomba et al., 2010). In both trials, the PA intervention improved
menstrual patterns. Pooled data from these trials showed slightly, but
not significantly, higher rates of improved menstrual regularity in the
PA intervention groups (111/182; 61%) than in the comparison groups
(118/210; 56.2%); RR 1.11; 95% CI (0.83, 1.49) (Fig. 3; there are three
estimates from the two studies as one had two different comparison
groups).

Conception. Only one fertility treatment trial reported on conception
rates (Mutsaerts et al., 2016). In this study by Mutsaerts et al. (2016),
the largest trial included in this review, women in the intervention arm
(diet + exercise + behavioural counselling) achieved higher natural
conception rates (73/280; 26.1%) than those in the comparison arm
(46/284; 16.2%).

Other comparison trials
Meta-analyses of data from the studies that used other compar-
isons for treating PCOS symptoms (metformin (Lazurova et al., 2004;
Karimzadeh and Javedani, 2010), diet (Palomba et al., 2008, 2010;
Thomson et al., 2008; Nybacka et al., 2013) or the OCP (Legro et al.,
2015), are shown in Fig. 4.
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Figure 2 Forest plots of PA randomized controlled trials for the outcomes of clinical pregnancies and live births.

Pregnancy. Data from six of these studies (eight comparisons)
showed a higher pregnancy rate for women in the PA intervention
groups (52/306; 17%) than for those in the other comparison groups
(37/330; 11.2%); RR 1.59, 95% CI (1.06, 2.38) (Fig. 4).

Live births. Pooled data from a three-arm study that compared
lifestyle, OCP, and lifestyle + OCP combined showed a higher rate of
live births in the lifestyle groups (25/100; 25%) than in the OCP only
group (10/98; 10.2%; RR 2.45; 95% CI: 1.24, 4.83) (Legro et al., 2015).
In this study, the continuous OCP was used as part of preconception
infertility treatment in a population of women with PCOS, in whom
the OCP is commonly used in pretreatment for treating symptoms
related to hyperandrogenism.

Ovulation improvement. Six trials reported on improved ovulation in
anovulatory participants. One could not be included in the meta-
analysis because the numbers of cases (of improvement) in each group
were not reported (Bruner et al., 2006). Another was not included
because it reported ovulation rates derived by dividing the total num-
ber of ovulations by the total number of treatment cycles (Legro et al.,
2015). In this three-arm trial all the patients were treated with four
consecutive cycles of clomiphene citrate regardless of group allocation.
The group whose clomiphene citrate treatment was preceded by a
combined lifestyle + OCP intervention (diet + exercise + behavioural
component + OCP) had a higher ovulation rate (94/140; 67.1%)
than the OCP only group (71/154; 46.1%). Of the remaining trials
in this group, one reported minor differences in ovulation rates with
diet (5/14, 36%) and exercise (6/17, 35%) interventions (Nybacka
et al., 2013), and a non-randomized trial showed that the cumulative
ovulation rate in the structured exercise training group was higher
(65%; 13/20) than in the diet group (25%; 5/20) (Palomba et al., 2008).
Another three-arm trial reported a 50% improvement in ovulation
rates in the diet only (6/12) and diet and aerobic exercise groups (3/6)
and a 43% (3/7) improvement in the diet and combined aerobic and
resistance exercise group (Thomson et al., 2008). However, from a
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baseline sample of 94, data on reproductive function were only from
59 women, due to inconclusive results from the urinary PDG analysis.

Results of the meta-analysis of data from six comparisons reported
in four studies found a higher rate of ovulation improvement in the
PA intervention (43/99; 43.4%) than in the other comparison groups
(30/102; 25%); RR 1.42, 95% CI (0.90, 2.24), but the difference was
not statistically significant (Fig. 4).

Improved menstrual irregularity. Seven trials reported on menstrual
regularity. In four of these, the PA intervention improved menstrual
patterns (Palomba et al., 2008; Thomson et al., 2008; Nybacka et al.,
2013; Orio et al., 2016). Of the remainder, one trial found improve-
ment in both groups (Roessler et al., 2013), one reported no change
in either group (Stener-Victorin et al., 2009), and in one, the com-
parison group (metformin) performed better than the intervention
(Lazurova et al., 2004). The biggest effect was in a three-arm trial;
the two combined exercise and diet groups showed higher rates of
improvement (diet + aerobic = 42.9%; diet + combined aerobic and
resistance training = 44.4%) than the diet only group (21.4%) (Thom-
son et al., 2008). All except one trial reported the number of women
experiencing menstrual improvement. In it, the researchers based their
results on the number of cycles (Palomba et al., 2008).

Pooled data from the trials that used ‘other comparisons’ (five stud-
ies, six estimates) show that the rate of improved menstrual regularity
was higher in the intervention groups (114/268; 42.5%) than in the
comparison groups (99/298; 33.2%), but the difference was not quite
statistically significant (RR 1.37; 95% CI: 0.97, 1.93) (Fig. 4).

Conception. Only two trials reported on conception rates (Bruner
et al., 2006; Legro et al., 2015). The study by Bruner et al. (2006) did
not report estimates for both groups. In the study by Legro et al.
(2015), women in the lifestyle intervention arm had a higher conception
rate (16/50; 32%) than those in the other comparison arms (8/49;
16.3% and 14/50; 28%), which included a group receiving the OCP
and a group that received combined lifestyle plus OCP treatment,
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Figure 3 Forest plots of comparison trials of PA and fertility treatments for the outcomes of clinical pregnancies, live births, and
improved menstrual irregularity.

respectively. All three groups in this study received ovulation inductors
(i.e. clomiphene citrate). Therefore, it is assumed that the reported
rates do not reflect natural conception.

Pooled data (one study, two estimates) demonstrated that PA as
part of a lifestyle intervention, either with or without the OCP, showed
greater improvement in conception rate (30/100; 30%) than the OCP
only comparison group (16/98; 16.3%); RR 1.8; 95% CI: 1.07, 3.15
(Fig. 4).

Weight and other body composition outcomes. Body composition mea-
sures, including weight (change), BMI, fat mass, or waist circumference,
were reported in all except one trial (Kaya et al., 2016), as most studies
had overweight (n = 5), obesity (n = 5), or a combination of both
(n = 6) as an inclusion criterion. Only one study included women with
normal BMI (Orio et al., 2016). Body composition outcomes from
these 17 studies are shown in Supplementary Table SIII.

Since we were interested in the potential confounding or mediating
effects of weight change in the PA intervention studies, results from the
10 studies that reported on weight change are shown in Table III. Mean
weight reductions ranged from −0.2 to −10.1 kg in the PA intervention
groups and from −0.2 to −10.5 kg in the comparison groups.
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Two of the RCTs reported on mean weight reduction. The one
that showed larger effects on clinical pregnancies and live births (Sim
et al., 2014) reported significantly greater mean weight loss in the
intervention (6.6 kg) than in the control group (1.6 kg; P < 0.001).
In the second, which did not show significant benefits in birth-related
outcomes (Moran et al., 2011a), there was also a significant difference
in weight loss in the intervention (−3.8 kg) and control (−0.5 kg)
groups, but the magnitude of the intervention weight loss was smaller
than in the study by Sim et al. (2014).

In contrast, in the first group of comparison trials, (those that
compared lifestyle with fertility treatments) the RRs for clinical
pregnancies and live births were highest in the study by Duval
et al. (2015), which reported only modest weight loss in both the
intervention and comparison groups (Table III). In the third group
(‘other comparison’ trials), the positive RRs for ovulation improvement
in the study by Palomba et al. (2008) reported marked weight loss in
both the intervention (−5.6 kg) and comparison groups (−10.5 kg).
In light of these somewhat mixed results, the small number of
RCTs, and the mixed designs of the comparative studies, it is not
possible to say whether the positive effects on reproductive health
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18 Physical activity and reproductive health

Figure 4 Forest plots of comparison trials of PA and other interventions for the outcomes of clinical pregnancies, live births,
ovulation improvement, improved menstrual irregularity, and conception.
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outcomes in the PA intervention groups were attributable to weight
loss.

Discussion

Summary of evidence
The overall aim of this systematic review was to investigate the effects
of PA on indicators of reproductive health in young adult women.
Following a systematic search, we identified only 18 PA intervention
trials. The 18 trials included a mix of 4 types of study design (4 RCTs,
11 randomized comparison trials, 2 non-randomized comparison trials,
and 1 single-arm clinical trial), with a range of reproductive health
outcomes. This made it difficult to assess the independent effects of
PA on most outcomes.

Data from the RCTs found emerging evidence of a beneficial effect
of PA on indicators of fertility, such as pregnancy rates and live births.
Clinical pregnancy rates were more than twice as high following PA
intervention. However, these results reflect data from only three stud-
ies. Using data from other randomized comparison trials, meta-analysis
showed that the effects of PA were not significantly different from
those associated with a range of standard fertility treatments, which
include ovulation inductors such as clomiphene citrate, gonadotrophin
therapy, and/or IVF. Finally, meta-analysis of data from trials that used
‘other treatment’ comparisons (including metformin, hypocaloric diets,
hyperproteic diets, and the OCP) showed a higher clinical pregnancy
rate in the PA interventions.

Findings
Throughout this review, the complexities of the different study designs,
and the wide variation in the nature and timing of the intervention and
comparison strategies, made it difficult to disentangle the effects of PA
from those of other intervention strategies such as diet or concurrent
pharmaceutical treatments.

In the RCTs the effects were easier to assess, with positive outcomes
for pregnancies and live births, but there were only three studies in
this group. Also, in the only RCT that reported on conception, the
PA intervention, given in conjunction with diet and behavioural advice,
showed higher conception rates than standard care (Sim et al., 2014b).

The RCTs used a mixed approach of diet and exercise and in one
study the exercise component included both aerobic and resistance
training (Moran et al., 2011a). Only two of the studies in the meta-
analysis reported on weight change. As both studies reported signifi-
cantly greater weight loss in the intervention groups, it is not possible
to attribute the positive effects on pregnancy rates to PA, weight loss,
or a combination of both.

Results from the trials that compared PA with fertility treatments
(e.g. clomiphene citrate, gonadotrophins, and/or IVF) showed that
overall, there was no difference between the intervention and fertility
treatment groups for the outcomes clinical pregnancies, live births, and
improved menstrual irregularity. This may indicate that clinicians could
try PA interventions as a first line intervention for women experiencing
fertility problems.

Most common fertility treatments, with the exception of IVF, involve
the use of ovulation inductors (e.g. clomiphene, which stimulates the
pituitary gland to secrete gonadotrophins) or external provision of
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gonadotrophins (e.g. FSH and LH). Research with women with PCOS
has shown that exercise acts in a similar way. It has the potential to
restore the GnRH cycle, leading to spontaneous ovulation (Froment
and Touraine, 2006). Additionally, there is systematic review evidence
that exercise, with or without diet, can lead to resumption of ovulation
in overweight/obese women with PCOS (Harrison et al., 2010; Hakimi
and Cameron, 2017) by resetting the hypothalamic–pituitary–gonadal
axis by exercise (Hakimi and Cameron, 2017).

In the subgroup of trials that used ‘other comparisons’, differing
designs and the inclusion of ‘exercise’ as part of a ‘lifestyle’ intervention
made the interpretation of the outcomes difficult. In terms of the inter-
vention groups, only four trials had a PA only intervention (Palomba
et al., 2008; Stener-Victorin et al., 2009; Nybacka et al., 2013; Orio
et al., 2016) and in the rest of the trials, the PA component was given
in combination with diet, sibutramine, or nutritional counselling.

Similarly, the comparison groups had a mix of interventions. Multiple
comparisons from the same study were observed in most trials, and
some reported results from two different comparison arms. The
comparison arm interventions ranged from weight loss drugs (e.g.
sibutramine), electroacupuncture, and diet, to other drugs that are
commonly used to treat PCOS-related symptoms, such as metformin
or the OCP. It is therefore not surprising that in most cases the
rates of several reproductive health outcomes were higher in the PA
interventions than in the comparison arms.

These results should be interpreted with caution, as estimates for
live births and conception rates came from a single study that used the
OCP in the comparison group (Legro et al., 2015). However, women
in one of the active intervention groups, which comprised a lifestyle
(diet, exercise, and behavioural) intervention also received the OCP,
which is often used for reduction of androgenic symptoms in women
with PCOS.

In terms of weight reduction, these trials also showed mixed results.
The studies that showed improvements in the outcomes were not nec-
essarily those that reported greater weight loss, suggesting a beneficial
effect of PA even in the absence of significant weight loss. This is in
line with a recent systematic review and meta-analysis, which found
that studies with the highest pregnancy and live births rates were not
necessarily those with highest weight loss. Similar natural conception
rates were observed in the interventions and comparisons regardless
of the amount of weight loss (Best et al., 2017).

Previous research has shown that higher BMI and increased weight
are associated with primary infertility (Rooney and Domar, 2014; Dağ
and Dilbaz, 2015). Hence, it is not surprising that most of the PA
intervention trials reviewed in this paper focused on overweight and
obese women. Several previous trials have shown that weight loss in
obese and overweight women is an effective approach for improving
fertility and pregnancy outcomes (Khaskheli et al., 2013; Kort et al.,
2014; Dağ and Dilbaz, 2015). Similarly, a recent systematic review
has reported that weight loss from diet and exercise is associated
with higher chances of pregnancy, improved ovulation, and improved
menstrual irregularity (Best et al., 2017).

However, while there seems to be a clear role for weight loss on
improving reproductive outcomes, there is systematic review evidence
that PA may be effective for restoring fertility, even in the absence of
significant weight loss, in women with PCOS (Harrison et al., 2010).
There is also evidence to suggest that PA improves ovarian reserve
markers, regardless of weight (Surekha et al., 2014).
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It is, however, possible that weight loss is a mediator in any relation-
ship between PA and reproductive health outcomes, but, it is difficult
to disentangle the benefits of PA from those of weight reduction. It is
notable that trials in women with ovulatory disorders tend to give little
information about the exercise intervention and rather focus on weight
reduction even though it is not clear if weight loss is actually required
(Harrison et al., 2010). At this stage it is impossible to determine
whether the reproductive health outcomes were improved by weight
loss, exercise, or a combination of both. More PA-based intervention
studies that focus on normal weight women (or women with stable
BMI) are required in order to truly assess the independent effects of
PA on reproductive health outcomes.

Strengths and limitations
This review adds to the body of literature on the effects of PA on
the reproductive health of young women. To our knowledge, only
one previous review has focused on this issue, and it was restricted
to trials of women with PCOS only (Harrison et al., 2010). We have
added to the scope of that systematic review by including women with
a variety of health conditions, including overweight, obesity, infertility,
and PCOS. Wider inclusion criteria meant that we were able to find 18
trials, in comparison to the 8 in the review by Harrison et al. (2010).
Another strength is that we categorized the studies by design and
conducted separate meta-analyses for each design group. We also
used a tool for the assessment of study quality specifically designed for
exercise intervention trials, overcoming the limitations of the traditional
tools to assess quality in these types of studies.

The review is, however, limited by the fact that few trials had true
control groups (standard care or no treatment), and the different study
designs and interventions made it difficult to evaluate the true effects
of PA. An important confounder was contraception, depending on the
type and dose this may have impacted menstrual regularity, ovulation,
and pregnancies.

Moreover, as there was a range of types of PA (e.g. aerobic training
alone or in conjunction with strength training), it is difficult to say
whether any particular type of exercise is superior for improving
reproductive health outcomes. Few trials reported on exercise volume
or overall energy expenditure, and only seven adequately reported
all exercise characteristics (intensity, frequency, mode, duration of
session, and duration of intervention). There was, however, some
indication of improvement in outcomes, even in trials with short
intervention duration (e.g. <16 weeks). Information on attendance
and adherence with intervention protocols was also poorly reported,
making group comparisons difficult. The quality of the studies included
in this review was moderate, with most of the studies scoring an
average of 10 out of 15. Only two studies were of high quality (14
and 15/15) when assessed against the TESTEX criteria.

Other limitations included different types of reporting biases, with
potential for delayed publication of the research findings (or publication
of partial results only) and outcome reporting bias (when researchers
may have selectively reported outcome variables with more ‘positive’
results, while the less positive findings remained unpublished).

Research recommendations
Well-designed but pragmatic intervention studies are needed to assess
the efficacy of PA interventions in RCTs. In order to elucidate the
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optimal ‘dose’ or prescription of PA, studies with different types of
exercise, of differing intensity and duration, will inform the develop-
ment of clinical guidelines relating to the use of exercise as treatment
for a range of reproductive health problems. Studies with longer
follow-up, and with careful consideration of the potential mediating
effects of weight loss, will help to unravel the effects of PA from those
of weight change.

Conclusion
The findings of this review indicate that PA (alone or in combination
with diet) may have beneficial effects on some reproductive health
outcomes in young adult women. When interventions that had a PA
component were compared with non-therapy controls and with a
range of other interventions used for treating PCOS-related symp-
toms (e.g. metformin, diet, and OCP), the meta-analysis showed
improvements in rates of clinical pregnancy and live births. Moreover,
when PA interventions were compared with fertility treatments (e.g.
clomiphene, gonadotrophins, and/or IVF), meta-analyses showed no
significant differences for a range of outcomes. While the type, inten-
sity, frequency, and duration of optimal PA intervention, and the role
of PA independent of weight loss, remain unclear, these preliminary
findings suggest that PA may be an affordable and feasible alternative
or complementary therapy to fertility treatments.
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org/.
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