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Background: There is significant evidence among the general population regarding
the impact of physical activity in improving the quality of life; however, evidence
regarding the effect of physical activity in improving fertility and the quality of life in
infertile women is inadequate. Existing medical literature shows that moderately
regular physical activity positively influences ovarian reserve and assisted
reproductive technology (ART) outcomes in overweight and obese women. It is
not known whether moderate physical activity influences ovarian reserve in normal
weight reproductive age women, and whether age has any influence on the physical
activity related changes in ovarian reserve. Objectives: The objectives of the study
were (1) to study the impact of moderate physical activity on ovarian reserve markers
in normal weight reproductive age women and (2) to understand whether age
influences the effect of physical activity on ovarian reserve markers in
reproductive age women. Methods: This observational, cross-sectional study
included 162 married women in the age group of 19–42 years, who were
evaluated for ovarian reserve markers antimullerian hormone (AMH), follicular
stimulating hormone (FSH), and antral follicle count (AFC) on the days 3–6 of
the menstrual cycle. The study participants were divided into two age groups (above
and below 30 years) and physically active and inactive groups. Ovarian reserve
markers were compared among both the age groups and the physically active and
inactive participants by analysis of variance. Results: When the study participants in
both the age groups were compared for the effect of moderate exercise on ovarian
reserve profile, better ovarian reserve profile was observed in the physically active
participants in both the age groups. Significant differences were not seen with respect
to FSH level (P= 0.371) and AFC (P= 0.483) in both the age groups, but significant
difference was observed with respect to AMH level in the below 30 years age group
compared to the above 30 years age group (P≤ 0.001). Conclusion: This study
demonstrated that moderate physical activity is associated with improved age-specific
levels of ovarian reserve markers.
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INTRODUCTION

T he importance of physical activity in the prevention of
noncommunicable diseases cannot beoveremphasized

in the present era of obesogenic environment. It is estimated
that globally physical inactivity resulted in more than 5
million deaths in the year 2012, and the global physical
inactivity related healthcare costs exceeded 53 billion
dollars in the year 2013.[1,2] There is significant evidence
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among the general population regarding the impact of
physical activity in improving the quality of life;
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however, evidence regarding the effect of physical activity
in improving fertility and the quality of life in infertile
women is inadequate.[3-5] Various studies revealed that
there is a finely tuned interrelationship between energy
metabolism and reproduction, thereby affecting female
fertility. Recent studies revealed that the link between
energy homeostasis and fertility is mediated through the
sex steroids, particularly estrogens and their cognate
receptors. In the hypothalamus, which is the central
regulator of energy homeostasis, estrogens through their
action on estrogen receptors regulate the expression of
orexigenic neuropeptides, such as neuropeptide Y and
agouti-related protein, and the activity of anorexigenic
neurons, such as proopiomelanocortin and cocaine- and
amphetamine-regulated transcript. In addition, estrogens
acting on the hypothalamus and the brain stem also
attenuate the orexigenic signals coming from the
peripheral peptides such as cholecystokinin, leptin, and
ghrelin.[6] Recent research suggested that the adipokine
leptin, a protein product of the obesity gene, might be an
independent regulatorof themetabolic rate andamediatorof
the reproductive function. Leptin receptors were found on
the hypothalamic neurons involved in the control of the
GnRH pulse generator, and thus, leptin may be a critical
factor involved in signaling low-energy availability to
the reproductive axis. In some studies, strong correlations
were seen between leptin pulsatility and leutinising
hormone (LH) and estrogen levels in women with
normal menstrual cycles, and a cross-talk between leptin
and estrogen signaling pathways in the hypothalamus was
postulated.[7] In fact, leptin and its receptorswere implicated
in maintaining normal female reproductive functions,
including menstrual cycle regulation, folliculogenesis,
ovarian steroid genesis, the development of dominant
follicles and oocyte maturation, endometrial development,
and endometrial receptivity. It is hypothesized that
the beneficial effects of physical activity on energy
metabolism and reproduction are mediated through the
regulation of the hypothalamic pituitary gonadal axis and
adipokine (leptin) function and the reduction of oxidative
stress.[8-10]

Fertility rates started declining in India in the last few
decades, and one in every sixth couple is seeking
treatment for infertility.[11] This can be attributed in part
to the demographic transition, as well as the increasing
female literacy and employment with consequent delay in
childbearing. It is awell-establishedfact thatovarian reserve
decreases with increasing age, and decreased fertility rates
can be due to declining ovarian reserve with increasing age.
Adequate follicular development of the ovaries in response
to gonadotrophin has been referred to as ovarian reserve.
Follicular stimulating hormone (FSH), antimullerian
hormone (AMH), and antral follicle count (AFC) are the
commonly used ovarian reserve markers for assessing
Journal of Human Reproduc
ovarian reserve in the women of reproductive age.[12-14]

Existing medical literature shows that moderately regular
physical activity positively influences ovarian reserve and
ART outcomes in overweight and obese women.[15,16] It is
not known whether moderate physical activity influences
ovarian reserve in normal weight reproductive age women,
and whether age has any influence on the physical activity
related changes in ovarian reserve. This study was
undertaken to examine the effect of moderate physical
activity on ovarian reserve markers in the two age groups
of normal weight reproductive age women. The objectives
of the study were (1) to study the impact of moderate
physical activity on ovarian reserve markers in normal
weight reproductive age women and (2) to understand
whether age influences the effect of physical activity on
ovarian reserve markers in this study group.

MATERIALS AND METHODS

This observational, cross-sectional study included 162
married women in the age group of 19–42 years, who
attended the gynecology department of a tertiary care
teaching hospital from January 2014 to December 2015
and who satisfied the inclusion criteria.

Inclusion criteria
Healthy women with normal menstrual cycles
(25–35 days).

Exclusion criteria
The participants using hormonal contraceptives, smokers,
pregnant and lactating mothers, those who underwent
hysterectomy, oophorectomy, ovarian cystectomy, or
fulguration, and the women with endometriosis were
excluded from the study. The participants with polycystic
ovary syndrome, diabetes mellitus, and thyroid disorders
were also excluded from the study.

Written informed consent was obtained from all the
participants, and institutional ethics review committee
approval was obtained before commencing the study. The
study participants were divided into two age groups. There
were 97 participants in the below 30 years age group and 65
participants in the age group above 30 years. The
participants of both the age groups of the study were
further divided into physically active and inactive groups.
There were 57 participants in the below 30 years age group
who were physically active and 40 participants who were
physically inactive. Similarly, in the above 30 years age
group, there were 33 physically active and 32 physically
inactive participants. Physical activity was assessed using
the International Physical Activity Questionnaire and
measured in Met minutes/week. On the days 3–6 of the
menstrual cycle, 10ml of blood was collected from the
participants for the estimation of FSH and AMH levels.
Serum FSH level was measured using a specific
immunometric assay kit (Immulite; Diagnostic Products
tive Sciences ¦ Volume 10 ¦ Issue 1 ¦ January-March 2017 45



Figure 1: Effect of Physical activity on ovarian reserve profile in above
and below 30 years age groups
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Corporation, Los Angeles, CA, USA). The measurement of
serum AMH levels was performed using AMH/Müllerian-
inhibiting substance Elisa kit (Diagnostic Systems Lab,
Webster, TX, USA). On the same day, transvaginal
ultrasound examination was performed to count the
number of AFC between 2 and 6mm in both the ovaries.
FSH levels, AMH levels, and AFCs were compared in
physically active and inactive participants in both the age
groups. Statistical analyses were performed using the
Statistical Package for the Social Sciences version 16
software (trial version, IBM SPSS Inc., Chicago, IL,
USA). The analysis of variance was used for comparing
the groups. For all statistical analyses, P < 0.05 was
considered as statistically significant.

RESULTS

The data of all the 162 study participants were analyzed.
The mean age of the physically active participants in the
below 30 years age group was 23.33 ± 2.78 years, and the
mean age of the physically inactive participants in the
below 30 years age group was 24.5 ± 2.84 years. Similarly,
the mean age of the physically active participants in the
above 30 years age group was 34.7 ± 2.75 years and that of
the physically inactive participants was 34.45 ± 3.55 years.
The mean body mass index (BMI) in the below 30 years
age group was 22.16 ± 3.34 in the physically active group
and 22.87 ± 2.71 in the inactive group. The mean BMI in
the above 30 years age group was 23.35 ± 1.99 in the
physically active group and 24.69 ± 3.13 in the inactive
group. The mean AMH level in the below 30 years age
group was 3.06 ± 1.82 in the physically active group and
2.64 ± 1.48 in the inactive group. The mean AMH level in
the above 30 years age group was 1.71 ± 1.18 in the
physically active group and 1.56 ± 1.89 in the inactive
group. The mean FSH level in the below 30 years age
group was 6.51 ± 3.91 in the physically active group and
8.23 ± 1.45 in the inactive group. The mean FSH level in
the above 30 years age group was 8.49 ± 2.46 in the
physically active group and 9.40 ± 11.23 in the inactive
group. The mean AFC in the below 30 years age group was
8.67 ± 2.39 in the physically active group and 7.85 ± 2.38
in the inactive group. The mean AFC in the above 30 years
age group was 8.18 ± 5.06 in the physically active group
and 7.56 ± 2.38 in the inactive group. When the study
participants in the above and below 30 years age groups
were compared for the effect of moderate exercise on
ovarian reserve profile, better ovarian reserve profile was
observed in the physically active participants in both the
age groups [Figure 1]. Statistically significant differences
were not seen with respect to FSH levels (P= 0.371) and
AFC (P= 0.483) in both the age groups, but significant
difference was observed with respect to AMH levels in the
below 30 years age group compared to the above 30 years
age group (P≤ 0.001) [Table 1].
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DISCUSSION

Lifestylechangesandnutritional factorswere found tobe the
most valuable and promising interventions in preserving
human health and fertility and have been termed as the most
fascinating area of medical research yet to be fully
explored.[6] Many studies have demonstrated a link
between physical activity and fertility with inconclusive
results. Most of these studies concentrated around women
participating in sports activities, and these studies projected
on the negative impact of strenuous physical activity
on female reproductive health such as by amenorrhea,
osteoporosis, and eating disorder commonly known as
female athlete triad.[16] Few recently conducted studies
have demonstrated the beneficial effects of physical
activity on fertility and the interrelationship between
energy balance and the hypothalamic pituitary gonadal
axis.[7,8] This study examined the effect of moderate
exercise on ovarian reserve markers in the normal weight
womenof the two reproductiveagegroups (belowandabove
30 years). The observations made in this study reveal that
moderate physical activity has a positive influence on the
ovarian reserve profile in both the age groups of women
examined [Figure 1].When the study participants in both the
age groups (below and above 30 years) were compared for
the effectofphysical activityon theovarian reserveprofile, a
more beneficial effect of physical activity was observed in
the participants of the below30years agegroup compared to
the above 30 years age group, and this positive effect of
physical activity on the ovarian reserve markers was not
uniform on all the studied ovarian reserve markers. AMH
levels were found to be significantly higher compared to
FSH level and AFC in the below 30 years age group
[Table 1]. Even though the BMI of the participants in the
above 30 years age groupwas a little higher compared to the
below30years agegroup, a positive influenceof exercise on
the ovarian reserve markers was more appreciated in the
below 30 years age group. In the studies conducted by Orio
et al.,[5] exercise training was associated with an improved
1 ¦ January-March 2017



Table 1: Descriptive statistics of the study variables
Variables Group N Mean Std. deviation Std. error 95% confidence interval

for mean
P value

Lower bound Upper bound

Age (years) I 33 34.697 2.7555 0.4797 33.720 35.674 0.000*
II 32 34.406 3.5456 0.6268 33.128 35.685
III 57 23.333 2.7988 0.3707 22.591 24.076
IV 40 24.500 2.8375 0.4486 23.593 25.407

AMH (ng/ml) I 33 1.70727 1.180464 0.205492 1.28870 2.12585 0.000*
II 32 1.56375 1.897523 0.335438 0.87962 2.24788
III 57 3.05860 1.820334 0.241109 2.57560 3.54160
IV 40 2.63875 1.484139 0.234663 2.16410 3.11340

FSH (IU/L) I 33 6.51970 3.910728 0.680770 5.13301 7.90638 0.371
II 32 7.43188 8.231479 1.455134 4.46411 10.39964
III 57 9.40158 11.230077 1.487460 6.42184 12.38132
IV 40 8.49075 2.458363 0.388701 7.70453 9.27697

AFC I 33 8.182 5.0587 0.8806 6.388 9.976 0.483
II 32 7.563 4.2269 0.7472 6.039 9.086
III 57 8.667 2.3855 0.3160 8.034 9.300
IV 40 7.850 2.3810 0.3765 7.089 8.611

BMI (kg/m2) I 33 23.3545 1.98725 0.34594 22.6499 24.0592 0.002*
II 32 24.6956 3.12791 0.55294 23.5679 25.8234
III 57 22.1658 3.39900 0.45021 21.2639 23.0677
IV 40 22.8728 2.71418 0.42915 22.0047 23.7408

AMH= antimullerian hormone, FSH= follicular stimulating hormone, AFC= antral follicle count, BMI= body mass index. Group I:
Physically active > 30 years, Group II: Physically inactive > 30 years, Group III: Physically active < 30 years, and Group IV: Physically
inactive < 30 years. *P < 0.05 is significant.
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reproductive hormonal profile compared to a diet-induced
weight loss. In theHunt2 studyconducted inpremenopausal
Norwegian women, moderate physical activity was
associated with improved fertility rates compared to the
women participating in <15min duration of exercise per
day. In the same study, high-intensity physical activity was
associatedwith reduced fertility rates in the first conception,
and the same was not seen in the later pregnancies. In this
study, the effect of physical activity on fertility was
independent of the changes in BMI, suggesting an
involvement of other mechanisms.[17] In the study
conducted by Chavarro et al.,[18] 30min of vigorous
exercise per day was associated with a reduced risk of
infertility, even though the association did not reach
statistical significance as in this study. In the studies
conducted by Rich-Edwards et al.,[15] 1 h of vigorous
exercise/week was associated with 7% lower risk of
ovulatory infertility, and this association was found
to be stronger in normal weight women as in this study.
In the studiesconductedbyWiseetal.,[19]moderatephysical
activitywasassociatedwith a small increase in fecundability
independent of BMI. In the studies conducted by Kucuk
Journal of Human Reproduc
et al.,[20] physical activity during assisted reproduction was
associated with better implantation rates and live births.
Some recent studies revealed that the impact of physical
activity on ovarian reserve parameters was more
pronounced in overweight and obese reproductive age
women compared to normal weight reproductive age
women.[21] Irrespective of the mechanisms involved, all
these studies postulated a beneficial effect of regular
physical activity on fertility outcomes. The limitations of
the study are the limited number of participants studied and
the lack of similar studies in this region for comparison.
CONCLUSION

This study demonstrates that lifestyle factors such as
physical activity are associated with improved age-
specific levels of ovarian reserve markers.[22] The
identification of potentially modifiable lifestyle factors
such as diet, exercise, smoking, and alcohol will not
only improve the general health but also the
reproductive health and reduce the treatment costs of
assisted reproduction and associated adverse events.
tive Sciences ¦ Volume 10 ¦ Issue 1 ¦ January-March 2017 47
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Given the tight interaction between energy metabolism
and reproduction, physical activity may influence the
neurohumoral modulation of the metabolic pathways
involved in energy metabolism and reproduction.
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