
Introduction
Many studies reported good reproductive functions
among women with optimal body weight (BW) compared
to those with obesity who are more likely to experience
reproductive problems, including menstrual disorders,
infertility, anovulation and maternal complications during
pregnancy.1-6

Polycystic ovary syndrome (PCOS) is the most common
cause of anovulatory infertility in women of reproductive
age, affecting about 7% of this population. The aetiology
of PCOS is closely linked to obesity and abdominal
adiposity that are considered to worsen the clinical

presentation, particularly menstrual irregularities and
hyperandrogenism.6,7 Recently, it was reported that new
roles of adipokines such as leptin, adiponectin and resistin
emerged in the field of fertility and reproduction by
regulating the functions of gonads and the hypothalamic-
pituitary axis.8,9

In PCOS patients, the levels of adipokines are still
controversial; a few reports have summarised the effects
of adiponectin on the reproductive organs, either at a
molecular level or for clinical relevance.10,11 lower level of
adiponectin was reported in obese women with or
without PCOS compared with healthy control subjects of
a similar body mass index (BMI).12,13 Similarly, serum anti-
Müllerian hormone (AMH) levels were reported to
measure ovulation rates in overweight and obese women
with PCOS women, whereas it released from the
granulosa cells into both pre-antral and antral follicles.14 It
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Abstract
Objective: To evaluate the change in the levels of anti-Mullerian hormone, adiponectin, weight loss and fertility
parameters in obese women with or without polycystic ovary syndrome, following 12 weeks of supervised aerobic
exercise.
Methods: This study was conducted from August 2013 to October 2014 among obese women with or without
polycystic ovary syndrome referred to Obstetrics and Gynecology clinic, Mansoura University Hospital, Faculty of
Medicine, Mansoura, Egypt. Patients were classified into three age-matched groups; group A had controls, group B
had patients with polycystic ovary syndrome and group C had obese women. Anti-Mullerian hormone, adiponectin,
follicle-stimulating hormone, oestrogen, fasting insulin, fasting glucose, homeostasis model of assessment of insulin
resistance, antral follicle count, hirsutism score, weight, menstrual cyclicity and ovulatory function were assessed at
baseline and following 12 weeks of  supervised aerobic exercise. Statistical analysis was performed using SPSS 17.
Results: Of the 90 patients, there were 30(33.3%) in each group. The mean age was 28.7±3.84 years in group A,
27.9±4.1 years in group B and 27.6±5.7 in group C. The 30(33.3%) participants who responded to aerobic exercise
interventions showed significant improvements in reproductive function), with lower baseline anti-Mullerian
hormone levels, greater weight loss and higher adiponectin level compared to the the 30(33.3%) participants who
did not respond to the exercise programme. Weight loss, fertility hormones, follicle-stimulating hormone, prolactin,
oestrogen, antral follicle count, baseline anti-Mullerian hormone, and adiponectin were significantly correlated to
the improvement in reproductive function (p<0.05 each). The change in anti-Mullerian hormone and adiponectin
levels correlated significantly with physical activity level in both responders and non-responders (p<0.05). In women
with anovulatory syndromes, there were significant improvements in ovarian process with an ovulation rate of
13(43.3%) and a restoration of menstrual cycle with a rate of 17(56.7 %) following 12 weeks of supervised aerobic
exercise.
Conclusion: Moderate aerobic training for 12 weeks had a positive significant effect on reproductive functions via
modulating adiposity, the levels of adiponectin, anti-Mullerian hormone and fertility hormones.
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was reported that women with significantly lower
baseline AMH levels experienced menstrual
improvements compared with those who have menstrual
disorders with higher AMH levels. The decline in serum
AMH levels was correlated with age, the number of antral
follicles and the ovarian response to hyper
stimulation.15,16

Weight loss via exercise or diet is considered one of the
most important targets in lifestyle modification
programmes capable to induce an improvement in
reproductive function among obese women with PCOS.17

Exercise interventions of moderate activity are one of the
most important lifestyle modifications that positively
influence on fertility and assisted reproductive
technology (ART) outcomes.18 It was shown that
implantation rates, pregnancy and a reduction in the risks
of miscarriage were reported among women undergoing
intra-cytoplasmic sperm injection (ICSI) following exercise
training for at least one hour three times per week.19 Also,
low to moderate exercise was also associated with
increased implantation and live birth rates in women
undergoing ART.20 Studies of the effects of 12- to 24-week
lifestyle interventions comprising diet, exercise and/or
behavioural changes in overweight infertile women with
or without PCOS,2,21 showed a significant improvement in
ovulatory, menstrual regularity and reduced risk of
miscarriage compared to pre-intervention.22

Little is known about the effects of supervised aerobic
training (SAT) on the level of AMH and adiponectin which
may have a role in improvements of reproductive function
in obese women with or without PCOS. The current study
was planned to evaluate the effect of supervised aerobic
exercise (SAE) interventions for 12 weeks on adiposity
measures, AMH and adiponectin levels, and to study the
possible correlation with adiposity, clinical and hormonal
parameters in PCOS and normo-ovulatory women. 

Subjects and Methods
This study was conducted from August 2013 to October
2014 among obese women with or without polycystic
ovary syndrome aged between 20 and 35 years referred
to Obstetrics and Gynecology clinic, Mansoura University
Hospital, Faculty of Medicine, Mansoura, Egypt. Diagnosis
of PCOS was established according to Ferriman-Gallwey
scores.23 Based on the presence of elevated serum fertility
hormones, disorder in biochemical hyper-androgenism,
presence of chronic anovulation and Ferriman score of >8.
Women with an ovulatory infertility were diagnosed
according to irregular periods, normal fertility hormones
and regular sexual intercourse.24

Based on obesity and PCOS diagnosis, participants were

classified into three groups: group A were controls with
BMI of 20-29 kg/m2, group B had PCOS and BMI of 30-35
kg/m2), and group C had obese women with BMI of 30-35
kg/m2). The control group consisted of healthy women
with male, tubal or unexplained infertility. They had
regular ovulatory cycles (25-35 days), no endocrine
abnormalities, and had normal ultrasonic ovarian
morphology. Patients with presence of ovaries, no
previous ovarian operation, adequate visualisation of
ovaries on transvaginal sonography and no current
hormone therapy were included.

Participants with normal BMI, other concomitant diseases
such as diabetes, viral infections, current and previous
drug administration that affected hormonal levels were
excluded.

This study was approved by the ethics committee of the
Rehabilitation Research Chair (RRC), King Saud University,
Saudi Arabia. Informed consent was obtained from all
participants. 

Participants were subjected to training interventions
programme of treadmill walking, 45 minutes three times
per week for 12 weeks. Each individual's training intensity
was calculated as the training heart rate (THR) based on
the subject's age and predicted maximum heart rate and
resting heart rate according to Karvonen's formula, [THR =
resting heart rate (HRrest) + (maximum heart rate
(HRmax) - HRrest) × training fraction (TF)], where TF was
65% to 75% for the moderate intensity used in this study.
Each exercise session consisted of three phases, i.e. warm-
up, active and cool-down phases. The cool-down phase
continued for 10 to 15 minutes during which the
workload gradually decreased until HR and blood
pressure (BP) nearly returned to their resting levels.
Throughout the training session, the subjects were
monitored by a portable heart rate monitor to keep the
exercise intensity within the pre-calculated training heart
rate for each subject.25,26

Total energy expenditure scores of each patient were
calculated from total daily activities collected using pre-
validated questionnaire.27 For each participant, energy
scores were calculated based on duration, intensity and
frequency of physical activity (PA) performed in a typical
week.

According to the response of reproductive functions to
exercise interventions, the participants were classified
into two groups: responders and non-responders.
Responders were characterised by improvements in
ovulatory function, menstrual status such as change from
irregular cycles to regular cycles or an improvement in



consecutive intercycle variation comparing with non-
responders and baseline data.  

Comprehensive physical examinations, Ferriman-Gallwey
scores,27 and anthropometric measurements such as BMI,
waist circumference (WC) and waist-to-hip ratio (WHR)
were estimated in all participants. Serial transvaginal
ultrasonographic scans were performed to monitor
ovulation at baseline, every 4 days, and successively daily
until ovulation in case of a dominant follicle with a mean
diameter of >12mm. Retrospectively, ovulation was
identified by a decrease in follicular dimensions and liquid
in the cul-de-sac, and was confirmed by plasma
phosphorus (P) and serum oestradiol concentrations
assessed before the expected menses on the basis of
ultrasonographic results. 

Overnight fasting blood samples were taken in the early
follicular phase (day 2-3 after the last menstrual period)
from all patients and controls for hormone measurement.
Serum samples were extracted and stored at -20°C. Assays
of serum follicle-stimulating hormone (FSH), oestrogen
(E2), prolactin (PRL), adiponectin and AMH, and a
transvaginal ultrasound examination for assessment of
antral follicle count (AFC) were performed at baseline, 3
weeks and 12 weeks of following moderate aerobic
training programme.

Serum FSH and E2 were performed by using mini VIDAS
technique and corresponding kits (bio-Mérieux® France).
The results were measured and calculated according to
the instructions of kits. Serum levels of AMH, PRL, and
total adiponectin were determined by enzyme-linked
immunosorbent assays (ELISA), (using Beckman coulter
Inc., United States; EIA kit, No; 500730, Cayman chemical
co., United States; and ADIPOA; ALPCO Diagnostics,
Salem, United States kits, respectively). 

Homeostasis model of assessment of insulin resistance
(HOMA-IR), fasting glucose-to-insulin ratio (GIR) (mg/1024
U), and free androgen index (FAI) were calculated
according to standard laboratory assays in all participants
before and after each exercise training periods. 

A personal daily diary comments such as any adverse
effects, together with their severity, duration and any
possible cause-effect relationship with the interventions,
and the quantity of menstrual bleeding, which was
evaluated subjectively by using a rank analogue scale that
ranged from 0 (absence of menses) to 5 (normal uterine
bleeding) and 10 (severe uterine bleeding) were collected
for each participants.

AFC for all participants were counted and calculated
during the early follicular phase (cycle day 2 or 3) by using

transvaginal ultrasound scanner assay (Philips 11*E; with a
5 MHz probe). In each ovary, the total number of small
follicles (2-8 mm) was counted, whereas the sum of the
follicle counts in each ovary gave the total follicle count.

Statistical analysis was performed using SPSS 17. The data
was evaluated and tabulated as mean and standard
deviation (SD). Repeated measure analysis of variance
(ANOVA) and Pearson's correlation coefficient were used
to evaluate and compare significance of the relationships
between the studied parameters. P<0.05 was considered
significant. 

Results
Of the 90 patients there were 30(33.3%) in each group.
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Table-1: Clinical data at baseline and at 3- and 12-week supervised aerobic training

follow-ups of obese women with or without polycystic ovary syndrome (PCOS).

Parameters Group A Group B Group C

(Control) (PCOS) (Obese)

N 30 30 30

Age (years)

Baseline 28.7 ± 3.84 27.9 ± 4.1 27.6 ± 5.7

Duration of infertility (m)

Baseline 21.30+1.07 21.9+1.42 21.60+1.65

Systolic BP (mmHg)

Baseline 111.2 ± 9.5 135 ± 10.3 125.2 ± 12.4

Diastolic BP (mmHg)

Baseline 71.7 ± 13.7 85.7± 11.4 76.6± 11.8

VO2 max (ml/kg*min)

Baseline 32.44  ± 4.22 35.4  ± 3.9 38.4  ±4.1 

BMI (Kg/m2)

Baseline 22.8 ± 2.3 33.45 ± 2.75 31.7± 3.8

3 weeks 22.2 ± 2.1* 31.9 ± 2.65* ¥ 30.4 ± 2.9* ¥

12 weeks 21.8 ± 1.95* 28.5 ± 2.25* ¥ 26.8 ± 2.54* ¥

BW

Baseline 71.2 ±2.5 89.8 ± 6.95 84.9 ± 7.2

3 weeks 69.5 ± 1.7* 86.4 ± 6.72* ¥ 82.9 ± 6.1* ¥

12 weeks 65.4 ±2.2* 84.8 ± 6.42* ¥ 82.2 ±5.72* ¥

WC (cm)

Baseline 75.2 ±3.7 96.2 ±3.52 94.2 ±3.82

3 weeks 73.5 ± 1.9* 94.5 ± 3.32* ¥ 73.5 ± 1.9* ¥

12 weeks 72.7 ± 2.6* 93.8 ± 3.26* ¥ 72.7 ± 2.6* ¥

WHR

Baseline 0.69 ± 0.02 0.91+0.07 0.91+0.06

3 weeks 0.66 ± 0.04* 0.89 ± 0.08* ¥ 0.90 ± 0.04* ¥

12 weeks 0.60 ± 0.06* 0.80± 0.09* ¥ 0.86±0.03* ¥

Ferriman–Gallwey score

(hirsutism score)

Baseline 5.34  ± 2.58 12.8  ± 3.67 11.6 ± 2.98

3 weeks 5.25 ±  2.47* 12. 65±  2.56* ¥ 11.2 ±  2.87* ¥

12 weeks 5.22 ± 2.45* 12.61 ± 2.48* ¥ 10.89 ± 2.65* ¥

Values are expressed as mean ±standard deviation

*P , 0.05 versus baseline. ¥ P , 0.05 versus Group A 

BW: Body weight. WC: Waist circumference. WHR: Waist-to-hip ratio. BP: Blood pressure.

BMI: Body mass index. VO2: Maximal oxygen consumption. PCOS: Polycystic ovary syndrome.
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The mean age was 28.7±3.84 years in group A, 27.9±4.1
years in group B and 27.6±5.7 in group C.  

Twelve weeks of moderate aerobic training produced a
significant effect on clinical, anthropometric and
biochemical characteristics among the participants.
Anthropometric data obtained such as BMI, BW, WC and
WHR were reduced significantly (p<0.05) in group B and
group C when compared with their respective baselines
and group A, respectively. For instance, the mean BMI
among groups A, B and C was 22.8±2.3 kg/m2, 33.45±2.75
and 31.7±3.8, respectively, at enrolment compared to
21.8±1.95, 28.5±2.25 and 26.8±2.54 after 12 week (Table-1). 

Hormonal and biochemical measures including PRL,
fasting blood glucose, fasting insulin (FI), and HOMA-IR
were significantly lower by 12 weeks of moderate aerobic
training in group B (p<0.05) and group C (p<0.05)
compared to group A or their respective baseline values.
At the same time, FSH, E2, GIR and adiponectin were
significantly higher (p<0.05), and AMH levels were
significantly lower (p<0.05) in PCOS and obese women
following 12 weeks aerobic training compared to control
group or their respective baselines. There was significant
increase (p<0.05) in AFC for obese and control groups
compared to PCOS women with significant reduction in
AFC count (Table-2). 

There was significant correlation between the change in
BMI, blood glucose, FI, HOMA-IR, FSH, PRL and E2 and the
improvement in AFC, ovarian volume, and hirsutism score
towards AMH and adiponectin serum levels of responder
group compared to non-responders (Table-3).

There were 30(33.3%) participants in the responders
group, including 20(66.7%) obese and 10(33.3%) PCOS
patients. Similarly, there were 30(33.3%) non-responders,
including 20(66.7%) PCOS and 10(33.3%) obese patients. 

In the responders group, women showed significant
improvements in reproductive functions such as increase
in ovulation rates and improve in menstrual cyclicity. Also,
8(26.7%) women had enhancement in ovulatory and
menstrual cyclicity (4(50%) amenorrhoeic women
regained a cycle, 3(37.5%) improved cycle length
variation and 1(12.5%) improved cycle length); 17(56.7%)
women showed an improvement in menstrual cyclicity
(9(52.9%) with regular cycles, 5(29.4%) with improving in
cycle length, and 3(17.6%) with improving in cycle length
variation); and 5(16.7%) women showed an improvement
in ovulation. 

The change in anthropometric, hormonal, and clinical
data was significantly correlated in patients who
responded to the improvement in reproductive function.

Table-2:  Biochemical data at baseline and at 3- and 12-week supervised aerobic

training follow-ups of obese women with or without polycystic ovary syndrome

(PCOS).

Parameters Group A Group B Group C

(Control; n=30) (PCOS; n=30) (Obese; n=30)

FSH (mIU/ml)

Baseline 6.94 ± 2.96 6.8+3.78 5.87 ± 4.8

3 weeks 7.8 ± 2.78* 7.6 ± 3.62*¥ 6.4 ± 4.5*¥

12 weeks 8.6 ± 2.56* 8.2 ± 2.94*¥ 7.5 ± 3..5*¥

E2 (pmol/l) 

Baseline 38.7 ±16.8 126.5 +21.6 35.61± 14.8

3 weeks 41.9 ±17.8* 121.3 +18.9*¥ 38.82± 12.8*¥

12 weeks 46.92 ±12.9* 98.6 +16.7*¥ 46.9 ± 9.8*¥

PRL (ng/ml) 

Baseline 8.5 ± 5.45 32.5 ± 7.8 21.5 ± 8.1

3 weeks 6.9 ± 4.25* 30.6 ± 6.4*¥ 18.7  ± 7.2*¥

12 weeks 5.75 ± 3.82* 26.4 ± 5.3*¥ 15.5 ± 5.8*¥

AMH (ng/ml) 

Baseline 2.83 ± 2.8 10.5 ± 3.56 4.6 ± 1.49

3 weeks 2.80 ± 2.76* 8.92 ± 3.23*¥ 4.1 ±1.4*¥

12 weeks 2.84 ± 2.71* 6.52 ± 2.95*¥ 3.6 ± 1.5*¥

Adiponectin (ng/ml)

Baseline 12.8  ± 1.6 5.8  ± 1.3 6.4  ± 2.6

3 weeks 12.9  ± 1.8* 6.4  ± 1.7*¥ 7.2  ± 2.9*¥

12 weeks 13.5  ± 1.5* 8.9 ± 2.5*¥ 8.6  ± 3.2*¥

Fasting glucose (mg/dl)

Baseline 107.5 ± 23.9 115.2±70.2 133.2 ± 69.48

3 weeks 72.36 ± 28.8* 106.2 ± 59.4*¥ 109.8 ± 49.32*¥

12 weeks 68.4 ± 16.2* 81 ± 50.4*¥ 100.8 ± 28.26*¥

Fasting insulin (mU/ml)

Baseline 11.7±3.4 17.8±4.20 20.6 ± 8.2

3 weeks 9.8 ±4.37* 16.3± 3.9*¥ 18.9 ± 6.95*¥

12 weeks 9.1±2.2* 14.8± 2.9*¥ 16.1 ± 5.1*¥

GIR

Baseline 5.66 ± 2.8 4.66 ± 3.91 3.98± 2.5

3 weeks 7.9 ± 1.82* 5.9 ± 3.95*¥ 4.9 ± 3.1*¥

12 weeks 10.2  ± 1.7* 6.3  ± 3.85*¥ 5.4  ± 3.5*¥

HOMA-IR

Baseline 1.22 ± 0.57 1.24 ± 0.38 1.35 ± 0.49

3 weeks 1.18 ± 0.35* 1.18± 0.59*¥ 1.28 ± 0.32*¥

12weeks 1.13 ± 0.25* 1.10 ± 0.42*¥ 1.16 ± 0.22*¥

AFC

Baseline 8.6± 6.2 21.6 ± 6.4 5.9 ± 4.3

3 weeks 8.9 ± 5.8* 20.0 ± 5.2*¥ 6.3 ± 4.6*¥

12 weeks 9.1  ± 6.2* 14.7 ± 5.8*¥ 7.1 ± 4.3*¥

FSH: Follicle -stimulating hormone 

PRL: Prolactin 

E2: Oestrogen 

GIR: Fasting glucose-to-insulin ratio 

HOMA-IR: Homeostasis model of assessment of insulin resistance

PCOS: Polycystic ovary syndrome

AFC: Antral follicle count

AMH: Anti-Müllerian hormone 

*P , 0.05 versus baseline, ¥P , 0.05 versus Group A.
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Table-3: Correlation analysis of clinical, hormonal, and ultrasonographic parameters in the PCOS and obese groups according to the levels of AMH and adiponectin (n=60).

Parameters Responders ( n=30) Non -responders ( n=30)

Obese (n=20) PCOS ( n=10) Obese (n=10) PCOS (n=20)

AMH Adiponectin AMH Adiponectin AMH Adiponectin AMH Adiponectin

BMI(Kg/m2) - 0.086  *  * - 0.095 *  * - 0.213 *  * - 0.198 *   * - 0.045  * - 0.078 * - 0.325 * - 0.267 *

PRL (ng/ml) - 0.367 * - 0.176 * -0.421 * - 0.285 * -0.512 * - 0.380 * -0.145 * - 0.168 *

FSH (mIU/ml) -0.358 * - 0.156 * -0.143 * - 0.125 * -0.347  * - 0.196  * -0.250  * - 0.557 *

E2 (pmol/l) - 0.085 * - 0.074  * - 0.095 * - 0.082 * - 0.065 * - 0.056 * - 0.112 * - 0.134 *

FI (mU/ml) -0.114  * -0.117 *  * -0.121 * -0.125  * -0.132 -0.127  * -0.132 * -0.148 *

HOMA-IR -0.096 * -0.230 *  * -0.110 *  * -0.143 *  ** -0.052 * -0.132  * -0.075 * -0.137 *

AFC 0.627 * * 0.542 * * 0.357 * * 0.420 * * 0.475 * 0.320 * 0.316 * 0.685 *

Ovarian volume 0.128 * * 0.327 * * 0.460 * * 0.532 * * 0.325 * 0.580 * 0.384 * 0.642 *

TLTPA (METs-h/W) 0.135 * * 0.362 * * 0.284 * * 0.278 * * 0.265 * 0.297 * 0.145 * 0.165 *

Hirsutism score 0.085  * 0.096 * 0.28 * 0.078 * 0.065 * 0.097 * 0.045 * 0.065 *

BMI: Body mass index

PRL: Prolactin

FSH: Follicle -stimulating hormone

E2: Oestrogen

FI: Fasting insulin

HOMA-IR: Homeostasis model of assessment of insulin resistance

AFC: Antral follicle count

TLTPA: Total leisure time physical activity

METs-h/W: Metabolic equivalents hours per week

AMH: Anti-Müllerian hormone

PCOS: Polycystic ovary syndrome

Data presented as coefficient (R); * denotes significance at <0.05; ** denotes significance at <0.01.

BMI: Body mass index

AMH: Anti-Müllerian hormone

PRL: Prolactin

FSH: Follicle -stimulating hormone

E2: Oestrogen

FI: Fasting insulin

HOMA-IR: Homeostasis model of assessment of insulin resistance

AFC: Antral follicle count

TLTPA: Total leisure time physical activity

METs-h/W: Metabolic equivalents hours per week

Figure-1: Percent change in BMI, physical activity, fertility hormones, and

reproductive functions among obese women following 12 -weeks of supervised aerobic

exercise.

BMI: Body mass index. AMH: Anti-Müllerian hormone.

PRL: Prolactin

FSH: Follicle -stimulating hormone

E2: Oestrogen

FI: Fasting insulin

HOMA-IR: Homeostasis model of assessment of insulin resistance

AFC: Antral follicle count

TLTPA: Total leisure time physical activity

METs-h/W: Metabolic equivalents hours per week.

Figure-2: Percent change in BMI, physical activity, fertility hormones, and

reproductive functions among women with Polycystic ovary syndrome (PCOS),

following 12 -weeks of supervised aerobic exercise.
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In the responders group, there was a significant reduction
in BMI, AMH, PRL, FI, HOMA-IR, whereas FSH, E2,
adiponectin level and AFC count were significantly higher
compared to the non-responders group. The obtained
data was confirmed with higher significant rate (p< 0.01)
of leisure-time physical activity (LTPA) in responders
compared to non-responders (Figures-1 and 2). 

Discussion
Recently, women infertility has been faced with more
challenges in medicine. PCOS is the most common
endocrine abnormality causing infertility in
premenopausal women.28 Previously, clinical treatment
trials showed that optimising of healthy weight,
improving underlying hormonal disturbances, prevention
of future reproductive disorders and improving quality of
life increase the rate of fertility among PCOS patients.29

Metabolic disturbances, such as insulin resistance and
obesity are also associated with PCOS. It is thought to
have a genetic aetiology. The severity and course of the
disease are determined by lifestyle changes, especially
BMI.30 Lifestyle (dietary, exercise or both) interventions
are recommended as first-line treatment methods in an
international position statement on PCOS. Overall, the use
of lifestyle interventions are preferable and cost-effective
initial treatment strategy,2 compared to surgical and
pharmacological options.3,17,18 Improvement of lifestyle
of women with PCOS helps in prevention of excess weight
gain, future reproductive and metabolic complications
especially those with a greater incidence of overweight
and obesity compared to the general population.31,32

Studies on lifestyle behaviours showed that the increase
in physical activity and a reduction in caloric intake
significantly improve ovulatory function, circulating
androgen levels, inflammatory pattern, and insulin
sensitivity in women with PCOS.17-20 Therefore, there is a
strong rationale for lifestyle interventions for both
improving underlying hormonal imbalances and
management of weight for a large proportion of women
with PCOS. In this study, we evaluated the association
between physical activity and fertility status in women
with obesity and PCOS following SAE interventions for 12
weeks. The clinical efficacy of the lifestyle interventions
depends mainly up on several clinical and hormonal
factors to improve the fertility status in women with
PCOS.33

In the present study, we attempted to characterise the
mechanisms that underlie the efficacy of SAE in the
restoration of ovarian function in obese and PCOS
patients. Both 3 and 12 weeks' interventions induced
improvements in BW, BMI, WHR, WC within 12 weeks.

Previous studies have suggested that weight loss, even
though minimal, could be the main factor involved in the
restoration of fertility.1,34,35 The significant improvement
in WC after 3 and 12 weeks of SAE interventions suggests
a potential role of visceral fat reduction in enhancing
ovulation. The change in visceral fat in response to
lifestyle modification ultimately reduces androgens and
insulin resistance independently of BW. Some papers
indicated that physical activity has been found lower in
PCOS patients than in control women.1,36 The changes in
lifestyle that incorporate an increase of physical activity
and limited caloric intake have been beneficial in some
studies. PA can improve body composition, glucose
homeostasis and insulin sensitivity.37

Exercise-induced weight loss has been shown to improve
metabolic function and hormonal profiles, and often
leads to significant increase in fertility.38

We evaluated the main clinical and biochemical data at
baseline, and after 3 and 12 weeks of SAE intervention to
elucidate potential mechanisms of ovarian sensitisation
to SAE. We observed a reduction in PRL and an
improvement in serum FSH, E2, blood sugar, insulin levels,
GIR and HOMA-IR. The data was in accordance with other
research studies on human and animal models which
represent a significant improvement in FSH, luteinising
hormone (LH), androstenedione, oestrogen levels, and
insulin sensitivity following exercise interventions of
medium and moderate intensity, and subsequently an
improvement in the symptoms of ovarian disorders was
reported among females with PCOS. The mechanism by
which exercise can improve ovarian functions may be by
reduction in body weight and fats in women with PCOS
whereas oestrogen is stored and steroid hormones are
produced and subsequently an increase in ovarian
hormones.39-42

This study discussed the relation between AMH hormone
and adiponectin levels. There was significant decrease in
AMH and increase in adiponectin levels in obese and
PCOS female patients. Our data shows that there is an
inverse relationship between AMH hormone and
adiponectin levels and the improvement in BMI, fertility
hormones; FSH, E2, PRL and metabolic disorders; fasting
glucose, insulin, GIR and HOMA-IR following 12 weeks SAT
interventions. The data conformed to the findings of Barr
et al.,43 who reported the importance of dietary intakes
and levels of physical activity that optimise symptom
management and disease prevention among women
with  PCOS. 

Several reports also indicate that the basal serum levels
of AMH are more discriminatory markers of the ovarian



response than the basal FSH, inhibin B or oestradiol.44

The level of AMH plays a significant role in women
fertility whereas high concentrations of AMH affect FSH
responsiveness, steroidogenesis and the acquisition of
the LH receptors in the small antral follicles. However,
by the time the inter cycle rise in the FSH occurs, the
AMH production would cease, the concentrations
would fall and the follicle would be 'released' to
produce oestradiol. This normal mechanism is changed
in patients with PCOS, which is attributed to higher
AMH production.45,46 So, in our study the effect of
moderate physical exercise reduced the body fat where
oestrogen is stored and steroid hormones are
produced,46,47 which in turn increased FSH and
decreased the level of AMH. 

Regarding the role of adiponectin in fertility of obese and
PCOS women following 12-week SAT, adiponectin levels
were found to be lower in women with obesity and/or
PCOS. Adiponectin levels were related to insulin
sensitivity: insulin and glucose levels which are often
measured in PCOS in combination with BMI correlate, as
expected, with lower adiponectin level. The more insulin-
resistant patients had lower adiponectin levels. As
mentioned above, it is possible that lower levels of
adiponectin may contribute to the increased levels of LH
observed in some women with PCOS.47 In addition,
Caminos et al.48 reported that in vitro conditions,
adiponectin-hormone opposing insulin resistance
secreted from fat cells tackles secretion of testosterone
and has an important role in raising sensitivity to insulin
and androgens. In a study done by Wang et al.,49 a decline
in adiponectin quantities in PCOS women is seen.
Different studies have shown that the long sport activity
can cause a rise in adiponectin amounts and a decline in
leptin amount.50,51

Therefore, probably increasing adiponectin quantities
and decreasing leptin quantities resulting from sport
activity are some of the other mechanisms for decreasing
anderogen quantities and improving insulin sensitivity
following sport activity.52 The relationship of female
fecundity biomarkers such as AFC, ovarian volume and
hirsutism score with AMH hormone and adiponectin
levels was evaluated in obese and PCOS patients. There
was significant improvement in AFC count, ovarian
volume and hirsutism score within obese and PCOS
patients following 12 weeks SAT interventions. The
improvement in AFC count, ovarian volume and hirsutism
score was significantly correlated with the increase in
adiponectin and decrease in AMH hormone levels in
obese and PCOS patients. 

AMH and AFC have been shown to be the most sensitive

ones for assessment of ovarian reserve in these studies.
AFC and ovarian volume provide direct measurements of
ovarian reserve, while AMH is released from growing
follicles and so its level reflects the size of developing
follicle cohort.53,54

The highest level of AMH expression is present in
granulosa cells of secondary, pre-antral and small antral
follicles up to 6mm in diameter,54 therefore, level of AMH
may represent the population of these follicles. More
studies reported that both AMH and AFC are accurate
predictors of excessive response to ovarian hyper
stimulation.55 Also, it has been shown that AMH has at
least the same level of accuracy and clinical value for the
prediction of poor response and non-pregnancy as AFC.56

Recently, it was reported that AFC and AMH correlate with
each other but have independent significance for
estimating follicles >12 mm on day of human chorionic
gonadotropin (hCG).57

Regarding the effect of physical activity following 12
weeks' SAT interventions, positive activity impact was
reported on ovarian reserve markers in both normal,
obese and PCOS reproductive age women, though this
was more pronounced and statistically significant only in
case of PCOS and obese women. The data is in agreement
with many recent studies which reported positive impact
of physical activity on ovarian reserve markers and fertility
outcomes in reproductive age women,28,50-58 and
inconsistent with other studies which reported that
vigorous physical activity was associated with negative
impact on fertility outcomes; but again this was attributed
to negative energy balance in these women rather than
physical activity.59

Regarding adiponectin, positive impact with fertility
biomarkers was reported in obese and PCOS women of
this study, whereas adiponectin influenced gonadotropin
release, normal pregnancy and assisted reproduction
outcomes. Higher levels of adiponectin were associated
with improved menstrual function and better outcomes
in assisted reproductive cycles.60

Improvement in menstrual function and assistance of
reproductive cycles were reported in obese women with
PCOS via a reduction in adiposity, increase in the levels of
adiponectin, and decrease in AMH levels following 12
weeks of SAE of moderate intensity.

In particular, an improvement in ovarian reserve was
reported with an ovulation rate of 43.3% and a restoration
of menstrual cycle in 56.7% of patients who were
previously anovulatory. 

The small sample size was a limitation of this study.
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Conclusion
Moderate aerobic training for 12 weeks had a positive
significant effect in improving reproductive functions via
modulating adiposity, the levels of adiponectin, AMH and
fertility hormones of obese infertile women with PCOS.
Also, adiponectin and AMH could be useful as markers for
the prediction of ovarian response to non-drug exercise
interventions.

Acknowledgments
The authors are grateful to the Deanship of Scientific
Research, King Saud University for funding through Vice
Deanship of Scientific Research Chairs.

Disclaimer: None.

Conflict of Interest: None.

Source of Funding: Rehabilitation Research Chair, Vice
Deanship of Research Chairs, King Saud University.

References
1. Nouri M, Aghadavod E, Khani S, Jamilian M, Siavashani MA,

Ahmadi, et al. Association  between  BMI  and  gene expression of
anti-Müllerian hormone and androgen  receptor in  human
granulosa cells in women with and without polycystic  ovary
syndrome. Clin Endocrinol (Oxf) 2016; 85: 590-5 

2. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal
KM. Prevalence of overweight and obesity in the United States,
1999-2004. JAMA 2006; 295: 1549-555.

3. Sneed ML, Uhler ML, Grotjan HE, Rapisarda JJ, Lederer KJ, Beltsos
AN. Body mass index: impact on IVF success appears age-related.
Hum Reprod 2008; 23: 1835-9.

4. Norman RJ, Dewailly D, Legro RS, Hickey TE. Polycystic ovary
syndrome. Lancet 2007; 370: 685-97.

5. Holte J, Bergh T, Berne C, Wide L, Lithell H. Restored insulin
sensitivity but persistently increased early insulin secretion after
weight loss in obese women with polycystic ovary syndrome. J
Clin Endocrinol Metab 1995; 80: 2586-93.

6. Barber TM, McCarthy MI, Wass JA, Franks S. Obesity and polycystic
ovary syndrome. Clin Endocrinol(Oxf) 2006; 65: 137-45.

7. Pasquali R, Gambineri A, Pagotto U. The impact of obesity on
reproduction in women with polycystic ovary syndrome. BJOG
2006; 113: 1148-59.

8. Budak E, Sanchez MF, Bellver J, Cerveró A, Simón C, Pellicer A.
Interactions of the hormones leptin, ghrelin, adiponectin, resistin,
and PYY3-36 with the reproductive system.  Fertil Steril 2006; 85:
1563-81.

9. Tersigni C, di Nicuolo F, D'Ippolito S, Veglia M, Castellucci M, Di
Simone N. Adipokines: new emerging roles in fertility and
reproduction. Obstet Gynecol Surv 2011; 66: 47-63.

10. Chen X, Jia X, Qiao J, Guan Y, Kang J. Adipokines in reproductive
function: a link between obesity and polycystic ovary syndrome. J
Mol Endocrinol 2013; 50: R21-37.

11. Jia H, Yu L, Guo X, Gao W, Jiang Z. Associations of adiponectin
gene polymorphisms with polycystic ovary syndrome: a meta-
analysis. Endocrine 2012; 42: 299-306.

12. Xian L, He W, Pang F, Hu Y. ADIPOQ gene polymorphisms and
susceptibility to polycystic ovary syndrome: a HuGE survey and
meta-analysis. Eur J Obstet Gynecol Reprod Biol 2012; 161: 117-24.

13. Xita N, Georgiou I, Tsatsoulis A, Kourtis A, Kukuvitis A, Panidis D. A
polymorphism in the resistin gene promoter is associated with

body mass index in women with polycystic ovary syndrome. Fertil
Steril  2004; 82: 1466-7.

14. Pigny P, Jonard S, Robert Y, Dewailly D. Serum anti-mullerian
hormone as a surrogate for antral follicle count for definition of
the polycystic ovary syndrome. J Clin Endocrinol Metab 2006; 91:
941-5.

15. Moran LJ, Noakes M, Clifton PM, Norman RJ. The use of anti-
mullerian hormone in predicting menstrual response after weight
loss in overweight women with polycystic ovary syndrome. J Clin
Endocrinol Metab 2007; 92: 3796-802.

16. de Vet A, Lanven JS, de Jong FH, Themmen AP, Fauser BC. Anti-
mullerian hormone serum levels: a putative marker of ovarian
aging. Fertil Steril 2002; 77: 357-62.

17. Crosignani PG, Colombo M, Vegetti W, Somigliana E, Gessati A,
Ragni G. Overweight and obese anovulatory patients with
polycystic ovaries: parallel improvements in anthropometric
indices, ovarian physiology and fertility rate induced by diet. Hum
Reprod 2003; 18: 1928-32.

18. Rich-Edwards JW, Spiegelman D, Garland M, Hertzmark E, Hunter
DJ, Colditz GA, et al. Physical activity, body mass index, and
ovulatory disorder infertility. Epidemiology 2002; 13: 184-90.

19. Ferreira RC, Halpern G, Figueira Rde C, Braga DP, Iaconelli A Jr,
Borges E Jr. Physical activity, obesity and eating habits can
influence assisted reproduction outcomes. Womens Health 2010;
6: 517-24.

20. Kucuk M, Doymaz F, Urman B. Effect of energy expenditure and
physical activity on the outcomes of assisted reproduction
treatment. Reprod Biomed Online 2010; 20: 274-9.

21. Miller PB, Forstein DA, Styles S. Effect of short-term diet and
exercise on hormone levels and menses in obese, infertile women.
J Reprod Med 2008; 53: 315-9.

22. Harrison CL, Lombard CB, Moran LJ, Teede HJ. Exercise therapy in
polycystic ovary syndrome: a systematic review. Hum Reprod
Update 2011; 17: 171-83.

23. Ferriman D, Gallwey JD. Clinical assessment of body hair growth in
women. J Clin Endocrinol Metab 1961; 21: 1440-7.

24. The ESHRE Capri Workshop Group. Anovulatory infertility. Hum
Reprod 1995; 10: 1549-53.

25. Karvonen M, Kentala K, Mustala O. The effects of training heart
rate: a longitudinal study. Ann Med Exp Biol Fenn 1957; 35: 307-15.

26. Alghadir AH, Gabr SA, Aly FA. The effects of four weeks aerobic
training on saliva cortisol and testosterone in young healthy
persons. J Phys Ther Sci 2015; 27: 2029-33.

27. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, Strath
SJ, et al. Compendium of physical activities: an update of activity
codes and MET intensities. Med Sci. Sports Exerc 2000; 32: S498-
504.

28. Sarvari A, Naderi MM, Heidari M, Zarnani AH, Jeddi-Tehrani M,
Sadeghi MR, et al. Effect of Environmental Risk Factors on Human
Fertility. J Reprod Infertil. 2010; 11: 211-25.

29. Moran LJ, Pasquali R, Teede HJ, Hoeger KM, Norman RJ. Treatment
of obesity in polycystic ovary syndrome: a position statement of
the Androgen Excess and Polycystic Ovary Syndrome Society.
Fertil Steril 2009; 92: 1966-82.

30. Forozanfard F. Ovulation Step by Step. Kashan: Printing,
Publishing Morsel 2010; 81-105.

31. Teede H, Hutchison SK, Zoungas S. The management of insulin
resistance in polycystic ovary syndrome. Trends Endocrinol Metab
2007; 18: 273-9.

32. Poehlman ET, Dvorak RV, DeNino WF, Brochu M, Ades PA. Effects of
resistance training and endurance training on insulin sensitivity in
nonobese, young women: a controlled randomized trial. J Clin
Endocrinol Metab 2000; 85: 2463-8.

33. Thomson RL, Buckley JD, Moran LJ, Noakes M, Clifton PM, Norman
RJ, et al. The effect of weight loss on anti-Mullerian hormone levels

Vol. 67, No. 4, April 2017

Effects of supervised aerobic training on the levels of anti-Mullerian hormone and adiposity measures... 506



in overweight and obese women with polycystic ovary syndrome
and reproductive impairment. Hum Reprod 2009; 24: 1976-81.

34. Palomba S, Giallauria F, Falbo A, Russo T, Oppedisano R, Tolino A,
et al. Structured exercise training programme versus hypocaloric
hyperproteic diet in obese polycystic ovary syndrome patients
with anovulatory infertility: a 24-week pilot study. Hum Reprod
2008; 23: 642-50.

35. Ramlau-Hansen CH, Thulstrup AM, Nohr EA, Bonde JP, Sørensen TI,
Olsen J. Subfecundity in overweight and obese couples. Hum
Reprod 2007; 22: 1634-7.

36. Wright CE, Zborowski JV, Talbott EO,  McHugh-Pemu K, Youk A.
Dietary intake, physical activity, and obesity in women with
polycystic ovary syndrome. Int J Obes 2004; 28: 1026-32.

37. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical
activity: the evidence. CMAJ 2006; 174: 801-9.

38. Norman RJ, Noakes M, Wu R, Davies MJ, Moran L, Wang JX.
Improving reproductive performance in overweight/obese
women with effective weight management. Hum Reprod Update
2004; 10: 267-80.

39. Miri M, Jashni HK, Alipour F. Effect of exercise intensity on weight
changes and sexual hormones (androstenedione and free
testosterone) in female rats with estradiol valerate-induced PCOS.
J Ovarian Res 2014; 7: 37. 

40. Alijani E, Hiatgheibi R. Survey of 8 weeks aerobic exercise on LH
changes and fat percent of Chamran university non-athletic girls.
J Mov 2002, 25: 17-23. 

41. Jedel E, LabrieF, Odén A, Holm G, Nilsson L, Janson PO, et al.
Impact of electro-acupuncture and physical exercise on
hyperandrogenism and oligo/amenorrhea in women with
polycystic ovary syndrome: a randomized controlled trial. Am J
Physiol Endocrinol Metab 2010; 300: E37-45. 

42. Moran LJ, Harrison CL, Hutchison SK, Stepto NK, Strauss BJ, Teede
HJ. Exercise decreases anti-müllerian hormone in anovulatory
overweight women with polycystic ovary syndrome: a pilot study.
Horm Metab Res 2011; 43: 977-9. 

43. Barr S, Hart K, Reeves S, Sharp K, Jeanes YM. Habitual dietary
intake, eating pattern and physical activity of women with
polycystic ovary syndrome. Eur J Clin Nutr 2011; 65: 1126-32.

44. Riggs RM, Duran EH, Baker DW, Kimble TD, Hobeika E, Yin L, et al.
Assessment of ovarian reserve with anti-Mullerian hormone: a
comparison of the predictive value of anti-Mullerian hormone,
follicle stimulating hormone, inhibin B, and age. Am J Obstet
Gynecol 2008; 199: 202 e1-8

45. Carlsson IB, ScottJE, Visser JA, Ritvos O, Themmen AP, Hovatta O.
Antimullerian hormone inhibits initiation of growth of human
primordial ovarian follicles in vitro. Hum Reprod 2006; 21: 2223-7.

46. Pellatt L, Rice S, Mason HD. Anti-Mullerian hormone and
polycystic ovary syndrome: a mountain too high? Reproduction

2010; 139: 825-33.
47. Yilmaz M, Bukan N, Demirci H, Oztürk C, Kan E, Ayvaz G,  et al.

Serum resistin and adiponectin levels in women with polycystic
ovary syndrome. Gynecol Endocrinol 2009; 25: 246-52.

48. Caminos JE, Nogueiras R, Gaytán F, Pineda R, González CR, Barreiro
ML, et al. Novel expression and direct effects of adiponectin in the
rat testis. Endocrinol 2008; 149: 3390-2.

49. Wang Y, Xie X, Zhu W. Serum Adiponectin and Resistin Levels in
Patients with Polycystic Ovarian Syndrome and Their Clinical
Implications. J Huazhong Univ Sci Technol 2010; 35: 638-92.

50. Abbasi F, Chu JW, Lamendola C, McLaughlin T, Hayden J, Reaven
GM, et al. Discrimination between obesity and insulin resistance in
the relationship with adiponectin. Diabetes 2004; 53: 585-90.

51. Hendriks DJ, Kwee J, Mol BW, te Velde ER, Broekmans FJ.
Ultrasonography as a tool for the prediction of outcome in IVF
patients: a comparative meta-analysis of ovarian volume and
antral follicle count. Fertil. Steril 2007; 87: 764-75.

52. Weenen C, Laven JS, Von Bergh AR, Cranfield M, Groome NP, Visser
JA, et al. Antimullerian hormone expression pattern in human
oovary: Potential implications for initial and cyclic follicle
recruitment. Mol Hum Reprod 2004; 10: 77-83. 

53. van Disseldorp J, Lambalk CB, Kwee J, Looman CW, Eijkemans MJ,
Fauser BC,  et al. Comparison of interand intracycle variability of
antiMullerian hormone and antral follicle counts. Hum Reprod
2010; 25: 221-7.

54. Broer SL, Mol BW, Hendriks D, Broekmans FJ. The role of
antimullerain hormone in prediction of outcome after IVF:
comparison with the antral follicle count. Fertil Steril 2009; 91:
705-14. 

55. Panchal S, Nagori C. Comparison of antimullerian hormone and
antral follicle count for assessment of ovarian reserve. J Hum
Reprod Sci 2012; 5: 274-8. 

56. Kucuk M, Doymaz F, Urman B. Effect of energy expenditure and
physical activity on the outcomes of assisted reproduction
treatment. Reprod Biomed 2010; 20: 274-9.

57. Saremi A, Shavandi N, Dezfolian M. The effect of physical activity
on serum levels of anti-mullerian hormone and fertility
parameters in reproductive age women. Arak Med Univer J 2013;
16: 51-8.

58. Kristy A, Vicki N, Rob N. Lifestyle factors in people seeking
Infertility treatment-A review. Aust NZ J Obst Gynaecol 2010; 50:
8-20.

59. Zanker CL. Regulation of Reproductive function in Athletic
women: an investigation of the roles of energy availability and
body composition. Br J Sport Med 2006; 40: 489- 90.

60. Khandouzii M, Deka M. The role of adiponectin in human
pregnancy. Int J Res Eng Technol 2014; 2: 93-100.

J Pak Med Assoc

507 E. Al-Eisa, S. A. Gabr, A. H. Alghadir


