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Benefits of short-term structured exercise in
non-overweight women with polycystic ovary
syndrome: a prospective randomized controlled

study
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Abstract.  [Purpose] The short-term effects of structured exercise on the anthropometric, cardiovascular, and
metabolic parameters of non-overweight women diagnosed with polycystic ovary syndrome were evaluated. [Sub-
jects and Methods] Thirty women with a diagnosis of polycystic ovary syndrome were prospectively randomized to
either a control group (n=16) or a training group (n=14) for a period of 8 weeks. Anthropometric, cardiovascular, and
metabolic parameters and hormone levels were measured and compared before and after the intervention. [Results]
Waist and hip measurements (anthropometric parameters); diastolic blood pressure; respiratory rate (cardiovascular
parameters); levels of low-density lipoprotein cholesterol, total cholesterol, fasting glucose, and fasting insulin; and
the homeostasis model assessment of insulin resistance index (metabolic parameters) were significantly lower in
the training group after 8 weeks of exercise compared to the baseline values. After exercise, the training group had
significantly higher oxygen consumption and high-density lipoprotein levels and significantly shorter menstrual
cycle intervals. The corresponding values for controls did not significantly differ between the start and end of the
8-week experiment. [Conclusion] Short-term regular exercise programs can lead to improvements in anthropomet-

ric, cardiovascular, and metabolic parameters of non-overweight women with polycystic ovary syndrome.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) occurs in 5-10% of
women of reproductive age!). Chronic anovulation, hyperan-
drogenism, and insulin resistance are the main characteristics
of PCOS?. These patients also have elevated triglyceride
and low-density lipoprotein (LDL) cholesterol levels and
low high-density lipoprotein (HDL) cholesterol levels?.

Treatment is generally focused on normalizing anovula-
tion and reducing metabolic syndrome parameters. Diet and
exercise are recommended as first-line treatments by the
majority of gynecologists and endocrinologists. The aim is
to reduce abdominal fat, hyperandrogenemia, and insulin
resistance and to improve lipid profiles®. Published studies
have demonstrated the positive effects of exercise training
on maximal oxygen consumption (MaxVQO,), weight, and
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waist circumferences in PCOS patients®. Combined aerobic
and resistance exercise is more effective than either aerobic
or resistance exercise alone in improving insulin sensitivity
and glycemic control and in reducing abdominal fat in obese
women with PCOS® 7). However, the metabolic and clinical
characteristics of PCOS patients who are not overweight,
and thus the efficacy of the various forms of exercise, have
not been evaluated®. For example, in overweight PCOS
patients, exercise programs lasting 12 weeks tended to yield
positive results> 9, whereas benefits might be achieved more
quickly by PCOS patients who are not overweight.

We hypothesized that 8 weeks of structured exercise
would be sufficient to improve the anthropometric, car-
diovascular, and metabolic parameters of non-overweight
women with PCOS, at least over the short term. Therefore,
we conducted a randomized controlled clinical trial to es-
tablish the beneficial effects of exercise on these 3 sets of
parameters in non-overweight PCOS patients.

SUBJECTS AND METHODS
We evaluated PCOS patients whose body mass index

(BMI) was in the normal range (< 25 kg/m?) according to
the definition of obesity for Asians. All patients were admit-
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ted to our center between March 2011 and May 2014. The
study was approved by the Human Research Ethics Com-
mittee of Dokuz Eylul University, Izmir, Turkey (reference
no.: 03/38-09, GOA385). Written informed consent was
obtained from all patients. PCOS patients were diagnosed
on the basis of Rotterdam Criteria (2003), which requires the
presence of two of the following:'?) (1) a polycystic ovary,
defined as the presence of >10 cysts 2—8 mm in diameter,
an ovarian volume >10 cm3, and an echodense stroma on
transvaginal or pelvic ultrasonography;!? (2) clinical hyper-
androgenism (Ferriman-Gallwey!? score >8) or biochemi-
cal hyperandrogenism (serum testosterone level >3.6 pg/mL
in the absence of other causes of hyperandrogenism); and (3)
oligomenorrhea and/or anovulation.

The following patients were excluded: patients with en-
docrinological diseases, including diabetes, thyroid, adrenal,
or pituitary gland dysfunction; cardiovascular, hepatic, or
pulmonary disease; a history of orthopedic or other physical
symptoms that would otherwise limit exercise performance;
and those who had exercised regularly within the last 6
months. The resulting 32 non-overweight women with
PCOS were randomly allocated into a training group (n =
16) that participated in a structured exercise program for 8
weeks or a control group (n = 16) that did not participate in
a structured exercise program. The trial flow chart is shown
in Fig. 1. Randomization was carried out using a computer-
generated random number table and pre-labeled, sealed
envelopes. Based on the results, participants were assigned
to one of the two groups.

Anthropometric parameters (body mass index, waist, and
hip measurements), cardiovascular parameters (systolic and
diastolic blood pressure, heart rate, respiratory rate, Max-
VO,), metabolic parameters (HDL cholesterol, LDL choles-
terol, triglycerides, total cholesterol, fasting glucose, fasting
insulin, and homeostasis model assessment [HOMA] insulin
resistance index), and hormone levels (follicle stimulating
hormone [FSH], luteinizing hormone [LH], estradiol, total
testosterone, and free testosterone) were measured pre- and
post-intervention. The dates of the patients’ menstrual cycles
were also recorded. All clinical assessments were performed
by the same physician.

Blood samples were obtained between 7:30 a.m. and
8:30 a.m., (after overnight fasting) during the early follicular
phase (days 2—5) of a progesterone-induced menstrual cycle.
Blood samples were obtained from supine patients after a
30-min resting period and collected in tubes containing
ethylenediaminetetraacetic acid. The samples were immedi-
ately centrifuged at 4 °C for 20 min at 1,600 g and stored at
—20 °C until assayed. Plasma LH, FSH, estradiol, and free
and total testosterone levels were measured using specific
radioimmunoassay. Blood insulin and glucose levels were
measured with a solid-phase chemiluminescent enzyme
immunoassay and the glucose oxidase method, respectively.
Insulin resistance was estimated based on the HOMA index
(basal glucose mmol % basal insulin mIU/mL/22.5).

Hip and waist circumferences were determined using a
tape measure, measuring the widest circumference of the
buttocks and the smallest circumference of the waist. Blood
pressure was measured with a manual sphygmomanometer
from a seated patient after a 5-min resting period. Heart and
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Fig. 1. Study flow chart

respiratory rates were evaluated manually. The radial pulse
was measured over a period of 10 s. MaxVO, was calculated
indirectly during a 6-min walking test'3 performed as fol-
lows: patients were given a stopwatch and asked to begin
walking on a flat track at their natural walking speed. At the
end of 6 min, the walking distance in meters was recorded.
Heart rate, blood pressure, and respiratory rate were recorded
before and after the test. The following formula was used to
calculate MaxVO, at the end of the 6-min walking test:

MaxVO, = 132.853 — (0.0769 x weight) — (0.3877 x age)
+(6.315 x gender (male: 1, female: 0) — (3.2649 X time) —
(0.1565 x heart rate).

At the beginning of the study, general dietary and behav-
ioral advice, but not a structured calorie restriction program,
was provided to all study participants. All patients were
counseled regarding a healthy, balanced meal plan with
regular food and a nutritional composition in which 50% of
the calories were from carbohydrates, 25% from protein, and
25% from fat.

Patients participated in a structured exercise program 3
times per week for 8 weeks at the Physical Therapy and Re-
habilitation Fitness Unit of Dokuz Eylul University. During
each session (50-60 min), the patients performed aerobic
and resistance exercises. Each session was preceded by a
5-min warm-up and static stretching of the upper and lower
limbs, neck, and trunk muscles, followed by a 5-min cool
down. The training sessions were supervised by a physio-
therapist. Weekly physical activity was initially monitored
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Table 1. Comparison of anthropometric and cardiovascular parameters between and within groups

Training group (n = 14)

Control group (n = 16)

Variable Baseline 8 w later Difference Baseline 8 w later Difference
BMI (kg/m?) 21.8+1.0 21.7+1.1 0.1£0.1 21.9+1.1 21.7+1.1 0.04+0.1
Waist measurement (cm) 68.8+£2.1 67.6£1.9 1.18+0.4* 68.4+£3.9 68.6+4.0 0.31+0.1
Hip measurement (cm) 99.8+4.7 97.7+4.6 2.06+0.6* 100+2.6 100.1+2.6 0.31£0.1%*
SBP (mmHg) 120.5+1.6 117.842.5 2.542.9 110.6+3.4 108.1+1 2.6+1.4
DBP (mmHg) 75.3+1.0 72+2.5 3.1£3.1% 70.6+2.6 67.5+1.7 3.3£1.8
HR (beats/min) 84.8+1.6 81.2+2.2 3.62+2.7 84.5+2.0 88.1+2.8 3.5£1.7
RR (breaths/min) 22.540.8 21.5+0.9 1.0+£0.4* 21.6+0.7 21.4+0.7 0.2+0.1
MaxVO, (ml/kg/min) 587.9+21.7 664.9+23.1 76.1£10.8%* 588.3+41.1 591.7+36 3.4+£].3%*

Results are presented as the mean + standard error of the mean.

*p < 0.05, between baseline and after exercise values, by Mann-Whitney U test
**p < 0.05, between difference scores of training and control groups, by Mann-Whitney U test
BMI: body mass index; DBP: diastolic blood pressure; HR: heart rate; max VO,: maximal oxygen consumption; SBP: systolic

blood pressure; RR: respiratory rate

using the International Physical Activity Questionnaire'?.

The exercise program included the following: 1. Warm-up
and cool-down exercises: Walking on a treadmill at a low
pace. 2. Aerobic exercise: A step was used for aerobic train-
ing. All patients started training with a 10 cm high step.
Five weeks later, it was raised to a height of 15-20 cm.
Depending on the exercise tolerance of the patient, the
exercise duration was increased from 5-7 min to 20 min
over the 8 weeks of the study. The exercise was submaxi-
mal in intensity. The Borg Scale was used to rate perceived
exertion!). Daily exercise was considered 1 session, and
the session intensity was equivalent to 10—15 points on the
Borg Scale, thus achieving 65-70% of the maximum heart
rate according to the American College of Sports Medicine.
3. Resistance exercise: Isoflex exercises utilizing an elastic
band targeted the following muscles: Hip flexors, extensors,
abductors, adductors, hamstrings, internal and external
obliques, rectus abdominis, back extensors, scapular, and
quadriceps muscles. The participants performed 15 repeti-
tions of each exercise, with a minimum resting period of 30 s
and a maximum of 1 min between each repetition. Exercise
intensity was controlled individually, with the patient rating
the exercise intensity according to a perceived exertion scale
for resistance exercise'®). The patients were advised to main-
tain an exercise intensity close to 5 or 6, which corresponded
to a perception of “somewhat intense” exercise.

Statistical tests were performed using the SPSS (Statisti-
cal Package for the Social Sciences for Windows, version
15.0, SPSS, Chicago, IL, USA). The normal distribution
of the variables was determined using the Kolmogorov-
Smirnov test. Only the BMI and FSH/LH variables were dis-
tributed normally. Due to the small sample size and multiple
non-normally distributed variables, differences between the
training and control groups were assessed using the Mann-
Whitney U test. The pre- and post-intervention values of
the groups were compared using the Wilcoxon signed rank
test. The results are presented as the mean + standard error
of the mean. A p value <0.05 was considered statistically
significant.

RESULTS

During the 3 year period, 382 patients were identified
as having PCOS. Of these, 56 fulfilled the inclusion crite-
ria. The 32 patients who agreed to participate in the study
were divided randomly into groups of 16 patients each.
However, two patients in the training group were eventu-
ally excluded because of inadequate attendance (< 75% of
the training sessions). Thus, the study was completed by 14
patients in the training group and 16 in the control group.
All 30 patients fulfilled the Rotterdam Criteria for PCOS:
30 had polycystic ovaries and anovulation, 26 (86.7%) had
clinical hyperandrogenism, and 19 (63.3%) had biochemical
hyperandrogenism. The mean age of the patients was 24.45
+ 2.8 years (range: 17-34 years).

The anthropometric and cardiovascular parameters
of the two groups are listed in Table 1, and the metabolic
parameters are shown in Table 2. Patients in the control and
training groups did not significantly differ in their baseline
parameters. In the training group, several anthropometric
and cardiovascular parameters improved significantly after
the exercise program; they showed significant decreases
in waist circumference (p = 0.02), hip circumference (p =
0.01), diastolic blood pressure (p = 0.04), and respiratory
rate (p = 0.04) and a significant increase in MaxVO, (p =
0.001). In the control group, anthropometric and cardio-
vascular parameters were not significantly different after 8
weeks compared to the baseline values. The differences in
hip circumference (p = 0.04) and MaxVO, (p < 0.001) after
8 weeks were significantly higher in the training group than
in controls (Table 1).

The changes in hormone levels and metabolic parameters
between the two groups are shown in Table 2. In the training
group, the decreases in LDL cholesterol (p < 0.001), total
cholesterol (p = 0.01), fasting glucose (p < 0.001), fasting
insulin (p = 0.001), and HOMA (p < 0.001) after exercise
were significant, as was the increase in HDL (p = 0.002).
In controls, none of the hormonal or metabolic parameters
were significantly different at the end of the study period.
The differences in LDL cholesterol (p = 0.01), HDL (p =
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Table 2. Comparison of hormone levels and metabolic parameters between and within groups

Training group (n = 14)

Control group (n = 16)

Variable Baseline 8 w later Difference Baseline 8 w later Difference
FSH (IU/L) 5.4+0.23 5.0+£0.3 0.4+0.2 5.4+0.2 5.3+0.2 0.04+0.08
LH (IU/L) 7.1£1.5 8.8+1.57 1.7£0.9 12.5+1.3 12.4+1.2 0.1£0.1
FSH/LH 1.0+0.1 1.0+£0.2 0.02+0.2 0.5+0.04 0.5+0.05 0.0£0.0
E, (pmol/L) 36.0+8.4 63.5+14 27.4+18.5 56.7+3.8 56.8+3.8 0.12+0.1
Total testosterone (nmol/L) 1.2+0.9 1.1+0.9 0.1+0.7 1.2+0.1 1.2+0.2 0.2+0.7
Free testosterone (pg/ml) 3.15+0.0 3.15+0.1 0.00+0.0 2.9+0.1 2.83+0.2 0.10+0.1
HDL-C (mg/dl) 44.6+0.63 45.2+0.6 0.6+0.1* 46.1£0.9 46.1+1 0.0+0.5
LDL-C (mg/dl) 122.6+6.1 114+4.9 8.62+1.5% 118.5+3.2 118.6+3.2 0.1£0.2%*
Triglycerides (mg/dl) 141.1+0.5 138.2+0.8 2.8£1.3 139.6+2.2 140.5+1.9 0.8+0.4%*
Total Cholesterol (mg/dl) 198.6+3.7 195.143 3.4+1.1% 200.5+4.1 200.7+4.0 0.2+0.7%*
Fasting glucose (mg/dl) 98.1£2.4 93.6+2.3 4.4+£2.5% 97.7+2.0 97.3+£2.3 0.440.3%%*
Fasting insulin (nU/ml) 14.7+1 13.9+1 0.8+0.1* 14.3+1 14.5+0.8 0.2+0.2%*
HOMA index 3.2+0.3 2.940.2 0.3+0.0* 3.1+0.2 3.1£0.2 0.1£0.1%*

Results are presented as the mean + standard error of mean

*p < 0.05, between baseline and after exercise values, by Mann-Whitney U test

**p < 0.05, between difference scores of training and control groups, by Mann-Whitney U test

E,: estradiol; FSH: follicle stimulating hormone; HDL-C: high-density lipoprotein cholesterol; HOMA: homeostatic model assess-
ment; LDL-C: low-density lipoprotein cholesterol; LH: luteinizing hormone

0.05), triglycerides (p = 0.005), total cholesterol (p = 0.01),
fasting glucose (p = 0.01), fasting insulin (p = 0.001), and
HOMA index (p < 0.001) values were significantly greater
in the training group than in controls at the end of the study
(Table 2). The mean menstrual cycle interval did not change
significantly in the control group (46.12 + 1.3 days vs. 47.05
+ 1.2 days, p = 0.125) but decreased significantly in the
training group after exercise (48.09 days vs. 27.3 days, p =
0.04).

DISCUSSION

We investigated the effects of an 8-week structured
exercise program on non-overweight patients with PCOS.
Many studies have reported that exercise training has
beneficial effects on cardiopulmonary functional capacity
and metabolic syndrome parameters in overweight patients
with PCOS; however, this is the first study to evaluate the
benefits of structured exercise in non-overweight PCOS
patients. We found that 8 weeks of structured exercise was
effective for improving anthropometric, cardiovascular, and
metabolic parameters and for regulating menstrual cycles in
non-overweight patients with PCOS, despite the absence of
significant changes in sex hormones.

The beneficial effects of physical fitness are related to
its reduction of the risk of cardiovascular dysfunction and
to the delayed onset of metabolic syndrome activity of the
proteins involved in insulin signal transduction in skeletal
muscles'719). Therefore, by following a systematic exercise
program, PCOS patients can improve their cardiopulmonary
functional capacity and insulin sensitivity. Modalities other
than fitness have been suggested for the treatment of PCOS.
Fux Otta et al.?? reported the additive effect of metformin on
diet and exercise in the improvement of hyperandrogenism
and insulin resistance. Although some studies have reported

additive benefits of insulin sensitizers?!> 22), others have
not?* 24 In contrast, all studies of PCOS have found that
lifestyle changes should be considered in the management of
these patients. However, there is no consensus on the basic
variables of exercise training, including its type, intensity,
duration, frequency, and progression. Orio et al.?) evaluated
whether the effects of a training program were maintained
after its cessation. They found that 12 weeks of non-training
resulted in a complete loss of all favorable adaptations ob-
tained from the exercise program. Therefore, exercise may
need to be maintained throughout life for its benefits to be
preserved. Although other studies have evaluated the impact
of diet on the treatment of PCOS, we found that structured
exercise alone was beneficial, at least in the short-term.

The role of non-pharmacological therapy in PCOS
patients has been evaluated in several studies. Giallauria
et al.?®) assigned 124 PCOS patients to 2 groups for a
3-month exercise program. They demonstrated that exercise
improved autonomic function and inflammatory patterns.
In a similar study (based on 90 young women with PCOS
who were randomly divided into 2 groups?”), patients who
participated in a 3-month structured exercise program exhib-
ited improvements in cardiopulmonary functional capacity.
Other studies have reported greater reductions in BMI than
our study?®, but we did not focus on weight loss, as the pa-
tients were not overweight. Nevertheless, they experienced
important changes in several cardiovascular parameters and
in MaxVO,.

Among the PCOS studies in the literature, positive results
have been obtained in overweight patients who exercised for
12-24 weeks?* 2%, Exactly when the beneficial effects of
exercise can first be observed has not been determined. We
found that in non-overweight PCOS patients with adequate
(>75%) participation in an exercise program consisting of
aerobic and resistance exercise, anthropometric, metabolic,



and cardiovascular parameters were already improved
after 8 weeks. However, whether the same effects occur in
morbidly obese patients with PCOS or whether they are ap-
parent after a longer or shorter period of exercise remains to
be determined.

Several studies have reported that diet changes, either
alone or in combination with exercise, resulting in a weight
loss of 5-10% could restore menstrual cycles. Weight reduc-
tion also has been shown to improve both the reproductive
and the metabolic features of PCOS. Weight loss normalizes
ovulation, ameliorates hyperandrogenism, and improves in-
sulin sensitivity?”). In the present study, structured exercise
for 8 weeks was sufficient for non-overweight patients with
PCOS to achieve significant improvements in waist and hip
measurements but did not lead to significant weight loss.

Our results suggest that an 8-week exercise program
improves reproductive and metabolic disorders related to
metabolic syndrome in non-overweight PCOS patients.
Long-term regular exercise may provide better results in
metabolic parameters and improve the quality of life of these
patients. The effects of exercise may occur more quickly in
non-overweight than in overweight PCOS patients. The du-
ration of exercise that achieves the maximum benefits may
differ between these two groups of patients and requires
further study.
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