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Evaluation of Changes in Levels of Hyperandrogenism, Hirsutism and
Menstrual Regulation After a Period of Aquatic High Intensity Interval

Training in Women with Polycystic Ovary Syndrome

Abstract

Background: Polycystic ovary syndrome (PCOS) is a polygenic endocrine disorder in women of
reproductive ages which will lead to infertility. This study is aimed to determine changes in levels
of hyperandrogenism, hirsutism and menstrual regulation after a period of aquatic high intensity
interval training (AHIIT) in women with PCOS. Methods: Thirty patients with PCOS having age
between 20 and 35 and body mass index (BMI) =30 kg/m? in obstetrics and gynaecology clinics
in Isfahan were selected based on Rotterdam Diagnostic Criteria. They were randomly divided
into experimental (AHIIT + metformin, N = 15) and control groups (metformin, N = 15). The
exercises were done for 12 weeks, three sessions of 20 minutes. Metformin (1500 mg) was taken
daily for 3 consecutive days for 12 weeks. Kolmogorov—Smirnov test, #-test, Covariance and
Wilcoxon were applied (P value < 0.05). Results: After 12 weeks, no significant difference was
observed in waist-to-hip ratio (WHR), but in AHIIT, the BMI and fat mass significantly decreased
and levels of follicle-stimulating hormone (FSH), free testosterone (FT) and sex hormone binding
globulin (SHBG) increased compared to control group (P < 0.05). While levels of improvement
of total testosterone (TT), dehydroepiandrosterone sulphate (DHEAS), FT, luteinising hormone (LH)
and free androgen index (FAI) were not significant between the two groups (P > 0.05). Furthermore,
there was a significant decrease in homeostatic assessment of insulin resistance (HOMA-IR) and
hirsutism severity in experimental group (P < 0.05). In both groups, the order of menstrual cycles
improved significantly (P < 0.05). Conclusions: Doing AHIIT besides drug therapy can be effective
for PCOS patients.
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has a fat accumulation in the central area
of the body. On the other hand, regardless
of the presence of obesity, fat gain is one
of the most common characteristics in
these women.[) In addition, the findings
of previous studies revealed that 70%
of women with PCOS have insulin
resistance (IR), and it is indicated that
increase in body fat has a direct role in
determining IR. Adipose tissue, and in
particular visceral fat tissue, through IR can
contribute to the pathophysiology of PCOS,
metabolic complications as well as the
increased fertility problems associated with
it.”# On the other hand, hyperandrogenism
is the most common PCOS hormonal
changes,® and insulin has a profound
effect on both levels of ovarian stroma
and follicles. Insulin secretes androgens in
the ovary, and the increase in androgens
causes the disappearance of growing

Introduction

Polycystic  ovary  syndrome (PCOS)
characterised by a chronic disorder in
ovulation along with hyperandrogenism has
become one of the most common endocrine
disorders in women of productive age
with an estimated 5%-15% prevalence.
It is considered as the main reason for
infertility due to lack of ovulation.'*! It has
the symptoms such as menstrual disorders,
infertility,  hyperandrogenism,  obesity,
hirsutism and acne.” Furthermore, women
with PCOS are at risk for other diseases
such as insulin intolerance, diabetes
type 2, metabolic syndrome, cardiovascular
diseases, infertility and all kinds of
reproductive system cancers.”)  Studies
indicate that approximately 75% of people
with PCOS are overweight or obese, and
even in those with normal weight, PCOS
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follicles and may have a negative effect on follicular
growth, ovarian obstruction and inhibition of mucosal
maturation.””! Therefore, IR and hyperandrogenism together
create a defective cycle and affect each other.!'” Over
the past decades, several therapies including metformin,
clomiphene citrate and gonadotropins have been proposed
for PCOS patients; but with regard to side effects such as
nausea, vomiting, anorexia, headache and multiple cramps,
the provision of therapies with supplements can be a good
solution in order to cope with these complications and
reduce the cost of medical treatments.'! For this reason, in
various studies, lifestyle interventions, especially physical
activity, were regarded as the first line of treatment in
women with PCOS which would result in improvement
in metabolic symptoms and fertility syndrome as well.['?
In the meantime, high intensity interval training (HIIT)
is a type of exercise with short training intervals at high
intensity.¥] In these types of exercises, the existence
of recovery cycles following an intense activity allows
individuals to repeat the courses in intensity that cannot
be sustained during continuous training.!'* There are the
most popular forms of HIIT which consist of 4-minute
periods (20 seconds of activity and 10 seconds of rest) with
75%-95% HR__ .11t is believed that within 20 seconds of
activity (in comparison with low-intensity exercises), body
masses such as legs, hips, trunk, abdomen and shoulder
belt are more often used to increase calorie intake of
fats. Even after intense short training, this process of fat
burning continues.l'® Research shows that consumption
of excessive calories and fat burning as a result of these
exercises produce similar changes in cardiovascular fitness,
improved body composition and even risk factors such
as insulin activity in less time compared to traditional
exercises, moderate intensity and sustained state with
a 30- to 40-minute duration.®'>'77 On the other hand,
because of the unique hydrodynamic properties of water,
performing HIIT in aquatic environment is more confident
and leads to having less weight in exercises compared to
HIIT on land.!"™ In the review of the previous studies, there
has been no study which investigated the effects of aquatic
high intensity interval training (AHIIT) on the symptoms
of PCOS. Therefore, the major objective of this study was
to investigate the influence of a type of intense exercising
in water on some types of PCOS symptoms and compare
AHIIT by taking metformin alone.

Subjects and Methods

The current study was done through clinical trial. Thirty
available patients with PCOS from AL Zahra and Beheshti
hospitals were selected as the subjects. The participants
of this study had the following characteristics: the ages
ranged from 20 to 35 years, their body mass indexes (BMI)
were >30 kg/m?, no use of hormonal drugs or contraceptives,
no blood glucose lowering and physical inactivity during
the past 3 months, suffering from IR which was defined by
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homeostatic assessment of insulin resistance (HOMA-IR)
and diagnosis of PCOS by a gynaecologist based on the
criteria suggested by the American Society for Reproductive
Medicine (ASRM) at the Rotterdam Conference in 2003.
The criteria were as follows:

* Menstrual disorders (appeared as oligomenorrhea and
amenorrhea)

*  Morphology of the ovary (increase in ovarian volume
to more than 10 mm or the existence of 12 follicle
or more with the thickness of 2-9 mm in at least one
of the ovaries by the use of vaginal and abdominal
sonography)

* Biochemical or
hyperandrogenism!™!

clinical symptoms of

The selected participants were randomly divided into
experimental (AHIIT and taking metformin, » = 15) and
control groups (taking metformin, n = 15). Participants
in both groups took 3 pills of metformin (1500 mg)
from the beginning of intervention. At the beginning
of the intervention (pre-test) and at the end of the third
month (post-test), anthropometric measurements, blood
samples and clinical symptoms (menstrual disorders and
hirsutism) were measured.

Study design

In the current study, each of the indexes was measured as

follows:

» Participants’ fat mass and BMI using a body fat
analyser (Olympia model 3/3, Guan Company and
South Korea)

*  Waist-to-hip ratio (WHR): waist circumference (cm)/hip
circumference (cm)

* IR with HOMA index using the following formula:

Insulin assay(microunits / ml) x

Fasting Plasma Glucose(mmol / ml)

22.5

» Fasting blood samples were taken for measuring the
levels of IR, sex hormone binding globulin (SHBG),
free testosterone (FT), total testosterone (TT),
luteinising hormone (LH), dehydroepiandrosterone
sulphate (DHEAS) and follicle-stimulating
hormone (FSH) in all subjects in 2 stages, 1 day before
the initial training and 48 hours after the last exercise
in the 12" week (after 36 sessions), and after 12 hours
of fasting, 10 cc of blood were taken from the venous
vein. Blood from the participants was taken during the
first days of follicular phase (3 or 4 menstruation days)
by electro chemi luminescence (ECL) method and using
Roche Cobas device by Roche kit which was made in
America. After completion of blood collection, samples
were centrifuged and their serums, except for FAI
hormone, were isolated and kept at 80°C in calf gel.

* FAI was measured using the following formula: FAI =
(TT x 100/SHBG)

HOMAIR =

International Journal of Preventive Medicine 2019, 10: 187
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* Ferriman and Gallwey score (F-G score) was used as a
visual method of evaluating and quantifying hirsutism
in women. Nine androgenic sensitive areas (upper lip,
chin, chest, upper back, lower back, upper abdomen,
lower abdomen, upper arms and thigh) were taken into
consideration. Scoring ranged from a minimum of 0 to
a maximum of 36; 810 = mild, 11-14 = moderate and
scores >15 were considered severe hirsutism.?”

* Abdominal or vaginal ultrasonography: At the early
stages of the follicular phase (third to fourth menstrual
periods), subjects were taken under ultrasonography of
the uterus and appendices by the GE VOLUSAN 730
EXPERT device. In this way, the increase in ovarian
volume by more than 10 cc, even in one ovary, was
diagnosed as PCOS.

* Registration menstrual cycle by self-report and
filling up the checklist, in the way that, based on the
calendar given to the participants, they were required to
checkmark the time and duration of their bleeding (for
3 cycles) from the first cycle.

* Peak oxygen uptake (VO,,,,) assessment of all the
participants by PACER Test: In an appropriate area of
20 m, it was identified by cone barriers. Subjects were
deployed at the end of one of the 20-m marked lines
and began testing. Participants quickly set their pace
and increased their running speeds while increasing
the number of turning rounds and reducing the time
between two peaks until they were no longer able to
continue the test. The last record reaching the 20-m
line for a person (the number of complete round
trips) was immediately recorded on the sheet. Then,
for VO, . evaluation, the number of rounds was
calculated by the following formula as an index of
aerobic capacity.?!?

* In an appropriate place, an area of 20 m in length was
identified by cone barriers. The participants were set at
the end of one of the 20-m lines which was marked.
They then started the test. The participants set their
pace, and at the same time with increasing the number
of round trips and decreasing the time between the two
beeps, they increased their pace till they were unable
to continue the test. The last record of reaching the
20-m line for the participants (total round trips) was
registered immediately.

VO, ., =28.1+0274 TL

2

Total number of laps _ TL.
Training protocol

Twelve-week protocol AHIIT, which was performed by the
experimental group and consisted of 3 sessions in a week
for 30 minutes (5 minutes for warm-up, 20 minutes TS and
5 minutes cooling-down). The AHIIT phase of the workout
involved 4 times 4-minute bouts, each consisting of 8
rounds of 20-second all-out, maximal work intervals. Each
20-second work interval was followed by 10 seconds of
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rest in a ready stance with 80%-95% HR__and 1 minute
of rest (jugging) was provided between each 4-minute work
bout with 75% HR__ ["*) This was done in a way that, first,
5 minutes jogging and stretching movements of the organs
were performed for warm-up. Then, quick movements of
the organs and body for 20 minutes and the last 5 minutes,
and again, light stretching movements were done to return
to the original state. The exercise intensity was measured
based on maximum heart rate and based on the following
Karvonen formula for each participant:

Maximum heart rate = age - 220
Maximum heart rate x 80%
Maximum heart rate x 95%

Furthermore, exercise intensity was controlled by rate
monitor (polar beat, made in Finland) during the exercises
in each session.”! It is worth noting that during the
12-week intervention, participants in control group did not
perform any regular exercises.

Statistical analysis

Statistical Package for Social Sciences (SPSS, version 23)
was used to analyse the collected data. After confirming
the normal distribution of theoretical data by using
Kolmogorov—Smirnov test, #-test, Covariance and Wilcoxon
were applied in dependent and independent groups to
compare the groups’ means (P value < 0.05).

Results
Table 1 shows the participants’ characteristics in
experimental and control groups. As indicated in

Table 2, BMI and fat mass in training group decreased
significantly (both P wvalues < 0.05). The levels of
hyperandrogenism (TT, DHEAS, FAI and LH) of women
in experimental group decreased, but this reduction
was not significant (all P values > 0.05). As can be
seen from Table 2, there was a significant difference in
experimental group between pre- and post-tests compared
to control group in levels of FT, FSH and SHBG (all
P values < 0.05). Furthermore, Table 2 shows that the
levels of HOMA-IR and hirsutism severity in experimental
group decreased compared to control group (both
P values < 0.05). In both control and training groups,
significant improvement was observed in setting menstrual
cycles (both P values < 0.05).

Table 1: Baseline characteristics of the participants

(15 PCOS) (15 PCOS) Baseline
Experimental Control characteristics
80/2425/29 83/4+00/26 Age (Years)
6/57+58/162 10/3£57/161 Height (cm)
33/18+72/98 62/12+14/97 Weight (kg)
3.14+1.42 3.38+1.20 (>2.5) HOMA-IR
14.06+5.18 15.5343.77 (F-G score) Hirsutism
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Table 2: Clinical therapeutic effects, changes in hyperandrogenism, HOMA-IR, hirsutism and menstrual regulation
after 12-week AHIIT

Variable Group
Experimental Control
BMI (>30 kg/m?) Before treatment 32.80+4.49 34.06+4.45
After treatment 30.6842.28 33.99+4.41
T Test p* 0.032 0.701
Between subjects T 11.650
p** 0.002
Fat mass Before treatment 38.90+4.11 39.22+3.85
After treatment 37.2543.13 39.18+4.14
T Test p* 0.015 0.946
Between subjects T 5.537
p** 0.026
WHR (cm) Before treatment 0.97+0.03 0.98+0.03
After treatment 0.95+0.03 0.97+0.03
T Test p* 0.070 0.677
Between subjects T 2.909
p** 0.100
VOZPMk (mL/min) Before treatment 32.20+1.22 32.71£1.45
After treatment 35.20+1.54 32.78+1.47
T Test p* 0.000 0.091
Between subjects T 167.579
p** 0.000
LH (mIU/mL) Before treatment 20.91£14.87 17.26£12.18
After treatment 12.96+10.11 15.11+£6.80
T Test p* 0.028 0.267
Between subjects T 2.267
p** 0.144
FSH (mIU/mL) Before treatment 5.06£1.59 5.2542.11
After treatment 7.16£3.21 5.47£1.42
T Test p* 0.012 0.512
Between subjects T 5.334
p** 0.029
SHBG (nmol/L) Before treatment 36.40+21.00 49.07+28.80
After treatment 55.534£20.46 52.40+24.20
T Test p* 0.000 0.148
Between subjects T 9.551
p** 0.005
FT (pg/mL) Before treatment 2.13+£0.60 2.27+0.64
After treatment 1.34+0.61 2.18+063
T Test p* 0.001 0.099
Between subjects T 17.601
p** 0.000
FAI (TT/SHBG) 100 Before treatment 1.73+0.80 1.78£1.10
After treatment 1.17+0.43 1.34+0.62
T Test p* 0.001 0.019
Between subjects T 1.821
p** 0.188
DHEAS (microg/mL) Before treatment 1.83+0.46 1.97+0.39
After treatment 1.72+0.42 1.90+0.32
T Test p* 0.048 0.206
Between subjects T 0.930
p** 0.344

Contd...

4 International Journal of Preventive Medicine 2019, 10: 187
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Table 2: Contd...

Variable Group
Experimental Control
TT (ng/mL) Before treatment 0.69+0.25 0.61+0.17
After treatment 0.57+0.14 0.58+0.11
T Test p* 0.015 0.158
Between subjects T 2.608
p** 0.118
HOMA-IR (>2.5) Before treatment 3.14+1.42 3.38+1.20
After treatment 2.69+0.78 3.23+0.98
T Test p* 0.032 0.133
Between subjects T 7.734
p** 0.010
Hirsutism (F-G score) Before treatment 14.06+5.18 15.53+£3.77
After treatment 7.53+£2.03 14.80+3.46
T Test p* 0.000 0.003
Between subjects T 73.809
p** 0.000
Premenstrual (between 38 and 28 days) Before treatment 69.33+£20.24 66.73+19.72
After treatment 47.80+13.38 56.93+17.54
Wilcoxon V4 -3.296 -3.175
P 0.001 0.001

p* for within-group comparisons (7 test), p** for between-group comparisons (ANCOVA), BMI=body mass index, WHR=waist-to-hip

ratio, VO

2Peak

=peak oxygen uptake, F-G score=Ferriman—Gallwey score, HOMA-IR=homeostatic assessment of insulin resistance,

FSH=follicle-stimulating hormone, LH=luteinising hormone, TT=total testosterone, FT=free testosterone, FAI=free androgen
index (TTx100/SHBG), SHBG=sex hormone binding globulin, DHEAS=dehydroepiandrosterone sulphate

Discussion

The findings revealed that 12-week AHIIT, along with
taking metformin, compared with taking metformin
only, both statistically and clinically lead to reduction in
PCOS symptoms, including anthropometric indicators
improvement (BMI and fat mass), HOMA-IR, some
indexes of hyperandrogenism (FT, FSH and SHBG),
reduction in severity of hirsutism and the number of days
of menstrual cycle. Surprisingly, these exercises did not
result in significant improvement in factors such as WHR,
LH, FAI, DHEAS and TT, compared to control group. In
the current study, BMI and fat mass decreased significantly,
which was consistent with the findings of Marcondes
et al. (2017) and Mario et al. (2017).24*! By examining
the effect of daily walk on clinical parameters of 86 obese
women with PCOS, Mario et al. (2017) showed significant
changes in BMI and fat mass.”! The results revealed that
there were no changes in WHR, which match those of
Zahang et al. (2017).2% However, this finding does not
support the previous research, such as Turan et al. (2015)
and Miranda et al. (2016).27% In the study conducted by
Miranda et al. (2016), reduction of WHR during 4 months
of strength training on women with healthy overweight
and PCOS was reported.”®! A possible explanation of
this contradiction is related to the difference in type,
duration of each session and the duration of training in the
current study. Furthermore, improvement was observed in
HOMA-IR after 12 weeks of AHIIT. In previous studies,

International Journal of Preventive Medicine 2019, 10: 187

the effect of training with moderate intensity on IR in
women with PCOS was reported.?*3” Research showed
that HIIT creates similar changes in body composition
and even risk factors such as insulin activity compared
to traditional, moderate and sustained exercise with a
minimum of 30-40 minutes.'>! In a study by Babraj
et al. (2009), it was shown that HIIT short training sessions
influence insulin effects for 3 minutes per week, and when
insulin is more effective, the muscles are able to use more
amounts of fat as fuel. And, in turn, the risk of developing
metabolic diseases such as T2D is reduced.?"! On the other
hand, in the current study, 12 weeks of AHIIT exercise in
infertile women with PCOS resulted in significant increase
in VOzpeak, which indicated the correct performance of
exercises by participants. Doing physical exercises results
in an increase in muscle blood flow and causes an increase
in oxygen intake after the exercise. Therefore, regular
physical exercises, particularly AHIIT, can reduce fats and
enhance the efficiency of cardiovascular system. Because
of increase in energy consumption, enzymes of aerobic and
anaerobic energy supply system will increase and oxidation
of fat will rise.’? On the other hand, hyperandrogenism is
the most common hormonal changes of PCOS, and women
with PCOS often have high serum concentration of these
androgens. In the study done by Chen et al (2015), it
was found that women with PCOS have higher level of LH
and lower level of FSH compared to healthy women. The
high levels of LH/FSH cause to create hyperandrogenism
which would lead to appearance of PCOS symptoms.?3! In
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the current study, it was revealed that 12 weeks of exercises
along with taking metformin resulted in significant increase
in FSH and SHBG and significant decrease in FT. These
results match those observed in earlier studies.??3
Generally, gonadotropins are glycoprotein which release
GnHR from pituitary in response to releasing hormones.
Releasing GnHR produces FSH and LH concentrations.™
In previous studies, it was found that physical activities in
people lead to an increase in beta endorphin hormone and
reduction of GnHR, and consequently decrease the level of
LH.B* The results of this study will now be compared to
the findings of previous work in which physical exercising
in women with PCOS results in an increase in SHBG.?® In
this study, reduction in FT can be considered as one reason
for increase in FSH and SHBG and the effects of extreme
exercising. In a physiological justification, increase in the
amount of SHBG after 12 weeks of extreme exercising, as
in the current study, seems to be the reason for decrease in
the insulin levels, because insulin restrains the production
of SHBG from human hepatoma cells, in addition to
having direct effect on increase in androgen production.
On the other hand, controlling insulin production by blood
glucose lowering drugs and diet therapy cause tangible
increase of serum levels but might not have any changes in
the androgen levels. This issue indicates the direct effect of
insulin on the production of SHBG.B® There was reduction
in other levels of hyperandrogenism (TT, DHEAS, FAI and
LH), but this reduction was not significant enough. Another
finding of this study is that significant decrease in the
status of menstrual periods and hirsutism in both groups,
and particularly in AHIIT group, matches with the study
of Zahang (2017) who found that taking metformin along
with daily physical activities resulted in dramatic changes
in the weight, BMI, the size of the ovaries, the amount
of menstruation, ovulation, pregnancy, sexual hormones
and fasting insulin.?® IR and hyperinsulinemia related to
it in women with PCOS cause a decrease in the level of
SHBG and increase in the level of FT hormone, which
consequently lead to menstrual disorder, development
of ovarian cyst, lack of ovulation and infertility. On
the other hand, having direct effect on theca cells lead
to enhancement of androgen secretion in ovaries and
appearance of symptoms such as hirsutism and acne.?
Cheema ef al. (2014) believe that in the case of performing
sport intervention (either in the form of resistance or
aerobic exercises), provided that the sport programme is
regular and has appropriate intensity, insulin sensitivity,
and following that hirsutism and menstrual cycles will
improve and possibility of reproduction will increase.’” In
fact, decrease in BMI, and especially abdominal fat, has
a major role in reduction of risk factors for infertility and
lead to improvement in hormonal and clinical disorders.>®
On the one hand, only enhancement of these symptoms
is reported in studies such as Williams et al. (2015) and
Visa et al. (2016).5%4 In their study, Visa et al. (2016)
investigated the effect of progressive strength training

6

at home on a number of 15 women with PCOS. After
12 weeks, no significant changes on the order of menstrual
periods between the two groups were reported.”! In the
current study, however, the significant change is probably
because of type and intensity of exercises. There are three
mechanisms for losing fat caused by HIIT exercises: (1)
increase in mitochondrial density and capacity during HIIT
leads to increase in fat oxidation; (2) increase in the amount
of catecholamines results in fat breakdown, especially in
abdominal region which has more B-adrenergic receptors
compared to subcutancous fat; (3) suppressing appetite:
consuming energy the day after HIIT (300 kilo calories) is
lower than aerobic exercises and (600 kilo calories) after a
rest.[!¥

Therefore, doing only 20 minutes AHIT exercises by
increase in VO, . weight loss and reduction in insulin
level, improvement in insulin sensitivity and hormonal
levels cause improvement in endocrine condition, hirsutism
severity and menstrual order in obese women with PCOS.

The main limitation of the present study can be that the
information about daily energy intake, psychological and
mental conditions and motivation participant as two main
interventions in women with PCOS was not collected
before and after intervention. However, patients in the
present study were asked to maintain their usual dietary
intakes and psychological and mental conditions during
study period and report any change.

Conclusions

The findings of this study revealed that performing
12-week AHIIT, 3 sessions in a week and each session for
20 minutes accompanied by taking metformin resulted in
improvement in the levels of hyperandrogenism, hirsutism
and menstrual regulation in women with PCOS. Therefore,
performing AHIT accompanied by taking metformin can
be effective in curing and improvement of the symptoms of
this disease.
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