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Abstract
Purpose: The present study aimed to assess whether treatment with combined resveratrol and myoinositol
is more effective in ameliorating the altered parameters associated with PCOS when compared to the
combined metformin and pioglitazone therapy.

Method: One hundred and ten obese, infertile PCOS women, aged 20-35 years were randomly assigned into
two treatment arms. Participants in arm-1 (n=55), received combination of metformin and pioglitazone
(1000 mg and 30 mg, respectively), once daily, while those in arm-2 (n=55) received combination of
resveratrol and myoinositol (2000 mg and 2000 mg, respectively) once daily for 12 weeks. Evaluations
performed at baseline were repeated after 3 months of therapy. The endocrine and metabolic derangements
were assessed by measuring serum levels of testosterone, luteinizing hormone, follicle stimulating
hormone, adiponectin and insulin using ELISA. Cohen’s perceived stress scale (PSS) was employed as a
subjective measure of stress.

Results: Pre-treatment PCOS women in both the arms (arm-1 and arm-2) had remarkably elevated serum
testosterone and insulin concentrations, low serum adiponectin and high perceived stress response scores.
The treatment reduced the altered endocrine indices in arm-2 (resveratrol and myoinositol) participants,
manifested by statistically signi�cant reduction in serum testosterone level (p=0.001) and notably
increased serum adiponectin level (p=0.001). Interestingly, the hormonal pro�le, including serum LH and
FSH levels also decreased (p<0.001) along with a marked reduction in the ovarian volume (p=0.001) in arm-
2 participants. There was a signi�cant reduction in BMI (p<0.001) and an improvement in waist-hip ratio
(p<0.001) in arm-2 participants compared to arm-1 group. The PSS scores of the arm-2 subjects improved
signi�cantly (p<0.001) whereas, the Ferrimen-gallwey score was improved in both the arms (arm-1 and arm-
2; p= 0.010 and 0.008 respectively) however, the change was highly signi�cant in arm-2 (resveratrol and
myoinositol). Interestingly, the menstrual regularity was 81.4% in arm-2 while 18.2% in arm-1. We conclude
that the therapeutic intervention with combined resveratrol and myoinositol is more effective in
ameliorating altered endocrine, metabolic indices and stress burden and could be of clinical importance in
high risk group of obese, infertile married PCOS affected women.

Trial Registration: Trial registration: ClinicalTials.gov Trial No: NCT04867252. Registered 24 April, 2021,
http://clinicaltrials.gov./ct2/show/NCT04867252

Introduction
Polycystic Ovary Syndrome (PCOS) is the prevalent heterogeneous endocrine-metabolic abnormality
affecting 10–15% of women in their child bearing age [1, 2]. It is a many-faceted health issue identi�ed by
chronic oligo or anovulation, hyperandrogenism and polycystic ovaries [3]. Apart from the clinical
manifestations of PCOS, women with this syndrome are also accompanied by obesity, insulin resistance
(IR), type II diabetes mellitus (T2DM), infertility, increased anxiety, fear of long term health complications
along with depressive thoughts [4, 5]. The etiology of this endocrine anbormailty is largely unknown but



Page 3/24

there are mounting evidences suggesting that PCOS is a multigenic health issue including both genetic and
enviromental factors [6].

There is a broad range of remedial options with possible advantages available for PCOS manifestations,
however several clinical studies are required to assess their safety and the clinical e�cacy. Resveratrol is a
natural polyphenol found in multiple fruits like skin of grapes, peanuts, red wine and many other medicines
from the plants source [7]. This neutraceutical has antioxidant, antidiabetic and anti-in�ammatory
properties [8]. It inhibits alpha-amylase and alpha-glucosidase, leading to improved glycemic control;
ultimately ameliorating diabetes and the complications associated with diabetes [9]. A wide range of
favorable metabolic effects are attributed to resveratrol which includes enhancement of insulin sensitivity,
balance in lipid pro�le and reduced adiposity [10]. Resveratrol improves glucose homeostasis and reverses
insulin resistance through the activity of phosphodiesterases, kinases and SIR1 in multiple tissues and
ultimately protects the pancreatic beta cells from degeneration [7]. Resveratrol has also shown to improve
the number of degenerated and secondary follicles and decrease the number of gra�an follicles in PCOS
patients, this explains the signi�cance of using resveratrol in maintaining folliculogenesis [11]. It has been
reported to interact with multiple cell targets, but its major effects goes through the activation of silent
information regulator1 (SIRT1), a protein that causes deacetylation of numerous other proteins involved in
the homeostasis of glucose and energy [12]. The SIRT1 is mainly expressed in ovum and nuclei of human
granulosa cells during different developmental stages of the follicles and exhibits repressive effects on
in�ammation in different cell types [13].

Myoinositol is a carbocyclic sugar integrated in the phospholipids of the cellular membrane,
inositophosphoglycan and is considered to be an important part of structural lipids [14]. Foods rich in
myoinositol and the associated lipids include corns, beans, nuts and fruits specially cantaloupe and
oranges. [15, 16]. The intracellular signal transduction of insulin involves myoinositol, when insulin binds to
its receptors the transduction pathway is activated causing hydrolysis of phospholipids and production of
intracellular messenger which causes oxidative metabolism of glucose [17]. Myoinositol acts as a
predecessor to inositol triphosphate and regulates several hormones such as follicle-stimulating hormone
(FSH) and insulin by acting as a second messenger [18]. Treating obese PCOS patients with inositols,
without any lifestyle modi�cations is effective in reducing BMI [19]. The higher e�cacy of myoinositol and
the lower rate of side effects in comparison to the entrenched treatments like metformin and many other, it
can be elucidated why myoinositol is considered when insulin lowering agents are suggested for PCOS
women [20].

Metformin is a drug from the family of biguanides, used now a days as an antidiabetic drug for treating
type II diabetes mellitus [21]. Metformin increases the cells sensitivity towards insulin by increasing the
activity of tyrosine kinase in the insulin receptors that are present in adipocytes and muscles [22].
Pioglitazone is a member of thiazolidinedione (TZD) family with the hypoglycemic, antidiabetic action in
treating insulin resistance in type II diabetes patients [23]. Because of its insulin sensitizing effects it can
improve ovulation, the signs of excess androgen secretion, and may halt or can even retard the onset of
diabetes [24].
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In our previous studies, we evaluated the effect of metformin alone and metformin plus pioglitazone as
standard treatment for PCOS women [25, 26]. Later on, we added acetyl-L-carnitine with the standard drug
treatment and found signi�cant amelioration of metabolic and endocrine response [27]. Here, we assessed
the effectiveness of combined resveratrol and myoinositol on clinical, metabolic, endocrine alterations and
stress burden in women with PCOS. The present trial was designed to address three aspects. Firstly, to
compare the effectiveness of combined resveratrol and myoinositol with the combined metformin and
pioglitazone therapy on serum testosterone, adiponectin and insulin levels in women with PCOS. Secondly,
to evaluate the effects of 12 weeks intervention on hormonal pro�le in PCOS. Thirdly, to assess perceived
stress response in PCOS women before and after 12 weeks of treatment.

Subjects And Methods

Study population
The study population of this clinical trial comprised of 110, obese and infertile married PCOS women
between the ages 20 and 35 years. The women, who ful�lled the diagnostic criteria for PCOS according to
the Androgen Excess Society 2006 [28] were selected from outpatient clinic of gynecology Peshawar health
center from May 2021 to August 2021. For the sample size calculation already available serum adiponectin
values 11.3 ± 4.8 and 12.5 ± 6.2 µg/ml [29] in PCOS affected women were used for comparing the values
before the onset of the study and after 12 weeks by using G power software. With the α value of 0.05 and
power of 0.95, the sample size for the current trial was calculated as 88.

Inclusion criteria
Inclusion of the participants in the study was based on the Androgen Excess Society (AES) 2006, according
to this criteria a patient to be diagnosed with PCOS hyperandrogenism clinical or biological, must be
accompanied with oligo or amenorrhea and/ or polycystic ovarian morphology on the ultrasonological
examination. Participants with the menstrual cycle of greater than 35 days were classi�ed as having
oligomenorrhea while women with no menstruation for a period of 3 to 6 months or longer (after the
pregnancy was ruled out) were classi�ed as having amenorrhea. Clinical hyperandrogenism was interpreted
by the presence of hirsutism, severe acne and/or hair loss. The polycystic ovarian morphology was
elucidated on the pelvic ultrasound by either the follicular number per ovary of greater than 12 or more,
measuring 2 to 9 mm in diameter or the ovarian volume exceeding 10 ml in atleast one of the two ovaries.

Exclusion criteria
Participants on current medication known to in�uence the metabolic and endocrine pro�les or treated with
the hormone replacement therapy within the last three months were excluded from the present study. The
women who were pregnant or on breastfeeding 12 weeks beofre the start of the study were excluded.
Women having chronic diseases like diabetes mellitus, cushings disease, congenital adrenal hyperplasia or
any other disease that mimicked PCOS like thyroid disorders or hyperprolactinemia were also excluded. The
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participants who failed to consume the treatment regimens for a duration of 3 months and those who were
lost to the followup were also excluded.

Study approval
This trial received approval by the Advanced Study and Research Board of Khyber Medical University, ASRB
approval No. DIR/KMU-AS&RB/EC/001226 and the ethical approval by the institutional Ethical Review
Committee, approval No. DIR/KMU-EB/EC/00076. After the approval all the study procedures were
accomplished according to the institutional regulations and guidelines. The trial was registered at
clinicalTrial.gov on April 24, 2021 with the trial registration No. NCT04867252. Web.
https://clinicaltrials.gov/ct2/show/NCT04867252.

Study design
The study protocol was based on the recommendations in the CONSORT statement. This study was a two-
arm (1:1) randomized double blinded clinical trial. A total of 126 PCOS affected women were screened and
among them 16 women, not ful�lling the inclusion criteria were excluded. The random assignment of the
remaining 110 women by a trained researcher was effected in a double blind fashion; patients received
either metformin combined with pioglitazone or resveratrol combined with myoinositol in consonance with
the code supplied by the online computer generated randomizer.

Randomization and Masking
The researchers, participants and those who assessed the outcomes were blinded to the treatment and
throughout the study could not recognize the actual treatment. The randomization code for creating the
treatment assignment spread sheet for 1:1 allocation was obtained by using online Sealed Envelop
software with a block of four and six randomization technique. In order to eradicate any possible bias, the
pre-treatment and the post-treatment evaluations of all the participating women were performed by the
same investigator.

Patients allocation and treatments
All the PCOS affected women before the onset of any trial related intervention provided their informed
written consent. The participants were randomized and assigned (1:1) into two treatment arms (1 and 2) for
a period of 12 weeks. Each arm comprised of 55 women after being randomized and received the following
treatments: 55 women in the conventional arm-1 recieved the combination of metformin and pioglitazone
(1000 and 30 mg, orally,once daily); 55 women in the interventional arm-2 received the combination of
resveratrol and myoinositol (2000 and 2000 mg, orally, once daily). The patients were properly guided on
how to take the treatment regimens, to come for the follow-up visit and a reminder prior to the clinic visit
was sent to participants. The participating women were also instructed to avoid any kind of drugs with
possible metabolic and endocrine effects throughout the study period.

Treatment discontinuation
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The treatment discontinuation was advised to the participants in case they got pregnant, had any serious
side effects or being diagnosed with disease included in the exclusion criteria. However, no adverse events
were reported in both the treatment arms during the study period.

Clinical measures
The participant’s demographic data and anthropometric measurements were recorded using standard
techniques. BMI was calculated by using weight in kilograms/height in meter2. Participant’s body
circumferences were measured with the stretch-resistant tape. The waist circumference was measured at a
midpoint between the least palpable lower rib and the top of iliac crest. The hip circumference was
measured around the widest portion of the buttocks with the tape parallel to the �oor. The blood pressures
of all the participating women were recorded using Omron Gold blood pressure monitor.
Hyperandrogenemia was assessed clinically by the presence of excess, thick body hair and facial acne in
the PCOS women. To grade hirsutism Ferrimen Gallwey scale [30] was used including the nine different
areas of the body including upper lip, chin, chest, upper abdomen, lower abdomen, arms, thighs, upper back
and lower back with the score ranging from 1-4 for each area. Ovarian morphology was assessed by trans-
abdominal ultrasound after an hour of 24 ounces of water consumption. The ultrasound transducer was
gently pressed against the abdomen moving it back and forth that displayed the images on the computer
screen and the ovarian volume on both the sides was estimated using the simpli�ed formula: 0.5 × length ×
width × thickness.

Venous blood sample collection:
For the analysis of serum testosterone, adiponectin, insulin and LH, FSH levels venous blood samples from
the antecubital vein were collected from the study participants. Serum was extracted from the blood by
centrifugation at 3000 rpm for a total of 10 minutes. The collected transparent supernatant was transferred
to the Eppendorf tubes and was stored at -80°C until analysis.

Hormone assays:
Commercially available immunosorbent assay kits were used for the analysis of adiponectin, insulin and
testosterone. Adiponectin ELISA kit purchased from Elabscience, US (Cat. No. E-EL-H5811), Insulin from
Perkin Elmer, USA (Cat.No.10801) & Testosterone from Calbiotech, USA (Cat No. TE373S) and run
according to the instructions provided by the manufacturers. The results were interpreted by two
independent observers aside from the primary investigators who were blind to the status of the subjects.

Psychological Assessment:
For stress and psychological evaluation of the study participants we used Sheldon Cohen perceived stress
scale (PSS-14). This 14 item instrument was designed to �nd out how unforeseeable, uncontrollable and
overburdened the study participants found their lives. The questions asked from the women were related to
the thoughts and feelings during the last month and the responses varied from 0 to 4, i.e. 0=never, 1=almost
never, 2=sometimes, 3=fairly often and 4=very often respectively. To calculate the total stress score of the
individual participant, the response of the participants to the seven positive questions, i.e. 4, 5, 6, 9, 10, 11
and 13 were reversed, i.e. 0=4, 1=3, 2=2, 3=1 & 4=0. Finally the response to all the 14 questions were
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summed up that provided the total stress score of the participant. Score from 0 to 4 (never, almost never,
sometimes, fairly often and very often respectively). The total PSS score for an individual ranged from 0 to
56. Based on the total scores, participants were categorized as women with low (0-13), moderate (14-26)
and high (27-56) perceived stress.

Statistical analysis
Analysis was carried out using SPSS-20 statistical software. The demographic data of the patients was
evaluated at baseline as descriptive statistics and was presented as mean ± standard deviation. The
normally distributed variables were compared between the two treatment arms by using independent-
sample t-test. Paired t-test was applied to evaluate the changes between the measurements at baseline and
after 12 weeks of intervention. All variables were normally distributed except for insulin and testosterone,
Chi-square test was used to compare the categorical variables in the study and their response to the
treatment regimens in the two treatment arms. P <0.05 was considered signi�cant.

Results
PCOS women were randomly assigned to the different treatment arms (arm-1 and arm-2)

A total of 126 PCOS women were screened for the eligibility. Out of them 16 women for various reasons
were considered ineligible and the remaining 110 eligible women were allocated randomly for the 12 weeks
intervention into the two treatment groups. The �ow sheet of the participant’s recruitment and
randomization is shown in Figure 1. The modi�ed intention to treat analysis included 55 patients in each
intervention group. The arm-1 participants received conventional drug treatment of metformin and
pioglitazone (1000 mg and 30 mg once daily, respectively) and the interventional arm-2 participants
received resveratrol and myoinositol (2000 mg and 2000 mg once daily, respectively). A total of 22 subjects
were lost to follow up (11 from arm-1 and 11 from arm-2). The �nal cohort available for study analysis
included 88 participants (44 in arm-1 and 44 in arm-2). Treatment discontinuation was advised to the
participants who got pregnant or had adverse reaction. However no major side effects were reported in this
three month intervention from either group.

PCOS women treated with resveratrol and myoinositol manifest remarkable amelioration of anthropometric
and hemodynamic pro�les

Both the treatment regimens had in�uenced the anthropometric pro�le in PCOS patients however, the
combination of resveratrol and myoinositol (arm-2) signi�cantly reduced the weight and the BMI (both
p<0.001) as compared to the metformin and pioglitazone (arm-1) where no statistical signi�cance was
achieved. Likewise, there was no decrease in waist and hip circumference and WHR in arm-1, however, there
was a signi�cant decrease in both waist-hip circumference and WHR in arm-2 (both p<0.001) as shown in
Table 1. The mean systolic and diastolic BP in the two treatment arms at baseline were in the normal range.
After treatment for 12 weeks, the mean systolic (p=0.002) and diastolic BP (p=0.001) decreased
signi�cantly in the arm-2 as compared to arm-1 (p=0.247 and p=0.453, respectively) as shown in Table 1.
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PCOS affected women treated with resveratrol and myoinositol showed signi�cant improvement in the
endocrine parameters

Hormonal parameters between the two arms are shown in Table 1. As compared to the baseline, the
signi�cant decrease was observed in the levels of serum LH [14.753 ± 6.0492 to 9.045 ± 3.239; p < 0.001] ;
serum FSH [8.165 ± 4.205 to 6.116 ± 2.3005; p < 0.001] and serum testosterone [0.65(0.55-0.77) to
0.37(0.27-0.51); p < 0.001] in the interventional arm-2 after 12 weeks therapy. The values for testosterone
were log transformed for analysis, values presented as geometric mean (con�dence interval). Conversely,
there were no signi�cant changes in the hormonal measures in the conventional arm-1 treated PCOS
women.

PCOS affected women treated with resveratrol and myoinositol exhibited signi�cant improvement in the
metabolic parameters

Interestingly here in this study we observed a remarkable increment in the serum adiponectin level in arm-2
when compared to the baseline concentration [7.114 ± 3.400 to 8.870 ± 0.43027; p< 0.001] as shown in
Figure 2. Whereas, no signi�cant increment in the adiponectin concentration was observed in arm-1 [5.908
± 3.0918 to 4.955 ± 4.984; p=0.15] showing the enhanced e�cacy of combined resveratrol and myoinositol
in improving the adiponectin level in PCOS women. Adiponectin, an adipocytes derived hormone is an
important homeostatic factor regulating blood glucose levels, insulin sensitivity and lipid metabolism [31].
PCOS affected women have low serum adiponectin level which is largely attributed to obesity and insulin
resistance common in these women [32].

Effects of the two different therapies on serum insulin level are shown in Figure 3. A signi�cant decrease in
the level of insulin was observed in women with PCOS in the arm-2 group who were treated with the
combination of resveratrol and myoinositol [40.43(30.46-53.66) to 25.57(18.92-34.56); p=0.002] while no
statistically signi�cant difference was observed in the arm-1 group [21.53(16.95-27.35) to 23.17(18.55-
28.94; p=0.56].

PCOS affected women treated with resveratrol and myoinositol demonstrate substantial depletion in
ovarian volumes and menstrual irregularity: The mean ovarian volume of both the ovaries prior to the
treatment was extremely high (>10 ml) in the study population of both the treatment arms. After 12 weeks
of resveratrol and myoinositol therapy, both the right and left sided ovarian volumes reduced signi�cantly
(Figure 4A and B). In the arm-1, there was a signi�cant decrease in left ovarian volume only (Figure 4A).

All participants in both arms had irregular menstrual cycles before the onset of treatment. After 12 weeks of
intervention 84.1% women in the arm 2 had regular cycles, and only 23.4% participants in arm 1 got
menstrual regularity (Table 2).

PCOS affected women treated with resveratrol and myoinositol demonstrate considerable lessening of the
dermatological issues
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The total Ferrimen-Galleway (FG) score evaluating hirsutism for the 9 different areas of the body is shown
in Table 1. The total FG scores before treatment was very high in the study population of both the treatment
arms. Following 12 weeks of therapy, there was a signi�cant diminution in the FG scores in both the
treatment arms. However, the difference was highly signi�cant in the resveratrol and myoinositol arm-2
(p=0.008) in comparison to the metformin and pioglitazone arm-1 (p=0.010) as summarized in Table. 1.

The comparison of pre and post-treatment acne score between the conventional and interventional arms
participants is shown in Table 2. The participating PCOS women in both the arms were divided into two
data sets, according to those who have got acne and those without acne. In the conventional arm-1 and the
interventional arm-2, 57.4% and 31.8% had acne respectively, while 42.5% and 68.2% were without acne
respectively. At baseline there was no statistically signi�cant difference between the two arms (p=0.10, chi-
square test). After follow up for 12 weeks treatment with resveratrol and myoinositol in arm-2 participants
showed signi�cant improvement with 90.9% clarity from acne, where as 46.8% in the metformin and
pioglitazone arm-1. The difference between the two arms after 12 weeks follow up was statistically
signi�cant (both p=0.000, chi-square test).

PCOS affected women treated with resveratrol and myoinositol showed immense amelioration of the stress
load

The perceived stress score (PSS) at baseline were high in both the treatment arms intimating that PCOS
affected women in comparison to the healthy women experiences excessive perceived stress (Figure. 5),
indicating more negative stress in these women. After 12 weeks therapy with combined resveratrol and
myoinositol (arm-2), the PSS scores were reduced signi�cantly (p<0.001), but no signi�cant difference was
observed in the metformin and pioglitazone (arm-1) treated group (p=0.71).

Discussion
Polycystic ovary syndrome is known to be a more complexed rather than a simple reproductive disorder and
involves a vicious cycle of endocrine/reproductive and metabolic disarray. The current study reports the
deranged endocrine, metabolic parameters and stress burden in women affected with PCOS and reveals
that the treatment intervention with combined resveratrol and myoinositol for a period of twelve weeks
signi�cantly alleviated different alterations associated with this disorder. Women with PCOS suffer from
multifarious derangements in endocrine, metabolic indices and present with extreme stress response and
treatment with the standard drugs including different insulin sensitizers alone or along with the
contraceptive pills may relieve the signs and symptoms associated with syndrome; however there is no
e�cient and safe medicinal intervention yet to alleviate the signs and symptoms associated with this
multifaceted disorder. Here, the current clinical trial supports that the improvement in these alterations in
response to combined resveratrol and myoinositol is comparable to or rather much more pronounced than
that of the observed combined effect of metformin and pioglitazone. This combined regimen was very well
tolerated with none of the participants requiring discontinuation due to any intolerable side effects and the
treatment resulted in the improvement of the anthropometric measures including a signi�cant decrement in
weight, BMI, waist-hip circumference and waist-to-hip ratio (Table.1). We also reported that the use of
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aforementioned remedy ameliorated the endocrine, metabolic alterations and relieved stress load along
with the resumption of regular menstrual cycles in women with oligo/amenorrhea (Table. 2).

It has been previously reported that approximately 44% of PCOS women are obese and an adipocyte-
derived hormone, adiponectin might be involved for the endocrine and metabolic derangements [33, 34].
Obesity increases the risk of co-morbidities associated with PCOS, such as impaired glucose tolerance and
type II diabetes mellitus, hyperlipidemia and hypoadiponectinemia. Orio et al., evaluated the levels of serum
adiponectin in a cohort of obese PCOS and revealed that adiponectin level was signi�cantly low in these
women [35]. Several other studies have reported that adiponectin level is signi�cantly low in PCOS women,
making them more susceptible to the likelihood of developing metabolic syndrome and future myocardial
infarction [36]. Another similar study by Panidis et al., found that PCOS women with the BMI greater than 25
kg/m² had low serum adiponectin level when compared to the women with BMI less than 25 kg/m² [37].
Currently, to the best of our knowledge there is no available literature on the effects of resveratrol alteration
of serum adiponectin level in PCOS women. However, Mousavi et al,. analyzed the effects of resveratrol on
body weight, body mass index and waist circumference in obese adults and revealed a notable reduction in
the weight parameters [38]. Le Donne et al., reported a remarkable depletion in the body weight, BMI, waist
and hip circumferences while treating obese PCOS women with 4 grams per day of myoinositol for three
months [39]. Here, we included only obese PCOS women with the BMI greater than 30 kg/m² and their
serum adiponectin level were found signi�cantly low. The current �nding is in agreement with those of
Tschritter et al., [40] and Pangaribuan et al., [41] who reported that adiponectin can be suppressed by
increased body fat. Furthermore, the current study shows that combined treatment with resveratrol and
myoinositol signi�cantly augmented serum adiponectin level along with the remarkable reduction in BMI,
waist and hip circumference and waist to hip ratio when compared to metformin and pioglitazone arm-1
participants (Table. 1 and Figure. 2).

Subsequent studies have reported that PCOS, in addition to the reproductive dysfunction is also associated
with the broad range of metabolic and endocrine derangements [42–44]. Several researchers have
delineated the hormonal disorders such as raised circulating levels of androgens and hyperinsulinemia as
well as the increased secretion of gonadotropins, as the key aspect of PCOS etiology [45, 46]. Ovarian
hyperandrogenism in PCOS is mainly attributed to an inherent steroidogenic defect of theca cells [47]. The
�rst clinical trial by Banaszewska et al., evaluated the effects of resveratrol 1500 mg per day on PCOS
patients and reported a signi�cant decline in serum testosterone and DHEAS levels through the melioration
of insulin resistance [48]. Interestingly, Bahramrezaie et al., reported a signi�cant reduction in serum LH and
testosterone in PCOS affected women with the use of resveratrol 800 mg per day for a 40 days period [49].
Pizzo et al., evaluated the effects of myoinositol on endocrinological PCOS aspects and reported a
signi�cant depreciation of LH, LH/FSH ratio and serum testosterone level [50]. In a study by Genazzani et
al,. plasma LH, testosterone, insulin levels and LH/FSH ratio signi�cantly reduced after 12 weeks of
myoinositol administration [51]. Effects of resveratrol and myoinositol on hormonal pro�le of PCOS have
been checked separately in different studies. However, to the best of our knowledge no study has reported
the combined effect of resveratrol and myo-inositol hitherto. In the present study where both the drugs were
combined, we found signi�cant amelioration of the metabolic, endocrine response as previously reported
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studies, however, our results were astonishing in the sense that the combination therapy signi�cantly
enhanced most of the clinical and biochemical parameters compared to the standard drug regimen.
Moreover the present study also delineated the signi�cant lessening in the dermatological manifestations
associated with the hormonal malfunctions, including hirsutism (FG scores <0.001) and acne scores (Table.
2).

The massive disappointment for women with PCOS is their inability to conceive as it is considered to be the
most common cause of anovulatory infertility [52]. Oligomenorrhoea/ anovulation is a major clinical
concern and is present in 70–80% of women with PCOS [53]. Several studies suggest that the hormonal
imbalance associated with PCOS might be the cause of subfertility issue [54]. The effect of resveratrol has
been insu�ciently studied on the abnormal menstrual cycles in PCOS. Benrik et al., while evaluating the
effects of resveratrol in rats with androgen-induced PCOS, reported signi�cant enhancement of menstrual
cycles [55]. Mansour et al., recently reported improved menstrual irregularities with the use of natural
resveratrol 1gram, once daily for the three months duration [56]. Papaleo et al., evaluated the effects of
myoinositol 2 grams per day on the menstrual irregularity in PCOS and demonstrated restoration of
spontaneous ovulation and menstrual cycles [57]. The present results are in line with other studies,
reporting a signi�cant reduction in the volumes of both the ovaries and normalization of menstrual cycles.
Interestingly, in our study regular menstruation was restored in 84.1% (Table.2) in combined resveratrol and
myoinositol group along with the substantial depletion in the ovarian volumes (Figure. 4).

Insulin resistance and the associated compensatory hyperinsulinemia are frequently observed dysfunctions
in PCOS [58]. Women with PCOS are insulin resistant and are at higher risk of glucose intolerance which
may lead to crucial metabolic consequences with an increased possibility of developing type II diabetes
mellitus [59]. Ortega et al., suggested that resveratrol has been observed to have antidiabetic effect [60].
Hoseini et al., investigated the effects of 500 mg per day resveratrol for 4 weeks on the metabolic status of
the type II diabetic patients and reported signi�cantly reduced levels of insulin and HOMA-IR score [61]. The
effect of resveratrol on the regularization of insulin sensitivity has been reported previously [62, 63]. Talbott
et al., proposed periodic screening of PCOS women for the timely detection of diabetes [64]. Costantino et
al., performed a double-blind trial in which 23 insulin resistant PCOS women were treated with 4 gram once
daily of myoinositol for 12 weeks that resulted in a signi�cant reduction in the circulating insulin levels and
improved glucose tolerance [65]. A similar study by Fruzzetti et al., reported that myoinositol is effective in
diminishing serum insulin levels [66]. Our study is similar to the above stated studies where we observed a
signi�cant reduction in serum insulin levels in both the arms but reduction was statistically signi�cant in
arm-2 participants (Figure. 3).

Increased rates of stress, anxiety and depression in PCOS affected women are irrefutable throughout the
literature [67–69]. Several studies suggest that PCOS women exhibit up to four fold increased risk of
depressive symptoms and six fold risk of anxiety symptoms compared with normal women [68, 70, 71]. The
observations made in a recent study by Tianyao et al., indicated that resveratrol administration alleviated
the anxiety and depression like symptoms in ovariectomized rats [72]. The potency of resveratrol in treating
depression and anxiety was con�rmed by several other studies [73, 74]. Here, in this study we used Cohen’s
perceived stress scale to evaluate perceived stress response in PCOS women and revealed signi�cant
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reduction in PSS scores in participants given combined resveratrol and myoinositol for 12 weeks (Figure.
5).

This study, to the best of our knowledge is the �rst of its kind, assessing the e�cacy of 12 weeks
supplementation with combined resveratrol and myoinositol while addressing multiple outcome variables
in women with PCOS. This randomized, double-blinded trial reports that the extent of betterment in the
metabolic, endocrine alterations and stress burden observed in the PCOS affected women in response to
combined resveratrol and myoinositol supplementation is comparable to or more pronounced than that
observed in response to the combined use of metformin and pioglitazone.

The most important limitation to this study was that there were no separate groups to evaluate the e�cacy
of resveratrol and myoinositol alone on the altered parameters in PCOS affected women.

In order to con�rm our data and to make it more obvious that the above-stated combination regimen can be
recommended in the clinical situation, further randomized clinical trials with extended duration are
warranted to be carried out in women with PCOS. The �ndings of this study could have public health
importance and clinical implications for high risk PCOS women.

Conclusion
The data reported for the combined resveratrol and myoinositol supplementation (2 grams each for 12
weeks) is encouraging and offers therapeutic option to the �rst line treatment in PCOS women. The study
conclusively proves that this combination therapy has a de�nitive role in relieving the clinical, endocrine,
metabolic malfunctions and stress burden in PCOS. Therefore, further studies are needed to con�rm these
results; it could be considered potential therapeutic alternative to traditional drugs, without noticeable
effects.
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Tables
Table.1. Paired sample t-test comparing the anthropometric, endocrine and metabolic parameters in PCOS
before and after three months of treatment with Metformin + Pioglitazone and Resveratrol + Myoinositol.
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                                           Metformin + Pioglitazone                              Resveratrol + Myoinositol

Variable                    Baseline                After 12 weeks                    Baseline                 After 12 weeks            
  

                                            

                                            (n=55)                           (n=44)        P               (n=55)                         (n=44)            
P

Anthropometric features

Weight (Kgs) 80.07 ±
11.329

80.51 ±
10.746

.264 85.75 ±
13.650

80.32 ±
12.232

<0.001

BMI (kg/m2) 33.10 ±
4.676

33.20 ±
4.385

.575 33.86 ±
4.527

31.48 ±
4.100

<0.001

SBP (mmHg) 123.98 ±
7.438

122.80 ±
5.424

.247 125.80 ±
6.984

121.89 ±
5.772

.002

DBP (mmHg) 79.66 ±
6.138

80.27 ±
5.808

.453 82.16 ±
7.021

77.50 ±
5.757

.001

Pulse (mins) 72.25 ±
2.721

71.91 ±
1.939

.423 74.45 ±
4.151

72.43 ±
1.771

.008

FG score  13.41 ±
3.405

12.34 ±
3.660

.010 13.36 ±
1.844

10.32 ±
1.667

.008

Waist (cm) 104.89 ±
11.479

105.23 ±
10.877

.430 105.95 ±
12.588

97.84 ±
11.936

<0.001

Hip (cm) 112.18 ±
10.289

112.64 ±
10.070

.265 116.09 ±
11.775

111.98 ±
11.143

<0.001

WHR .9295 ±
.03976

.9293 ±.
05055

.954 .9070 ±
.05219

.8580 ±

.05179
<0.001

 

Hormonal pro�le

FSH (mIU/ml) 6.580 ±
3.7045

7.179 ±
3.9725

.108 8.165 ±
4.2058

6.116 ±
2.3005

<0.001

LH (mIU/ml) 9.875 ±
6.3230

8.848 ±
3.3331

.209 14.753 ±
6.0492

9.045 ±
3.2399

<0.001

Testotosterone* (ng/ml) 1.00 (0.73-
1.38)

1.22(0.80 –
1.85)

.193 0.65(0.55-
0.77)

0.37(0.27-
0.51)

<0.001

 Metabolic parameter

Insulin* (μIU/ml) 21.53(16.95-
27.35)

23.17(18.55-
28.94)

.565 40.43(30.4-
53.6)

25.57(18.9-
34.5)

.002
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Data for the continuous variables is presented as mean ± standard deviation. P value shows the difference
between the two groups before and after treatment.  BMI; body mass index,  SBP&DBP; Systolic and
diastolic blood pressure, WHR; waist hip ratio, LH; luteinizing hormone, FSH; follicle stimulating hormone,
PSS; perceived stress scores, *log transformed for analysis, values presented as geometric mean
(con�dence interval)

Table.2. Chi-Square test comparing basal characteristics of the participants included in the study and their
response to the treatment regimens in the two treatment arms based on menstrual irregularity and acne. 

                                                           
               

     Metformin +
  

     Pioglitazone
 

 
 

      Resveratrol +
  

      Myoinositol   
     

    Chi-Sq

      n=        % within

                 group
      

  n=             %
within 

                   
 group   

      Total p=

Menstrual Irregularity B

Regular

Irregular 44 100% 44 100% 88 100%

Menstrual Irregularity After

Regular 11 18.2% 37 84.1% 48 51.1% 0.001

Irregular 36 81.8% 7 15.9% 43 48.9%

Acne Before

No 20 38.6% 30 68.2% 50 53.4% 0.10

Yes 27 61.4% 14 31.8% 41 46.6%

Acne After

No 22 43.2% 40 90.9% 62 67% <0.001

Yes 25 56.8% 4 9.1% 29 33%

                     

Figures
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Figure 1

Shows the �ow diagram of the trial from recruitment to the end of the 3 months of treatment with
combined metformin + Pioglitazone and Resveratrol + Myoinositol
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Figure 2

PCOS decrease adiponectin level and treatment with combined resveratrol and myoinositol increases
adiponectin level in women with PCOS. A. Experimental design: Red circle represents baseline value; Blue
triangle represents conventional arm-1, Metformin + Pioglitazone; green triangle represents interventional
arm-2, Resveratrol + Myoinositol; triangles facing upward & downward represent increase and decrease
respectively B. Prior to the treatment adiponectin levels are low in both the study arms. Treatment with
resveratrol and myoinositol noteworthy increased the serum adiponectin level (p=<0.001). No signi�cant
improvement was seen in Metformin and Pio arm (p=0.15)
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Figure 3

Serum insulin level is increased due to insulin resistance in PCOS affected women. The baseline serum
insulin level was high in both the arms. A signi�cant diminution in the level of serum insulin was observed
in the Resveratrol and myoinositol treated women (p=0.002). No signi�cant reduction was observed with
the metformin and pioglitazone treatment (p=0.565).
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Figure 4

Ovarian volume in PCOS is increased due to multiple cysts. A. The baseline right sided ovarian volume was
extremely high in both the treatment arms. Treatment after 12 weeks with resveratrol and myoinositol
signi�cantly reduced the ovarian volume in the right ovary (p<0.001). The reduction was not signi�cant in
the metformin and Pioglitazone treated participants (p=0.60); B. the baseline, left sided ovarian volume was
extremely high in participants of both the treatment arms. Treatment after 12 weeks reduced the volume in
both the arms but the reduction in the left ovary was highly signi�cant in the resveratrol and myoinositol
arm (p<0.001) when compared to the metformin and pioglitazone arm (p=0.04). 
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Figure 5

Shows the stress scores at baseline and after 12 weeks treatment in the Metformin + Pioglitazone and
resveratrol + Myoinositol arm. Post treatment shows the signi�cant alleviation in the Resveratrol +
Myoinositol arm (p<0.001). No signi�cant reduction in Metformin + Pioglitazone arm (p=0.71).


