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ABSTRACT

Background: Although there were several clinical studies available, there was a dearth of studies among clinicians in
actual practice. So, this study seeks to gather expert perspectives on protein supplementation and the management of
polycystic ovary syndrome (PCOS) among women, with a special focus on the myo-inositol and D-chiro-inositol
combination in Indian settings.

Methods: This cross-sectional study was conducted using a 24-question multi-response questionnaire directed at
clinicians. The survey explored practices and opinions on protein supplementation, including frequency, target
populations, nutritional status, and timing. It also investigated PCOS prevalence, symptoms, types, treatment
recommendations, and dietary adjustments. The perceived effectiveness of myo-inositol and D-chiro-inositol
combinations, particularly in conjunction with hormonal therapy and in vitro fertilization (IVF), was assessed. Data
were analyzed using descriptive statistics.

Results: Most clinicians (96.59%) identified pregnant or lactating women as the primary group requiring protein
supplementation, with 72.73% recommending 26 grams per day. Nearly 95% reported PCOS was commonly diagnosed
in women aged 18 to 44 years, and 72% noted that insulin resistance PCOS was more prevalent. Infertility was cited as
the main impact of unmanaged PCOS by 67% of respondents. Approximately 43% of clinicians found the myo-inositol
and D-chiro-inositol (40:1 ratio) combination to improve PCOS treatment significantly. Additionally, 40% of the
experts reported that the supplementation enhances ovarian function, 31% noted improved menstrual cycle
regularization, and 77% reported benefits in ovulation, folliculogenesis, and egg quality when combined with I\VF.
Conclusions: This study highlighted the importance of protein supplementation for pregnant and lactating women and
supports the myo-inositol and D-chiro-inositol combination as a beneficial treatment for PCOS.
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INTRODUCTION

Maternal undernutrition continues to be a significant
public health concern in many low- and middle-income
countries, where more than 20% of women are frequently
malnourished.!? According to the National Family Health
Survey (NFHS)-4, conducted by the Ministry of Health
and Family Welfare of India in 2015-16, 22.9% of the
women aged 15-49 are underweight, with a body mass
index (BMI) of <18.5 kg/m?. The states with the highest
percentages of malnutrition among women are Jharkhand

(31.5%), Bihar (30.4%), Dadra and Nagar Haveli (28.7%),
Madhya Pradesh (28.4%), Gujarat (27.2%), and Rajasthan
(27%).2

Nutritional supplementation has become an increasingly
prevalent strategy to address various health concerns and
enhance  overall  well-being among  women.*
Undernourished pregnant women are at an increased risk
for adverse pregnancy outcomes, including giving birth to
low birth weight and small for gestational age infants.
Providing balanced protein energy supplementation (i.e.,
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supplements in which protein provides less than 25% of
the total energy content) to undernourished pregnant
women has been shown to promote gestational weight gain
and improve pregnancy outcomes.® Studies have indicated
that providing women with supplements of over 2,920 kJ
(700 kcal)/day, during pregnancy, containing up to 25% of
energy as protein, can reduce the risk of having a low-
birth-weight baby by 32%.58

Polycystic ovary syndrome (PCOS) affects an estimated 8-
13% of reproductive-aged women, but up to 70% of those
affected may remain undiagnosed globally. PCOS is the
most common cause of anovulation and a leading factor in
infertility.® It is characterized by hormonal imbalances,
irregular menstrual cycles, and polycystic ovaries, and
often presents with symptoms such as insulin resistance
and obesity. The global prevalence of PCOS is estimated
to range between 4% and 20%, with approximately 116
million women (3.4%) affected worldwide, according to
data from the World Health Organization (WHO). In India,
the National Health Portal reports a prevalence rate of
22.5% in Maharashtra, while a study from South India,
which included adolescents, identified an incidence of
9.13%.1013

Managing PCOS requires a comprehensive approach that
addresses the metabolic and reproductive challenges
associated with the condition.® For effective management
of PCOS, both pharmacological and non-pharmacological
treatment approaches are vital. The target of PCOS
treatment strategies is to address insulin resistance,
oligoovulation, and hyperandrogenism.* According to the
International  Evidence-Based Guidelines for the
Assessment and Management of Polycystic Ovary
Syndrome, lifestyle modifications such as dietary
interventions are recommended as first-line therapy for
managing the metabolic complications of PCOS.%

In recent years, inositol has gained significant attention in
reproductive clinical practice due to its potential benefits
in managing PCOS. The therapeutic basis for using
inositol in PCOS is rooted in its insulin-sensitizing
properties and beneficial metabolic effects. Inositol is
classified as an insulin-sensitizing agent and is primarily
used as a chronic treatment for PCOS.'® There are two
main stereoisomers of inositol: myo-inositol and D-chiro-
inositol. Both function as insulin second messengers,
mediating different actions of insulin and thus improving
metabolic and ovulatory functions. Myo-inositol has been
shown to enhance oocyte energy status and quality, while
D-chiro-inositol is effective in rapidly reducing peripheral
hyperinsulinemia. The combination of these inositol
stereoisomers contributes to better management of
PCOS.16:17

Although there were several clinical studies available,
there was a dearth of studies among clinicians in actual
practice. So, this survey-based study seeks to gather expert
opinions on the preferences and practices for prescribing
protein supplementation in women’s health and the
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management of PCOS within Indian clinical settings, with
a particular emphasis on the use of myo-inositol and D-
chiro-inositol.

METHODS

We carried out a cross sectional, multiple-response
questionnaire-based  study among  gynecologists
specialized in treating PCOS patients in the major Indian
cities from June 2023 to December 2023.

An invitation was sent to leading gynecologists in
managing PCOS in the month of March 2023 for
participation in this Indian survey. About 88 gynecologists
from major cities of all Indian states representing the
geographical distribution shared their willingness to
participate and provide necessary data. Clinicians were
provided the option to skip any questions they did not wish
to answer and were instructed to complete the
questionnaire independently, without consulting their
colleagues. Prior to the initiation of the study, written
informed consent was obtained from all study participants.

The questionnaire booklet titled NURTURE (nutritional
supplementation for women health) study was sent to the
gynecologists who were interested to participate. The
NURTURE study questionnaire consists of 24 questions
on the use of protein supplementation for pregnant or
lactating women and the management of PCOS in women.
The survey explored practices and opinions on protein
supplementation, including frequency, target populations,
nutritional status, and timing. It also investigated PCOS
prevalence, symptoms, types, treatment recommendations,
and dietary adjustments. The perceived effectiveness of
myo-inositol and  D-chiro-inositol  combinations,
particularly in conjunction with hormonal therapy and in
vitro fertilization (IVF), was assessed. The study was
conducted after receiving approval from Bangalore Ethics,
an independent ethics committee which was recognized by
the Indian Regulatory Authority, Drug Controller General
of India.

Statistical analysis

The data were analyzed using descriptive statistics.
Categorical variables were presented as percentages to
provide a clear insight into their distribution. The
frequency of occurrence and the corresponding percentage
were used to represent the distribution of each variable. To
visualize the distribution of the categorical variables,
graphs, and pie charts were created using Microsoft Excel
2013 (version 16.0.13901.20400).

RESULTS

In this study, 41% of gynecologists reported prescribing
protein supplementation to 31-40% of women visiting
their clinics, while 38% recommended it to 21-30% of
their female patients. Most (96.59%) of the clinicians
stated that pregnant or lactating women are the most
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common category requiring protein supplementation
(Table 1). As reported by 44% of the clinicians, around 21
to 30% of pregnant women are malnourished. About 30%
of the respondents stated that they would advise protein
supplementation to 51 to 75% of pregnant or lactating
women.

Table 1: Distribution of response on the category of
women commonly requiring protein supplementation.

Category Response rate (n=88) |

Majority (95.45%) of the clinicians reported that PCOS is
usually diagnosed in women between the ages of 18 and
44 years of age (Figure 2). Around 63% of the respondents
reported that 21 to 30% of obese women have PCOS. As
stated by 78% of the respondents, the common complaints
noted in PCOS patients are irregular periods, excess facial
hair growth and acne, weight gain, and infertility.

Table 2: Distribution of response to the common type
of PCOS noted in women.

Pregnant/lactating women 96.59%
Elderly women 3.41% Insulin resistance PCOS 71.59%
Post-menopausal women 0% Hidden PCOS: thyroid 13.64%
Adolescent age 0% disease '
Inflammatory PCOS 11.36%
a0 Post-pill PCOS 2.271%
so% oy Deficiency of iodine 1.14%
_ 60% Adrenal PCOS 0%
E
fm Most of the clinicians (71.59%) reported that insulin-
e resistant PCOS is more common in women (Table 2).
g 30% Majority of the clinicians (62.5%) noted an increased
Z 20% . Iuteiniziqg hormone/folIigle-_st_imulating horr_noqe (LH/
10% . sar ass% 7.95% FSH) ratio to be the most significant hormonal indicator of
o5 . - = [ | PCOS. As reported by 67% of the participants, infertility
26gprotein  30gprotein  40g protein  50gprotein  Above 60g was the most common impact of unmanaged PCOS
[day /day Jday [day protein fday (Figure 3)
Figure 1: Distribution of response to the preferred a0%
amount of daily protein supplementation. 0% 67.05%
More than half (52.27%) of the participants indicated that ?m
less than 10% of neonates are born with birth defects due §5°%
to nutritional deficiencies. A significant proportion e
(72.73%) of the clinicians preferred recommending 26 g 3% 2150%
grams of protein per day to women in their clinical practice < a0%
(Figure 1). Almost 83% of the respondents indicated they 0% 682% I
advise protein supplementation with multivitamins and w Lk v e
minerals from the second trimester to six months of Type2  Infertiity Cardiovascular Obesity  Depression Increased
lactation. Around 26 to 50% of pregnant women are daberes uesse HFsHato

compliant with the supplementation, as reported by 53%
of the clinicians. Figure 3: Distribution of response to the most

common impact of unmanaged PCOS

Response rate (n = 88)

More than 50 yrs
(5%)

Table 3: Distribution of response to the effectiveness

of myo-inositol and D-chiro-inositol (40:1 ratio) in
‘ PCOS treatment.

No change 1.14%

Slight improvement 9.09%

Moderate improvement 22.73%

Obvious improvement 43.18%

Marked improvement 23.86%

According to 47% of the clinicians, high-sugar beverages
and foods should be avoided by PCOS patients. Around
42% of the clinicians recommended consuming more

Figure 2: Distribution of response to the age group of
patients diagnosed with PCOS.
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high-fiber foods in the daily diet of PCOS patients.
According to 43% of clinicians, between 11 to 20% of
women are aware of PCOS and its complications. Around
43% of the clinicians opined that the combination of myo-
inositol and D-chiro-inositol in a 40:1 ratio in PCOS
treatment shows obvious improvement (Table 3).

As reported by 40% of clinicians, the combination of myo-
inositol and D-chiro-inositol with hormonal therapy was
perceived to improve ovarian function while 31% of them
reported that it improves the regularization of the
menstrual cycle (Figure 4). More than half of the clinicians
(77.27%) reported that the advantages of myo-inositol and
D-chiro-inositol combination with IVF treatment promote
ovulation and improve folliculogenesis and oocyte quality
(Table 4).

Response rate (n = 88)

Prevent
complication
related to PCOS

(29%)

s

Figure 4: Distribution of response to the perspectives
on the advantages of myo-inositol and D-chiro-inositol
in combination with hormonal therapy.

Table 4: Distribution of response to the clinicians on
the advantages of myo-inositol and D-chiro inositol
combination with IVF treatment.

Advantages Response rate (n=88)
Promotes ovulation 3.41%
Improvement_ln 7.95%
folliculogenesis

Improves oocyte quality 11.36%

All of the above 77.27%

As reported by 69% of the clinicians, the preferred timing
for myo-inositol and D-chiro-inositol (Fertiplus) in IVF
was between 2 to 3 months before IVF. According to 48%
and 47% of the clinicians, the common complaints
reported in metformin therapy for PCOS patients are
gastrointestinal (Gl) disturbance and nausea and vomiting,
respectively. As opined by 30% and 27% of the clinicians,
the preferred methods for educating pregnant women on
nutrition are small group interactive sessions and mass
education through social media, respectively. Majority of
the respondents (76%) noted that the factor associated with
non-adherence to medication in PCOS patients was a lack
of patient education.
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DISCUSSION

The survey highlights the significant role of protein
supplementation in women’s health, particularly for
pregnant or lactating women. The positive feedback on the
myo-inositol and  D-chiro-inositol ~ combination,
particularly its benefits in IVF treatment, suggests its
potential as a valuable component of PCOS management
protocols.

The protein content in the supplements, considering the
overall diet, is a crucial factor affecting fetal growth.
Studies have demonstrated that providing balanced
protein-energy supplementation (constituting up to 20% of
energy as protein) to pregnant women with energy or
protein deficiency seems to enhance fetal growth, increase
birth weight (by 95-324 gm) and height (by 4.6-6.1 mm),
and reduce the percentage of low birth weight (by 6%).818
Another study suggested that increasing protein intake
during pregnancy and lactation can improve birth
outcomes and support maternal health by meeting the
physiological changes and demands of these stages.'®
Protein requirements during pregnancy, as determined by
the Institute of Medicine (IOM), are derived using a
factorial method that considers protein deposition and the
additional protein needed to support healthy weight gain.
In the first trimester, the additional protein need was
minimal at approximately 1 gm/day, with the estimated
average requirement (EAR) remaining the same as for
non-pregnant women at 0.66 gm/kg body weight (bw)/day.
During the second and third trimesters, protein needs
increase by an average of 21 gm/day, resulting in an EAR
of 0.88 gm/kg bw/day.?®? Kominiarek stated increased
protein requirements for pregnant (an additional 25
gm/day) and lactating women (an extra 15-20 gm/day),
emphasizing the importance of protein for maternal and
fetal health.?? This aligns with our present study findings.

In the present survey, majority of the clinicians reported
that PCOS was usually diagnosed in women of the age
group between 18 to 44 years. In line with this, Azziz et al
reviewed over 1,000 women with hyperandrogenism and
found that the majority of PCOS diagnoses were in women
aged 18 to 44 years, highlighting the prevalence of PCOS
among reproductive-aged women.? Dumesic et al in the
comprehensive review outlines the epidemiology of
PCOS, noting that it was most commonly diagnosed in
women of reproductive age, specifically between 18 and
44 years.®® In a clinical review by Goodman et al
emphasized that the disorder was typically diagnosed in
women between 18 and 44 years of age.?®

Most of the survey respondents reported that insulin
resistance PCOS was more common in women. Similarly,
Azziz et al reported that insulin resistance was a common
feature in PCOS, affecting approximately 50-70% of
women with the condition.?® DeUgarte et al indicated that
in patients with PCOS, the prevalence of insulin resistance
was 64% according to the homeostatic model assessment
(HOMA)-insulin resistance measurement, and patients
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with insulin resistance were more clinically affected.?®
Goodarzi et al. also confirmed the high prevalence of
insulin resistance in women with PCOS.%

The survey findings also emphasized infertility as the most
common impact of unmanaged PCOS. According to the
WHO, PCOS was the leading cause of infertility in
women.® Boomsma et al in a meta-analysis reported that
unmanaged PCOS significantly reduces fertility rates,
concluding that women with PCOS have lower pregnancy
rates and higher rates of miscarriage compared to women
without the condition.?® Kicinska et al also stated that
PCOS was the most common cause of infertility.? March
et al highlighted that PCOS affects about 12-21% of
women of reproductive age, underscoring that infertility
was a major issue, with many women seeking medical
assistance due to difficulties in conceiving. The study
indicated that anovulation and irregular menstrual cycles,
common in PCOS, were primary contributors to
infertility.

The present survey findings also highlight that the
combination of myo-inositol and D-chiro-inositol in a 40:1
ratio has shown significant improvements in the treatment
of PCOS. Both experimental and clinical studies suggest
that myo-inositol, either alone or combined with D-chiro-
inositol in this ratio (which reflects natural blood levels),
was promising for addressing the metabolic, hormonal,
and reproductive issues associated with PCOS, and for
restoring ovulation in hyperinsulinemic women,163%-33
Kalra et al concluded that this combination improves
ovarian function and menstrual cycle regularity in women
undergoing hormonal therapy for PCOS.3* Similarly,
Benelli et al indicated that the combined therapy of myo-
inositol and D-chiro inositol was effective in improving
endocrine and metabolic parameters in PCOS affected
women.* Colazingari et al in their randomized trial also
summarized that this combination contributes to enhanced
ovarian function and menstrual cycle regularity in women
undergoing hormonal therapy for PCOS.3¢

Most survey participants emphasized the benefits of
combining myo-inositol and D-chiro-inositol in IVF
treatment, noting its role in promoting ovulation,
improving folliculogenesis, and enhancing oocyte quality.
Clinical trials by Mohammadi et al reported that this
supplementation improved ovarian reserve and increased
pregnancy rates in women undergoing IVF, with notable
improvements in folliculogenesis and egg quality.” Zheng
et al concluded that myoinositol alone and in combinations
can increase the clinical pregnancy rate in infertile women
undergoing ovulation induction for intracytoplasmic
sperm injection (ICSI) or in vitro fertilization embryo
transfer (IVF-ET). This may improve the quality of
embryos, reduce the number of unsuitable oocytes, and
decrease the required amount of stimulation drugs.®
Merviel et al also indicated that myo-inositol was effective
in normalizing ovarian function and improving oocyte and
embryo quality in PCOS.*® Mendoza et al also concluded
that the combination of myo-inositol and D-chiro-inositol
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was more effective than either supplement alone in
improving ovulation rates and reproductive outcomes.*°

The results of the current survey could assist clinicians in
making informed clinical decisions and improving patient
care by integrating preferences and practices related to
protein supplementation and PCOS management in Indian
settings. The primary strength of the survey lies in its use
of a well-designed and validated questionnaire to gather
data from clinicians. However, several limitations should
be noted. The results may be biased due to their reliance
on expert opinion, and diverse perspectives among
clinicians could influence the outcomes. Additionally, the
survey may not fully account for emerging evidence or
evolving trends in PCOS management. These limitations
should be considered when interpreting the findings. To
address them, it was recommended to conduct prospective
trials or real-world observational studies to validate the
survey results and obtain a more comprehensive
understanding of optimal treatment approaches.

CONCLUSION

This study highlights the critical role of protein
supplementation for pregnant and lactating women. It also
underscored the significant benefits of combining myo-
inositol and D-chiro-inositol in PCOS treatment, showing
improvements in ovarian function and menstrual
regularity, especially when used with hormonal therapy.
Notably, this combination enhances ovulation,
folliculogenesis, and egg quality in IVF treatments,
demonstrating its value in improving reproductive
outcomes and ovarian health.
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