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Background: Polycystic ovarian syndrome (PCOS) is an endocrinological disease of women of the
reproductive age group. The study aimed to compare the efficacy of Myo-inositol and folic acid
with and without D-chiro-inositol in the improvement of symptoms of PCOS within 4 months for the
evaluation of the most effective therapeutic regimen.

Methods: This Quasi-experimental study was conducted at Gynecology & Obstetrics OPD of two
Private Healthcare Hospitals in Sialkot from February 2024-June 2024. The Rotterdam criteria (2003)
was used for diagnosis of PCOS in non-pregnant women aged between 18-35 years. A total of 90
PCOS patients (45 in each group) were enrolled using a purposive sampling technique and
distributed info two treatment groups. Group A received MI 2000 mg + DCI 50 mg + FA 200 mcg while
Group B received MI 2000 mg + FA 200 mcg BD, after meal, for 17-18 weeks. Patients’ menstrual
cycle history, BMI, fransabdominal-ulirasonographic picture, and serum total testosterone levels
were evaluated at Day 0, 60, and 120 to compare these measurements before and after initiation
of treatment. SPSS was used to analyze the data. Independent samples t-test and Repeated
measures ANOVA were used to analyze the data. P-value < 0.05 was considered statistically
significant.

Results: After the intervention, body mass index (kg/m?), serum total testosterone levels (ng/dl), and
follicular number per ovary decreased, with Group A demonstrating better performance with
p-values 0.03, 0.04 and < 0.001 respectively. Both groups exhibited increased follicular size in both
ovaries and decreased ovarian volumes. By Day 120, menstrual cycle regularity was more
pronounced in Group A than in Group B (1.00 £ 0.00 and 1.13 + 0.34 respectively, p-value <0.001.

Conclusion: Myo-inositol + D-chiro Inositol + Folic acid and Myo-Inositol + Folic acid showed a
change in the studied variables, however, Myo-inositol + D-chiro Inositol + Folic acid demonstrated
more efficacy in alleviating PCOS symptoms compared to Myo-Inositol + Folic acid.
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INTRODUCTION

Polycystic ovarian syndrome (PCOS) is an endocri-
nological disorder of women of the reproductive
age group with a high prevalence rate in young
women'. Several diagnostic criteria for PCOS have
been proposed of which the 2003 Rotterdam Crite-
ria was widely used and practiced, according to
which the diagnosis of PCOS could be confirmed if
at least two of the following three criteria were
present: (1) Evidence of oligo-amenorrhea; (2)
Hyperandrogenism; (3) Ulfrasonographic picture
showing polycystic ovarian morphology (PCOM)2. In
Pakistan, scanty work was available on this method,
and experimental trials were needed.

It had been observed that the longer the symptoms
of PCOS the higher the chance of developing meta-
bolic syndrome, and, if left untreated, would
increase the risk of development of impaired fasting
glucose level, central obesity, dyslipidemia, hyper-
tension, especially in women with waist to hip ratio
of >0.87%%. The treatment options for PCOS were
often limited especially in Pakistan, although it is a
prevalent endocrinological disorder, hence the
need for effective therapies. Inositol, particularly
Myo-Inositol (MI) and D-chiro Inositol (DCI), have
been shown to alleviate symptoms of PCOS, includ-
ing menstrual irregularity, hyperandrogenism, and
insulin sensitivity but limited evidence was available
and additional research was required that directed
the comparative efficacy of Myo-Inositol (MI) +
D-chiro Inositol (DCI) + Folic acid (FA) vs Myo-Inositol
(Ml) + Folic acid (FA) as a freatment opftion for
PCOS¢*®

By conducting this study, aimed to confribute
valuable evidence to the existing body of knowl-
edge regarding the comparative effectiveness of
two different freatment modalities (Ml + DCI + FA
and Ml + FA) to alleviate symptoms of PCOS, and to
identify whether one treatment was more effective
than the other, hence giving a more personalized
and targeted treatment strategy and assessing the
potential benefits of adding FA fo Ml or FA to MI +
DCI. The most important aim was to give clinically
relevant outcomes for better-informed PCOS man-
agement in Pakistan.

A study conducted stated that the physiological
concenfrations of Ml and DCI in different fissues
differed. In PCOS patients, epimerase activity was
reduced due to insulin resistance in most PCOS
patients, and it was observed that a 40:1 concentra-
tion of Ml and DCI was effective in managing PCOS
in overweight and obese women, where DCI's role
was reduction in peripheral hyperinsulinemia and
regulation of ovulation by MP.
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METHODS

This quasi-experimental research was carried out atf
Gynecology & Obstetrics OPD of two Private Health-
care Hospitals, in Sialkot, from February 2024-June
2024, with ethical approval dated 2" February 2024
and ref no: NA. Purposive sampling, a type of
non-probability sampling'®. The total sample size was
N=90, where participants were allocated into two
groups, ‘A’ and ‘B’, each comprising 45 females.
Inclusion criteria was non-pregnant women of repro-
ductive age between 18-35 years, as per the 2003
Rotterdam criteria, two out of following three condi-
tions must be met to declared PCOS patients: (a)
Evidence of oligomenorrhea or amenorrhea (men-
strual cycles of >35 days apart or <8 menses a year),
(b) Hyperandrogenism i.e., elevated serum festos-
terone levels, (c) Ultrasonographic picture of
polycystic ovaries, defined as either 212 follicles
measuring 2-9mm and/or an ovarian volume of 210
cm?®in at least one ovary. Rest were excluded.

Group A received Myo-Inositol 2 grams + D-chiro
Inositol 50 mg (at the ratio of 40:1) + Folic acid 200
mcg BD after meal''2. Group B (Ml + FA Group):
Participants received Myo-Inositol 2 grams + Folic
acid 200 mcg BD after meal. Serum total testoster-
one (TT), using TT kit by Roche Diagnostics13. Trans-
abdominal-ulfrasonography  diagnosed ovarian
morphology that showed either 212 follicles measur-
ing 2-9 mm and/or an ovarian volume of 210 cm3 in
atf least on ovary14. Body Mass Index was calculat-
ed as weight (kg) divided by height (m?)!5. Menstrual
Cycle History Menses per month or menses per
year'é. These variables were reported at 3 different
intervals, i.e., Day 0, Day 60, and Day 120. Data anal-
ysis was conducted using SPSS 26.0 software for
Windows'”. Mean + SD was used o represent quanti-
tative data. Independent t-test and repeated meao-
sure ANOVA were applied. P-value < 0.05 was
considered stafistically significant.

RESULTS

The mean ages of Group-A of 26.44 years £3.28 SD
and Group-B of mean 26.58 years £3.27 SD were
almost identical, with very similar variability and
standard deviation suggesting that the age distribu-
tion of the two groups was nearly the same as
illustrated in Table 1 below.

The average marital status (coded numerically) for
Group-A of mean 1.64 +0.48 SD and Group-B of
mean 1.60 £0.49 SD were also very close, indicating
that the marital status distribution was similar across
both groups. The small SD suggested that majority of
the participants in both groups had similar marital
status, indicating similarity between the two groups
in respect to marital stafus.
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Table 1 Descriptive Analysis of Demographic Characteristics

Variables Group-A (Mean 1SD) Group-B (Mean 1SD) p-value
Age (Years) 26.44 (3.28) 26.58 (3.27) 0.85
Marital Status 1.64 (0.48) 1.60 (0.49) 0.39

*p-value of <0.05 indicated statistical significance, while p-value of >0.05 indicated non-significance

Figure 1 below represented a line graph showing the estimated marginal means of BMI over the
three days for two different treatment groups (Group-A and Group-B), where the normal range of
BMI (kg/m?): 18.5-24.5 kg/m? whereas above normal BMI: = 25 kg/m?18.
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Figure 1: Estimated Marginal Means of Body Mass Index (kg/m?)
Note x-axis: Days (Day 0, Day 60, and Day 120); y-axis: Estimated Marginal Measure of BMI kg/m?

Table 2 and Table 3 provided detailed breakdown of how each variable changed over the
course of days in both groups, i.e., Group-A and Group-B

Table 2: Comparison of Outcome Variables at day 0, day 60 and day 120 for Group-A

. Day 0 Day 60 Day 120 .
e (Mean SD) (Mean *SD) (Mean *SD) p-value
Body Mass Index (kg/m?) 25.66 + 3.22 25.41 +3.08 24.90 +2.93 <0.001
?fg;gumm' Testosterone 81.68+389 |7924+379 | 7533+423 <0.001
?’:'F‘%")Of Number PerOvary | 43904077 | 1003+221 | 591 +2.40 <0.001
'(Eron”rirf)u'gr SizeinRightOvary | 5 66 4 3 39 1247 +347 | 1824 +528 <0.001
Fg'rf)u'or Size in Left Ovary 7.70 +3.26 13004395 | 19.69 + 4.42 <0.001
Ovarian Volume of Right 1756+ 688 | 13974626 | 9.77+4.39 <0.001
Ovary (ml)
ian Vol apst

(C;:I‘)“”o” olume of LeftOVary | 10041143 | 14484620 | 1048 +3.55 <0.001
Menstrual Cycle Regularity 1.73+0.44 1.11 £0.31 1.00 £ 0.00 <0.001

*p-value of <0.05 indicated statistical significance, while p-value of >0.05 indicated non-significance
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Table 3: Comparison of Outcome Variables at day 0, day 60 and day 120 for Group-B

. Day 0 Day 60 Day 120 _

BT VT ol E (Mean 1SD) (Mean 1SD) (Mean 1SD) B
Body Mass Index (kg/m?) 2693298 | 26744290 | 26,53 %291 <0.001
?:g;gumo' Testosterone 81.640+510 | 8044+4.44 | 7974+ 4.42 <0.001
(F;ﬂfg)or NumberPerOvary | 1ha71046 | 11184237 | 880+207 <0.001
(Fr‘::frf)u'or Size inRight Ovary | g 14+ 404 11874474 | 1807+3.11 <0.001
(Fr‘:frf)u'or Size in Left Ovary 7324296 11894416 | 15.86+3.90 <0.001
Ovarian Volume of Right 1689+583 | 14055220 | 11.99+403 <0.001
Ovary (ml)

%T”O” volume of LeftOvary |- 1 g16 | 14432521 12.60 + 4.47 <0.001
Menstrual Cycle Regularity 1.82 £0.38 1.49 £0.50 1.13+£0.34 <0.001

*p-value of <0.05 indicated statistical significance, while p-value of >0.05 indicated non-significance

Table 4 provided results of comparison all dependent variables of two groups, Group-A and
Group-B, with mean values and standard deviation (SD) for each variable, along with correspond-

ing p-values to assess statistical significance.

Table 4 Comparison of Outcome Between Two Groups

. Group-A Group-B

Outcome Variable (Mean SD) (Mean SD) p-value
Body Mass Index (kg/m?) 24.90+2.93 26.53 +2.91 0.03
Serum Total Testosterone (ng/dL) 75.33 £4.23 79.74 + 4.42 0.04
Follicular Number Per Ovary (FNPO) | 5.91 +2.40 8.80 + 2.07 <0.001
Follicular Size in Right Ovary (mm) 18.24 £+ 5.28 18.07 £3.11 0.99
Follicular Size in Left Ovary (mm) 19.69 +4.42 15.86 + 3.90 <0.001
ﬁnvl?”c’” Volume of Right Ovary 9.77 + 439 11.99 + 4.03 0.59
Ovarian Volume of Left Ovary (ml) 10.48 + 3.55 12.60 + 4.47 0.96
Menstrual Cycle Regularity 1.00 £ 0.00 1.13+£0.34 <0.001

*p-value of <0.05 indicated statistical significance, while p-value of >0.05 indicated non-significance

DISCUSSION

The two groups were comparable and balanced in
the demographic aspects, which was important for
ensuring that any observed effects were not due to
dissimilarity in these variables’. Married women
were those who were married 6 months to 1 year
before the start of the study. These women visited
the hospital and became a part of the study mainly
due to complaints of having no issues/subfertility.
Unmarried women with PCOS were mainly those
who presented with complaints of menstrual irregu-
larity.

Both groups experienced a decrease in BMI over
the three days, with Group-B starting and ending
with higher values compared to Group-A. These
findings were consistent with a study in 2020 where
they conducted a 12-week retrospective study on
PCOS women and observed that obese women
experienced a meaningful reduction in body
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weight?,

Table 2 and Table 3 outlined the changes in
variables for Group-A and Group-B over three-point
times: Day-0, Day-60, and Day-120. It was observed
that both groups experienced significant changes in
their mean values for each variable over the course
of the day observed, with p-value 0.00 for each
variable of both groups. These results were recog-
nized by a study in 2020 where Ml 550 mg + DCI 13.8
mg intervention (40:1) for 6 months in PCOS patients
with an average age of 26 was effective in increas-
ing follicular size, maturation of follicles, and ovula-
tion in obese PCOS patients?'.

Table 4 above illustrated a comparison of the means
and SD of each variable outcome between the two
groups i.e., Group-A and Group-B. Group-A had a
mean BMI of 24.90 (£2.93 SD), while Group-B had a
higher mean BMI of 26.53 (+2.91 SD). The difference
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was statistically significant with a p-value of 0.03,
suggesting that Group-A had a lower BMI by the
end of the study compared to Group-B. These results
correlate with a study in 2024 where participants
observed meaningful reduction in BMI, aged 17 - 19
years, who received 2000mg Myo-Inositol + 200mcg
Folic acid + a-lactalbumin BD for 3 months?2,

The mean serum TT of Group-A was 75.33 ng/dl with
+4.23 SD compared to 79.7 ng/dl with £4.42 SD of
Group-B which presented that Group-A had lower
mean serum TT by the end of the study compared to
Group-B. These results aligned with a study in 2024
where PCOS patients aged 20-40 years received
1100mg MI + 27.5 mg DCI + 400mcg Folic acid (40:1)
once a day for 3 months, without any diet or lifestyle
intfervention, and showed a meaningful decrease in
serum total testosterone levels®.

The findings of FNPO were consistent with a study in
2022 where studied subjects received 2000mg Ml +
400mcg FA once a day for six months and showed
(p<0.05) improvement in the ultrasonographic
picture®.

The follicular size in the right ovary and both ovarian
volumes were very similar between the groups, with
p-value of 0.99 for right follicular size, 0.59 for right
ovarian volume and 0.96 for left ovarian volume,
suggesting similarity between the two groups for
these two variables. These findings were inconsistent
with a study in 2017, where they found out that 40:1
MI+ DCl was better in restoring follicular size, ovarian
volumes and ovarian functions, with desirable
outcomes, compared to Ml and DCI alone?®. The
inconsistency in results was probably due to genetic,
environmental, or local health factors. A study
conducted in 2019 investigated seven different
ratios of two different stereocisomers of Inositol, where
24 PCOS women received 2 grams of Ml in powder
form and 26 received MI + DCI combination with
dosage MI 550 mg and DCI 13.8 mg in soft-gel
capsule form for 6 months?. Post-treatment, it was
concluded that 40:1 of Ml and DCI was the most
effective combination at normalizing observed
parameters in overweight patients of PCOS after
three months of treatment.

The left ovarian follicular size of Group-A was 19.69
mm with SD +4.42 compared to 15.86 mm with SD
+3.90 in Group-B. It indicated that Group A had
larger left ovarian follicular size by the end of the
study compared to Group-B. These findings were
consistent with a study in 2023 where they stated
that Ml and DCI were effective in improving the
metabolic and hormonal profile of PCOS women
and improving ovarian functions?.

Changes in menstrual cycle regularity over time
were also observed. Dissimilarity (p=0.00) in menstru-
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al cycle regularity in the two groups was noted, with
Group A showing more regularity than Group B by
Day 120. These findings were supported by a study in
2022, where 550 mg Ml + 150 mg DCI was enough to
restore spontaneous menstrual cycle in PCOS
women aged 20-45 years?,

As with any study, this research had certain limita-
tions. The study duration of 17-18 weeks might not be
enough to observe the long-term effects of these
freatments in alleviating PCOS symptoms, especially
considering that hormonal and metabolic changes
often require more extended periods to manifest
fully, but this study was an M.Phil. thesis research and
time available was four months which is a minimum
allowed period of their research study.

The fact that 7 to 8 patients did not return for
follow-up visits posed limitation. The dropout rate
reduced the sample size, diminishing the study’s
statistical power and potentially skewing the results.
As discussed by a study in 2022, dropout is a
common occurrence varying between 12 to 47 %,
and if the dropouts were nof random (e.g., related
to adverse effects or lack of perceived efficacy), it
could introduce bias into the study, affecting the
validity of the findings?.

Recommendations for future research were that
since this was a self-sponsored study, efforts should
be made to get financial support from some
agency to carry out detailed study. Future studies
should also focus on long-term safety and adher-
ence to the treatments, particularly if the interven-
tions are infended for extended use.

CONCLUSION

In conclusion, 2000 mg MI + 50 mg DCI + 200 mcg FA
demonstrated superior efficacy compared to 2000
mg Ml + 200 mcg FA in improving the studied
outcomes, and should be the preferred therapeutic
option for non-pregnant women of reproductive
age group with PCOS, which would aim to restore
spontaneous menstrual cycle, ovarian function, and
reduce BMI serum total testosterone levels.

LIST OF ABBREVIATIONS
Notation Description
ANOVA Analysis of Variance
BD Twice a Day
BMI Body Mass Index
Cl Confidence Interval
cm? Cubic centimeters
DCI D-chiro Inositol
FA Folic Acid
FSH Follicular Stimulating Hormone
FNPO Follicular Number per Ovary
kg Kilogram
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kg/m? Kilograms per square meter

LH Luteinizing Hormone

mcg Micrograms

mg Milligrams

mm Millimeters

Ml Myo-Inositol

N Total sample size

ng/dl Nanograms per deciliter

PCOS Polycystic Ovarian Syndrome

SD Standard Deviation

Serum TT Serum Total Testosterone Level

PSS S’rqﬁsﬂcol Package for Social

Sciences

UsG Ultrasonography or Ultrasound
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