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Summary

Purpose of Investigation: The objective of this prospective controlled observational study was to evaluate the effect of myoinositol
supplementation on intracytoplasmic sperm injection (ICSI) outcome in Japanese infertile polycystic ovarian syndrome (PCOS) women
with non-obese less-androgenic phenotype, which is common in East Asia. Materials and Methods: The ICSI outcome in the first treat-
ment cycle under a flexible gonadotropin-releasing hormone antagonist protocol was compared between 25 PCOS women taking 4
g/day myoinositol + 400 pg/day folic acid (Myo/FA group) and 25 PCOS women taking 400 pg/day FA alone (FA Group). Results: The
total dosage of human menopausal gonadtropin was significantly lower in the Myo/FA group than in the FA group (p = 0.034). The num-
ber (p = 0.000029) and rate (relative risk 1.47, 95% confidence interval 1.43-1.50, p < 0.0001) of metaphase II oocytes and the num-
ber of fertilized oocytes (p = 0.0074) was significantly higher in the Myo/FA group than in the FA group. Conclusion: Myoinositol
supplementation is a safe and effective treatment modality to increase the mature and fertilized oocytes, along with a reduction in the

gonadotropin dose in ICSI cycles in Japanese infertile PCOS women with non-obese less-androgenic phenotype.
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Introduction

Inositols are a group of sugar alcohols, which are subdi-
vided into nine stereoisomers according to the positioning
of the hydroxyl group. The most abundant inositol
stereoisomer in mammalian cells is myoinositol
[(1R,2R,38S,4S,5R,6S)-cyclohexane-1,2,3,4,5,6-hexol],
which forms phosphatidylinositol with glycerol and fatty
acids in the plasma membrane. Myoinositol is capable of
modulating fat and lipid metabolic pathways involved in
the signaling-transduction cascade of insulin and serves as
a secondary transmitter of intracellular activity of follicle-
stimulating hormone. Myoinositol comprises up to 99% of
the total inositol amount in the human ovaries and is
thought to play a role in oocyte development, cortical gran-
ular exocytosis, polyspermy prevention, and meiosis re-
sumption [1].

Polycystic ovarian syndrome (PCOS) is a pathologic
condition characterized by chronic anovulation/oligo-ovu-
lation, hyperandrogenism, and ultrasonic polycystic ovar-
ian features. PCOS affects up to 10% of women of
reproductive age and is one of the common causes of fe-
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male infertility [2]. Studies found that the hyperactivity of
epimerase in ovarian theca cells in women with PCOS is
associated with a consistent myoinositol deficiency and is
responsible for anovulation/oligo-ovulation and low oocyte
quality in this pathologic condition [3, 4]. This theory is
supported by the positive correlation between the follicular
fluid myoinositol concentration and oocyte quality [5]. In-
deed, myoinositol supplementation is emerging as a prom-
ising tool to improve the ovulation disorders, oocyte
quality, and pregnancy outcome in infertile PCOS women
in Western countries [6].

PCOS has been known to display racial, ethnic, and ge-
ographical variations in its prevalence and phenotype. Stud-
ies demonstrated that Asian women have a lower
prevalence of PCOS compared to other populations. For
example, according to Rotterdam 2003 criteria, PCOS was
diagnosed in 16% of Danish women and in 21% of indige-
nous Australian women, whereas it was identified in 5.6%
of Chinese women and 6% of Sri Lankan native women [7-
10]. In addition, PCOS women in East Asian countries are
characterized by low body mass index and mild androgenic
phenotype, and the highest prevalence of metabolic syn-
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Table 1. — Demographics and baseline characteristics of infertile PCOS patients.
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Myo/FA group (n = 25)

FA group (n =25)

p value (RR, 95% CI)

Age (years, mean + SD) 32.1+£3.7 31.6 4.1 0.71
BMI (kg/m?, mean + SD) 20+16 224+28 0.56
Cigarette smoking habit (%) 4 0 >0.90
Alcohol drinking habit (%) 24 32 >0.90
Virilization (hirsutism, voice deepening, acne, clitoromegaly)(%) 0 0 >0.90
Gravidity (median and range, in parenthesis) 0 (0-1) 0 (0-1) >0.90
Parity (median and range, in parenthesis) 0 (0-1) 0 (0-1) >0.90
Basal follicular stimulating hormone value (IU/l, mean + SD) 5.6+£1.8 5.6+1.7 >0.90
Basal luteinizing hormone value (IU/l, mean + SD) 9.5+29 87+1.8 0.44
Basal prolactin value (ng/ml, mean + SD) 17.1£8.6 16.7+6.6 0.88
Antral follicle count (mean + SD) 15.5+4.0 143 +£3.8 0.30
Anti-Miillerian hormone value (ng/ml) 7.8+3.6 7.1+2.1 0.46

SD: standard deviation; RR: relative risk; CI: confident interval.

Table 2. — ICSI outcome of infertile PCOS patients.

Myo/FA group (n = 25)

FA group (n =25)

p value (RR, 95% CI)

Duration of controlled ovarian stimulation (days, median and range) 8 (8-10) 8 (8-11) >0.90

Total hMG dosage (IU) 1748 + 306 1937 +£298 0.034

Peak estradiol concentration (pg/ml, mean + SD) 3088 + 1067 3154 +£1320 0.85

Onset of moderate/severe ovarian hyperstimulation syndrome 0 0 >0.90

Total motile sperm counts 6.1 +2.4x10° 6.5+3.1 x 10° 0.55

Number of oocytes retrieved (mean + SD) 19.6+7.0 17.5+6.4 0.26

Number of metaphase II oocytes retrieved (mean + SD) 145+43 8.8+£43 0.000029

Metaphase II oocyte rate (%) 73.7% (362/491)  50.2% (219/436) < 0.0001 (1.47, 1.43-1.50)
Number of fertilized oocytes (mean + SD) 8.2+32 5.1+£2.8 0.000739

Fertilization rate (%) 56.9% (206/362)  58.4% (128/219) 0.49 (0.97, 0.90-1.05)
Number of morphologically good day-5 blastocysts (mean + SD) 3.6+2.4 24+22 0.083

Blastocyst rate (%) 43.2% (89/206) 46.9% (60/128)  0.096 (0.92, 0.83-1.01)

SD: standard deviation; RR: relative risk; CI: confident interval.

drome, which are distinct from those in other regions [11].

Few studies so far reported the supplementation and ef-
fect of myoinositol on infertile PCOS women in East Asia.
The aim of this prospective study was to investigate the
safety and effectiveness of myoinositol supplementation on
intracytoplasmic sperm injection (ICSI) outcome in Japan-
ese infertile PCOS women with non-obese less-androgenic
phenotype.

Materials and Methods

This was a prospective controlled observational study approved
by the Ethical Committee of the Institutional Review Board (Ap-
proval Number 2016-1) on February 28", 2017 and registered on
UMIN-CTR Japan (000026393) on March 4", 2017. The inclu-
sion criteria were as follows: PCOS women 24-40 years of age,
body mass index less than 25, and undergoing the first ICSI treat-
ment cycle due to male factor infertility. The exclusion criteria
were as follows: the presence of hydrosalpinx, advanced en-
dometriosis, uterine cavity distortion, and any endocrine and
metabolic disorders including virilization (hirsutism, voice deep-
ening, acne, and clitoromegaly), hyperprolactinemia, diabetes and
thyroid dysfunction. Under an informed consent, a total of 50
women were enrolled in the study.

Flexible gonadotropin-releasing hormone antagonist protocol
was adopted for controlled ovarian stimulation. Intramuscular in-
jection of 150-300 IU/day human menopausal gonadotropin

(hMG) was initiated on day 3 of the cycle. On the same day, 25
women initiated 4 g/day myoinositol plus 400 pug/day folic acid
supplementation (Myo/FA group), while 25 women took 400
pg/day folic acid alone (FA group). Subcutaneous cetrorelix ac-
etate injection was begun when a leading follicle reached a max-
imal diameter of 14 mm. On the day that two or more leading
follicles reached a maximal diameter of 18 mm, 5,000 IU human
chorionic gonadotropin was administrated intramuscularly. Trans-
vaginal ultrasound-guided oocyte pickup was performed 35-36
hours following human chorionic gonadotropin trigger. After
preincubation for 2-3 hours, the oocytes were subjected to cumu-
lus cell removal, maturation assessment, and ICSI. On the next
day, fertilization was confirmed by the presence of two pronuclei
[12]. The developing blastocysts were morphologically evaluated
according to Gardner’s scoring system [13].

The data sets were evaluated for normal distribution using 2
goodness-of-fit test and then compared using Student #-test, non-
parametric Mann-Whitney U test, or Fisher’s exact test. The dif-
ferences were considered as statistically significant when the
two-sided p value was less than 0.05.

Results

There were no significant differences in the demograph-
ics of the infertile couples including age, body mass index,
parity, and basal hormonal values (follicular stimulating
hormone and luteinizing hormone) between the Myo/FA
group and FA group (Table 1). Hyperprolactinemia was di-
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agnosed in two patients in the Myo/FA group and in one
patient in the FA group, and treated with oral cabergoline
administration (0.25 mg tablet, once per week) prior to the
initiation of the controlled ovarian stimulation/oocyte
pickup cycles. Ovarian reserve markers (antral follicle
count on cycle day 3 and serum anti-Miillerian hormone
value) were comparable between the groups. Any adverse
events including moderate-to-severe ovarian hyperstimu-
lation syndrome, virilization, and drop-out were not seen
in both groups.

While the duration of controlled ovarian stimulation and
peak estradiol concentration were similar between the two
groups (Table 2), the total dosage of h(MG was lower in the
Myo/FA group than in the FA group (1748 + 306 IU vs.
1937 £298 IU, p = 0.034). The number of oocytes retrieved
was similar between the two groups, whereas the number
(14.5+4.3 vs. 8.8 +4.3, p=10.000029) and rate (73.7% vs.
50.2%, relative risk 1.47, 95% confidence interval 1.43-
1.50, p < 0.0001) of metaphase II oocytes following cu-
mulus removal, were higher in the Myo/FA group than in
the FA group. All metaphase II oocytes were subjected to
ICSI in both groups.

The number of fertilized oocytes (8.2 +3.2 vs. 5.1 £2.8,
p = 0.0074) was also higher in the Myo/FA group than in
the FA group, although the rate of fertilization was compa-
rable between the groups (56.9% vs. 58.4%, relative risk
0.97, 95% confidence interval 0.90-1.05, p = 0.49). The
number (3.6 £2.4 vs. 2.4 +2.2, p=10.083) and rate (43.2%
vs. 46.9%, relative risk 0.92, 95% confidence interval 0.83-
1.01, p < 0.096) of morphologically good blastocysts
(Score 3BB or above on day-5 following ICSI) were simi-
lar between the groups.

Discussion

Myoinositol supplementation draws much attention in
the treatment and management of an-/oligo-ovulatory, and
infertile women with PCOS. Myoinositol supplementation
was found to improve metabolic and endocrine disorders
in PCOS patients by lowering serum luteinizing hor-
mone/follicle-stimulating hormone ratio, circulating an-
drogen/prolactin concentration, correct menstrual cycle
irregularity, insulin resistance, and serum sex hormone-
binding protein levels [6]. Furthermore, studies focus on a
potential role of myoinositol in oocyte differentiation and
fecundation in controlled ovarian stimulation cycles [14].

Retrieval of metaphase II oocytes is a prerequisite for
successful ICSI treatment. Several approaches such as de-
hydroepiandrosterone supplementation and double trigger
(using gonadotropin-releasing hormone and human chori-
onic gonadotropin) have been utilized to increase the num-
ber and rate of metaphase II oocytes [15, 16]. These
methods, however, are potential risk factors for ovarian hy-
perstimulation syndrome and virilization in infertile pa-
tients with PCOS.

In this study, the authors demonstrates that myoinositol
supplementation increased the number and rate of the
metaphase II oocytes obtained in ICSI cycles of Japanese
infertile PCOS women with non-obese less-androgenic
phenotype. The number of fertilized oocytes was also
higher following myoinositol supplementation. The find-
ings suggest a supportive role of myoinositol in follicular
expansion, and possibly in oocyte development. In addi-
tion, myoinositol supplementation reduced the total dosage
of hMG in PCOS patients compared with control group.
Myoinositol supplementation may be an advantageous op-
tion to lower the cost and burden of the injections in these
women in controlled ovarian stimulation cycles. Mean-
while, the number and rate of morphologically good day-5
blastocysts were similar between the groups. This may re-
sult from the study design that enrolled the couples under-
going ICSI only. More detailed studies are required to
clarify the effect of myoinositol on embryo culture and de-
velopment.

Conclusion

Accumulating evidence demonstrated that myoinositol
supplementation is a beneficial treatment modality to im-
prove ovulation disorders in infertile Western PCOS
women. The authors here first report that myoinositol in-
creased the mature and fertilized oocytes in infertile women
with non-obese less-androgenic PCOS, unique to East Asia.
Further studies are warranted to provide evidence of my-
oinositol supplementation effect on their pregnancy out-
come.
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