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Abstract

Background: Vitamin E, which is critically important in the whole process of reproduction, can antagonize the
oxidative stress caused by the oxygen free radicals and antioxidant imbalance and regulate normal physiological
function of the reproductive system. The effect of short-term supplementation of vitamin E on outcomes of infertile
women with polycystic ovary syndrome (PCOS) when they underwent ovulation induction with clomiphene citrate
(CO) and human menopausal gonadotropin (HMG) remains unknown.

Methods: This was a retrospective cohort clinical trial from October 2015 to April 2017. A total of 321 PCOS cases
underwent ovulation induction with CC and HMG. Patients in group A (n=110) did not receive vitamin E while
patients in group B (n=105) and group C (n = 106) received oral treatment of vitamin E at 100 mg/day during
follicular phase and luteal phase, respectively.

Results: It was observed no significant differences of ovulation rate, clinical pregnancy rate, and ongoing pregnancy
rate among the three groups. It was interesting that dosage of HMG were significant lower in group B compared with
those in group A and group C (P<0.05).

Conclusions: A short-term supplementation of vitamin E can improve oxidative stress, and reduce exogenous HMG
dosage to lower the economic cost with a similar pregnancy rate in the ovulation induction cycle. However, the
supplementation does not alter the pregnancy rate in the ovulation induction cycle.

Trial registration: ChiCTR-OOC-14005389, 2014.
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Background

Polycystic ovary syndrome (PCOS) was initially described
by Stein and Leventhal in 1935, with a 10%-prevalence in
women of reproductive age [1, 2]. We generally recognize
four key features of PCOS: (1) ovulatory and menstrual
dysfunction, (2) hyperandrogenemia, (3) clinical features
of hyperandrogenism, and (4) polycystic ovaries [3]. PCOS
is a complex process and the underlying mechanism re-
mains poorly understood. Oxidative stress, defined as an
imbalance between pro- and anti-oxidants [4], has been
recognized to be involved in the development of PCOS [5,
6]. PCOS is demonstrated to be accompanied with a state
of oxidative stress and inflammation, strongly associated
with insulin resistance irrespective of obesity [7] and de-
fective follicle maturation [8].

Vitamin E as a lipid-soluble substance with non-
enzymatic antioxidant properties, also known as tocoph-
erol, was found for the first time by Evans and Bishop in
1922 [9]. Vitamin E can effectively reverse the adverse in-
fluence by oxidative stress brought to the reproductive
system and endocrine system, and is widely used in the
field of reproductive medicine. Vitamin E, which is critic-
ally important in the whole process of reproduction, can
antagonize the oxidative stress caused by the oxygen free
radicals and antioxidant imbalance through inhibiting the
activity of phospholipase A and lipoxygenase to stabilize
cell membrane, and regulate normal physiological func-
tion of the reproductive system. With the anti-oxidant
properties, vitamin E can reduce the senile oxidative stress
reaction that may have a detrimental effect on the number
and quality of oocytes [10]. A lack of vitamin E can lead to
female infertility, miscarriage, premature delivery, eclamp-
sia, fetal intrauterine growth restriction and other diseases
associated with pregnancy [11-13] and abnormal semen
quality [14].

Recent evidence has clearly confirmed the benefit of
ovulation induction with clomiphene citrate (CC) and hu-
man menopausal gonadotropin (HMG) in PCOS women
[15, 16]. The aim of this study was to determine if short-
term supplementation of vitamin E would lead to im-
proved reproductive performance in ovulation induction
for PCOS and to explore the associations between vitamin
E and pregnancy rates.

Methods

Study design

The present study is a retrospective cohort study (Trial
registration: ChiCTR-OOC-14005389, 2014). In this study,
321 PCOS cases was conducted from October 2015 to
April 2017 to assess the effect of short-term vitamin E ad-
ministration on infertile PCOS women undergoing ovula-
tion induction with CC and HMG in the Reproductive
Medicine Center, Jiangsu Province Hospital of Chinese
Medicine, Nanjing, China. This retrospective cohort study
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was approved by the Institutional Review Board of the De-
partment of Chinese Medicine Hospital of Jiangsu
Province.

Study population

The inclusion criteria of this study were as follows: (i)
Undergoing ovulation induction with CC and HMG; (ii)
no previous infertile treatment; (iii) age less than 40
years; (iv) normal in hysterosalpingography; and (v) nor-
mal in semen analysis. The diagnostic criteria of PCOS
was according to the 2006 Rotterdam criteria [17]: (1)
Anovulation or olig-ovulation, (2) Clinical evidence of
hyperandrogenism (on the basis of hirsutism or an ele-
vated testosterone level), (3) Polycystic ovaries (a more
than 10 ml ovarian volume or at least 12 antral follicles
with 2—=9 mm in diameter). PCOS could be confirmed if
any 2 out of the following 3 criteria were met and if any
other diseases that caused hyperandrogenism or anovu-
lation could be excluded.

Other disorders that mimic the PCOS, including
hyperprolactinemia, thyroid disease, late-onset congeni-
tal adrenal hyperplasia, androgen-secreting tumors and
Cushing’s syndrome were ruled out. The PCOS patients
with the major myocardial, liver and renal disorders, and
taking confounding medications (primarily sex steroids,
other infertility drugs, and insulin sensitizers) were ex-
cluded. Patients were divided into 3 groups according to
the vitamin E used.

Vitamin E administration

In this study, as shown in Fig. 1a, 110 of 321 PCOS cases
underwent controlled ovarian stimulation but without
vitamin E administration (Group A, n=110). Based on
previous clinical medication experience, a dosage of 100
mg/day vitamin was selected. Two-hundred eleven of or
321 PCOS cases underwent controlled ovarian stimulation
combined with vitamin E administration (100 mg/day,
p.o.) started from follicular phase (Group B, n =105) and
luteal phase (Group C, n = 106), respectively. Administra-
tion of vitamin E in follicular phase(Group B) began from
the 3rd day of the menstrual cycle to 14th day of luteal
phase. Administration of vitamin E in luteal phase (Group
C) started when ovulation was confirmed, and lasted for
14 consecutive days. After 14 days of the HCG administra-
tion, serum B-HCG was measured. The presence of a ges-
tational sac on ultrasound was performed at 6 and 12
weeks of gestational age to determine clinical pregnancy
rate and ongoing pregnancy. The women enrolled in this
study were followed up until miscarriage or delivery.

Stimulation protocol

As shown in Fig. 1b, the ovulation was stimulated with
CC (Merck Serano, China) at 100 mg/day for 5 days
starting on day 3 of a spontaneous menstrual cycle or
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withdrawal bleeding. Starting from day 8, HMG (Livzon,
China) was injected at 75 IU every second day and estra-
diol valerate (Progynova, Bayer, China) was administered
at 2mg/day. Transvaginal ultrasonography was per-
formed from day 10 to adjust the HMG dosage. When
at least one follicle had reached a diameter of 18 mm,
10,000 IU urinary human chorionic gonadotropin (hCG)
(Livzon, China) was administered. All patients received
luteal phase support by oral administration of progester-
one (Dydrogesterone, Abbott Biologicals B.V, China) at
10 mg three time a day for 14 days starting on the day of
ovulation. In each cycle, medroxyprogesterone acetate
was used to induce withdrawal bleeding in cases in
which there was no response. The complete participa-
tion considered as pregnancy or anovulation within a
total of 6 cycles.

Body mass index (BMI) was used to evaluate the body
weight. According to World Health Organization(WHO)
criteria [18], women with a BMI < 18.5, 18.5-25, 25-29
and > 30 kg/m* were defined as underweight, normal
weight, overweight and obese, respectively. Scores on the
modified Ferriman—Gallwey scale [19], range from 0 to
36, were used for hirsutism evaluation. Higher scores in-
dicated a greater degree of hirsutism.

Data collection

Baseline data

Age, height, weight, waist, Ferriman—Gallwey hirsutism
score, age of menarche, incidence of oligomenorrhea
and amenorrhea, numbers of previous pregnancies and
previous ovarian were obtained from patient medical
records.

Hormonal analyses

Levels of estradiol (E,), androstenedione (T), luteinizing
hormone (LH), prolactine (PRL) and follicle-stimulating
hormone (FSH) were tested by RIA (Beijing North Insti-
tute of Biological Technology of China and the CIS
Company of France). Peripheral blood samples were
taken on the 3th day of menstrual cycle after overnight
fasting.

Oxidative stress evaluation

In this study, we measured four oxidative stress serum
markers (malondialdehyde (MDA), ischemia modified al-
bumin (IMA), total antioxidant capacity measurements
(TAC), and vitamin E) in 3 time points (TO:before
stimulation, T1: the day of HCG treatment, and T2: the
day of complete participation) to evaluate the levels of
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oxidative stress. Serum levels of MAD, an end-product
formed during lipid peroxidation that is released into
the extracellular space and finally appears in the blood
[20], were measured using a thiobarbituric acid-reactive
commercial kit (Jiancheng Bioengineering Institute,
China). Serum TAC, provided better information on
antioxidant status than individual antioxidant com-
pounds [21], were tested using an antioxidant assay kit
(Jiancheng Bioengineering Institute, China). Serum levels
of IMA, a novel marker of oxidative stress, were evalu-
ated by cobalt to albumin binding capacity kit (CUSA-
BIO, China). Serum contents of vitamin E were
evaluated by colorimetric method using assay kit (Jian-
cheng Bioengineering Institute, China).

Statistical analysis

Statistical analysis was carried out by SPSS (version 23,
USA). Data were presented as either median (Min-Max)
or mean + SD as appropriate. Quantitative data analyses
were carried out by independent samples ¢-test or
Mann-Whitney U-test depending on the normality of
data. Categorical variables were compared with Chi-
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Square test. A P value < 0.05 was considered as statisti-
cally significant.

Results

Patient baseline data

The characteristics of enrolled PCOS women are summa-
rized in Table 1. A significant statistical difference was not
observed among the three groups with respect to age, age
of menarche, BMI, obesity parameters, Ferriman-Gallwey
hirsutism score, prevalence of menstrual patterns, the dur-
ation of infertility, number of previous pregnancies, num-
ber of previous ovarian stimulation and levels of base sex
hormones. Most of the women in this study were normal
weight or overweight, as also shown in Table 1, 70(63.6%),
68(64.7%) and 65(61.4%) in group A, B and C,
respectively.

The outcomes of PCOS women in ovulation induction
with or without vitamin E

On the whole, 965 cycles were studied in 321 patients:
345 cycles in group A (110 patients), 292 cycles in group
B (105 patients) and 328 cycles in group C (106 pa-
tients). Dosage of HMG in group B were significanlty

Table 1 The characteristics and basal serum sex hormones of PCOS women

Group An=110

Group B n=105 Group Cn=106

Age (years) 2587 +263
Age of menarche (years) 14.09+143
BMI (kg/m?) 2291 +4.05
<185 8(7.3)
185-<25 55(50)
23-<29 15(13.6)
230 32(29.1)
Waist(cm) 763+143
WHR 0.89+0.08
Ferriman-Gallwey hirsutism score 754+336
Menarche(year) 129+28
Oligomenorrhea(n, %) 56(50.9)
Amenorrhea (n, %) 54(49.1)
Infertility duration (years) 216+056
Previous live birth (n, %) 21(19.1)
No. of previous pregnancies 0.60+0.75
No. of previous ovarian stimulation 0.89+0.78
E> (pg/mL) 4447 + 2887
T (nmol/L) 133+£059
LH (mIU/mL) 6.94+3.21
FSH (mIU/mL) 530+ 167
PRL (ug/L) 1424 +792

26.88 +2.84 2681 +2.64
1462 + 148 1440 +£1.71
23.80 +3.69 23.57 +3.89
7(6.7) 5(4.7)
52(49.5) 52(49.1)
16(15.2) 13(12.3)
30(28.6) 36(33.9)
741£119 749£122
0.87 +0.07 0.89 +0.06
715£299 709£3.10
13.2+20 13.1+£29
53(50.5) 55(51.9)
52(49.5) 51(48.1)
202 +051 221067
19(18.1) 22(20.8)
047 +0.80 042 +0.54
091 +1.17 1.07 £ 1.06
44.87 +30.52 4561 +3742
149+052 1.51+£058
744 £345 6.85+282
529+235 543 +244
14.97 £997 14.76 £ 801

Data is shown as means * SD. Group A treated without vitamin E, Group B treat with vitamin E in follicular phase, Group C treat with vitamin E in luteal phase,
WHR waist to hip ratio, E; estradiol, T testosterone, LH luteinizing hormone, FSH follicle-stimulating hormone, PRL prolactin
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Table 2 The outcomes of PCOS women in ovulation induction with or without vitamin E

Group A (n=110) Group B (n=105) Group C (n=106)

Total cyclc 345 292 328
HMG dosage (75 IU/bottle) 6.62 £2.37 529+235" 643 £2.44
No. of dominant follicles (=18 mm) 144 +0.89 130+0.74 150+0.88
Data on day of HCG administration

Endometrium thickness (mm) 738+ 143 833+1.19" 7.76 +£2.03

Mean total E2 (pg/ml) 24523 +126.74 33651+ 15562 21492 + 114.11

Mean E2 per mature follicle(pg/ml) 162.55 + 6040 26181+92.88™ 146.61 + 88.51
Ovulation rate 85 (77.3%) 75 (71.43%) 78 (73.6%)
No. of ovulations/total cycles 85/345(24.6%) 75/292(25.7%) 78/328(23.8%)
Clinical pregnancy rate 31 (28.2%) 29 (27.6%) 25 (23.6%)
Ongoing pregnancy rate 27 (24.5%) 29 (27.6%) 24 (22.6%)

Data is shown as means + SD. ~ Compared with group A, P<0.05. “Compared with Group C, P<0.05. Group A: treated without vitamin E, Group B: treat with

vitamin E from follicular phase, Group C: treat with vitamin E from luteal phase

lower than those in group A and C(P<0.05). On day of
HCG administration, endometrium thickness, mean total
E2 level and mean E2 level per mature follicle in group
B were higher than those in group A and C(P<0.05).
No statistical significance existed in the duration of
stimulation and number of dominant follicles (>18 mm)
in each groups (P>0.05). The ovulation rate, clinical
pregnancy rate, and ongoing pregnancy rate in each
group did not show significant difference (P > 0.05)
(Table 2). The ovulation rate showed no significant dif-
ference between obese and non-obese patients in each
group (P> 0.05) (Table 3).

Serum oxidative stress of PCOS women in ovulation
induction with or without vitamin E

The levels of four oxidative stress markers did not differ
significantly among the three groups on TO0 and T1 points
(P>0.05). Intergroup analysis demonstrated that serum
concentrations of MDA (8.54 +1.22nmol/L vs. 9.53 +
1.13nmol/L and 9.12 + 1.42 nmol/L, both P<0.05) and
IMA (70.56 + 8.21 U/ml vs. 78.25 + 9.62 U/ml and 76.25 +
8.02U/ml, both P<0.05) were significantly lower in the
Group B compared with the Group A and C on T2. The
serum levels of TAC (21.53 +2.13 U/ml vs. 18.32 +2.14 U/
ml and 19.74 + 1.62 U/ml, both P <0.05) and vitamin E
(15.12+ 2.12 pg/ml vs. 12.32 + 1.93pg/ml and 13.31 + 1.64
pg/ml, P<0.05) were significantly higher in Group B in

Table 3 Comparisions of ovulation rates between obese(BMI =
30 kg/m?) versus non-obese(BMI < 30 kg/m?) women

Obese Non-obese
CC alone 21/32(65.6) 64/78(82.1)
CC+VitE 45/66(68.2) 108/145(74.5)
Total 66/98(67.3) 172/223(77.1)

CC clomiphene citrate

comparison of Group A and C. In Group B, the serum
concentrations of MDA (8.24 + 0.84nmol/L vs. 9.14 +
0.58 nmol/L, P<0.05) and IMA (70.56 +9.62U/ml wvs.
77.87 + 8.54 U/ml, P < 0.05) on T2 point were significantly
reduced compared with TO point. The serum levels of
TAC (21.53+2.13U/ml vs. 179+ 1.9U/ml and 18.2+ 2.1
U/ml, P<0.05) and vitamin E (15.1 +2.1 pg/ml vs. 11.9 +
2.1 pg/ml and 12.1 + 1.6 pg/ml, P < 0.05) on T2 point were
significantly increased compared with TO and T1 points
(Fig. 2).

Discussion

This study was conducted to assess the therapeutic effect
of short-term vitamin E supplementation in the ovula-
tion induction in PCOS women. In our study, we pre-
sented evidence that a short-term supplementation of
vitamin E, an antioxidant drug, improved oxidative
stress, decreased HMG dosage and increased endomet-
rium thickness and E2 level in women with infertility
and PCOS. However, reduced requirement of HMG did
not reduce the number of dominant follicles compared
with those without vitamin E. PCOS is one of the well-
established risk factors that can increase the risk of ovar-
ian hyperstimulation syndrome (OHSS) in controlled
ovarian stimulation [22], which in some cases can be
life-threatening. The possible prevention strategy in-
cludes reduction of exogenous gonadotrophin dosage
and avoidance of an exaggerated response in ovarian
stimulation [23], especially in controlled ovarian hyper-
stimulation of in vitro fertilization embryo transfer. The
principles of PCOS therapies require the induction of
regular uni-follicular ovulation, whilst trying to minimize
the risks of OHSS and multiple pregnancy. The current
study suggests that supplementation of vitamin E in
PCOS resulted in a similar ongoing pregnancy rate,
lower gonadotrophin requirement and possibly reduced
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OHSS risk. Vitamin E might be a choice for PCOS
women undergoing ovarian induction.

However, we found no differences in the pregnancy
rates among the three groups in our study which con-
trasted to a previous report [24]. In Cicek et al. [24]
study, they found vitamin E administration improved the
endometrial response in unexplained infertile women via
the likely antioxidant and the anticoagulant effects. They
enrolled unexplained infertility women without PCOS,
which might contribute to the discrepancy with our
study. A meta-analysis that analysed a total of 28 ran-
domized controlled trials involving 3548 women found
that antioxidants are not associated with an increased
live birth rate or clinical pregnancy rate [25]. In our
study, we choose a short-term of vitamin E administra-
tion at a dose of 100 mg/day based on our previous clin-
ical medication experience. To our knowledge, there is
little research on vitamin E supplement alone on PCOS
patients. One double blinded randomized placebo-
controlled trial investigated a combination of vitamin E
(400 mg/day) and D(350,000 IU/one in 2 weeks) supple-
mentation in the intracytoplasmic sperm injection out-
comes of PCOS subjects, however, it did not add clinical
support to the evidence that vitamins E and D3 might
play a role in the success rate of in-vitro fertilization via
an antioxidant mechanism [26]. Another study suggested
that omega-3 fatty acids(1000 mg/day) and vitamin

E(400 IU/day) co-supplementation for 12 weeks in PCOS
women significantly improved gene expression of Lp(a)
and Ox-LDL, lipid profiles and biomarkers of oxidative
stress [27]. In this study, it is interesting to find that sup-
plementation of vitamin E in PCOS may reduce serum
levels of MDA and IMA, increase serum contents of
TAC, and increase endometrium thickness and E2 level
on day of HCG administration. This is similar to Hashe-
mi’s study, which reported that vitamin E supplementa-
tion for 12weeks among women with implantation
failure had beneficial effects on endometrial thickness,
MDA values, and gene expression of LDLR, IL-1, and
TNF-a [28].

To determine whether there is a superior treatment
regimen for infertile patients, several studies have been
conducted to compare the efficacy of different kinds of
antioxidants in the past few years [29], but little atten-
tion has been given to female infertility [24] and none
have addressed PCOS. One prospective randomized trial
investigated whether a subordinate multiple micronu-
trient (MMN) supplementation providing folic acid, vita-
min B, vitamin E, vitamin C, zinc, selenium, vitamin A
and other multivitamins/minerals could benefit women
with anovulatory infertility or unexplained infertility
who were undergoing ovulation induction by the stand-
ard treatment regimen with CC and HMG [30]. It was
observed that women on MMN supplementation had a
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significantly higher cumulative clinical pregnancy rate
and ongoing pregnancy rate compared with those who
were on folic acid alone. Variation in the types of antiox-
idants given indicates that we need more clinical trials to
assess whether one antioxidant is better than another or
whether a combinatorial regimen is superior.

Some studies suggest that PCOS may cause oxidative
stress [5, 6], but the impact of oxidative stress on oo-
cytes and the reproductive function remains unclear. In-
creased levels of reactive oxygen species (ROS), as a
result of oxidative stress, have been believed to play a
key role in the pathogenesis of PCOS. ROS may nega-
tively affect pregnancy rates, as the ROS stimulates oo-
cyte maturation, progesterone production and luteolysis
[31]. Several key limitations of the fertilization potential
of oocytes have become apparent and one of them is the
exponential increase of ROS in the follicular fluid result-
ing in the disruption of meiotic spindle formation [32].
In this study, we found that serum levels of IMA, a novel
oxidative stress marker, deceased after vitamin E supple-
ment. IMA was generated from N-terminal structural
changes in albumin triggered by ROS. It has been re-
ported that elevations in the serum IMA levels in infer-
tile PCOS patients may suggest a possible additional role
of oxidative stress mechanisms in disease pathophysi-
ology. IMA may influence the quality of oocytes via al-
terations in the balance of critical follicular fluid factors
in the follicular microenvironment [33].

Some investigations have shown that afamin, charac-
terized as a novel and stable binding protein for the anti-
oxidant vitamin E during the menstrual cycle, exists in
both plasma and follicular fluid [34, 35]. Studies utilizing
afamin have implicated the role of oxidative stress in pa-
tients with PCOS. A research that compared serum afa-
min levels in PCOS patients with healthy controls
demonstrates that afamin concentrations are signifi-
cantly higher in patients with PCOS and correlate sig-
nificantly with homeostatic model assessment-insulin
resistance (HOMA-IR) [6]. Taken together, these studies
support that an antioxidant deficiency status exits in
PCOS. Therefore, the ability of antioxidant defense to
ROS is important for protecting tissues from oxidative
damage. Vitamin E, referred to as the plant-derived and
lipid-soluble antioxidants, plays an important role in
reproduction through reducing oocyte apoptosis [36],
and promoting oocyte maturation, endometrium prolif-
eration and luteal function [37].

On the other hand, vitamin E deficiency is due to im-
paired lipoprotein synthesis or fat malabsorption syn-
dromes. Accordingly, antioxidants, especially vitamin E,
are the most effective chain-breaking lipophilic antioxi-
dant within biological membranes. It can prevent bio-
logical damage and possess the antioxidant property of
unsaturated fatty acids which can stabilize cell membranes
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[38]. In one study, it was found that supplementation with
vitamin E reduces the oocyte apoptosis in mice treated or-
ally with 60 mg/kg/day nicotine [36]. The effects of antiox-
idants on apoptosis cell specific. Vitamin E induces
significant morphological changes that are consistent with
apoptosis, including chromatin condensation, nuclear
shrinkage, pyknosis and increased activity of caspases 3/7
[39]. It is also found that vitamin E typically protects
endothelial cells from apoptosis that is induced by signifi-
cant oxidative stress at the tissue level [40].

One may speculate that receiving vitamin E for a too
short term may disguise its beneficial effects to ovaries
and long-term supplementation may be required for a
significant cumulative effect. The present observation in-
dicates that receiving vitamin E from follicular phase re-
duces more serum pro-oxidative stress factors(MDA and
IMA), increases more serum anti-oxidative stress mar-
kers(TAC and vitamin E), and needs less gonadotrophin
dosage compared with those without vitamin E. These
data may confirm the hypothesis that vitamin E can act
rapidly on early follicular development in PCOS through
adjusting (sensitizing or desensitizing) the sensitivity of
follicles to exogenous gonadotropin without leading to
excessive follicle recruitment resulting in ovarian hyper-
stimulation. Vitamin E also have some direct effects on
follicle development by improving in vitro maturation
rates and blastocyst rates of oocytes obtained after vitri-
fication of mouse ovarian tissue [41]. Future trials may
be needed to reveal the detailed mechanisms.

Conclusions

In conclusion, a short-term supplementation of vitamin
E can improve oxidative stress, reduce exogenous HMG
dosage to lower the economic cost through dampening
oxidative stress. However, the supplementation does not
alter the pregnancy rate in the ovulation induction cycle.
Moreover, given the large variety of antioxidants that
have been tried, it is difficult to assess which antioxidant
is superior to another and to optimize the dosage and
duration.

Abbreviations

PCOS: Polycystic ovary syndrome; CC: Clomiphene citrate; HMG: Human
menopausal gonadotropin; BMI: Body mass index; WHR: Waist to hip ratio;
E,: Estradiol; T: Androstenedione; LH: Luteinizing hormone; PRL: Prolactine;
FSH: Follicle-stimulating hormone

Acknowledgements
The authors would like to thank all of the participants for their time and effort.

Authors’ contributions

JC and YHP, the principal investigator, designed the study, performed the
statistical evaluations, assisted in writing the paper and edited it in all its
revisions. QG participated in the clinical management. RKH and LC
participated in the acquisition and interpretation of data. YT and QLR
participated in its design and coordination, revised drafts of the article
critically for intellectual content. The authors read and approved the final
manuscript.



Chen et al. BMC Women's Health (2020) 20:69

Funding

This study was supported by the National Natural Science Foundation of
China (grant nos. 81,704,110, and 81,700,243), the subject of Jiangsu Province
Hospital of Chinese Medicine (grant nos. y2018rc36, Y17020 and Y2017CX13),
a project Funded by the Priority Academic Program Development of Jiangsu
Higher Education Institutions and the Open Projects of the Discipline of
Chinese Medicine of Nanjing University of Chinese Medicine Supported by
the Subject of Academic priority discipline of Jiangsu Higher Education
Institutions (no. ZYX03KF039), and China Regional Center of TCM Diagnosis
and Treatment in Department of Gynecology, Jiangsu Province Hospital of
Chinese Medicine, and Jiangsu Province Clinical Medical Center of TCM
Gynecology (Grant No. YXZXB2016006).

Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
This retrospective cohort study was approved by the Institutional Review
Board of the Department of Chinese Medicine Hospital of Jiangsu Province.

Consent for publication
Not applicable.

Competing interests
All the authors have no conflicts of interest to declare.

Author details

'Departments of Gynaecology, Jiangsu Province Hospital of Chinese
Medicine, Affiliated Hospital of Nanjing University of Chinese Medicine,
Nanjing, China. “Departments of Intensive Care Unit, Jiangsu Province
Hospital of Chinese Medicine, Affiliated Hospital of Nanjing University of
Chinese Medicine, Nanjing, China. *Departments of Reproduction, Jiangsu
Province Hospital of Chinese Medicine, Affiliated Hospital of Nanjing
University of Chinese Medicine, Nanjing 210046, China.

Received: 25 May 2019 Accepted: 19 March 2020
Published online: 06 April 2020

References

1. Hart R, Hickey M, Franks S. Definitions, prevalence and symptoms of
polycystic ovaries and polycystic ovary syndrome. Best Pract Res Clin Obstet
Gynaecol. 2004;18(5):671-83.

2. Goodarzi MO, Dumesic DA, Chazenbalk G, Azziz R. Polycystic ovary
syndrome: etiology, pathogenesis and diagnosis. Nat Rev Endocrinol. 2011;
7(4):219-31.

3. Azziz R, Carmina E, Dewailly D, Diamanti-Kandarakis E, Escobar-Morreale HF,
Futterweit W, Janssen OE, Legro RS, Norman RJ, Taylor AE, et al. The
androgen excess and PCOS society criteria for the polycystic ovary
syndrome: the complete task force report. Fertil Steril. 2009,91(2):456-88.

4. Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman A, Gupta S. The
effects of oxidative stress on female reproduction: a review. Reprod Biol
Endocrinol. 2012;10:49.

5. Murri M, Luque-Ramirez M, Insenser M, Ojeda-Ojeda M, Escobar-Morreale
HF. Circulating markers of oxidative stress and polycystic ovary syndrome
(PCOS): a systematic review and meta-analysis. Hum Reprod Update. 2013;
19(3):268-88.

6. Kurdoglu Z, Ozkol H, Tuluce Y, Koyuncu I. Oxidative status and its relation
with insulin resistance in young non-obese women with polycystic ovary
syndrome. J Endocrinol Investig. 2012;35(3):317-21.

7. Koninger A, Edimiris P, Koch L, Enekwe A, Lamina C, Kasimir-Bauer S,
Kimmig R, Dieplinger H. Serum concentrations of afamin are elevated in
patients with polycystic ovary syndrome. Endocr Connect. 2014;3(3):120-6.

8. Blair SA, Kyaw-Tun T, Young IS, Phelan NA, Gibney J, McEneny J. Oxidative
stress and inflammation in lean and obese subjects with polycystic ovary
syndrome. J Reprod Med. 2013;58(3-4):107-14.

9. Evans HM, Bishop KS. On the existence of a hitherto unrecognized dietary
factor essential for reproduction. Science. 1922;56(1458):650-1.

10.  Tarin JJ, Perez-Albala S, Cano A. Oral antioxidants counteract the negative
effects of female aging on oocyte quantity and quality in the mouse. Mol
Reprod Dev. 2002;61(3):385-97.

12.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 8 of 9

Gagne A, Wei SQ, Fraser WD, Julien P. Absorption, transport, and
bioavailability of vitamin e and its role in pregnant women. J Obstet
Gynaecol Can. 2009;31(3):210-7.

Wahid S, Khan RA, Feroz Z. Reduction in mortality and teratogenicity
following simultaneous administration of folic acid and vitamin E with
antiepileptic, antihypertensive and anti-allergic drugs. J Pharm Bioallied Sci.
2014;6(3):185-91.

Hubalek M, Buchner H, Mortl MG, Schlembach D, Huppertz B, Firulovic B,
Kohler W, Hafner E, Dieplinger B, Wildt L, et al. The vitamin E-binding
protein afamin increases in maternal serum during pregnancy. Clin Chim
Acta. 2014;434:41-7.

Dattilo M, Cornet D, Amar E, Cohen M, Menezo Y. The importance of the
one carbon cycle nutritional support in human male fertility: a preliminary
clinical report. Reprod Biol Endocrinol. 2014;12:71.

Cheng J, Lv J, Li CY, Xue Y, Huang Z, Zheng W. Clinical outcomes of
ovulation induction with metformin, clomiphene citrate and human
menopausal gonadotrophin in polycystic ovary syndrome. J Int Med Res.
2010;38(4):1250-8.

Ghasemi M, Ashraf H, Koushyar H, Mousavifar N. The cycle characteristics of
clomiphene with clomiphene and menotropins in polycystic ovary
syndrome and non polycystic ovary syndrome infertile patients. Minerva
Ginecol. 2013;65(3):311-7.

EA-SPcwg R. Revised 2003 consensus on diagnostic criteria and long-term
health risks related to polycystic ovary syndrome (PCOS). Hum Reprod.
2004;19(1):41-7.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA,
Fruchart JC, James WP, Loria CM, Smith SC Jr, et al. Harmonizing the
metabolic syndrome: a joint interim statement of the international
diabetes federation task force on epidemiology and prevention;
National Heart, Lung, and Blood Institute; American Heart Association;
world heart federation; international atherosclerosis society; and
International Association for the Study of obesity. Circulation. 2009;
120(16):1640-5.

Yildiz BO, Bolour S, Woods K, Moore A, Azziz R. Visually scoring hirsutism.
Hum Reprod Update. 2010;16(1):51-64.

Yan SD, Schmidt AM, Anderson GM, Zhang J, Brett J, Zou YS, Pinsky D, Stern
D. Enhanced cellular oxidant stress by the interaction of advanced glycation
end products with their receptors/binding proteins. J Biol Chem. 1994;
269(13):9889-97.

Zare-Mirzaie A, Kazeminezhad B, Akbari Ghouchani M. The correlation
between serum vitamin D level and Total antioxidant capacity in diabetic
and non-diabetic subjects in Iran. Iran J Pathol. 2018;13(2):212-9.

Guvendag Guven ES, Dilbaz S, Duraker R, Mentese A, Cinar O, Ozdegirmenci
O. The effect of cabergoline on folicular microenviroment profile in patients
with high risk of OHSS. Gynecol Endocrinol. 2013;29(8):749-53.

Nastri CO, Ferriani RA, Rocha IA, Martins WP. Ovarian hyperstimulation
syndrome: pathophysiology and prevention. J Assist Reprod Genet. 2010;
27(2-3):121-8.

Cicek N, Eryilmaz OG, Sarikaya E, Gulerman C, Genc Y. Vitamin E effect on
controlled ovarian stimulation of unexplained infertile women. J Assist
Reprod Genet. 2012,29(4):325-8.

Showell MG, Mackenzie-Proctor R, Jordan V, Hart RJ. Antioxidants for female
subfertility. Cochrane Database Syst Rev. 2017;7.CD007807.

Fatemi F, Mohammadzadeh A, Sadeghi MR, Akhondi MM,
Mohammadmoradi S, Kamali K, Lackpour N, Jouhari S, Zafadoust S, Mokhtar
S, et al. Role of vitamin E and D3 supplementation in intra-cytoplasmic
sperm injection outcomes of women with polycystic ovarian syndrome: a
double blinded randomized placebo-controlled trial. Clin Nutr ESPEN. 2017;
18:23-30.

Jamilian M, Shojaei A, Samimi M, Afshar Ebrahimi F, Aghadavod E, Karamali
M, Taghizadeh M, Jamilian H, Alaeinasab S, Jafarnejad S, et al. The effects of
omega-3 and vitamin E co-supplementation on parameters of mental
health and gene expression related to insulin and inflammation in subjects
with polycystic ovary syndrome. J Affect Disord. 2018,229:41-7.

Hashemi ZSN, Khani B. The effects of vitamin E supplementation on
endometrial thickness, and gene expression of vascular endothelial growth
factor and inflammatory cytokines among women with implantation failure.
J Matern Fetal Neonatal Med. 2017;32(3):1-19.

Hemadi M, Saki G, Rajabzadeh A, Khodadadi A, Sarkaki A. The effects of
honey and vitamin E administration on apoptosis in testes of rat exposed
to noise stress. J Hum Reprod Sci. 2013;6(1):54-8.



Chen et al. BMC Women's Health (2020) 20:69 Page 9 of 9

30. Agrawal R, Burt E, Gallagher AM, Butler L, Venkatakrishnan R, Peitsidis P.
Prospective randomized trial of multiple micronutrients in subfertile women
undergoing ovulation induction: a pilot study. Reprod BioMed Online. 2012;
24(1):54-60.

31. Gupta S, Ghulmiyyah J, Sharma R, Halabi J, Agarwal A. Power of proteomics
in linking oxidative stress and female infertility. Biomed Res Int. 2014;2014:
916212.

32. Chattopadhayay R, Ganesh A, Samanta J, Jana SK, Chakravarty BN,
Chaudhury K. Effect of follicular fluid oxidative stress on meiotic spindle
formation in infertile women with polycystic ovarian syndrome. Gynecol
Obstet Investig. 2010;69(3):197-202.

33. Beyazit F, Yilmaz N, Balci O, Adam M, Yaman ST. Evaluation of oxidative
stress in women with polycystic ovarian syndrome as represented by serum
ischemia modified albumin and its correlation with testosterone and insulin
resistance. Intern Med. 2016;55(17):2359-64.

34. Dieplinger B, Egger M, Gabriel C, Poelz W, Morandell E, Seeber B,
Kronenberg F, Haltmayer M, Mueller T, Dieplinger H. Analytical
characterization and clinical evaluation of an enzyme-linked
immunosorbent assay for measurement of afamin in human plasma. Clin
Chim Acta. 2013;425:236-41.

35. Voegele AF, Jerkovic L, Wellenzohn B, Eller P, Kronenberg F, Lied! KR,
Dieplinger H. Characterization of the vitamin E-binding properties of human
plasma afamin. Biochemistry. 2002;41(49):14532-8.

36.  Asadi E, Jahanshahi M, Golalipour MJ. Effect of vitamin e on oocytes
apoptosis in nicotine-treated mice. Iran J Basic Med Sci. 2012;15(3):880-4.

37.  Letur-Konirsch H, Delanian S. Successful pregnancies after combined
pentoxifylline-tocopherol treatment in women with premature ovarian
failure who are resistant to hormone replacement therapy. Fertil Steril. 2003;
79(2):439-41.

38. Majid RB, Rezazadeh H, Asvadi-Kermani |, Ghazi-Khansari M, Golchin M,
Sarmad M. Effect of vitamin e on uroepithelial cells and changes of urinary
sediments in oncology hospital nursing personnel. J Clin Diagn Res. 2013;
7(11):2570-2.

39. Rzepczynska 1), Foyouzi N, Piotrowski PC, Celik-Ozenci C, Cress A, Duleba AJ.
Antioxidants induce apoptosis of rat ovarian theca-interstitial cells. Biol
Reprod. 2011;84(1):162-6.

40.  Celik VK, Eken IE, Yildiz G, Yilmaz MB, Gurlek A, Aydin H. Vitamin E and
antioxidant activity; its role in slow coronary flow. Cardiovasc J Afr. 2013;
24(9-10):360-3.

41, Farzollahi M, Tayefi-Nasrabadi H, Mohammadnejad D, Abedelahi A.
Supplementation of culture media with vitamin E improves mouse antral
follicle maturation and embryo development from vitrified ovarian tissue. J
Obstet Gynaecol Res. 2016;42(5):526-35.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Study population
	Vitamin E administration
	Stimulation protocol
	Data collection
	Baseline data
	Hormonal analyses

	Oxidative stress evaluation
	Statistical analysis

	Results
	Patient baseline data
	The outcomes of PCOS women in ovulation induction with or without vitamin E
	Serum oxidative stress of PCOS women in ovulation induction with or without vitamin E

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

