Hyperhomocysteinemia and metabolic syndrome show differences in ovulation, conception,
miscarriage, and live birth in women with PCOS: a secondary analysis of PCOSAct

Abstract:

Objective: To determine the association between hyperhomocysteinemia (HHCY), metabolic
syndrome (MS), and reproductive outcome among the women enrolled in the Acupuncture and
Clomiphene in Polycystic Ovary Syndrome Trial (PCOSAct).

Design: Secondary analysis of the data from a randomized clinical trial.

Setting: 21 sites (25 hospitals) in mainland China.

Population: A total of 1,000 women diagnosed with polycystic ovary syndrome (PCOS) according
to the modified Rotterdam criteria were included in the PCOSAct, and 936 of these had baseline
measurements of homocysteine (HCY) levels and metabolic parameters and were included in the
present study.

Methods: Baseline serum HCY levels were compared according to tertile levels, and patients’
reproductive outcomes, clinical parameters, and biochemical results were recorded.

Main outcome measures: Live birth, ovulation, conception, and miscarriage rates.

Results:

(1) The higher HCY tertile was associated with higher BMI and free testosterone levels and with
lower follicle stimulating hormone (FSH), sex hormone binding globulin (SHBG), and fasting
glucose levels compared with the median and lower tertile groups. (2) The higher HCY tertile was
associated with a lower ovulation rate among all women (p = 0.003), but not per ovulaion
induction cycle (p = 0.20), a higher rate of late miscarriage in the second and third trimesters (p =
0.05), and comparable rates of conception, pregnancy, and live birth compared to the median
and lower tertile groups. After adjusting for acupuncture and clomiphene treatment in the
PCOSAct data, the higher tertile HCY group lost the significant association with late miscarriage

rate. (3) There were comparable levels of BMI, fasting glucose/insulin, HOMA-IR, and hirsutism



scores in the HCY and control groups, and these were all significantly lower than the values in
patients with MS. Luteinizing hormone (LH), LH/FSH ratio, and SHBG in the HHCY group (>12.14
pmol/L HCY) were similar to the control group and were significantly higher than in the MS group.
Furthermore, the HHCY group had comparable waist-to-hip ratios and estradiol and free
testosterone levels as the MS group, and these were significantly different from controls. (4)
There were comparable rates of ovulation and conception among PCOS patients in the HHCY
group and controls, and these were significantly higher than in the MS group, indicating relatively
normal oocyte fertilization under conditions of HHCY and impaired oocyte fertilization with
concurrent MS in women with PCOS undergoing infertility treatment. A novel finding is that there
were significantly lower rates of pregnancy and live birth in the MS group and similarly higher
rates of total and late pregnancy loss in both the HHCY and MS groups (p < 0.001and p = 0.05,
respectively) compared with controls. After adjustment for treatment in PCOSAct, the higher rate
of late pregnancy loss lost significance, but the HHCY group retained significantly lower ovulation
rates per subject and higher miscarriage rates per conception (similar to the MS group) compared
with the control group.

Conclusions: In PCOS patients, HHCY contributes to increased miscarriage and reduced ovulation,
and MS contributes to defects in conception, pregnancy, ovulation, and live birth, indicating that
the two conditions lead to defects at different reproductive stages.
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine-metabolic disorder in women of
reproductive age (1), with a worldwide prevalence ranging from 5% to 20% (2). It is considered to
be the most common cause of female infertility, and it is characterized by ovulatory dysfunction,

hyperandrogenism, and polycystic ovaries (2).

Homocysteine (HCY) is an amino acid with biological functions in methionine metabolism, and
it is derived from the essential amino acid methionine. Hyperhomocysteinemia (HHCY), defined as
the presence of abnormally elevated concentrations of plasma or serum total HCY (more than
12.14 pmol/L) (4), has been regarded as a strong independent risk factor for cardiovascular
disease and stroke in humans (5,Error! Reference source not found.). Previous studies also
established that there was a possible link between HHCY, dyslipidemia, and atherosclerosis. A
growing body of evidence suggests that HCY metabolism is disrupted in women with PCOS, and
previous studies have demonstrated higher circulating blood HCY levels in PCOS patients
compared to healthy controls (Error! Reference source not found.,6). However, others have
suggested that HCY levels do not differ between PCOS patients and controls (7). HCY is
associated with increased insulin resistance, increased blood pressure, and increased low-density
lipoprotein cholesterol, which are three of the five characteristics of metabolic syndrome (MS)
(1,9). However, It has been pointed out that high HCY levels in women with PCOS are not related
to the degree of obesity, insulin resistance, or androgen levels (9). The negative effects of HHCY
on reproductive processes have been documented in numerous studies, including poor oocyte
quality; male infertility due to abnormal sperm morphology, low sperm counts, and loss of

motility; congenital malformation; miscarriage; hypertension; and low birth weight (12-14).

However, the association between HCY levels and pregnancy outcome in PCOS patients has

not been previously evaluated. The purpose of this study was to determine the association and



contribution of increased concentrations of HCY on ovulation, conception, pregnancy,
miscarriage, and live birth in infertile women with PCOS. We aimed to determine whether higher
HCY levels are predictive of a rapid decline in ovulation function and an increase in pregnancy loss

among PCOS patients.

Methods
Design and target population

This is a post hoc analysis of metabolic parameter and reproductive outcome data from the
Acupuncture and Clomiphene in Polycystic Ovary Syndrome Trial (PCOSAct), a large-sample,
multicenter, randomized controlled clinical trial conducted from 2012 to 2015 in mainland China.
All 1,000 subjects were diagnosed with PCOS according to the modified Rotterdam criteria (1,15).
In brief, 936 women with PCOS who had baseline measurements of HCY were enrolled in the
present study, and reproductive outcomes, including ovulation, conception, pregnancy,
miscarriage, and live birth were recorded at the end of study. The trial was registered on
ClinicalTrials.gov (No. NCT01573858). All participants and their partners provided written
informed consent before participation in the study. The study design, methods, and inclusion and
exclusion criteria have been described in detail elsewhere (3). Women aged from 20 to 40 years
with oligomenorrhea (defined as a menstrual interval 235 days and/or <8 menses in the past year)
or amenorrhea combined with clinical hyperandrogenism (modified Ferriman-Gallwey score 25
(16, 17)) and/or polycystic ovaries (defined as the presence of >12 antral follicles (<gmm) and
ovarian volume >10 ml by ultrasound) were considered to have PCOS (1,15).

Subjects with any three of the following five factors were considered to have MS: 1) fasting
glucose level of 110-126 mg/dL, 2) fasting triglycerides greater than 150 mg/dL, 3) fasting
high-density lipoprotein cholesterol level lower than 50 mg/dL, 4) waist circumference more than
88 cm, and 5) systolic blood pressure greater than 130 mm Hg or diastolic blood pressure greater

than 85 mm Hg (1). Documentation for patency of at least one tube and a normal uterine cavity



was required by hysterosalpingogram, HyCosi, or diagnostic laparoscopy. Male partners were
required to have a sperm count of at least 14 million per milliliter. Exclusion criteria included
patients with hyperprolactinemia, FSH levels >15 mIU/mL, uncorrected thyroid disease, poorly
controlled Type | or Type Il diabetes, taking antidiabetes medications, and suspected Cushing’s
syndrome as well as the use of hormones or other medications, pregnancy, abortion, postpartum,
or breastfeeding within the past 6 weeks.
Data Collection

Baseline laboratory, anthropometric, degree of hirsutism, acne, and ultrasonography
measurements were performed after an overnight fast, and all biochemical assays were
performed in a core laboratory. Fasting blood collected at baseline was used for all hormone
assays (18). Fasting glucose levels were determined on a glucose analyzer using the glucose
oxidase method, with all intra-assay and inter-assay coefficients of variation less than 1.5% (18).
Total testosterone was measured by radioimmunoassay (Siemens Diagnostics, Deerfield, Illinois),
with intra-assay and inter-assay coefficients of variation less than 7.1%. HCY levels were available
for 954 of the 1,000 women enrolled in the trial, and these were measured in samples stored at -
80°C using an ELISA assay with no pre-dilution. BMI was calculated as weight in kilograms divided
by height in meters squared. Insulin resistance index determined by HOMA-IR was computed
according to the following formula (19): HOMA-IR = fasting plasma insulin (mIU/L) x fasting

plasma glucose (mmol/L) [ 22.5.

Statistical Analysis

Descriptive statistics were used to compare characteristics between different groups.
Continuous variables were reported as means with standard deviations, and categorical variables
were summarized in frequencies and percentages. Analysis of variance/Kruskal-Wallis test and
Fisher’s exact test were used to determine differences among three groups, and Student’s t-test
or Fisher’s exact test were used for pairwise comparisons between the groups. Logistic

regression was performed to analyze the differences in reproductive outcomes in the three



groups after adjusting for acupuncture and clomiphene treatment in the PCOSAct. All analyses
were performed in SAS version 9.3 software (SAS Institute Inc), and p-values <0.05 were

considered statistically significant.

Results

All participants were divided into three HCY tertiles (lower tertile HCY <6.09 pmol/L, median
tertile HCY 6.10 -9.33 umol/L, and higher tertile HCY 29.34 umol/L), and their demographic
characteristics of are shown in Table 1. Women in the higher tertile of HCY tended to have higher
BMI and free testosterone levels and lower FSH, SHBG, and fasting glucose levels compared with
the median and lower tertile groups. There were no major differences in ovary morphology

parameters, WHR, fasting insulin, HOMA-IR, or MS prevalence according to HCY tertile (Table 1).

Higher HCY tertile levels were associated with lower ovulation rate among all women (p =
0.003) but were not associated with ovulation per ovulation induction cycle (p = 0.20). Higher
rates of late miscarriage in the second and third trimesters were observed in the higher HCY
tertile group (p = 0.05), but after adjusting for treatment the late miscarriage rate in the higher
tertile HCY group was no longer significant (p = 0.5032). There were comparable rates of
conception, pregnancy, and live birth for the three HCY tertiles (Table 2).

The 908 participants were then divided into three groups - HHCY (defined as a serum total
serum concentrations of HCY >12.14 pmol/L (4)), MS, and controls. We also observed that there
were comparable levels of BMI, fasting glucose, insulin, HOMA-IR, and hirsutism scores in the
HHCY and control groups, and these were significantly lower than in the MS group. LH, LH/FSH,
and SHBG were similar in the HHCY and control groups and were significantly higher than the MS
group. The HHCY group had comparable levels of WHR, estradiol, and free testosterone as the
MS group, and these were significantly different from the control group (Table 3).

There were comparable rates of ovulation and conception among all women between the
HHCY and control groups, and these were significantly higher than in the MS group, indicating
relatively normal oocyte fertilization under conditions of HHCY and impaired oocytes with
concurrent MS in women with PCOS undergoing infertility treatment (Table 4).

Anovel finding is that there were significantly lower rates of pregnancy and live birth in the
MS group, and there were comparably higher rates of total and late pregnancy loss in both the
HHCY and MS groups (p < 0.001 and p = 0.05, respectively) compared with controls. After

adjusting for treatment, the higher rate of pregnancy loss lost significance in the MS group, while



the HHCY group maintained significantly lower ovulation rates among all women and higher
miscarriage rates per conception compared with the control group.

Thus, HHCY contributes to defects in ovulation and pregnancy among all women, and MS
contributes to defects in ovulation, conception, pregnancy, and live birth, indicating that the two

conditions lead to defects at different reproductive stages.



Table 1. Baseline characteristics of the subjects.

Characteristic Quartile 1 Quartile 2 Quartile 3 Overall p-value

HCY(umol/L) HCY29.34 6.09<HCY<9.34 HCY<6.09 8.36 £4.83(936) <0.0001

Biometric features

Age, years 27.9 £3.3 (311) 27.9 £3.5(312) 27.9 £3.2(312) 27.9 £3.3(935) 0.96
BMI, kg/m? 24.9 £ 4.3 (310)**  24.0+4.3(312) 23.5 + 4.0 (312) 24.1+ 4.2 (934) <0.001
Obesity (%)

Waist-to-hip ratio (WHR) 0.9 +0.1(311) 0.9 + 0.1(312) 0.9 +0.1(312) 0.9 +0.1(935) 0.10

Modified Ferriman-Gallwey score 3.1£2.7(31) 3.1%£3.0(312) 3.0+2.8(312) 3.0+2.8(935) 0.67

Acne score 0.4+ 0.7 (311) 0.4+ 0.7 (312) 0.5+ 0.8 (312) 0.4 +0.8(935) 0.88

Ultrasonographic findings

Polycystic ovary morphology of any

255/289 (88.2) 260/293 (88.7) 258/298 (86.6) 773/880 (87.8) 0.70

ovary

Any ovary volume > 10 cm? 95/132 (72.0) 110/153 (71.9) 106/163 (65.0) 311/448 (69.4) 0.31

Polycystic ovaries according to the

Rotterdam criteria, 276/299 (92.3) 275299 (92.0)  274/304(90.1) 825/902(91.5)  0.59
Fasting serum levels
LH (mIU/mL) 10.3 £5.2(310) 10.6 £ 6.5 (310) 10.7 £5.9 (307) 10.5 £ 5.9 (927) 0.78
FSH (mIU/mL) 5.9 £ 1.5 (310) 6.0 +1.6 (310) 6.3 £ 1.9 (308)** 6.1+1.7(928) 0.005
LH to FSH ratio 1.8 £0.9 (310) 1.8 1.0 (310) 1.8 £1.4 (307) 1.8 £1.1(927) 0.41
Progesterone (ng/ml) 2.5+5.2(308) 2.3+2.9(310) 2.9 £ 6.5 (308) 2.6 £5.1(926) 0.41
Estradiol (pg/mL) 76.0 £101.9 (309) 67.3+63.7(310)  75.7 £ 85.4(309) 73.0 £ 85.1(928) 0.47
Total testosterone (ng/dL) 48.9 +18.1(310) 47.8+17.3(310)  47.1+20.0(309) 47.9+18.5(929) 0.24
Sex hormone-binding globulin (nmol/L) 42.2 + 32.7 (307) 41.0+29.9 (307) 44.9+28.5(306)** 42.7+30.4(920) 0.003
Free testosterone (pg/ml) 2.5+ 0.9 (311)** 2.3+ 0.8 (307) 2.1+0.8(312) 2.3+0.8(930) <0.001




Characteristic Quartile 1 Quartile 2 Quartile 3 Overall p-value
Fasting glucose (mg/dL) 87.3 £18.4 (309) 91.2+15.5(309)  96.2+17.6 (308)** 091.6 +17.6 (926)  <0.001
Fasting insulin (ulU/mL) 13.5 = 11.0 (310) 14.1%12.0 (310) 13.6 £13.7 (307) 13.7+12.3(927) 0.55

Metabolic Parameter
HOMA-IR 3.0 +2.7(308) 3.3%3.4(307) 3.4+ 4.2 (306) 3.2+3.5(921) 0.62
Metabolic syndrome 66/312 (21.2) 67/312 (21.5) 54/312 (17.3) 187/936 (20.0) 0.35

** p < 0.05, compared with others.



Table 2. Outcomes with regard to live birth, ovulation, pregnancy, and pregnancy loss in the subjects with different HCY tertiles.

Outcome Quartile 1 Quartile 2 Quartile 3 p-value p-value p-value p-value p-value
Highervs.  Higher Median after
Median vs. Lower vs.Lower  adjusting for
treatment
HCY(umol/L) >9.34 6.09-9.34 £6.09
Primary outcome
Live births/All women? 56/312 (17.9) 64/312 (20.5) 72/312 (23.1) 0.28 0.4164479  0.1126869 0.4379165  0.3706
Secondary outcomes
Conceptions/All women 98/312 (31.4) 94/312 (30.1) 109/312 (34.9) 0.41 0.7286331  0.349655 0.1999395  0.6251
Pregnancies/All women 62/312 (19.9) 65/312 (20.8) 76/312 (24.4) 0.36 0.7654846  0.1768875 0.2923705  0.4840
Twin pregnancies/All 4/62 (6.5) 5/65 (7.7) 6/76 (7.9) 1.00 1 1 0.9643653  0.9755
pregnancies
Pregnancy losses/All 40/98 (40.8) 29/94 (30.9) 35109 (32.1)  0.28 0.1502647  0.1932103 0.8473393  0.2499
women who conceived
Losses in first trimester/ 35/98 (35.7) 29/94 (30.9) 33/109 (30.3) 0.68 0.4748627  0.4054632 0.9292239  0.6054
All women who conceived
Losses in second or third 5/98 (5.1) 0/94 (0.0) 2/109 (1.8) 0.05 0.0264838  0.2594171 0.5002683  0.5032
trimester/All women who
conceived
Ovulations/All women 224(312 (71.8)*  253/312(81.1) 255/312(81.7) 0.003 0.0062243  0.0032997 0.8369412  0.0040%%
Ovulations/Total number of 489/1045 515/1083 (47.6)  524/1037 0.20 0.7259226  0.0881282 0.1704403  0.5547
treatment cycles (46-8) (50.5)

2 All women who had HCY measurements taken.

** p < 0.05, compared with others.

* p < 0.05, compared with






Table 3. Baseline characteristics of the subjects with higher HCY, concurrent MS, and normal controls

Characteristic Control HHCY MS Overall p-value
Number of women 628 121 159 908
HCY(pmol/L) 6.73 +2.77 (628) 16.57  5.37 (121)** 7.11£2.68 (159) 8.10 + 4.63 (908) <0.0001
Biometric features
Age (years) 27.8 £3.3(628) 27.7 £3.1(120) 28.5 £3.7 (159) 27.9 £3.3(907) 0.07
BMI (kg/m?) 22.9+3.7(628) 24.4 * 3.6 (120) 27.9 £3.6 (158)* 24.0 = 4.1(906) <0.001
Waist-to-hip ratio 0.8 +0.1(628) 0.9 +0.1(120)* 0.9 + 0.1 (159)* 0.9 +0.1(907) <0.001
Modified Ferriman-Gallwey 2.9 +2.8(628) 3.0 +2.3(120) 3.6 +3.0 (159)* 3.0%2.8(907) 0.02
score
Acne score 0.5+ 0.8 (628) 0.4 + 0.7 (120) 0.4 + 0.8 (159) 0.4+ 0.8 (907) 0.72
Ultrasonographic findings
Polycystic ovary morphology of
any ovary (%) 516/589° (87.6) 98/112 (87.5) 135/153 (88.2) 749/854 (87.7) 0.98
Any ovary volume 210 cm3 (%) 215/321(67.0) 37/46 (80.4) 53/71(74.6) 305/438 (69.6) 0.1
Polycystic ovaries according to
the Rotterdam criteria(%) 551/605 (91.1) 107/114.(93.9) 142/156 (91.0) 800/875 (91.4) 0.61
Fasting serum levels
LH (mIU/mL) 11.1% 6.2 (621) 10.5 £ 5.3 (120) 8.6 + 4.8 (158)* 10.6 + 6.0 (899) <0.001
FSH (mIU/mL) 6.2 1.7 (621) 6.1%1.5(120) 5.9 1.5 (159)* 6.1£1.7 (900) 0.06
LH to FSH ratio 1.9 £ 1.3 (621) 1.7 £ 0.9 (120) 1.5+ 0.8 (158)* 1.8 £1.1(899) <0.001
Progesterone (ng/ml) 2.8 £6.0(620) 2.0 £1.2(119) 2.1+2.5(159) 2.6 £5.1(898) 0.40
Estradiol (pg/mL) 77.7 £ 98.6 (621) 63.7 £29.9 (120)* 62.0 +53.7 (159)* 73.1% 85.9 (900) 0.04
Total testosterone (ng/dL) 47.5+18.9 (622) 48.8 £16.0 (120) 48.1+£19.5(159) 47.8 +18.6 (901) 0.50




Characteristic Control HHCY MS Overall p-value

Sex hormone-binding globulin

(nmollL) 46.8 £29.9 (615) 47.1£39.7 (119) 26.1+17.6 (158)* 43.2£30.7(892) <0.001
Free testosterone (pg/ml) 2.2+0.8(623) 2.5+ 0.8 (120)* 2.4 0.8 (159)* 2.3+0.8(902) <0.001
Fasting glucose (mg/dL) 90.4 *14.0 (620) 84.2 +20.4 (120) 101.6 *22.5 (159)* 91.5 +17.5(899) <0.001
Fasting insulin (uIU/mL) 11.3 £10.1(621) 11.6 £ 7.5 (120) 23.0 £16.6 (158)* 13.4 £ 12.1(899) <0.001
HOMA-IR 2.6 £2.6 (617) 2.5+1.9 (119) 6.0 +5.5 (158)* 3.2+3.5(894) <0.001

2 The first number is the number of women, and the second number is the total number of women with ultrasonographic findings in the PCOSAct.



Table 4. Outcomes with regard to live birth, ovulation, pregnancy, and pregnancy loss in the subjects with higher HCY and concurrent MS.

p-value p-value p-value  p-value after
between between between adjusting for
Control S MS groupband groupcand groupband treatment
Outcome group a group b Group ¢ p-value  groupa group a group ¢
Number of women 628 121 159
Primary outcome
Live births/All women 151/628 (24.0) 21/121(17.4) 18/159 (11.3) 0.001 0.1091769 0.0004827 0.1485408 0.0027
Secondary outcomes
Conceptions/All women 217/628 (34.6) 40/121(33.1) 36/159 (22.6)**  0.02 0.7508997  0.0040654  0.0521835  0.0303
Pregnancies/All women 155/628 (24.7) 24/121(19.8)  21/159 (13.2)**  0.006  0.2523176 0.001924 0.1347199  0.0126
Twin pregnancies/All 12/155 (7.7) 2/24 (8.3) 1/21(4.8) 1.00 1 1 1 0.8400
pregnancies
Pregnancy losses/All 64/217 (29.5)**  18/40(45.0)  16/36 (44.4) 0.05 0.0531847 0.0739845  0.96121 0.0494
women who conceived =0.05 =0.07 <0.05
Losses in first trimester/All  64/217 (29.5) 15/40 (37.5) 13/36 (36.1) 0.49 0.3132233 0.4241611 0.9002621  0.4514
women who conceived
Losses in second or third 0/217 (0.0)** 3/40(7.5) 3/36 (8.3) <0.001 0.0035334  0.002677 1 0.9531
trimester/All women who
conceived
Ovulations/All women 513/628 (81.7) 88/121(72.7)* 113/159(71.1)*  0.003  0.0234119 0.003026 0.7600627 0.0093
Ovulations/Total number ~ 1085/2119 (51.2)  190/410 (46.3) 216/542(39.9)* <0.001 0.0714917 2.3874E-6 0.0450033  0.0001

of treatment cycles




Discussion

The most important finding of our study was that there were significantly lower rates of live birth, pregnancy,
conception, and ovulation (both among all women and per treatment cycle) in infertile women with PCOS and MS and
that there were lower ovulation rates among all women and higher miscarriage rates in infertile women with PCOS and
HHCY. This suggests that HHCY contributes to reduced ovulation and miscarriage among all women and that MS
contributes to defects in ovulation, conception, pregnancy, and live birth, which indicates that HHCY and MS lead to
defects at different reproductive stages. Another interesting finding was that the ovulation rate among all women was
significantly lower in the group with the higher baseline HCY level. Moreover, patients with PCOS in the higher HCY tertile
tended to have higher BMI and free testosterone and lower FSH and fasting glucose than those in the median and lower
tertiles. Women with MS had higher BMI, WHR, free testosterone, fasting glucose, fasting insulin, and HOMA-IR and lower
LH, FSH, LH/FSH, estradiol, and SHBG compared to controls.

This study found that HCY is related to fasting glucose and that HHCY is associated with lower fasting glucose but not
with insulin and HOMA-IR, and that MS is associated with fasting glucose, fasting insulin, and HOMA-IR. These results are
consistent with a series of investigations that also showed no association between HCY and insulin resistance, insulin
levels, degree of obesity, or diabetes status (20, 21).

However, accumulating evidence suggests that there is a positive correlation between HCY levels and fasting insulin level
and HOMA-IR and impaired glucose tolerance (22-25). Recent studies have shown that insulin resistance is an independent
risk factor for the progression of abnormal glucose metabolism (26), and HHCY might be correlated with impaired glucose
tolerance in Chinese adults (27). HCY is mainly obtained from the diet, and thus HCY levels are influenced by many
nonenzymatic factors, including age, gender, sex-steroid environment, smoking, chronic inflammation, nutrition, coffee
consumption, and physical activity. A previous study has reported that there is a positive correlation between HCY and
serum insulin independent of BMI (28). The mechanisms linking HHCY and glucose and fasting insulin or insulin resistance
might be caused by the insulin-mediated reduction in the activity of key enzymes that govern the demethylation pathway
or control the transsulfuration pathway (29,30). We found that HCY was related to BMI and that HHCY subjects tended to

have higher WHR, and these findings were consistent with a previous study showing that HCY level is positively correlated



with BMI (31). Elevated plasma HCY levels in PCOS patients are independent of obesity (32), and an increase in body
weight is not an independent risk factor for an increase in plasma HCY levels in women with PCOS (33).

Serum HCY level was found to be correlated with free testosterone and estradiol in this study, but no associations
were found between serum HCY level and total testosterone and LH. This finding was contradictory with some studies
that found HCY level to be correlated with total testosterone (34). Women with HHCY tended to have lower estradiol
levels, and one possible reason is that higher follicular fluid HCY levels might suppress estradiol production and interfere
with the development of dominant follicles, oocyte maturation, and fertilization in women with PCOS undergoing assisted
reproduction treatment. However, recent research has suggested that high HCY levels in women with PCOS are not
related to androgen levels or estradiol levels (35,36).

Our present study showed that HHCY subjects had significantly lower ovulation among all women and higher
pregnancy loss, while MS subjects had significantly lower rates of conception, pregnancy, ovulation, and live birth after
adjusting for acupuncture and clomiphene citrate treatment. These findings suggest that high HCY concentrations in early
pregnancy might adversely influence the success of pregnancy and birth outcomes.

HHCY during pregnancy is suggested to play a significant role in pregnancy loss, and endothelial cell dysfunctionis a
central theme. Our findings are consistent with a series of investigations showing similar relations between higher HCY
concentrations and miscarriage, and some authors report that HHCY leads to as much as a three-fold increase in the risk
for early pregnancy loss (37). Other studies have confirmed that mild HHCY is associated with vascular-related pregnancy
complications, such as recurrent miscarriages and intrauterine growth restriction (38,39). The increased maternal serum
HCY levels in PCOS patients might inhibit the enzymatic activity of methyltransferase, thus increasing the magnitude and
frequency of uterine smooth muscle contractions, which in turn might induce abortion in the early stage of pregnancy and
increase the risk of pregnancy-related complications (40,41). Experimental studies have shown that moderately elevated
HCY concentrations (16-24 Pmol/l) might induce cytotoxic and oxidative stress leading to endothelial cell impairment (42).
As far as we know, there is little research about plasma HCY levels and reproductive outcome, and most of the studies

have focused on HCY levels in follicular fluid.



Previous studies showed that high HCY levels in the follicular fluid cause decreased cell division and high
fragmentation in embryo cultures, thus leading to a decrease in oocyte and embryo quality (43, 44), and others have
reported associations between mild to moderate HHCY and detrimental effects on reproductive outcome (45). However,
other contradictory studies have reported no differences in follicular parameters or clinical pregnancy rates between
PCOS patients with HHCY and controls after in vitro fertilization (46). A recent study reported that HHCY could increase
the incidence of obstetric complications and that maternal serum HCY levels were negatively correlated with the birth
weight of the neonate (47), but no such correlation was observed in our study.

Strengths and Limitations

Strengths of this study include measurement of HCY in a large cohort of 936 women, making this the largest study of
its kind to evaluate the association between HCY and reproductive outcomes in infertile women with PCOS. To our
knowledge, this is the first study to examine the correlation between levels of HCY in pregnant women with adverse
pregnancy outcomes. One limitation of this study is that this was a secondary analysis of data from a randomized clinical
trial, and it is hard to confirm causality. Another limitation is that HCY levels were only available at baseline and not during
the whole pregnancy.

Interpretation

Because elevated HCY levels are treatable, early preventive interventions could be important. If low cost and effective
interventions to reduce plasma HCY, such as folic acid supplements, can also reduce the risk of undesirable reproductive
outcomes in these patients, then the benefits for public health could be substantial (in addition to explaining the link
between these diseases).
Conclusion

In summary, elevated maternal serum levels of HCY might be a sensitive and independent biomarker for the early
prediction of abnormal glucose and lipid metabolism and adverse pregnancy outcomes, such as ovulation defects, in
infertile patients with PCOS. This is a novel objective parameter for the prevention and treatment of adverse pregnancy

outcomes.
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