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Abstract

Polycystic ovary syndrome (PCOS) is associated with an increased risk of cardiovascular Key Words
disease in women. Hyperhomocysteinemia (H-Hcy) is closely related to arterial stiffness
(AS) in patients with cardiovascular disease. This study aimed to investigate the
relationship between serum homocysteine(Hcy) level and brachial-ankle pulse wave
velocity (baPWV) in Chinese women with PCOS. A total of 124 PCOS women were enrolled
and divided into two groups according to their baPWV values: normal, baPWV < 1400 cm/s
and high AS, baPWV > 1400 cm/s. Univariate analysis was performed to investigate the
relative factors for baPWV, and multiple regression analysis was used to evaluate the
association of Hcy with baPWV. The group with high AS (n = 35) had higher Hcy levels

than the other group (n =89; P < 0.05). Moreover, univariate analysis revealed that serum
Hcy was positively correlated with baPWV (r=0.133, P < 0.01). In multiple regression
analysis, the age-adjusted serum Hcy level was positively correlated with baPWV (8 = 0.201,
P < 0.01). It remained positively associated with baPWV (§ = 0.145, P < 0.01) after further
adjustments for age, BMI, PCOS duration, systolic blood pressure, and homeostasis model
assessment-insulin resistance as well as several other factors correlated with baPWV. Our
results demonstrated that H-Hcy was significantly and independently related to elevated
baPWV, suggesting that Hcy might play a role in the pathologic process of AS in women
with PCOS. Further researches with more subjects are needed to explore whether Hcy
would be a promising biomarker for the stratification management of PCOS women.

> arterial stiffness
» homocysteine

» polycystic ovary syndrome

Endocrine Connections
(2021) 10, 1073-1079

Introduction

Polycystic ovary syndrome (PCOS) is one of the most  PCOS include acne, amenorrhea or oligomenorrhea, and

common endocrine disorders, affecting 6-21% of women
of reproductive age depending on the population studied
and the diagnostic criteria applied (1). It is characterized by
hyperandrogenism and chronic anovulation. A diagnosis
of PCOS has lifelong implications and is associated with an
increased risk of type 2 diabetes, metabolic disorder, and
cardiovascular disease(CVD) (2). The clinical symptoms of

infertility, which tend to be the primary focus of clinical
management. However, the impact of PCOS on future
CVD risk should not be overlooked, and opportunities to
implement CVD prevention strategies in these women
should be prioritized (3). Arterial stiffness(AS) is known
to play a predictive role in CVD (4), and clinical data
show that AS is increased in women with PCOS (5, 6, 7).
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Automated computer-assisted brachial-ankle pulse wave
velocity (baPWV) is a diagnostic method to investigate AS
that has been recommended in large-scale sample studies
(4). Over the past few decades, it has also been used in
PCOS populations (8, 9).

Hyperhomocysteinemia (H-Hcy) is considered as an
independent risk factor for the atherogenic and thrombotic
components of arterial systems, although the definition
of H-Hcy is not consistent in different publications, which
used the cutoffs of more than 10, 12, or 15 umol/L to
describe H-Hcy (10, 11, 12). However, substantial evidence
shows that H-Hcy in PCOS women are associated with
insulin resistance, excess androgens, abnormal heart rate
recovery, and recurrent pregnancy loss (13). Furthermore,
epidemiological studies have demonstrated that H-Hcy
is significantly related to advanced AS in patients with
hypertension (14), diabetes (15), and also in community-
based asymptomatic young adults (16). In China, similar
investigations have supported the close correlation
between H-Hcy and AS in community-based elderly people
(17), hypertensive subjects (18), and women with a history
of preeclampsia (19). In the past decades, a subtype of
hypertension, H-type hypertension (hypertension with
H-Hcy), has gained great attention in our country (12). It
has been documented that H-type hypertensive patients
present with more macro/microvascular detriments
compared with hypertensive patients having normal Hcy.
Moreover, it was found that a combination of Hcy-lowering
and anti-hypertension therapy significantly reduced the
risk of stroke in the Chinese population, compared with
anti-hypertension therapy alone (12). Based on those
encouraging findings, we designed this study to determine
whether H-Hcy would be a risk factor of AS in this specific
female population, then to discuss the possibility of
including Hcy level as a biomarker for the serial stratified
prevention and management of CVD in those women.

Subjects and methods
Subjects

A total of 124 women who were diagnosed with PCOS
according to the Rotterdam ESHRE-ASRM-sponsored
PCOS criteria (20) at the Department of Gynecology and
Obstetrics from January 2016 to December 2020 were
enrolled in the study. Participants were excluded if they
had any of the following: pregnancy, malignancy, liver or
renal failure, acute systemic illness such as fever or acute
infection, taking the supplement of folic acid regularly.

Homocysteine and arterial
stiffness in PCOS

All procedures were approved by the Ethics Committee
of Jing'an District Center Hospital of Shanghai Affiliated
to Fudan University, and all participants gave their
informed consents.

Sample size

The sample size was determined based on preliminary
published clinical studies evaluating the relation between
Hcy and AS or plasma markers of CVD in PCOS patients
(13). The sample size was calculated with the formula:
N=((Z,+Z;)/C)*+3 described by Hulley et al. using the
r-value from Hcy and AS correlation tests (21). Assuming
two-tailed o value=0.05 and g=0.2, minimum total
sample size suggested was 92 PCOS patients.

Clinical data collection

Clinical data including medical history (hypertension
is defined as systolic blood pressure (SBP) > 140 mmHg
and/or diastolic blood pressure (DBP) > 90 mmHg at
repeated measurement according to 2007 American Heart
Association Criteria (22); Diabetes is defined as fasting
glucose > 7 mmol/L or postprandial glucose > 11.1 mmol/L
and/orhemoglobin A1C>6.5%accordingto 2010 American
Diabetes Association Criteria (23); Dyslipidemia is defined
as having any one of the following four conditions:
total cholesterol (TC) > 6.22 mmol/L, triglycerides (TG)
> 2.26 mmol/L, high-density lipoprotein cholesterol (HDL-
C) < 1.04 mmol/L, low-density lipoprotein cholesterol
(LDL-C) > 4.14 mmol/L according to 2007 Chinese
Guidelines on Prevention and Treatment of Dyslipidemia
of Adults (24)), oral supplement use, exercise habit (more
than three times/week and 60 min/time regular exercise),
smoking and drinking alcohol habit were collected from
each participant. BMI was calculated as the ratio of weight
divided by height squared (kg/m?). Blood pressure (BP)
was measured from the right arm using a standard Hg
sphygmomanometer after 10 min rest with the patientin a
sitting position. SBP was measured at Korotkoff phase I and
DBP at Korotkoff phase V, following the recommendations
of the American Heart Association. Patients’ BP was
measured three times, with an interval of more than 2 min
between each measurement, and the mean value was used
for analysis.

Laboratory measurements

Blood specimens were collected from all patients after
overnight fasting of at least 8 h. Fasting blood glucose
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(FBG), insulin (IN), homeostasis model assessment-insulin
resistance (HOMA-IR), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), TC, HDL-C, LDL-C, TG,
creatinine (Cr), uric acid (UA), free triiodothyronine
(FT3), free thyroxine (FT4), thyroid-stimulating hormone
(TSH), TT (total testosterone), and Hcy levels were
recorded. Hcy values were determined with an assay kit
(MAKER, China) based on the enzymatic cycling method,
according to the manufacturer’s instructions. The
HOMA-IR was determined using the formula: HOMA-IR =
(FBG (mmol/L) x IN (mU/L))/22.5 (25).

BaPWV measurements

The baPWV was recorded twice for each patient using
a non-invasive vascular screening device (Omron
Healthcare, Kyoto, Japan) by an experienced technician
who was blinded to the cardiovascular risk profiles and
Hcy levels of all the patients. The women rested in a
supine position for 5 min before data collection. The
baPWYV value was calculated automatically according to
the formula baPWV =L/PTT, in which L represented the
difference in length from the heart to ankle (automatically
calculated according to the formula 0.8129 x height
(cm)+12.328) and the length from the heart to brachium
(automatically calculated according to the formula
0.2195 x height — 2.0734), and PTT was the pulse transit
time between the brachial and tibial arterial waveforms
(26). The mean values of right and left baPWV were
recorded. Additionally, each woman was requested to
measure the baPWV on another day within 2 months
to assess the reproducibility of the index. One hundred
and eight women completed the retest of baPWV. The
reproducibility analyses include the means of individual
between-visit coefficients of variation (CV) and intraclass
correlation coefficients (ICC) using one-way ANOVA.
The mean CV with 95% CI was 3.71% (3.38-4.25%), and
ICC with 95% CI was 0.88 (0.73-0.95), which indicated
that baPWV measurement was highly reproducible in
those women.

Statistics

Descriptive  statistics presented as the
mean * S.D. for continuous variables or percentage

were

for categorical variables. The participants were
divided into two groups according to baPWV
values.  Participants with a  baPWV  value

< 1400 cm/s were defined as normal, while those with
a baPWV value > 1400 cm/s were defined as having
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high AS (26, 27, 28). Comparisons between the two
groups were performed using the Student’s independent
t-test (two-tailed) for normally distributed data or the
Mann-Whitney U-test for parameters with a non-normal
distribution. Count data (data expressed as the number
of women) were analyzed using the x? test. A generalized
linear model (univariate analysis) using the generalized
estimating equation was performed separately to
investigate the relative factors for baAPWV. Then, multiple
regression analysis was used to evaluate the association
of Hcy with baPWV. The first model was adjusted for
age, and the second model was adjusted for variables
with a P-value < 0.05 in the univariate analysis to assess
whether circulating Hcy was independently associated
with baPWV in women with PCOS. Differences with a
two-sided P value of <0.05 were considered statistically
significant. All statistical analyses were performed using
the SPSS software package (version 21.0; SPSS Inc.).

Results

Demographic, biochemical and clinical characteristics of
124 women with PCOS were presented in Table 1. There
was no woman having the habit of smoking or drinking
alcohol. Thirty-five women (28.2%) were divided into the
group of high AS. Hypertension and diabetes were more
frequent (P < 0.05) in the high AS group than the other
one. There were significant differences in the ratio of taking
omega fatty acid supplements, anti-hypertensive drugs,
aspirin, sulfonylureas, and oral contraceptives between
the two groups (P < 0.05). Age, BMI, PCOS duration, TG,
LDL-C, and Hcy were higher in the group with high AS
(P<0.05), while there were no significant differences in the
ratio of exercise, the ratio of taking metformin, the ratio
of dyslipidemia, SBP, DBP, AST, ALT, FBG, IN, HOMA-IR,
TC, HDL-C, Cr, UA, FT;, FT,, TSH, and TT between the
two groups.

Univariate analysis (Table 2) revealed that age
(r=0.254, P < 0.01), BMI (r=0.223, P < 0.05), PCOS years
(r=0.104, P <0.05),SBP (r=0.269, P < 0.05), DBP (r=0.162,
P < 0.05), HOMA-IR (r=0.163, P < 0.01), TC (r=0.237,
P < 0.05), and Hcy (r=0.133, P < 0.05) were positively
correlated with baPWV.

In multiple regression analysis (Table 3), the age-
adjusted serum Hcy level was positively correlated with
baPWV (8=0.201, P <0.01). Serum Hcy remained positively
associated with baPWV (8=0.145, P < 0.01) after further
adjustments for BMI, PCOS duration, SBP, TC, and other
factors that correlated with baPWV.
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Table 1 Demographic and clinical characteristics of the 124
PCOS women with normal baPWV or high baPWV.
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Table 2 Univariate analysis of risk factors for baPWV based
on demographic characteristics and biochemical parameters.

Women with

Women with normal
high baPWVv baPWVv

Parameters (n=35) (n=289) P-value
Age (years) 41.4+7.7 358+79 0.001
PCOS duration 116.4 +18.1 92.7+15.6 0.008

(months)
BMI (kg/m?) 269+3.4 27.1+2.6 0.179
Omega fatty acid 7 (20%) 5 (5.6%) 0.002

supplements (n,%)
Exercise habit (n,%) 8 (22.9%) 18 (20.2%) 0.416
Hypertension (n,%) 6 (17.1%) 7 (7.9%) 0.005
Diabetes (n,%) 7 (20%) 7 (7.9%) 0.002
Dyslipidemia (n,%) 28 (80%) 65 (73.0%) 0.486
Anti-hypertensive 5(14.3%) 4 (4.5%) <0.001

drugs (n,%)
Aspirin (n,%) 6 (17.1%) 10 (11.2%) 0.017
Statins (n,%) 13 (37.1%) 18 (20.2%) 0.002
Metformin (n,%) 10 (28.6%) 20 (22.5%) 0.143
Sulfonylureas (n,%) 4 (11.4%) 4 (4.5%) 0.007
Oral contraceptives 5(14.3%) 7 (7.8%) 0.004

(n,%)
SBP (mmHg) 123.1+8.7 1246 +7.1 0.226
DBP (mmHg) 78.7£6.2 77.4+8.5 0.604
ALT (U/L) 31.3+7.4 329+6.3 0.379
AST (U/L) 27.2+6.8 269+5.1 0.427
FBG (mmol/L) 5.1+0.7 4.8+0.6 0.264
IN (U/L) 9.0 (6.4-13.2) 8.4(6.0-11.9) 0.321
HOMA-IR 1.6(1.3-2.4) 1.7 (1.4-2.6) 0.593
TC (mmol/L) 57+1.1 56+1.5 0.205
TG (mmol/L) 2.2+0.8 2.0+0.9 0.006
HDL-C (mmol/L) 1.3+04 1.2+0.5 0.744
LDL-C (mmol/L) 3.7+1.1 3.0+1.0 0.018
Cr (umol/L) 72.1+11.8 75.8+10.0 0.253
UA (umol/L) 328.4+219 31721248 0.372
FT5(pmol/L) 41+£1.1 43+1.4 0.504
FT,(pmol/L) 16.8+2.7 17.2+3.1 0.366
TSH (mIU/L) 25+0.8 22+1.0 0.115
TT (nmol/L) 2.6 (1.8-3.6) 2.8(1.9-3.9) 0.281
Hcy (umol/L) 12.3(8.5-16.8) 9.0 (6.5-13.1) 0.027

Parameters baPWV (cm/s)
Regression coefficient
Clinical variables with 95% Cl P-value
Age (years) 0.254 (0.211-0.286) 0.002
BMI (kg/m?) 0.223 (0.206-0.251) 0.036
PCOS duration 0.104 (0.075-0.132) 0.029
(months)

SBP (mmHg) 0.269 (0.214-0.293) 0.018
DBP (mmHg) 0.162 (0.138-0.194) 0.023
FBG (mmol/L) 0.138 (0.095-0.180) 0.605
HOMA-IR 0.163(0.142-0.195) 0.003
TC (mmol/L) 0.237 (0.206-0.287) 0.014
LDL-C (mmol/L) 0.161 (0.120-0.213) 0.582
UA (umol/L) 0.296 (0.242-0.371) 0.317
Hcy (umol/L) 0.133(0.108-0.168) 0.011
Demographic

characteristics F value with 95% ClI P-value

Exercise habit
Hypertension
Diabetes
Dyslipidemia

0.912(0.803-1.147) 0.267
2.321(2.105-2.486) 0.006
3.014 (2.863-3.352) 0.012
1.205 (1.017-1.529) 0.228

endothelial dysfunction, and AS (3). According to the
recently published international PCOS guidelines, global
CVDriskshould beroutinely assessed in women with PCOS
(3). Besides fasting glucose or glycosylated hemoglobin,
lipid profiles and BP should be monitored annually, some
additional tests are advised to serve as tiebreakers for
further stratifying those women (13). The question, which
is whether the broader application of investigating Hcy
levels and treating H-Hcy in PCOS women would favor the
course of PCOS management in the long run, was raised

Table 3 Multiple linear analysis with baPWV (dependent
variables) and Hcy (independent variables).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; baPWV,
brachial-ankle pulse wave velocity; Cr, creatine; DBP, diastolic blood
pressure; FBG, fasting blood glucose; FT3, free triiodothyronine; FT4, free
thyroxine; Hcy, homocysteine; Hcy, homocysteine; HDL-C, high-density
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment-insulin
resistance; IN, insulin; LDL-C, low-density lipoprotein cholesterol; SBP,
systolic bloodpressure; TC, total cholesterol; TG, triglyceride; TSH,
thyroid-stimulating hormone; TT, total testosterone; UA, uric acid.

Discussion

To our knowledge, this cross-sectional study is the first
to reveal that Hcy is an independent indicator of baPWV
in Chinese women with PCOS. A growing number
of investigations have confirmed that PCOS women
exhibit an elevated prevalence of clinical and subclinical
CVD, such as increased carotid intima-media thickness,

Parameter f value with 95% CI P-value
Model 12
Age 0.312(0.207-0.426) 0.003
Hcy 0.201 (0.129-0.385) 0.002
Model 2°
Age 0.217 (0.116-0.409) 0.025
Hcy 0.145 (0.083-0.182) 0.007
BMI 0.268 (0.142-0.371) 0.379
SBP 0.291 (0.198-0.353) 0.002
HOMA-IR 0.429 (0.304-0.576) 0.273
TC 0.102 (0.051-0.227) 0.536
Hypertension 0.163 (0.080-0.245) 0.024
Diabetes 0.248 (0.113-0.368) 0.261

2Model 1 adjusted for age, Hcy; "Model 2 adjusted for parameters that
had a P value < 0.05 in the univariate analysis of risk factors for baPWV.
B, standardized regression coefficient; Hcy, homocysteine; HOMA-IR,
homeostasis model assessment-insulin resistance; SBP, systolic blood
pressure; TC, total cholesterol.
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by clinicians. Our efforts were to collect the data of Hcy in
Chinese PCOS women. Longitudinal studies with a larger
sample size are needed to determine whether it’s helpful to
include testing Hcy level in routine clinical practice.

AS results from a degenerative process that mainly
affects the extracellular matrix of elastic arteries due to
the effects of aging and other risk factors (27). It has been
widely studied in different clinical settings, and AS is
emerging as an interesting tissue biomarker for CVD risk
stratification and estimation of an individual’s 'biological
age' (27). As women with PCOS are at greater risk of
developing CVD, research has been carried out to study
the prevalence of AS in women of different ages. Armeni
et al. reported that AS, evaluated by pulse wave velocity
and augmentation index, was increased in asymptomatic
nondiabetic postmenopausal women (mean age 55.6 £ 7.8
years) with PCOS (7). Similarly, AS measured by the cardio-
ankle vascular index was found to be greater in young
nonobese women with PCOS (mean age 22.90 + 3.04 years)
compared to subjects without PCOS (6). Besides age, BP has
been verified as another common factor that influences
AS (27). A previous investigation based in Japan revealed
that AS evaluated by baPWV in mildly hypertensive
women (SBP > 120 mmHg or DBP > 90 mmHg) with
PCOS (mean age 32.6 + 2.6 years) was significantly higher
than that in healthy controls (mean age 22.90 + 3.04
years) or normotensive women with PCOS (mean age
31.5 £ 4.4 years) (9). Our finding confirmed that age and
HBP, especially SBP level, were closely related to AS in
PCOS women.

The measurement of baPWV, which is easy and
powerful, has been widely used in East Asian countries over
the past 2 decades (28). A meta-analysis of cohort studies
conducted in the general population, with hypertension,
diabetes, end-stage renal disease, and other high-risk
individuals, showed that a 1 m/s increase in baPWV is
associated with a 12% increase in the risk of CVD events
(27).Regarding theimportance of baPWV in the assessment
of AS, it was also used to evaluate the effects of treatment in
these women. Takahashi et al. found that baPWV was an
independent prognostic factor for the ovulatory response
to clomiphene citrate, which is the first-line strategy to
induce ovulation in women with PCOS (8). But only a
few analogic studies focused on baPWYV values in women
with PCOS in our country, where the prevalence of PCOS
in women aged 19-45 years has been reported to be about
5.6% (29). This large community-based study included a
total of 16,886 women from 152 cities and 112 villages (29).
However, more and more epidemiological studies have
investigated the role of AS (adopting baPWV > 1400 cm/s as
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the cutoff) in different Chinese female populations, such as
apparently healthy middle-aged women (30), women with
a history of preeclampsia (19), and women with diabetes
(31). The present study was the first to collect the arterial
compliance information of women with PCOS in China,
which might be helpful to provide more comprehensive
risk stratification management of CVD in this
special population.

The nature of the possible link between AS and
atherosclerosis has not been clearly established due to
the fact that their inter-relationship is complex and may
involve a number of different hemodynamic, mechanical,
metabolic, and enzymatic mechanisms (27). Soares let al.
found that young women with PCOS may present with
vascular elasticity changes even in the absence of classical
risk factors for CVD such as hypertension and obesity
(32). Hcy, a sulfur-containing amino acid formed during
the metabolism of methionine, exerts cytotoxic effects
on the vascular endothelium (13). McCully (33) was the
first to propose that Hcy played a role in the pathogenesis
of arteriosclerosis, which was subsequently verified by
numerous studies. Three decades later, the 'Hcy-CVD'
hypothesis was proposed by Clarke and colleagues (34),
with an odds ratio of 3.2 for CVD. Accumulating literature
has documented positive relationships between H-Hcy
and AS in diabetic patients (15), hypertensive patients
(18), and in community-based general populations (17).
Nevertheless, there are limited data on the link between
H-Hcy and AS in PCOS women. We found that serum Hcy
was positively and independently associated with baPWV,
although the underlying mechanism was outside the
scope of our study. Preliminary investigations in women
with PCOS demonstrated correlations between H-Hcy and
various components of PCOS, such as androgen excess and
reduced ovulation, as well as cardiovascular health (13).
These positive findings led clinicians to further explore
associations between H-Hcy and insulin resistance (35),
oxidative stress (36), and chronic inflammation (37).
Whether Hcy is a potential therapeutic target to improve
AS in PCOS needs experimental designs in animals
or related interventions in humans to provide such
mechanistic insight.

Despite the interesting findings obtained by the
current study, certain limitations should be considered.
First, this was a single-center study in which only a small
number of women with PCOS were available for analysis.
Secondly, the present study was cross-sectional. Serial Hcy
and baPWV values would be more meaningful to explore
the cause and effect. Thirdly, we did not collect all the
medicine information they were taking, which might
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have a potential influence on baPWYV values. Those factors
would also be recorded and justified in further studies.

Conclusions

In conclusion, our study demonstrated that serum Hcy
levels were positively and independently associated
with baPWV in Chinese women with PCOS. Further
investigations with a larger sample size are needed to
explore the possibility of including Hcy level as a biomarker
for the serial stratified prevention and management of
CVD in those women.
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