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Objectives: To evaluate the intima-media thickness (IMT) and elasticity of the
carotid artery in non-obese polycystic ovary syndrome (PCOS) patients using a
quantitative technique for vascular elasticity measurement and to explore the
influencing factors.

Methods: Sixty non-obese patients without metabolic and cardiovascular
diseases who were diagnosed with PCOS in the Women and Children’s
Hospital of Chongging Medical University from January to December 2022
were prospectively selected (case group), and 60 healthy volunteers matched
for body mass index were included as the control group. Body weight, height,
heart rate, blood pressure, and waist-to-hip ratio were recorded. Fasting blood
samples were drawn from the elbow vein to measure hormone levels including
total testosterone (TT), sex hormone-binding globulin (SHBG), fasting plasma
glucose (FPQ), fasting insulin (FINS), lipids, and homocysteine (Hcy). The insulin
resistance index (HOMA-IR) and free androgen index (FAI) were calculated.
Ultrasound elastography was used to measure the IMT and elastic function
parameters of the right carotid artery, including vessel diameter, wall
displacement, stiffness coefficient, and pulse wave velocity. Differences in
various parameters between the two groups were analyzed, and correlations
between the carotid stiffness coefficient and other serological indicators were
assessed using Spearman correlation analysis.

Results: No significant differences in age, body mass index, heart rate, systolic
blood pressure, and diastolic blood pressure were observed between the two
groups (all P>0.05), while the waist-to-hip ratio (WHR) was higher in the case
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group than in the control group (P<0.05).The hormone level serological
indicators TT and FAIl were higher in the case group than in the control group,
and SHBG was lower in the case group than in the control group (all P<0.05). The
metabolism-related serum indicators LDL-C, HDL-C, FPG, triglycerides, and total
cholesterol levels were not statistically different between the two groups (all
P>0.05), and serum FINS, HOMA-IR, and Hcy levels were significantly higher in
the case group than in the control group (all P<0.05).No significant difference in
carotid artery diameter was observed between the case group and control group
(P>0.05). The carotid artery displacement in the case group was significantly
smaller than that in the control group (P<0.05), and carotid IMT, hardness
coefficient, and pulse wave propagation velocity were greater in the case
group than in the control group (all P<0.05). The carotid elastic stiffness
coefficient was positively correlated with WHR, TT, SHBG, FAIl, FINS, HOMA-IR
and Hcy to varying extents and negatively correlated with SHBG.

Conclusion: In non-obese PCOS patients with no metabolic or cardiovascular
disease, the carotid stiffness coefficient was increased and correlated with
indicators of hyperandrogenism, insulin resistance, and hyperhomocysteinemia.

KEYWORDS
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Introduction

Polycystic ovary syndrome (PCOS) is the most common
gynecological disease in women of reproductive age, with an
incidence of 5%-10%, and it leads to extremely complex
endocrine and metabolic disorders, with vascular structural and
functional abnormalities in the early clinical period and a
significantly higher risk of complications in cardiovascular and
cerebrovascular diseases in the long term (1). The prevalence of
PCOS in women of reproductive age in China is 5.6%, and more
than half of these patients are non-obese PCOS with a normal body
mass index (BMI) (2). Because this population has a normal BMI
and cardiovascular disease is not often present in the early stage, a
method to assess cardiovascular and cerebrovascular disease risks
early, comprehensively, and quantitatively represents an important
clinical need.

The pathological basis of cardiovascular disease is
atherosclerosis (AS), which can involve the arterial vascular beds
of multiple organs throughout the body and cause different
ischemic events (3). The carotid artery is the most commonly
used ultrasound window for AS due to its superficial and fixed
location and ease of detection. Two of the most important
indicators assessed by ultrasound are the carotid medial intima-
media thickness (CIMT) (4), which is a marker for predicting
structural changes in the vascular wall, and the pulse wave
propagation velocity (PWV) (5), which is important in evaluating
the elasticity of large arteries.
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Currently, many ultrasound techniques have been developed
for evaluating the structure and elasticity of blood vessels, such as
ultrafast pulse wave velocity (UFPWYV), echo-tracking (ET), etc.
However, the accuracy of the examination depends on the
operator’s skill and is affected by blood pressure, which limits the
accuracy of the examination results (6-8). The ultrasound elasticity
quantitative technology used in this study is a radio frequency data
processing technology based on the current approaches used in the
field of artificial intelligence and deep learning medical image
recognition, and the main feature is the data acquisition frame
frequency. The technology offers very high accuracy and fully
automated measurement, which can avoid the limitations of the
traditional measurement methods affected by data processing (9,
10). In this study, we applied the technique to assess the carotid
artery elasticity in non-obese PCOS patients via ultrasound
quantitative parameters and analyzed correlations with plasma
Hcy, glucose-lipid metabolism, and sex hormones in order to
identify AS risk factors independent of obesity in PCOS patients.

Materials and methods
Study participants
Sixty consecutive patients aged 20-40 years with confirmed

PCOS who visited the Women and Children’s Hospital of
Chongqing Medical University from January to December 2022
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were enrolled if they met the following inclusion criteria: normal
body mass index (BMI <25 kg/mz) (11) and PCOS diagnosed in
accordance with the 2004 Rotterdam criteria (12). During the same
period, 60 healthy volunteers who had regular menstruation,
normal ovarian size and structure, and normal BMI were
included as the control group. Participants were excluded from
either group according to the following exclusion criteria: (1)
presence of any other endocrine disease; (2) acute infection and
glucocorticoid use in the previous 2 weeks; (3) intake of B vitamins
and folic acid within the previous 6 months; (4) presence of
hypertension or liver or kidney disease; or (5) CIMT >1.0 mm on
ultrasound associated with carotid plaque formation.

Clinical data

The following data were recorded for all participants in both
groups: age, heart rate, blood pressure, weight, height, waist-to-hip
ratio (WHR), and BMI (weight/heightz). The WHR is the ratio of
the waist circumference (smallest circumference of waist) to the hip
circumference (largest circumference of buttocks). All
measurements were performed with the participant in a natural
standing position with the abdomen relaxed. Before blood pressure
measurement, each participant rested quietly for approximately 15-
20 min in a quiet environment and did not drink alcohol, coffee, or
strong tea. Blood pressure was measured in the right upper arm
using a Yutu brand XJ11D desktop standard sphygmomanometer
(Shanghai Medical Device Company), and the data were averaged
from three repeated measurements.

For serological testing of all participants, cubital venous blood
was drawn in the morning after 8-12 h of fasting and on 3rd to 5th
day of the participant’s menstrual cycle (when no dominant follicles
were detected by ultrasonography in amenorrhea patients). The
blood samples were used to determine participants’ levels of total
testosterone (TT), sex hormone binding globulin (SHBG), fasting
plasma glucose (FPG), fasting insulin (FINS), homocysteine (Hcy),
and lipid levels, including total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C). From these data, we calculated
the homeostatic model assessment-insulin resistance (HOMA-IR),
using the formula: HOMA-IR = FPG (mmol/L) x FINS (uU/mL)/
22.5, as well as the free androgen index (FAI), using the formula:
FAI = TT (nmol/L)/SHBG(nmol/L)x100%.

Ultrasound examination

Measurements were made with a Mindray Resona 8S color
ultrasonic diagnostic apparatus (China), high-frequency linear
array probe, frequency 2.5-9 MHz, and built-in digital system
analysis software, including the RIMT and R-VQS systems. All
participants underwent RIMT and R-VQS examination of the right
carotid artery. When the acoustic beam was perpendicular to the
anterior and posterior walls of the vessel and clearly showed the
intima-media, the measurement points (region of interest: 15 mm)
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in the CIMT sampling frame were selected 1-2 cm below the
bifurcation of the common carotid artery, and still images were
obtained once the RIMT values were stable for six consecutive
cardiac cycles. The instrument’s built-in software automatically
stored and analyzed the records to produce mean radial IMT
values for the common carotid artery in six cardiac cycles, along
with standard deviation (SD) values (Figures 1A, B). Using the same
operating method, R-VQS analysis results were recorded, and the
parameters obtained included carotid artery diameter (CADIA,
mm), carotid artery wall displacement (CAWD, pm), the stiffness
coefficient (VS), and PWV (m/s), as illustrated in Figures 2A, B.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
version 21.0 (IBM Corp. Armonk, NY, USA). Data conforming to a
normal distribution were expressed as mean + SD (x * s). When the
variance was equal, t-test of two independent samples was used for
comparison between the two groups. Data that did not conform to a
normal distribution were expressed as median (interquartile
percentages [P25, P75]). The Mann-Whitney U test was used for
comparison of non-normally distributed data between the two
groups. Spearman correlation analysis was performed to identify
correlations between the carotid stiffness coefficient and all
parameters that showed a significant difference between the
PCOS and control groups. Differences and correlations for which
the P value was <0.05 were considered statistically significant.

Results

Comparison of clinical data between PCOS
and control groups

Among the basic clinical data recorded, only the WHR differed
significantly between the PCOS and control groups, with a higher
WHR observed for PCOS patients (P<0.05; Table 1). Age, BMI,
heart rate, SBP and DBP did not differ significantly between the two
groups (all P>0.05).

Comparison of serological data between
PCOS and control groups

Among the hormone levels and indices assessed in this study,
TT and FAI were higher in the PCOS group than in the control
group, and SHBG was lower in the PCOS group than in the control
group (all P<0.05; Table 2). No statistical differences were detected
in the metabolism-related serum indicators FPG, TC, TG, LDL-C,
and HDL-C levels between the two groups (all P>0.05), whereas the
serum FINS and Hcy levels as well as the HOMA-IR were
significantly higher in the PCOS group compared with the
control group (all P<0.05; Table 2).
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Each CIMT sampling frame was selected 1-2 cm below the bifurcation of the common carotid artery, and once the RIMT values were stable for six
consecutive cardiac cycles, still images (A) and measurement data (B) were obtained

Carotid artery elasticity in PCOS patients
and correlation with clinical characteristics

Comparison of quantitative ultrasonographic results showed no
significant difference in CADIA between the PCOS group and the
control group (P>0.05). CAWD was significantly smaller in the
PCOS group than in the control group (P<0.05), whereas the CIMT,
VS, and PWV were greater in the PCOS group than in the control

group (all P<0.05; Table 3).

From Spearman correlation analysis, the carotid elastic stiffness
coefficient was positively correlated with WHR, TT, SHBG, FAI,
FINS, HOMA-IR, and Hcy to varying degrees and negatively

correlated with SHBG (Table 4 and Figure 3).
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Discussion

This study investigated the changes in vascular elasticity in
young, non-obese PCOS patients without traditional cardiovascular

disease risk factors, and the results demonstrated that this group of

patients still showed reduced vascular elasticity on carotid

ultrasound elastography. Compared with an age- and weight-
matched control group, the case group had significantly higher

CIMT, PWV,

and stiffness coefficient and significantly reduced

vascular displacement (CAWD). We further explored the
correlation between the stiffness coefficient and related serological
indexes, and the results showed that vascular wall alterations were

positively correlated with the accompanying hyperandrogenemia,
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Each sampling frame was selected 1-2 cm below the bifurcation of the common carotid artery, and upon clicking the R-VQS system button, once
the R-VQS analysis were stable for six consecutive cardiac cycles, the still images (A) and the parameters (B) were obtained including the carotid
artery diameter (CADIA, mm), carotid artery wall displacement (CAWD, pum), stiffness coefficient (VS), and PWV (m/s).
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TABLE 1 Basic clinical characteristics of PCOS patients and control participants.

PCOS group (h=60) Control group (n=60) z P

Age (years) 28 (25.00, 30.00) 28 (26.00, 32.75) -1.640 101
BMI (kg/mz) 22.31 (20.43, 23.29) 21.48 (20.76, 22.55) -1.294 196
WHR 0.76 (0.72, 0.81) 0.73 (0.69, 0.77) -3.849 <001
HR (bpm) 76.24 (67.25, 89.62) 83.36 (72.50, 89.70) -1.265 206
SBP (mmHg) 117.00 (110.00, 126.75) 114.96 (107.96, 125.95) -.543 587
DBP (mmHg) 76.00 (72.25, 86.00) 75.39 (68.96, 82.99) -1.425 154

BMI, body mass index; WHR, waist to hip ratio; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure.

insulin resistance, and hyperhomocysteinemia in PCOS patients to
varying degrees. Thus, these indexes are clinically relevant for the
early screening, evaluation, and follow-up of non-obese PCOS
patients. This study explored the feasibility of utilizing vascular
elasticity quantitative technology for non-invasive assessment of
arterial vessel elasticity in non-obese patients with PCOS during the
preclinical stage of atherosclerosis. The aim was to provide
evidence-based clinical data to support the development of
clinical preventive interventions.

Multiple studies (13-16) have demonstrated structural and
functional abnormalities in the cardiovascular system in PCOS
patients. The vascular changes associated with AS progress
gradually, first appearing histologically as increases in collagen
fibers and elastic fibers of blood vessels, with arterial wall
thickening and arterial stenosis appearing later and eventually
impairing the function of the perfused organs and leading to
organ failure. Previous studies have suggested that the CIMT is
the best ultrasound marker for detecting structural changes in the
vascular wall in early AS (4). Accordingly, many studies have used
the CIMT as an important indicator for evaluating the risk of AS in
PCOS patients. However, Kim et al. (17) and other studies (18, 19)
found that CIMT values in PCOS patients did not differ
significantly from those in control groups. In a review by

Alexandraki et al. (20), which retrospectively analyzed 71 studies
that assessed IMT, 44 (62%) of the studies, including 2,761 patients
with PCOS and 2,218 control participants, showed impairment in
PCOS, whereas 27 studies, including 1,571 patients with PCOS and
1,286 control participants, did not show any difference between the
groups. Such inconsistency in these findings may be related to the
age of study participants, as the participants in studies that found no
difference in CIMT between PCOS and control groups generally
involved younger participants. Secondly, the CIMT is a marker of
arterial structural change. Early changes are very small and become
more significant in the later stage of AS progression. In the present
study, the subjects were women of reproductive age (20-40 years
old), and the CIMT values in these PCOS patients were higher than
those in the control group. However, the difference was not as great
as the differences in vascular elasticity parameters. In clinical
studies, it is also recognized that vascular elasticity changes
precede morphological changes. Thus, the detection of vascular
elasticity by ultrasound is clearly more predictive in non-obese
PCOS patients. The PWV in the quantitative ultrasound elasticity
technique is the propagation velocity of the pressure wave in the
blood vessel, and its size is directly related to the hardness of the
blood vessel. This parameter was defined in the European
Hypertension Guideline in 2003 (5) and holds an important

TABLE 2 Serological results for metabolism-related indicators in the PCOS and control groups.

PCOS group (n=60)

Control group (n=60)

TT(nmol/L) 250 (2.10, 2.88) 1.00 (0.80, 1.20) -9.463 <.001
SHBG (nmol/L) 35.97 + 8.59 4426 + 9.31 5.068 <.001
FAI 6.64 (5.36,9.11) 226 (1.72, 2.93) 9353 <001

FPG (mmol/L) 5.15 (4.73, 5.50) 4.90 (4.30, 5.58) -1.587 112
FINS (uIU/mL) 20.20 (13.05, 24.65) 6.45 (5.69, 7.59) -7.912 <.001
Hey (umol/L) 11.40 (8.30, 15.98) 9.89 (7.10, 12.14) -2.493 013
TC (mmol/L) 4.19 (3.60, 4.78) 3.94 (3.39, 4.56) -1.501 133
TG (mmol/L) 2.05(1.61, 2.66) 2.03 (1.8, 2.34) -840 401
LDL-C (mmol/L) 262 (2.32, 3.06) 2.59 (2.33, 3.06) 0.000 1.000
HDL-C (mmol/L) 1.40 (1.26, 1.57) 1.37 (116, 1.53) -916 360
HOMA-IR 473 (2.76, 5.59) 1.44 (1.21, 1.69) -7.810 <.001

TT, total testosterone; SHBG, sex hormone binding globulin; FAI, free androgen index; FPG, fasting plasma glucose; FINS, fasting insulin; Hcy, homocysteine; TC, total cholesterol; TG,
triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment-insulin resistance.
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TABLE 3 Carotid artery elasticity parameters in PCOS patients and control participants.

PCOS group (h=60) @ Control group (n=60) z P

RCIMT (mm) 0.60 (0.57, 0.63) 0.57 (0.55, 0.60) -3.223 001
CADIA (mm) 6.15 (5.78, 6.65) 6.18 (5.94, 6.67) -1.303 193
CAWD (im) 396.50 (354.25, 488.25) 640.00 (522.00, 690.00) -7.372 <001
VS 2.68 (2.29, 3.44) 1.53 (1.39, 1.89) -8.260 <.001
PWV (m/s) 5.66 (5.18, 6.43) 4.11 (3.39, 4.44) -8.389 <.001

RCIMT, right carotid intima-media thickness; CADIA, carotid artery diameter; CAWD, carotid artery wall displacement; VS, stiffness coefficient; PWV, pulse wave velocity.

position in the evaluation of the elasticity of large arteries. The
CAWD can react to the degree of movement of the blood vessel, and
with worsening elasticity, the displacement of the vessel is smaller.
This key parameter in the quantitative ultrasound elasticity
technique provides a quantitative and accurate means of
measurement, that allows us to objectively assess subtle, early
changes in vascular elasticity.

The findings in the present study of increased vascular stiffness
are consistent with the results of most reported studies (20-23);
however, a few studies still offer conflicting findings. Rees et al. (24)
found that central arterial stiffness and diastolic dysfunction were
not increased in young women with PCOS, whereas they were
associated with both insulin resistance and central obesity. They
both utilized distinct ultrasound indices to assess cardiovascular
disease risk in PCOS patients, including the stiffness index (j3),
distensibility of the common carotid artery (CCA), and flow-
mediated dilation (FMD) of the brachial artery. However, as the
PCOS patients studied by these researchers had higher BMIs,
arterial pressures, and basal insulinemia compared to the control
participants, it remains ambiguous whether the presence of PCOS
per se, rather than the comorbidities associated with this syndrome,
was the primary contributor to this observed difference. This
reduces the possibility that confounding factors are responsible
for the differences between the populations studied, because the
structure of the arterial wall slowly degrades with advancing age,
hypertension, smoking, and coronary artery disease. Thus, the
present study was designed to assess these markers in PCOS
patients and a control population matched for age and BML In
addition, all participants were young, normotensive, and
nonsmokers with no signs or symptoms of cardiovascular disease.

This study design aimed to reduce the biases stemming from
population heterogeneity. Additionally, we employed advanced
ultrasound imaging technology and more precise automated
measurement software, thereby enhancing the accuracy and
reliability of our data.

The cause of reduced arterial elasticity in PCOS is uncertain and
appears to be related to the presence of individual cardiovascular
risk factors. Insulin resistance plays a key role in the pathogenesis of
PCOS, and while previous studies have suggested that obesity is one
of the most important causes of insulin resistance, the present study
found that non-obese patients with PCOS can also have insulin
resistance. Insulin resistance in non-obese patients with PCOS may
be related to a variety of factors such as genetics, endocrine
abnormalities, inflammation, and other factors. In these patients,
the cellular response to insulin becomes insensitive due to defective
insulin receptors or abnormalities in the insulin signaling pathway.
A chronic inflammatory state exacerbates this process and affects
insulin efficacy and sensitivity. While insulin resistance is not only a
metabolic abnormality in these patients, it is capable of directly
leading to vascular endothelial and smooth muscle cell hypertrophy
and differentiation, resulting in vascular endothelial dysfunction
and vascular sclerosis (25). This is further supported by the study of
Cussons et al. (26), who found that non-obese PCOS patients
without concomitant insulin resistance did not have significantly
altered arterial stiffness, implying an important role of insulin
resistance in altered vascular stiffness.

Hyperandrogenemia is another distinguishing feature of patients
with PCOS, especially in patients with a hyperandrogenemic
phenotype, who have a higher prevalence of cardiovascular disease
(27). Kilic et al. (28) suggested that androgen excess is independently

TABLE 4 Results of Spearman correlation analysis between VS and WHR, TT, SHBG, FAI, FINS, HOMA-IR, and Hcy.

FINS HOMA-IR WHR Hcy TT SHBG FAI
. 609 607 211 5250 608" ~306* 596+
P <001 <001 021 <001 <001 001 <001
L

Vs ower 477 471 006 366 479 - 465 467

Bound

95% CI

Upper
716 715 386 652 709 -143 711

Bound

**Confidence level of 0.01; the correlation is significant. *Confidence level of 0.05; there is a correlation.
FINS, fasting insulin; HOMA-IR, homeostatic model assessment-insulin resistance; WHR, waist to hip ratio; Hcy, homocysteine; TT, total testosterone; SHBG, sex hormone binding globulin;
FALI free androgen index.
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associated with increased arterial stiffness, an association that is
attributed to the ability of excess androgens to affect vascular
endothelial function and to promote smooth muscle cell
proliferation and migration, thereby resulting in increased vascular
stiffness. This idea that hyperandrogenemia is associated with an
increased risk of cardiovascular disease is supported by the present
study in nonobese PCOS patients.

Recent studies have focused on the role of chronic low-grade
inflammation in the pathogenesis of PCOS (29, 30). Hcy is a sulfur-
containing amino acid formed during methionine metabolism that
has cytotoxic effects on the vascular endothelium (31). McCully
et al. (32) first proposed that Hcy plays a role in the pathogenesis of
arteriosclerosis, and this was subsequently confirmed by a large
number of studies in diseases such as diabetes and hypertension.
However, there are limited data on the association between high
Hcy and AS in women with PCOS. One study (33) showed that high
Hcy (H-Hcy) levels are positively and independently associated
with elevated brachial and ankle pulse wave velocity (baPWV) in
female patients with PCOS, suggesting that Hcy may play a role in
the pathologic process of AS in women with PCOS. However,
further studies in non-obese patients with PCOS were not
conducted. We found that non-obese PCOS patients have a
relatively higher Hcy that is positively correlated with the VS.
Long-term high Hcy status increases oxidative stress and weakens
the antioxidant response, which directly or indirectly damages
vascular endothelial cells, promotes smooth muscle cell
proliferation, changes blood coagulation status, and impairs
platelet function, thus causing vascular damage and increasing the
risk of long-term cardiovascular disease in PCOS patients (34, 35).

Obesity is also recognized as an independent risk factor for As.
In the present study, the WHR was higher in non-obese PCOS
patients than in control participants, indicating that even for
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patients with a normal BMI, abdominal obesity may still exist.
Dumesic et al (36) suggested that intra-abdominal fat deposition in
non-obese PCOS patients may be related to hyperandrogenism.
Normal weight PCOS patients exhibit preferential intra-abdominal
fat storage and have an increased number of small subcutaneous
abdominal adipocytes, which could constrain subcutaneous adipose
storage and promote metabolic dysfunction. For non-obese PCOS
patients, the WHR can better reflect the obesity status and body fat
distribution of non-obese PCOS patients compared with BMI,
which may explain why it was found to be a more useful
indicator for predicting the risk of AS. While healthy weight
management may be important in treating PCOS patients,
improving abdominal obesity should also be a goal in the health
management of these patients.

The present study has some limitations. This study was a single-
center, small-sample, cross-sectional study with possible bias, and
there was no further categorization of different clinical phenotypes
of patients with PCOS. Consequently, there remains a need for
long-term, large-scale, prospective studies in PCOS patients,
particularly focusing on cardiovascular outcomes across different
PCOS phenotypes, to better understand the impact of PCOS on
cardiovascular function. Future research could build upon the
present findings by incorporating more datasets and expanding
the sample size.

In summary, female patients with PCOS and normal BMI
showed alterations in vessel wall thickness and elasticity even in
the absence of traditional AS risk factors, indicating early signs of
AS. These changes are associated with hyperandrogenism, insulin
resistance, hyperhomocysteinemia, and abdominal obesity. Clinical
attention should be paid to the risk factors for early-onset AS in
non-obese PCOS patients and included in patient health
management programs to slow the atherosclerotic process.
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