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Neck circumference is independently associated with
metabolic syndrome in women with polycystic ovary

syndrome
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Abstract. Recent compelling evidence has shown that neck circumference (NC), as a reliable and convenient anthropometric
index, has better predictive values of hyperuricemia and insulin resistance in women with polycystic ovary syndrome (PCOS)
compared with traditional anthropometric measurements. Since both PCOS and metabolic syndrome (MetS) share similar
characteristics and affect long-term health of women, we conducted this cross-sectional study to explore the correlation of NC
with MetS and metabolic risk factors. Anthropometric parameters, blood pressure, glycemic and lipid profile of 633 PCOS
and 2,172 non-PCOS women from January 2018 to June 2021 were analyzed. The results showed that the prevalence of MetS
was 28.0% and 9.4% in PCOS and non-PCOS women, respectively. The prevalence of MetS, hypertention, obesity, central
obesity, hyperglycemia and dyslipidaemia was also significantly higher in both PCOS and non-PCOS women with larger NC.
Additionally, logistic regression analysis showed that PCOS women in the highest quartile of NC had the highest prevalence
of MetS (RR =9.94, 95%CI: 2.41-40.99) after adjusting for confounding factors, while the association between NC and MetS
was much attenuated after adjusting for confounding factors in non-PCOS women. Furthermore, we also identified that the
optimal NC cutoff value was 33 cm in PCOS women for the prediction of MetS. The potential mechanism could be attributed
to the increased release of adipokines and excessive free fatty acids release from subcutaneous adipose tissue, which
consequently precipitate the development of MetS. In conclusion, NC was found to be positively and independently correlated
with the prevalence of MetS.
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POLYCYSTIC OVARY SYNDROME (PCOS) is one
of the most common reproductive endocrinopathies. It is
characterized by hyperandrogenism, chronic anovulation,
and polycystic ovarian morphology and affects 4%—21%
of women of reproductive age [1]. PCOS not only leads
to reproductive dysfunction in women of childbearing
age but is also closely related to the incidence and
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development of a variety of diseases, including impaired
glucose tolerance, type 2 diabetes, non-alcoholic fatty
liver disease, obstructive sleep apnea syndrome, cardio-
vascular and cerebrovascular diseases [2, 3]. Thus far,
the pathogenesis of metabolic changes in women with
PCOS has not yet been fully elucidated, making it more
difficult to perform intervention at the metabolic level.
Metabolic syndrome (MetS) is a collection of meta-
bolic disorders including obesity, glucose intolerance,
dyslipidaemia, and hypertension, that are associated with
an increased risk of cardiovascular diseases [4]. It has
been reported that MetS occurs more than thrice as fre-
quently in women with PCOS than in women without
PCOS [5]. PCOS women with MetS have a lower cumu-
lative live birth rate than women without MetS, which
indicates a vicious cycle between abnormal metabolism
and lowered female fecundity [6]. The etiologies of
MetS include central obesity and insulin resistance, and
central obesity is one of the criteria for the diagnosis of
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metabolic syndrome [7]. In clinical practice, waist cir-
cumference has been used as an evaluation index for
central obesity [8]. However, waist circumference is not
always accurate when measured postprandially or with
heavy clothes. Additionally, in order to make a definite
diagnosis of MetS, patients need to undergo a series of
examinations including blood drawing, blood pressure
measurement and anthropometric measurement, which
are known to be time-consuming, technically demanding
as well as labor intensive [9]. Therefore, it is of great
necessity to find a simple and reliable method to identify
MetS in the early stage.

Neck circumference (NC) has been well acknowl-
edged as a convenient anthropometric index that reflects
subcutaneous fat tissue of the upper body [10]. Studies
have demonstrated that a larger NC is closely related to
abnormal glycolipid metabolism and a higher incidence
of MetS due to increased release of adipokines and
excessive free fatty acid release from subcutaneous adi-
pose tissue [11]. It has been reported that in the general
female population, NC can predict MetS beyond the
classical anthropometric parameters [12]. Since women
with PCOS are more susceptible to metabolic abnormali-
ties, compelling evidence has shown that NC was also
closely associated with serum uric acid and insulin resis-
tance in women with PCOS [13, 14]. A recent study con-
ducted in 200 Bangladeshi women found that in women
with PCOS, NC may be a convenient method for assess-
ing MetS [15]. However, studies focusing on the associa-
tion between NC and MetS with large sample sizes in
women with or without PCOS are scarce. Therefore, this
study was conducted to investigate the correlation of NC
with MetS and metabolic risk factors and to compare the
predictive value of NC for MetS in women with or with-
out PCOS.

Patients and Methods

Participants

This is a retrospective cross-sectional study that ini-
tially enrolled 4,881 women at the reproductive center
of the First Affiliated Hospital of Wenzhou Medical
University from January 2018 to June 2021. The exclu-
sion criteria were women with a history of neck surgery
(n = 66), neck malformation (» = 10), thyroid dysfunc-
tion (n = 210), congenital adrenal hyperplasia (n = 21),
Cushing’s syndrome (n = 19), androgen-secreting neo-
plasms (n = 6), malignant tumor (n = 24), tuberculosis (n
= 36), regular oral contraceptives (n = 189), oral gluco-
corticoids (n = 47), any antidiabetic treatment (n = 95),
women with poor ovarian reserve or premature ovarian
failure (n = 956), or incomplete information for labora-
tory or anthropometric parameters (n = 397). Finally, a

total of 2,805 women were included for further analysis,
of which 633 women were diagnosed with PCOS. This
study was approved by the Ethics Committee of the First
Affiliated Hospital of Wenzhou Medical University
(2021N07). Written informed consent for the whole pro-
cedure was obtained from all participating patients.

Definitions

Before making a proper diagnosis of PCOS, endocri-
nopathies that mimic PCOS should be ruled out first, as
listed in the exclusion criteria above. The diagnostic cri-
teria included two out of three following features accord-
ing to the 2003 Rotterdam diagnostic criteria [16]: (1)
menstrual abnormalities, including oligomenorrhea or
amenorrhea; (2) clinical and/or biochemical hyperandro-
genism, including hirsutism (Ferriman-Galwey score >6)
or testosterone concentration >2.81 nmol/L; and (3)
polycystic ovarian morphology under B-ultrasound as
indicated by the number of follicles with a diameter of
2-9 mm >12 and/or ovarian volume >10 mL on abdomi-
nal ultrasound (3—5 mHz) or transvaginal (frequencies of
transducer: 5—7 mHz). The definition of MetS adopted in
this study was promulgated by the International Diabetes
Federation (IDF)—the IDF criteria. According to the
IDF definition of MetS, at least three of the following
factors should be included to diagnose the MetS: (1) cen-
tral obesity based on waist circumference (WC >80 cm
for women in a Chinese population) [17]; (2) increased
triglycerides (TG >1.69 mmol/L); (3) decreased high-
density lipoprotein (HDL <1.29 mmol/L for women); (4)
high blood pressure (systolic blood pressure >130 or dia-
stolic blood pressure >85 mmHg); (5) hyperglycemia
(fasting blood glucose >5.60 mmol/L) [18]. The preva-
lence of MetS was calculated as the number of patients
diagnosed with MetS divided by the total number of
PCOS or non-PCOS women recruited in the study. Obe-
sity was defined as a body mass index (BMI) >25 kg/m?
according to the Asian BMI criteria [19]. Hypertension
was diagnosed as systolic blood pressure (SBP) >140
mmHg or diastolic blood pressure (DBP) >90 mmHg, or
use of any antihypertensive medication within 2 weeks
[20]. Dyslipidaemia was defined as total cholesterol (TC)
>6.22 mmol/L or triglycerides (TG) >2.26 mmol/L or
high-density lipoprotein (HDL) <1.04 mmol/L, or low-
density lipoprotein (LDL) >4.14 mmol/L, according to
the National Cholesterol Education Program [21]. Insulin
resistance and B-cell function were estimated by the
homeostasis model assessment of insulin resistance
(HOMA-IR; calculated as FBG (mmol/L) x fasting insu-
lin (FINS, mIU/L)/ 22.5) and HOMA of B-cell function
(HOMA-B, calculated as (20 x FINS)/(FBG-3.5)) index,
respectively.
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Anthropometric and laboratory measurements

The anthropometric measurements include BMI, NC,
WC, hip circumference (HC), waist to hip ratio (WHR),
which were taken after an overnight fast with standing
upright and shoulders relaxed position. Neck circumfer-
ence was measured using a measuring tape at the level of
the thyroid cartilage [22]. BMI was calculated as the
body weight in kilograms divided by the height in meters
squared [23]. WC was measured at the midpoint between
the iliac crest and the lowest rib, and HC was measured
at the level of maximum extension of the hip [24]. All
the anthropometric measurements were completed by
one nurse who had received training to ensure the relia-
bility of data in our center. Blood pressure was measured
with an electronic sphygmomanometer after 10 min rest
in the sitting position. Hormonal and metabolic parame-
ters were obtained by analyzing the fasting blood sam-
ples after an overnight fast of at least 8 hours during the
menstrual period. The assay methods of hormonal and
metabolic parameters have been detailed in a previous
study [25]. The intra-assay variation was less than 10%
and the inter-assay variation was less than 10% for all
the assay methods.

Statistical analysis

The data were evaluated by SPSS 23.0 software (IBM
Corporation) and MedCalc Application 19.0.4 software.
Patients with or without PCOS were grouped into four
frequency groups according to neck circumference,
respectively. The value lied below the 25 percent of the
bottom value was denoted by quartile (Q1). The other
three quartiles were respectively denoted as Q2, Q3, and
Q4. Demographic and laboratory variables with a
skewed distribution were presented as the medians
(interquartile ranges), otherwise were presented as mean
+ standard deviation. Skewness and kurtosis tests for
normality were performed and the results showed that
the levels of basal LH, E2 and T, LH/FSH ratio, AMH,
FINS, HOMA-IR, HOMA-B, LDL, and TG were non-
normally distributed. For continuous variables, p values
for trends across quartiles were calculated by linear
regression analysis. Data with skewed distributions were
logarithmically transformed prior to linear regression
analysis. Logistic regression analysis was performed to
obtain the odds ratios and 95% confidence interval (CI)
of NC for metabolic syndrome based on quartiles of NC.
Model 1 was unadjusted. In model 2, adjusted variables
included age, SBP, and DBP. In model 3, BMI, HC,
LH/FSH ratio  (log-transformmed), TG  (log-
transformmed), HDL and HOMA-IR (log-transformmed)
were further adjusted. Logistic regression analysis was
performed to obtain the prevalence ratios for each meta-
bolic risk factors (hypertension, obesity, central obesity,

hyperglycemia and dyslipidaemia) based on quartiles of
NC after adjusting for relevant variables. Meanwhile, p
values for trends across the quartiles were calculated by
the Cochran—Mantel-Haenszel method. Receiver operat-
ing characteristic (ROC) curves were used to compare
the predictive ability of NC, BMI, HC and WHR for
MetS by calculating the area under the curve (AUC). The
Youden index, defined as sensitivity + specificity — 1,
was calculated to identify the optimal cutoff points. The
specificity and sensitivity of NC, BMI, HC and WHR as
well as the positive and negative predictive values were
calculated for each cutoff point in the sample. All p values
lower than 0.05 were considered statistically significant.

Results

Baseline characteristics according to the quartiles of
neck circumference in PCOS

The general demographic, anthropometric information
and metabolic characteristics in PCOS women according
to the quartiles of NC were described in Table 1. The
ranges of NC in Q1, Q2, Q3 and Q4 were <31.0 cm (n =
200), 31.0-33.0 cm (n = 189), 33.0 cm-35.0 cm (n =
150), and >35.0 cm (n = 94). Subjects with larger NC
showed eclevated levels of BMI, NC, WC, HC, WHR,
SBP, DBP, basal T, FBG, FINS, HOMA-IR, HOMA-8,
TG, LDL, but lower levels of HDL. No significant dif-
ferences were observed between the quartiles of age, the
number of current smoker, LH/FSH ratio and the level of
basal LH, basal FSH, basal E2, AMH and TC.

The baseline characteristics in non-PCOS women
were described in Table 2. The ranges of NC in Q1, Q2,
Q3 and Q4 were <30.0 cm (n = 840), 30.0-31.0 cm (n =
405), 31.0 cm-33.0 cm (n = 551), and >33.0 cm (n =
376). Subjects with larger NC showed elevated levels of
age, BMI, NC, WC, HC, WHR, SBP, DBP, basal FSH,
basal E2, FBG, FINS, HOMA-IR, HOMA-B, TG, LDL,
but lower levels of basal LH, LH/FSH ratio, basal T,
AMH and the number of current smoker. No significant
differences were observed between the quartiles of FBG,
FINS, HOMA-IR, HOMA-B, TC, TG, HDL and LDL.

Percentages of MetS and metabolic risk factors
across the quartiles of NC in PCOS and non-PCOS
Of the 633 subjects with PCOS, 177 (28.0%) were
diagnosed with MetS. Hypertension was diagnosed in 32
women (5.1%). Obesity and central obesity were diag-
nosed in 210 (33.2%) and 311 women (49.1%), respec-
tively. Hyperglycemia was found in 125 (19.8%) women.
Dyslipidaemia was detected in 140 women (22.1%). The
prevalence of MetS and the percentages of metabolic risk
factors, including hypertension, obesity, central obesity,
hyperglycemia, and dyslipidaemia in women with PCOS
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Table 1 Baseline characteristics according to quartiles of neck circumference in PCOS

Quartiles of NC
Variables p for trend
Quartile 1 Quartile 2 Quartile 3 Quartile 4
200 189 150 94

Age (year) 28.61 +£3.68 30.27 +3.80 29.52+3.77 30.25+3.47 0.23
Current smoker (1, %) 2 (1.0%) 4 (2.1%) 2 (1.3%) 1(1.1%) 0.99
History of DM (n, %) 0 (0.0%) 1 (0.5%) 3 (2.0%) 6 (6.4%) <0.001
BMI (kg/m?) 20.64 £2.29 23.33 +2.41 25.84 +3.01 27.72 £2.91 <0.001
NC (cm) 29.98 +0.99 32.47+0.50 34.53 +£0.50 37.20+1.48 <0.001
WC (cm) 71.39 £ 6.21 78.79 £ 6.81 85.87+£7.29 91.51+7.80 <0.001
HC (cm) 87.63 £5.12 92.79 £5.10 98.79 +5.63 101.71+7.13 <0.001
WHR 0.81 +0.06 0.85 £ 0.06 0.87 £ 0.06 0.90 £ 0.05 <0.001
SBP (mmHg) 107.12 £ 10.57 112.26 £ 11.21 116.57 £12.70 122.20 £ 12.60 <0.001
DBP (mmHg) 71.46 £7.62 7521 +8.36 7723 £9.52 80.99 + 10.00 <0.001
Basal LH (IU/L) 7.20 (5.19-10.76) 6.56 (4.46-9.63) 6.59 (4.40-10.89) 6.41 (3.88-9.65) 0.07
Basal FSH (IU/L) 7.15+2.88 6.95+1.74 6.55+1.74 6.70 £ 1.50 0.07
LH/FSH ratio 1.09 (0.76-1.60) 0.98 (0.68-1.38) 1.04 (0.72-1.53) 1.03 (0.59-1.40) 0.14
Basal E2 (pmol/L) 174.00 (114.00-241.00) 177.00 (121.00-225.50) 172.00 (117.00-209.00) 159.30 (130.00—192.00) 0.35
Basal T (nmol/L) 1.84 (1.39-2.45) 2.02 (1.61-2.53) 2.08 (1.59-2.62) 2.11 (1.60-2.67) 0.03
AMH (ng/mL) 7.91 (6.16-11.61) 8.34 (6.54-11.33) 8.60 (5.94-10.74) 7.80 (5.57-11.02) 0.38
FBG (mmol/L) 5.10£0.39 5.20+0.49 5.43 £1.00 5.64+1.99 <0.001
FINS (mIU/L) 8.32 (5.78-11.08) 11.21 (7.72-14.18) 14.50 (10.19-22.61) 16.30 (12.51-22.86) <0.001
HOMA-IR 1.80 (1.31-2.55) 2.59(1.77-3.43) 3.36 (2.44-5.70) 3.90 (2.85-6.10) <0.001
HOMA-B 100.18 (75.09-143.99)  129.22 (94.46-182.33) 172.08 (114.41-235.46) 198.64 (137.26-264.84) 0.01
TC (mmol/L) 4.88+0.85 5.05+1.00 4.96 +0.99 5.07+0.93 0.21
TG (mmol/L) 1.04 (0.74-1.38) 1.33 (0.90-1.97) 1.47 (1.00-2.09) 1.72 (1.26-2.31) <0.001
HDL (mmol/L) 1.49+0.33 1.35+£0.30 1.22+£0.27 1.14£0.20 <0.001
LDL (mmol/L) 2.70 (2.23-3.08) 2.83 (2.40-3.40) 2.89 (2.46-3.52) 2.95(2.48-3.50) 0.003

Note: DM, diabetes mellitus; BMI, body mass index; NC, neck circumference; WC, waist circumference; HC, hip circumference; WHR,
waist to hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; LH, luteinizing hormone; FSH, follicle stimulating hormone;
E2, estradiol; T, testosterone; AMH, anti-mullerian hormone; FBG, fasting plasma glucose; FINS, fasting insulin, HOMA-IR, homeostasis
model assessment of insulin resistance; HOMA-B, homeostasis model assessment of [ cell function; TC, total cholesterol; TG,
triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

were shown in Fig. 1A. The prevalence of MetS from Q1
to Q4 was 5.0%, 19.0%, 47.3% and 63.8%, respectively.

In 2,172 women without PCOS, the prevalence of
MetS was 9.4%. Hypertension, obesity, central obesity,
hyperglycemia, and dyslipidaemia were diagnosed in 45
(2.1%), 279 (12.8%), 518 (23.8%), 226 (10.4%) and 312
(14.4%) women, respectively. The prevalence of MetS
and the percentages of metabolic risk factors in non-
PCOS were shown in Fig. 1B. The prevalence of MetS
from QI to Q4 was 1.5%, 5.4%, 11.4% and 28.5%,
respectively.

More specifically, there exhibited a growing tendency

in the percentage of hypertension, obesity, central obe-
sity, hyperglycemia and dyslipidaemia consistent with
the elevation of NC in both PCOS and non-PCOS
women (p for trend <0.001).

Prevalence ratios for MetS based on the quartiles of
NCin PCOS

The prevalence ratios for MetS and metabolic risk fac-
tors based on the quartiles of NC in PCOS and non-
PCOS were shown in Table 3. In both women with
PCOS or without PCOS, the prevalence ratio of MetS
increased significantly, ranging from the lowest quartile
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Table 2 Baseline characteristics according to quartiles of neck circumference in non-PCOS

Quartiles of NC
Variables p for trend
Quartile 1 Quartile 2 Quartile 3 Quartile 4
840 405 551 376

Age (year) 29.39+3.02 29.81+2.76 29.58 £2.90 30.19+2.98 <0.001
Current smoker (1, %) 27 (3.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) <0.001
History of DM (n, %) 1 (0.1%) 0 (0.0%) 1 (0.2%) 3(0.8%) 0.05
BMI (kg/m?) 19.87 +£2.08 21.21 £2.07 22.53 +£2.52 25.10+3.33 <0.001
NC (cm) 29.21 +£0.88 31.00 32.38+0.48 3533 £ 1.64 <0.001
WC (cm) 68.42 +5.35 73.16 £5.57 77.03 + 6.82 83.59 £8.82 <0.001
HC (cm) 85.88 £4.58 89.67 +£4.90 92.54+5.64 97.82+7.20 <0.001
WHR 0.80 £+ 0.05 0.82+£0.05 0.83 £ 0.06 0.85 £ 0.06 <0.001
SBP (mmHg) 106.35 £ 10.58 108.62 +10.45 110.42 £ 11.40 114.07 £ 11.94 <0.001
DBP (mmHg) 71.37+7.52 72.21 +7.56 73.07 £8.17 75.55 £8.48 <0.001
Basal LH (IU/L) 4.87 (3.50-6.77) 4.51(3.35-5.74) 4.10 (3.08-5.43) 3.86 (2.87-5.22) <0.001
Basal FSH (IU/L) 7.36 +1.77 7.65+1.79 8.02 +£2.43 8.37+£2.46 <0.001
LH/FSH ratio 0.67 (0.50-0.90) 0.59 (0.45-0.78) 0.52 (0.39-0.68) 0.47 (0.35-0.63) <0.001
Basal E2 (pmol/L) 161.00 (118.00-218.00) 169.00 (122.00-227.30) 169.00 (122.00-226.00) 190.00 (136.75-258.25)  <0.001
Basal T (nmol/L) 1.60 (1.26-1.99) 1.41 (1.09-1.87) 1.38 (0.96-1.84) 1.39 (0.99-1.74) <0.001
AMH (ng/mL) 5.36 (4.63-6.28) 3.47 (3.23-3.72) 2.42 (2.15-2.68) 1.49 (1.27-1.67) <0.001
FBG (mmol/L) 5.18+0.49 5.19+£0.56 5.19+£0.50 5.20+0.79 0.62
FINS (mIU/L) 2.64 (1.89-3.68) 2.43 (1.71-3.38) 2.51(1.71-3.62) 2.43 (1.68-3.83) 0.64
HOMA-IR 0.58 (0.42-0.90) 0.56 (0.38-0.79) 0.58 (0.38-0.84) 0.56 (0.37-0.94) 0.53
HOMA-B 24.39 (17.66-34.01) 23.11 (16.61-33.89) 23.14 (16.83-32.99) 21.70 (16.00-33.99) 0.92
TC (mmol/L) 4.66 = 0.84 4.72 £0.96 4.66 =0.81 4.61 £0.86 0.39
TG (mmol/L) 0.99 (0.74-1.38) 1.00 (0.78-1.42) 0.98 (0.74-1.45) 0.99 (0.72-1.41) 0.69
HDL (mmol/L) 1.39+0.29 1.42+0.33 1.38+£0.28 1.39+£0.29 0.73
LDL (mmol/L) 2.16 (2.54-3.03) 2.51 (2.12-2.95) 2.54 (2.17-2.96) 2.50 (2.08-2.96) 0.20

Note: DM, diabetes mellitus; BMI, body mass index; NC, neck circumference; WC, waist circumference; HC, hip circumference; WHR,
waist to hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; LH, luteinizing hormone; FSH, follicle stimulating hormone;
E2, estradiol; T, testosterone; AMH, anti-mullerian hormone; FBG, fasting plasma glucose; FINS, fasting insulin, HOMA-IR, homeostasis
model assessment of insulin resistance; HOMA-B, homeostasis model assessment of [ cell function; TC, total cholesterol; TG,
triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

of NC to the highest. Compared with the lowest quartile,
women with PCOS in the highest quartile of NC showed
the highest prevalence ratio of MetS (OR = 33.53, 95%
CI: 15.64-71.87). After adjusting for traditional con-
founding factors of age, SBP and DBP (model 2), the
ORs for the prevalence of MetS, as compared with the
lowest quartile, were 3.14 (95% CI, 1.47-6.70) for Q2,
11.29 (95% CI, 5.41-23.57) for Q3, and 15.99 (95% ClI,
7.20-35.53) for Q4, respectively (p for trend <0.001).
Following further adjustment for BMI, HC, LH/FSH
ratio (log-transformmed), TG (log-transformmed), HDL
and HOMA-IR (log-transformmed) (model 3), an 123%,

723%, and 894% increase in prevalence ratios for MetS
was found in the second, third and fourth quartiles,
respectively, compared with those in the first one (p for
trend <0.001). Likewise, women without PCOS showed
similar trend of the prevalence ratio for MetS in model 1
and model 2 as in women with PCOS (p for trend
<0.001). However, after further adjustment in model 3,
there were no significant differences in the prevalence
ratio of MetS in Q2, Q3 and Q4 when compared with Q1
(p for trend = 0.01).
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A (PCOS)
= Q1

100 0 Q2

92.6

Percentage (%)

1 p for trend <0.001

Fig. 1

Table 3 Prevalence ratios for MetS based on the quartiles of NC

Liu et al.

B (non-PCOS)

100

69.7

Percentage (%)

+ p for trend <0.001

Percentage of MetS and metabolic risk factors across the quartiles of NC in PCOS and non-PCOS

Quartiles of NC
p for trend
Quartile 1 Quartile 2 Quartile 3 Quartile 4
MetS in PCOS
Model 1 1.00 (Reference) 4.47 (2.15-9.30) 17.08 (8.38-34.81) 33.53 (15.64-71.87) <0.001
Model 2 1.00 (Reference) 3.14 (1.47-6.70) 11.29 (5.41-23.57) 15.99 (7.20-35.53) <0.001
Model 3 1.00 (Reference) 2.23 (0.68-7.35) 8.23 (2.35-28.81) 9.94 (2.41-40.99) <0.001
MetS in non-PCOS
Model 1 1.00 (Reference) 3.65(1.82-7.33) 8.21 (4.47-15.08) 25.03 (14.00-45.74) <0.001
Model 2 1.00 (Reference) 3.39 (1.67-6.90) 6.76 (3.63—-12.59) 17.25(9.39-31.68) <0.001
Model 3 1.00 (Reference) 2.54(0.70-9.28) 2.46 (0.73-8.26) 3.23 (0.88-11.87) 0.10

Note: Model 1 was unadjusted. Model 2 was adjusted for age, SBP, and DBP. Model 3 was further adjusted for BMI, HC, LH/FSH ratio
(log-transformmed), TG (log-transformmed), HDL and HOMA-IR (log-transformmed). NC, neck circumference; SBP, systolic pressure;
DBP, diastolic pressure; BMI, body mass index; HC, hip circumference; TG, triglycerides; HDL, high-density lipoprotein; HOMA-IR,
homeostasis model assessment of insulin resistance; CI, confidence interval; OR, odds ratio.

The ROC curves of NC and other anthropometric
parameters for MetS

The ROC curves constructed to compare the predic-
tive values of NC and other anthropometric indices for
MetS were shown in Fig. 2. In women with PCOS, an
NC of >33 cm were the best values of combined sensitiv-
ity and specificity in identifying MetS in women with
PCOS (Fig. 2A). The AUC (95% CI) for NC was 0.81
(0.78-0.84), which was significantly larger than that for
HC (p < 0.001), with the AUC (95% CI) of 0.74 (0.70—
0.77). The AUCs of NC in identifying MetS were higher
than those of BMI and WHR. However, there were no
significant differences between those AUCs.

The different cutoff points, sensitivities, specificities,
positive and negative predictive values of NC, BMI, HC
and WHR are shown in Table 4. The optimal cutoff

points of NC, BMI, HC and WHR in predicting MetS
were 33.0 cm (Youden index = 0.49), 23.81 kg/m?
(Youden index = 0.51), 90.0 cm (Youden index = 0.39)
and 0.86 cm (Youden index = 0.47), respectively. The
specificity (SP) and positive predictive value (PPV) of
NC were 75.22% and 53.69%, which were compara-
tively higher than those of BMI (SP: 67.32%; PPV:
49.83%), HC (SP: 46.93%; PPV: 40.24%) and WHR
(SP: 66.01%; PPV: 47.98%).

In non-PCOS women, the AUC of BMI was 0.85
(0.83-0.86), which was significantly larger than that of
NC, HC and WHR (p < 0.001). The optimal cutoff points
of NC, BMI, HC and WHR in predicting MetS were 31.0
cm (Youden index = 0.44), 22.77 kg/m? (Youden index =
0.59), 93.0 cm (Youden index = 0.47) and 0.84 cm
(Youden index = 0.48), respectively. The Youden index
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Table 4 AUC, cutoff points, sensitivities, specificities, positive and negative predictive values of anthropometric measures for MetS

Variables AUC  Cut-off points  Youden Index SE (95% CI) SP (95% CI) PPV (%) NPV (%)
PCOS
NC (cm) 0.813 33.00 0.49 74.01 (66.90-80.30) 75.22 (71.00-79.10) 53.69 88.18
BMI (kg/m?)  0.808* 23.81 0.51 83.62 (77.30-88.70)  67.32 (62.80-71.60) 49.83 91.37
HC (cm) 0.740 90.00 0.39 92.09 (87.10-95.60) 46.93 (42.30-51.60) 40.24 93.86
WHR 0.789 0.86 0.47 80.79 (72.40-86.30) 66.01 (61.50-70.30) 47.98 89.85
Non-PCOS
NC (cm) 0.796 31.00 0.44 82.93 (77.10-87.80) 61.51 (59.30-63.70) 18.34 97.19
BMI (kg/m?) 0.849" 22.77 0.59 84.39 (78.70-89.10) 74.58 (72.60-76.50) 25.71 97.86
HC (cm) 0.795 93.00 0.47 71.22 (64.50-77.30)  75.70 (73.70-77.60) 23.40 96.19
WHR 0.800 0.84 0.48 75.61 (69.10-81.30)  72.55(70.50-74.50) 22.31 96.61

Note: *, compared with the AUC of HC, p < 0.001; ¥, compared with the AUC of NC, HC, and WHR, p < 0.001.

NC, neck circumference; BMI, body mass index; HC, hip circumference; WHR, waist to hip ratio; AUC, area under the curve; 95% CI,

95% confidence interval; SE, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value

of NC was the lowest compared with BMI, HC and
WHR. All the anthropometric parameters showed high
negative predictive value and low positive predictive
value.

Discussion

The current cross-sectional study revealed that com-
pared with women without PCOS, NC was strongly and
independently associated with MetS in women with
PCOS. The incidence of MetS and metabolic risk factors
in women with PCOS was also much higher than that in
women without PCOS. Additionally, NC was signifi-

cantly associated with risk factors for MetS in both
women with or without PCOS, which contributed to pre-
dicting the likelihood of metabolic risk factors in women
with PCOS.

With a higher prevalence of obesity, insulin resistance
and dyslipidemia, women with PCOS are more suscepti-
ble to MetS than women without PCOS. Studies have
shown that the prevalence of MetS in women with PCOS
was approximately 27.2%, which was almost twofold
higher than that in age-matched women in the general
population [26]. In this study, the prevalence of MetS in
women with PCOS (28%) was almost threefold higher
than that in women without PCOS (9.4%), which
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indicates a significantly higher prevalence of MetS in
women with PCOS. Therefore, it is of great importance
to find a simple and reliable screening method for early
recognition for the initiation of timely precautions in
high-risk populations during symptomless periods.

Various simple anthropometric indices, including
waist circumference, body mass index, hip circumfer-
ence, and waist-to-hip ratio, are widely applied in clini-
cal practice as markers that reflect obesity or central
obesity and predict cardiovascular risks. Neck circumfer-
ence can reflect the ectopic fat deposition in the upper
body and has been applied in determining the degree of
obesity and obesity-related metabolic disorders, includ-
ing cardiovascular diseases and insulin resistance [27,
28]. NC measurement is reported to be more strongly
associated with MetS and cardiovascular risk factors
than other anthropometric parameters and can be
regarded as an independent predictor for MetS [29].
Although many studies have reported that NC is related
to the risk of hypertension, hyperglycemia, obesity,
central obesity and dyslipidemia, these studies did not
adjust for relevant variables and failed to explore the
independent correlation between NC and each metabolic
risk factor [30, 31].

In the current study, the prevalence of MetS and meta-
bolic risk factors in women with PCOS was increased
significantly from the lowest quartile to the highest quar-
tile of NC. Even after adjusting for confounding factors,
NC was still independently correlated with MetS, which
indicates that ectopic fat deposition might play a critical
role in the development of MetS in women with PCOS.
Although the Youden index was highest for BMI, we
compared the ROC curves among those variables and
found that there were no significant differences between
BMI and NC. Additionally, NC is easy to measure and
will not be affected postprandially or by clothing, which
indicates that NC might possess predictive value for
MetS in women with PCOS. In women without PCOS,
there were also increasing trends for the prevalence of
MetS and metabolic risk factors from the lowest quartile
to the highest. However, the association between MetS
and NC was much attenuated after adjusting for various
confounding factors, suggesting that NC might not be an
independent parameter when determining MetS in those
women. Moreover, the ROC analysis in women without
PCOS showed that BMI might be the optimal parameter
when determining MetS. Since WC has been included in
the diagnostic criteria of MetS, we did not compare the
predictive ability between NC and WC due to inevitable
bias. Interestingly, we identified that the optimal NC cut-
off value was 33.0 cm (sensitivity: 74.0%; specificity:
75.2%) in women with PCOS for the prediction of MetS.
This value is comparatively smaller than that in women

with PCOS from Bangladesh (34.25 cm; sensitivity:
63.0%; specificity: 64.0%). Such a difference could be
attributed to the difference in ethnicity and dietary cul-
ture, and the cutoff value in this study might be more
applicable for women from East Asia.

Several potential mechanisms contribute to the high
prevalence of MetS in women with PCOS with larger
NCs. First, it has been reported that obstructive sleep
apnea (OSA) is 5 to 30 times more likely to be present in
women with PCOS, and the prevalence of metabolic syn-
drome is 6 to 9 times higher in individuals with OSA
than in the general population [32]. Hypoxemia, one of
the most typical characteristics of OSA, increases the
release of adipokines from adipose tissue. Thus, it con-
tributes to a collection of metabolic abnormalities,
including decreased glucose tolerance and insulin sensi-
tivity. Second, recent compelling evidence indicates that
NC is independently associated with hyperuricemia in
women with PCOS, and elevated serum uric acid levels
have been well acknowledged as a risk factor for meta-
bolic risk factors [25]. Third, it has been demonstrated
that NC is a reliable indicator for insulin resistance in
women with PCOS [13]. Insulin resistance, although it
has not been included in the diagnostic criteria of meta-
bolic syndrome, is a central factor in the pathogenesis of
both MetS and PCOS [33]. In addition, increasing evi-
dence has shown that the variation in NC directly reflects
subcutaneous adipose deposition, from which more than
60% of free fatty acids (FFAs) are released [34]. Exces-
sive FFAs have emerged as a major cause of insulin
resistance in insulin target organs, which consequently
advances the development of MetS [35].

To the best of our knowledge, this study comprehen-
sively assessed the correlations between NC and MetS
and metabolic risk factors in both women with PCOS
and without PCOS. The strengths of our study lie in the
complete and validated metabolic data, as well as the
standardized measurement of NC. Moreover, the inter-
observer differences in measurement are small in NC,
which makes our findings easily and stably applicable to
clinical practice. Most infertile women with PCOS tend
to neglect the importance of long-term management of
PCOS after conception by assisted reproductive technol-
ogy. However, several limitations should be taken into
consideration. First, the single-center retrospective
design of this study limits its ability to interpret the cau-
sality of associations. Second, selection bias could not be
excluded since all the participants were infertile women
seeking ART treatment in our reproductive center. Thus,
we failed to assess the association of NC and MetS in
women who conceived naturally. Thus, prospectively
designed studies on a larger scale should be conducted to
strengthen our findings.
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In summary, we found that NC was positively and
independently correlated with the prevalence of MetS in
women with PCOS. The best cutoff value of NC for
detecting MetS was 33.0 cm, with a comparable predic-
tive value with BMI. Therefore, as a simple, stable and
highly reproducible measuring method, more prospec-
tively designed studies are needed to establish clinical
utility in the routine clinical assessment and long-term
management of women with PCOS.

Acknowledgements

This work was supported by Natural Science Founda-
tion of Zhejiang Province (LGD21H070001), Health

Department of Zhejiang province (2021KY785) and
Wenzhou Municipal Science and Technology Bureau
Foundation of Wenzhou, Zhejiang, China (Y2020517).

We would like to thank all the doctors, nurses and
laboratory staffs at the Reproductive Medicine Center of
the First Affiliated Hospital of Wenzhou Medical
University for providing all the necessary information
required for this study.

Disclosure

None of the authors have any potential conflicts of
interest associated with this research.

References

1. Lizneva D, Suturina L, Walker W, Brakta S, Gavrilova-
Jordan L, et al. (2016) Criteria, prevalence, and pheno-
types of polycystic ovary syndrome. Fertil Steril 106: 6—
15.

2. Kahal H, Kyrou I, Uthman OA, Brown A, Johnson S, et
al. (2020) The prevalence of obstructive sleep apnoea in
women with polycystic ovary syndrome: a systematic
review and meta-analysis. Sleep Breath 24: 339-350.

3. Paschou SA, Polyzos SA, Anagnostis P, Goulis DG,
Kanaka-Gantenbein C, et al. (2020) Nonalcoholic fatty
liver disease in women with polycystic ovary syndrome.
Endocrine 67: 1-8.

4. Eckel RH, Grundy SM, Zimmet PZ (2005) The metabolic
syndrome. Lancet 365: 1415-1428.

5. Lim SS, Kakoly NS, Tan JWIJ, Fitzgerald G, Bahri
Khomami M, et al. (2019) Metabolic syndrome in poly-
cystic ovary syndrome: a systematic review, meta-analysis
and meta-regression. Obes Rev 20: 339-352.

6. HeY,LuY, Zhu Q, Wang Y, Lindheim SR, et al. (2019)
Influence of metabolic syndrome on female fertility and in
vitro fertilization outcomes in PCOS women. Am J Obstet
Gynecol 221: 138.e1-138.e12.

7. Cornier MA, Dabelea D, Hernandez TL, Lindstrom RC,
Steig AJ, et al. (2008) The metabolic syndrome. Endocr
Rev 29: 777-822.

8. Ross R, Neeland 1J, Yamashita S, Shai I, Seidell J, et al.
(2020) Waist circumference as a vital sign in clinical prac-
tice: a Consensus Statement from the IAS and ICCR
Working Group on Visceral Obesity. Nat Rev Endocrinol
16: 177-189.

9. Punthakee Z, Goldenberg R, Katz P (2018) Definition,
classification and diagnosis of diabetes, prediabetes and
metabolic syndrome. Can J Diabetes 42 Suppl 1: S10-
S15.

10. Wan H, Wang Y, Xiang Q, Fang S, Chen Y, et al. (2020)
Associations between abdominal obesity indices and dia-
betic complications: Chinese visceral adiposity index and
neck circumference. Cardiovasc Diabetol 19: 118.

11. Mendes CG, Barbalho SM, Tofano RJ, Lopes G, Quesada
KR, et al. (2021) Is neck circumference as reliable as
waist circumference for determining metabolic syndrome?
Metab Syndr Relat Disord 19: 32-38.

12. Cui T, Yan BH, Liu Z, Yang H, Gyan M, et al. (2018)
Neck circumference: a valuable anthropometric measure-
ment to detect metabolic syndrome among different age
groups in China. Diabetes Metab Res Rev 34.

13. Chen Y, Zheng X, Ma D, Zheng S, Han Y, ef al. (2021)
Neck circumference is a good predictor for insulin resist-
ance in women with polycystic ovary syndrome. Fertil
Steril 115: 753-760.

14. Yang H, Liu C, Jin C, Yu R, Ding L, et al. (2021) Neck
circumference is associated with hyperuricemia in women
with polycystic ovary
(Lausanne) 12: 712855.

15. Kamrul-Hasan ABM, Aalpona FTZ (2021) Neck circum-
ference as a predictor of obesity and metabolic syndrome
in bangladeshi women with polycystic ovary syndrome.
Indian J Endocrinol Metab 25: 226-231.

16. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus
Workshop Group (2004) Revised 2003 consensus on diag-
nostic criteria and long-term health risks related to poly-
cystic ovary syndrome. Fertil Steril 81: 19-25.

17. Alberti KG, Zimmet P, Shaw J (2005) The metabolic syn-
drome—a new worldwide definition. Lancet 366: 1059—
1062.

18. Alberti KG, Zimmet P, Shaw J (2006) Metabolic syn-
drome—a new world-wide definition. A Consensus State-

syndrome. Front Endocrinol

ment from the International Diabetes Federation. Diabet
Med 23: 469—-480.

19. WHO Expert Consultation (2004) Appropriate body-mass
index for Asian populations and its implications for policy
and intervention strategies. Lancet 363: 157-163.

20. Wang Z, Chen Z, Zhang L, Wang X, Hao G, et al. (2018)
Status of hypertension in China: results from the China
hypertension survey, 2012-2015. Circulation 137: 2344—
2356.



818

21.

22.

23.

24.

25.

26.

27.

28.

Liu et al.

Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (2001) Executive
summary of the third report of The National Cholesterol
Education Program (NCEP) expert panel on detection,
evaluation, and treatment of high blood cholesterol in
adults (Adult Treatment Panel III). Jama 285: 2486-2497.
Preis SR, Massaro JM, Hoffmann U, D’Agostino RB Sr,
Levy D, et al. (2010) Neck circumference as a novel
measure of cardiometabolic risk: the Framingham Heart
study. J Clin Endocrinol Metab 95: 3701-3710.

Flegal KM (2017) Body-mass index and all-cause mortal-
ity. Lancet 389: 2284-2285.

Cameron AJ, Magliano DJ, Shaw JE, Zimmet PZ,
Carstensen B, et al. (2012) The influence of hip circum-
ference on the relationship between abdominal obesity and
mortality. Int J Epidemiol 41: 484-494.

Yang H, Liu C, Jin C, Yu R, Ding L, ef al. (2021) Neck
circumference is associated with hyperuricemia in women
with polycystic ovary syndrome. Front Endocrinol (Lau-
sanne) 12: 712855.

Soares EM, Azevedo GD, Gadelha RG, Lemos TM,
Maranhdo TM (2008) Prevalence of the metabolic syn-
drome and its components in Brazilian women with poly-
cystic ovary syndrome. Fertil Steril 89: 649—655.

Jian C, Xu Y, Ma X, Shen Y, Wang Y, et al. (2020) Neck
circumference is an effective supplement for nonalcoholic
fatty liver disease screening in a community-based popu-
lation. Int J Endocrinol 2020: 7982107.

Luo Y, Ma X, Shen Y, Xu 'Y, Xiong Q, et al. (2017) Neck
circumference as an effective measure for identifying
cardio-metabolic syndrome: a comparison with waist cir-

29.

30.

31.

32.

33.

34.

35.

cumference. Endocrine 55: 822-830.

Fox CS, Massaro JM, Hoffmann U, Pou KM, Maurovich-
Horvat P, et al. (2007) Abdominal visceral and subcutane-
adipose tissue compartments:
metabolic risk factors in the Framingham Heart Study.
Circulation 116: 39-48.

Zhang Y, Wu H, Xu Y, Qin H, Lan C, et al. (2020) The
correlation between neck circumference and risk factors in

ous association with

patients with hypertension: what matters. Medicine (Balti-
more) 99: €22998.

Shen X, Wu S, Xu R, Wu Y, Li J, et al. (2019) Neck
circumference is associated with hyperuricemia: a cross-
sectional study. Clin Rheumatol 38: 2373-2381.

Gaines J, Vgontzas AN, Fernandez-Mendoza J, Bixler EO
(2018) Obstructive sleep apnea and the metabolic syn-
drome: The road to clinically-meaningful phenotyping,
improved prognosis, and personalized treatment. Sleep
Med Rev 42:211-219.

Ramezani Tehrani F, Montazeri SA, Hosseinpanah F,
Cheraghi L, Erfani H, et al. (2015) Trend of cardio-
metabolic risk factors in polycystic ovary syndrome: a
population-based prospective cohort study. PLoS One 10:
e0137609.

Xue J, Li B, Wang J, Yu S, Wang A, et al. (2020) Associa-
tion between Neck Circumference and the Risk of
Decreased Estimated Glomerular Filtration Rate in the
General Population of China: A Cross-Sectional Study.
Biomed Res Int 2020: 3496328.

Boden G (2008) Obesity and free fatty acids. Endocrinol
Metab Clin North Am 37: 635-646, viii—ix.



