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ABSTRACT

Aim: Abdominal obesity is frequently seen in Polycystic Ovary Syndrome (PCOS). The evaluation of abdominal obesity might be
important according to metabolic and cardiovascular dysfunctions in patients with PCOS. We aimed to evaluate the new anthropometric
measurements in patients with polycystic ovary syndrome (PCOS) and their relationship with cardiovascular risk and insulin resistance.

Material and Methods: We included 62 patients with PCOS and 38 healthy individuals as control. The clinical examinations, serum
hormone levels and ultrasonographic findings of overs were evaluated. Anthropometric Measurements, HOMA-IR values and Carotid
intima-media thickness (CIMT) measurements were evaluated.

Results: The predictors of abdominal obesity as waist circumference, lipid accumulation product (LAP), body adiposity index (BAI),
body roundness index (BRI), visceral adiposity index (VAI), abdominal volume index (AVI) and waist-height ratio (WHtR) were
significantly higher in patient with PCOS (p<0.01). HOMA-IR and CIMT were also significantly higher in patients with PCOS compared
with controls (p<0.01). We found significant correlations between anthropometric measurements and CIMT and insulin resistance.
Anthropometric measurements were also valuable in prediction of PCOS.

Conclusion: Some of the measurements as BMI and waist/height ratio are used in evaluation of obesity. However, they had some
limitations in prediction of obesity. We believe that recently used anthropometric measurements as waist circumference might be more
useful predictors in evaluation of abdominal obesity and metabolic/cardiovascular risks in patients with PCOS.
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Polikistik Over Sendromlu Hastalarda Yeni Antropometrik Ol¢iimlerin
Kardiyometabolik Risk ve Insiilin Rezistansini Belirlemedeki Onemi

oz
Amag: Polikistik Over Sendromunda (PKOS) abdominal obezite siklikla goriilmektedir. Abdominal obezitenin degerlendirilmesi

PKOS’lu hastalarda metabolik ve kardiyovaskiiler disfonksiyon agisindan 6nemlidir. Bu ¢aliymada PKOS’lu hastalarda yeni antropometrik
olgiimleri ve kardiyovaskiiler risk ve insilin rezistansi ile iligkisini aragtirmay1 amagladik.

Gereg ve Yontemler: Calismaya 62 PKOS'lu hasta ve 38 saglikli kontrol dahil edildi. Hastalarin klinik bulgulari, serum hormon diizeyleri
ve overlerin ultrasonik bulgular1 degerlendirildi. Antropometrik ol¢timler, HOMA-IR diizeyleri ve karotis intima media kalinliklar
(KIMK) degerlendirildi.

Bulgular: Abdominal obezite belirteci olan bel ¢cevresi, lipid akiimiilasyon skoru, viicut adipozite indeksi, beden sekli indeksi, visseral yag
indeksi, abdominal hacim indeksi ve bel-boy oran1 PKOS’lu hastalarda anlamli olarak yiiksekti (p<0,01). HOMA-IR ve KIMK PKOS’lu
hastalarda anlaml olarak yiiksek tespit edildi (p<0,01). Antropometrik ol¢iimler ile KIMK ve insiilin rezistansi arasinda istatistiksel
olarak anlamli korelasyon tespit edildi. Antropometrik 6l¢timler PKOS belirteci olarak da anlamli bulundu.
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Sonug: BKi ve Bel/Boy orani gibi antropometrik élgiimler bazi kisithiliklara sahip olsa da obezite degerlendirmesinde kullanighidir. PKOS'lu
hastalarda bel ¢evresi gibi yeni antropometrik 6l¢timler abdominal obezite ve metabolik/kardiyovaskiiler risklerin belirlenmesinde daha

kullanighdir.

Anahtar Sozciikler: Polikistik over sendromu, Ateroskleroz, Antropometri, Karotis intima media kalinligi, Abdominal obezite

INTRODUCTION

Polycystic ovary syndrome (PCOS) with 5-10% prevalence
is the most frequently encountered endocrinopathy in
women at reproductive age, and most commonly seen with
hyperandrogenism and oligo-anovulation (1). PCOS occurs
with menstrual disorders, infertility, androgen excess, insu-
lin resistance, central obesity, dyslipidemia and increased
type 2 diabetes mellitus frequency. In previous studies, it
has been detected that subclinical inflammation increases
in PCOS and insulin resistance (2).

Obesity is frequently seen in PCOS in comparison with
healthy women. Obesity is detected in approximately 50%
of patients with PCOS. Although PCOS is also seen in nor-
mal-weight women, the possibility of PCOS in obese wom-
en is higher. Obesity, especially abdominal obesity, triggers
hirsutism and menstrual abnormalities and causes the clin-
ical manifestation belonging to PCOS to occur. If a woman
with PCOS is overweight or obese, the possibility of having
reproductive and metabolic problems is higher (1).

It has been found that insulin resistance, metabolic syn-
drome and cardiovascular complications are closely related
with visceral adipose tissue (3). Different devices, such as
bioelectrical impedance, magnetic resonance imaging and
DEXA, are used to show visceral adipose tissue distribution.
Therefore, showing visceral adipose tissue is not an easy
method (4).

The new anthropometric measurements as visceral adiposi-
ty index (VAI), lipid accumulation product (LAP), body ad-
iposity index (BAI), abdominal volume index (AVI), body
roundness index (BRI), and a body shape index (ABSI) were
previously studied by several studies (5-9). These studies
reported that some of these new anthropometric measure-
ments were better to predict insulin resistance and cardio-
vascukar risk. According to these studies, the new measure-
ments were better alternative for indexing obesity (5-9).

However there are frequently used measurements as waist
circumference, body mass index (BMI), waist-hip ratio and
waist-height ratio to display visceral adipose distribution,
we purposed to measure new anthropometric measure-
ments in PCOS in our study. BMI is insufficient to show
the fat mass, fat distribution and cardiovascular risk. It is
needed to found a better predictor for cardiovascular risk.
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Therefore, we aimed to show the importance of new mea-
surements to predict insulin resistance or cardiovascular
risk in comparison with those frequently used anthropo-
metric measurements.

MATERIALS and METHODS

Sixty-two patients with PCOS and 38 healthy individuals as
control were included to our prospectively designed study.
The patients were those who visited the outpatient clinic of
Endocrinology and Metabolism Disorders with the symp-
toms of menstrual irregularity and/or hyperandrogenism
between May and October 2019. 38 healthy individuals
having similar age were included. The informed consent
form of the study was signed by all patients. The clinical,
biochemical and hormonal values and ultrasonographic
findings of the control group were evaluated. They did not
have any known chronic medication history. The patients
with acute coronary syndrome, heart failure, stroke, pulmo-
nary embolism, diabetes mellitus, renal failure, immunolog-
ical disease history, ovarian tumors and congenital adrenal
hyperplasia were excluded from the study.

This study has been approved by The Clinical Research-
es Ethical Committee of Necmettin Erbakan University
(Number: 2019/1915). Declaration of Helsinki was followed
in this study design and report.

Diagnosis of PCOS

2003 Rotterdam criteria were used in diagnosis of PCOS
(10). Patients with PCOS have two of the following three
criteria as oligo-anovulation, clinical and/or biochemical
hyperandrogenism and polycystic ovaries.

Anthropometric Measurements

All measurements were done by the same investigator. An-
thropometric Measurements included the weight, height,
and waist and hips circumference. BMI was calculated by di-
viding body weight (kg) by the square of height (m?). Waist
circumference was measured at the midpoint between iliac
crests and the lowest rib while standing. Hip circumference
was measured at the widest part of the hips (11). The average
of these two values was taken as the waist-hip-ratio (WHR).

VAI was calculated in order to evaluate abdominal adipos-
ity (12). In addition, LAP, BAI, AVI, BRI and ABSI were
calculated using formulas (13-14).
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VAI (Males) = [waist circumference (cm) /36.58+
(1.88xBMI)] x (triglyceride/1.03) x (1.31/HDL-K)

VAI (Females) = [waist circumference (cm)/ (36.58+
(1.88xBM)] x (triglyceride /0.81) x (1.52/HDL-K)

LAP (Males) = (waist circumference (cm)-65) x
Triglyceride

LAP (Females) = (waist circumference (cm)-58) x
Triglyceride

BAI (Males and Females) = [Hip circumference (cm) /
height (m) 1.5]-18

BRI= 364.2-365.5xV1 - [(Waist circumference/ (27) 2) /
(0.5x height) 2]

AVI = [2 cm (Waist circumference)?+0.7 cm (Waist-
Hip)?]/1,000

ABSI=Waist circumference (BKI **x Height '/%)
Carotid Artery Ultrasonography

During the first examination Carotid intima-media thick-
ness (CIMT) of the patients with PCOS and control group
were measured as the distance between vein lumen echoge-
nicity and media-adventitia echogenicity using LOGIQ P5
B-Mode Ultrasonographic device TM. Three measurements
were performed from 1 ¢cm proximal to both main carot-
id artery bifurcations and CIMT measurements were per-
formed only from the posterior wall. The average CIMT was
calculated from the average of measurements which were
performed three times on both arteries.

Laboratory Measurements

After fasting overnight, venous blood samples were taken
between 08-09 am. on the 3-5" day of the menstrual cycle.
The levels of fasting blood glucose, fasting blood insulin and
lipid profile were determined.

The cut-off point of triglyceride (TG) was accepted as
150mg/dL, the cut-off point of low density lipoprotein cho-
lesterol (LDL-C) was accepted as 130mg/ dL, the cut-off
point of high density lipoprotein cholesterol (HDL-C) was
accepted 50 mg/dL for females and as 40 mg/dL for males.
Insulin resistance was calculated using homeostasis model
assessment (HOMA-IR) formula [Fasting insulin (uU/mL)
x Fasting glucose (mg/dl)/405)]. HOMA-IR values >2.7 was
accepted as insulin resistance according to Turkish meta-
bolic syndrome guideline (15).

Statistical Analysis

SPSS 25.0 package program was used for the statistical anal-
ysis of the study (SPSS Inc, Chicago, Illinois, USA). The
sample size was found by the calculation for the female
population of Konya region with 95% confidence inter-
val (a=0.05). Analytic and graphical studies were used for

evaluating normal distribution. We evaluated the values by
using skewness-kurtosis values and Kolmogorov-Smirnov
tests in analytic evaluation and histogram, detrended Q-Q
plot graphics for normal distribution. Mean+standard devi-
ation was used in normally distributed numerical variables
and median and range were used in non-normally distribut-
ed variables. Student t test was used to compare the normal-
ly distributed variables between groups. The Mann-Whit-
ney U test was used to compare non-normally distributed
variables in independent groups. Categorical variables of
groups were compared by the chi-square (x*) test. Spear-
man correlation test was used to investigate the correlation
between anthropometric parameters and CIMT and HO-
MA-IR. The diagnostic evaluation of the independent pre-
dictors as anthropometric parameters was calculated from
ROC curve analysis and cut-off values were determined by
the Youden’s index. p < 0.05 was accepted as statistically sig-
nificant.

RESULTS

Sixty-two patients with PCOS whose ages ranged between
18 and 45 years old and 38 healthy individuals at the same
range in the control group were included. The clinical, bio-
chemical and hormonal values and ultrasonographic find-
ings of the control group were detected in normal ranges.
The blood pressure of the patients with PCOS and the con-
trol group was normal. The demographic, laboratory find-
ings and the assessment of anthropometric measurements
belonging to the individuals were given in Table 1.

The average of ages of the patients with PCOS and the con-
trol group were similar (p=0.07). The mean TG, total cho-
lesterol and LDL-C level were found significantly increased
in PCOS in comparison with the control group. Besides, the
mean HDL-C levels between groups were similar.

Abdominal obesity indicators as waist circumference, LAP,
BAI, BRI, AVI, VAT and WHtR of PCOS group were signifi-
cantly increased ( p<0.05).

We used the ROC curve analysis to found the best predic-
tion value of variables in PCOS. The values of area under the
curve (95% confidence interval) according to anthropomet-
ric measurements were shown in Table 2. It has been de-
termined that CIMT, VAI and LAP were best predictors in
PCOS (Figure 1). Besides, the mean CIMT value of patients
with PCOS was found significantly higher than the control
group (p<0.01). There were correlations between CIMT and
LAP, BAI, BRI, VAI and AVI (Table 3). In addition, there
was a positive correlation between insulin resistance and
waist circumference, LAP, VAI, AVI, BAI, BRI and BMI
(p<0.05) (Table 4). The values of area under the curve (95%
confidence interval) according to anthropometric measure-
ments and insulin resistance in patients with PCOS were
shown in Figure 2.
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Table 1: Demographic and metabolic characteristic of study participants.
Control (n=38) PCOS (n=62) p value
Age (years)* 29 (19-43) 25 (20-42) 0.078
WC (cm)** 83+11 90+13 0.004
BMI (kg/m?)* 27.5(18.6-37.8) 28.6 (17.7-46.5) 0.061
HC (cm)** 9949 107412 0.001
CIMT* 0.38 (0.24-0.56) 0.5 (0.37-0.64) <0.001
FPG (mmol/L)* 84 (71-101) 88 (61-199) 0.083
TC (mg/dL)** 17629 195436 0.006°
TG (mg/dL)* 68 (41-356) 127 (30-493) <0.001°
HDL-C (mg/dL)** 51+10 47+11 0.07
LDL-C (mg/dL)** 108+26 121+30 0.026*
Insulin* 9.05 (2.88-118) 14.2 (2.18-83.1) 0.006*
HOMA-IR* 1.94 (0.5-27.68) 3.02 (0.4-25.65) 0.004°
LAP* 19.45 (0.55-196.95) 37.7 (7.59-238.39) <0.001*
BATI* 30.82 (18.04-41.65) 32.35(24.63-46.28) 0.023
BRI* 3.64 (1.2-6.15) 4.03 (2.23-10.56) 0.033*
VAI* 1.03 (0.52-13.99) 2.22 (0.4-13.83) <0.001°
AVI* 13.72 (6.56-22.92) 15.63 (10.33-32.26) 0.014*
ABSI* 0.08 (0.06-0.09) 0.07 (0.06-0.11) 0.306
WHtR** 0.51%£0.07 0.55+0.08 0.007*
WHR** 0.83%+0.07 0.84+0.07 0.382

WC: Waist circumference, HC: Hip circumference, BMI: Body Mass Index, CIMT: Carotid intima-media thickness, FPG: Fasting blood glucose, TC:
Total cholesterol, TG: Triglyceride, HDL-C: high density lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, LAP: lipid accumulation
product, BAI: Body adiposity index, BRI: Body roundness index, VAI: Visceral adiposity index, AVI: Abdominal volume index, ABSI: A body shape
index, WHR: Waist-hip ratio, WHtR: Waist-height ratio.

Data are presented as mean * standard deviation for normal distribution and as median (minimum-maximum) for non-normal distribution

*p<0.05 is statistically significant. *Compared with Mann-Whitney U

**Compared with Student t test

Table 2: Receiver operation curve analyses of anthropometric indexes for PCOS

AUC (95% CI) P value Cut-off value Sensitivity (%) Specifity (%)
CIMT 0.937 (0.870-0.976) <0.001 >0.44 87.1 92.1
BMI (kg/m?) 0.686 (0.585-0.775) 0.001 >30.02 41.9 86.8
WC (cm) 0.641 (0.539-0.735) 0.012 >86 56.5 65.8
HC (cm) 0.667 (0.566-0.758) 0.002 >102 54.8 76.3
WHR 0.545 (0.442-0.645) 0.449 >0.848 56.5 60.5
WHtR 0.627 (0.525-0.722) 0.026 >0.526 56.5 65.8
LAP 0.738 (0.640-0.821) <0.001 >31.5 58.1 81.6
BAI 0.635 (0.533-0.729) 0.019 >37.34 25.8 97.4
BRI 0.627 (0.525-0.722) 0.026 >3.87 56.5 65.8
VAI 0.743 (0.646-0.825) <0.001 >1.31 74.2 68.4
AVI 0.646 (0.544-0.739) 0.009 >15.02 59.7 65.8
ABSI 0.561 (0.458-0.660) 0.305 <0.072 37.1 78.9

AUC: Area under curve, CIMT: Carotid intima-media thickness, BMI: Body Mass Index, WC: Waist circumference, HC: Hip circumference, WHR:
Waist-hip ratio, WHtR: Waist-height ratio, LAP: lipid accumulation product, BAI: Body adiposity index, BRI: Body roundness index, VAI: Visceral

adiposity index, AVI: Abdominal volume index, ABSI: A body shape index.
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Figure 1. Area under curves of anthropometric parameters for
PCOS.

Table 3: Correlation analyses results between CIMT and
antrophometric measures

Carotis Intima Media Thickness

Parameters Rho coeflicients P value
BMI (kg/m?) 0.394 <0.001*
WC (cm) 0.344 <0.001*
HC (cm) 0.364 <0.001*
WHR 0.159 0.113
WHtR 0.310 0.002°
LAP 0.426 <0.001*
BAI 0.287 0.004*
BRI 0.310 0.002*
VAI 0.403 <0.001*
AVI 0.349 <0.001*
ABSI -0.082 0.416
BMI: Body Mass Index, WC: Waist circumference, HC: Hip

circumference, WHR: Waist-hip ratio, WHtR: Waist-height ratio, LAP:
Lipid accumulation product, BAI: Body adiposity index, BRI: Body
roundness index, VAI: Visceral adiposity index, AVI: Abdominal volume
index, ABSI: A body shape index ~ *<0.05 is statistically significant.

Figure 2. Area under curves of anthropometric parameters for
Insulin resistance in patients with PCOS.

Table 4: Correlation analyses results between HOMA-IR
and anthropometric measures

Homa-IR

Parameters Rho coefficients P value
CIMT 0.299 0.003*

BMI (kg/m?) 0.457 <0.001°
WC (cm) 0.439 <0.001?
HC (cm) 0.444 <0.001?
WHR 0.176 0.079

WHtR 0.433 <0.001°
LAP 0.588 <0.001°
BAI 0.419 <0.001°
BRI 0.433 <0.001*
VAI 0.572 <0.001?
AVI 0.448 <0.001?
ABSI 0.009 0.929

CIMT: Carotid intima-media thickness, BMI: Body Mass Index, WC:
Waist circumference, HC: Hip circumference, WHR: Waist-hip ratio,
WHItR: Waist-height ratio, LAP: lipid accumulation product, BAI: Body
adiposity index, BRI: Body roundness index, VAI: Visceral adiposity
index, AVI: Abdominal volume index, ABSI: A body shape index *<0.05
is statistically significant.
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DISCUSSION

Central obesity and dyslipidemia contribute to increased
risk of atherosclerosis in women with PCOS is thought (16).
Many cytokines, acute phase reactants and inflammatory
mediators are released from adipose tissue and these mole-
cules become effective on autocrine, paracrine, glucose me-
tabolism through systematic effects, proinflammatory and
inflammatory activities. Subclinical inflammation is one
of the significant pathologies in patients with PCOS (17).
In previous studies, it has been revealed that subclinical
inflammation plays a role in atherosclerosis pathogenesis
(18). CIMT is recently used as a non-invasive indicator in
atherosclerosis development and many researchers have
reported that increased CIMT was associated with inflam-
mation markers and a strong indicator of stroke, myocardi-
al infarction and cardiovascular death risk (19). Altin et al.
reported that both epicardial fat thickness and CIMT was
significiantly lower after laparoscopic sleeve gastrectomy in
obese patients (20). In another study, it was also reported
that epicardial fat thickness and CIMT was higher in pa-
tients with gestational hypertension (21). In our study, the
mean value of CIMT measurements is significantly higher
in the patients with PCOS. There were correlations between
CIMT and LAP, BAI BRI, VAI and AVI. These correla-
tion shows that new anthropometric measurements might
be used to predict the cardiovascular risk in patients with
PCOS.

Atherosclerosis development at an early age is frequently
seen in women with PCOS according to central obesity and
insulin resistance. The presence of insulin resistance is the
strongest factor for atherosclerosis in obese and non-obese
patients with PCOS (22). The strong relationships between
insulin resistance and visceral adiposity were shown in sev-
eral studies (23,24). It has been proved that the increased
body fat might be a factor for frequently seen hyperinsulin-
emia, insulin resistance and dyslipidemia (25). Similarly, we
found a significantly increased HOMA-IR in PCOS groups
in our study. We also found positive correlations between
waist circumference, waist/hip ratio, LAP, VAI, BAI, AV],
BRI and insulin resistance in PCOS. Increased visceral ad-
ipose tissue was related with increased insulin resistance in
these patients in our study. Consequently, it is thought that
body fat distribution in PCOS is an important determinant
of insulin resistance. According to these results, we thought
that treatments aiming to decrease visceral adipose tissue in
patients might contribute to insulin sensitivity.

While obesity is known as a strong cardiovascular risk fac-
tor, it is both closely associated with general obesity and
regional body fat distribution (26). Although body mass
index shows general obesity, it remains incapable of de-
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termining body fat distribution. Besides, it has been con-
firmed that the increased amount of visceral fat and waist
circumference were strong and independent determinants
of metabolic changes (27). Therefore, new anthropometric
measurements such as AV, BAIL BRI, and VAI have been
developed depending on waist circumference measure-
ment. In our study, we have detected that visceral adipose
tissue increased in patients with PCOS according to indi-
cators as waist circumference, waist/height ratio, BRI, AVI,
VAI BAI and LAP. These values showed that the risk of ab-
dominal obesity was higher in patients with PCOS. We also
examined the anthropometric measurements’ capability of
predicting PCOS patients by using the ROC analysis. ROC
analysis gives information about the valuable variables in
prediction of PCOS. According to ROC analysis, all anthro-
pometric parameters have the capability of predicting the
risk of PCOS, except for WHR and ABSI. It is important in
our study to show the best new anthropometric measure-
ment in prediction of PCOS.

VAl s an index calculated with lipid parameters, and it is a
significant indicator for visceral adipose tissue and insulin
resistance (5). Recently, it has been shown that VAT is one of
the best indicators of adipose tissue dysfunction, abnormal
adipose distribution and insulin resistance. Besides, it has
been previously reported that VAI is associated with cardio
metabolic risk and subclinical inflammation (12). Previous-
ly studies showed that AVI was also a predictor for insulin
resistance in diabetes and metabolic syndrome (6,7). LAP is
a new index to predict the deposition of central lipid tissue
and is used in detection of metabolic syndrome. In recent-
ly studies, it was shown that LAP was better than BMI in
predicting insulin resistance and cardiovascular risk (8,9).
In our study, AVI, VAI and LAP were found significant-
ly increased in patients with PCOS. These measurements
were also correlated with both CIMT and HOMA-IR. We
thought that these anthropometric measurements especial-
ly VAI and LAP are good indicators for cardiovascular risk
and insulin resistance.

Feng et al. have revealed that 2 new anthropometric index
as BAI and BRI were useful in detecting insulin resistance
in non-diabetic patients. However, neither BAI nor BRI
predominates over traditional indicators such as BMI, waist
circumference and AVI. It is stated that BRI is a more rea-
sonable alternative anthropometric measurement in detect-
ing insulin resistance, whereas BAI has weaker predictive
capability (6). Similarly, Liu et al. observed that BAI was
not better than BMI or waist circumference in predicting
cardiovascular risk or metabolic syndrome (28). On the
contrary, in other studies, BAI was found to be better than
BMI in predicting adiposity in adults and it was implied that
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it is the best predictor for insulin resistance (29). On the
other hand, Li et al. showed that BRI was better than waist
circumference in predicting insulin resistance in obese and
overweight people (30). Similarly, it was also shown that
BRI was better in indicating body adipose distribution in
comparison with waist circumference and BMI, but it did
not predominate in predicting the cardiovascular risk (31).
We found that CIMT was positively correlated with BATand
BRI in our study. There was also correlation between insulin
resistance and BAI and BRI in our study. These results show
us that BAT and BRI are both good indicator in detection of
cardiovascular risk and insulin resistance in PCOS.

The limited number of patients in groups and the absence
of the follow-up period are the primary limitations of this
study. The limited number of patients is not appropriate
to use multiple regression analysis with significant results
to show better predictor for PCOS. It might give more in-
formation about the relationship between CIMT and new
anthropometric parameters and the development of car-
diometabolic events in PCOS with a wide number of pa-
tients.

In conclusion, consequently all new anthropometric param-
eters except ABSI indicate the risk of PCOS. These param-
eters have a correlation with CIMT and insulin resistance
with PCOS. Therefore, it is thought that the use of central
obesity measurements including waist circumference will
be helpful in evaluating the risk of cardiovascular morbid-
ity and insulin resistance in PCOS. We thought that future
studies are needed to enlighten which anthropometric pa-
rameter predicts the risk of PCOS best.
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