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Abstract
Purpose Polycystic ovarian syndrome (PCOS) is most commonly presented with insulin resistance (IR). Simple anthro-
pometric indices may serve as surrogate markers of these conditions with population-based cut-off values. The present study
suggests the cut-off values of waist-to-height ratio (WHtR) and body mass index (BMI) in early prediction of PCOS and IR
in PCOS women based in Kolkata, a major metropolitan city in India.
Methods This cross-sectional study included 66 women (aged 16–30 years) from Kolkata, India, with confirmed PCOS,
using Rotterdam criteria. IR was defined following the homeostasis model assessment (HOMA). Anthropometric and
biochemical data were obtained using standard protocol and compared among the PCOS subjects grouped as per IR
prevalence, BMI, and WHtR values. The receiver operating characteristics (ROC) curve was applied to evaluate and
compare the cut-off values of WHtR and BMI in the prediction of PCOS and IR in women with PCOS.
Results As per ROC analysis, WHtR showed significantly higher AUC in the detection of PCOS and IR in PCOS subjects
respectively, than that of BMI. The cut-off values of WHtR and BMI for PCOS were 0.560 and 28.47 respectively, and for
IR in PCOS patients, were 0.620 and 29.14 respectively.
Conclusions The present study suggests a cut-off value of WHtR to be used as an inexpensive and noninvasive screening
tool for early prediction of PCOS and IR among PCOS afflicted women based in Kolkata, India and for this prediction, the
study also claims WHtR as a better index than BMI.

Keywords BMI ● Insulin resistance ● Obesity ● PCOS ● WHR ● WHtR

Background

Polycystic ovary syndrome (PCOS) is the most prevalent
gynecological and heterogeneous endocrine disorder, which
is manifested by recurrent anovulation and cutaneous
symptoms of the excess androgens [1]. Its prevalence varies
between 2 and 26% of women of reproductive age of dif-
ferent populations [1, 2], and in India, it affects 3.7–22.5%
of women, including a substantial percentage from the
metropolitan city of Kolkata [3]. It is also considered as a
metabolic syndrome (MetS) [4], complementing 50–70%
cases of insulin resistance (IR) [5]. In Kolkata, 37.9%
PCOS women manifest MetS [6]. IR can evolve in several
metabolic disorders such as diabetes mellitus (DM), dysli-
pidemia, MetS, and sleep apneas [7]. Diagnosis of IR
should be regarded as one of the ways to detect the growing
metabolic dysfunctions in the long-term treatment of
women with PCOS. MetS is highly prevalent in women
with PCOS compared to healthy women of same age range
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[8]. Moreover, for obese women, MetS is more severe than
in non-obese PCOS females [9, 10].

It is also supposed that obesity intensifies IR and may
cause glucose intolerance in PCOS patients [11] assuming
that increase in prevalence of obesity leads to higher PCOS
incidence followed by its consequences [12]. In India,
obesity has reportedly affected more than 135 million
people [13]. In the host state of the Metropolitan city of
Kolkata, West Bengal, 19.9% women are reported to be
obese compared to 14.2% in men [14]. In Kolkata, likewise
the global prevalence, this is a growing public health con-
cern of recent times owing to its impact on health and the
economy [15, 16].

Thus, the above evidences suggest that obesity and
PCOS coexistence is associated with incidence of IR and
MetS. These also correlate positively with other comorbi-
dies such as cardiovascular diseases, whose early manage-
ment may be aided by early detection of IR and MetS [17].
Thus, a simple rapid yet accurate test for early detection of
IR or MetS will be beneficial for clinical practice as well as
for research purposes. For identification and classification of
obesity, body mass index (BMI) is a widely accepted
anthropometric index [18]. However, using BMI as pre-
dictive index for obesity has certain limitations, one of
which is a lack of fat distribution assessment [19]. Thus, a
more accurate measure of central adiposity may be the waist
circumference (WC) and Waist-to-hip ratio (WHR) that
may replace BMI for prediction of obesity and related
health issues [20]. In this aspect, the waist-to-height ratio
(WHtR), which is defined as the ratio of WC to height of an
individual, is a well-known clinical measure for body fat
distribution as it is correlated with abdominal obesity [21].
WHtR has been shown to be a stronger indicator of meta-
bolic disorders (including hyperlipidemia, hypertension,
hyperuricemia, and hyperglycemia) and risk factors for
cardiovascular disease than BMI, WC, and WHR [22–24].
In predicting MetS in women with PCOS, WHtR has been
reported to be better predictor than WHR [25]. Definite
values of WHtR for predicting IR in women with PCOS in
Kolkata, however, are unavailable. This cross-sectional
study has, therefore, been conducted to analyze the accu-
racy of WHtR as possible modified alternative to BMI in
predicting IR and to find the optimal cut-off points for
PCOS patients in the metropolitan city of Kolkata.

Methods

Ethical considerations and study population

The Institutional Human Ethical Committee of Burdwan
University (IECH/OCH/02/CC) has approved the study
proposal. Ethics Committee of S. K. Pharma has also

approved the study and all the participants agreed for the
investigation protocol. The subjects were obtained from the
outdoor clinic of Dr. Lipika Das (Mukhopadhyay) situated
in S. K. Pharma, Santoshpur Avenue, Survey Park, Kolkata,
India within the duration of November 1, 2018–April 30,
2019. This population-based cross-sectional study was
conducted with 66 unmarried female aged between 16 and
30 years with clinically confirmed polycystic ovary fol-
lowing the diagnosis with transabdominal ultrasonography,
also clinically matched signs and symptoms of PCOS as per
the Rotterdam 2003 criteria [26], and age-matched 66
control subjects (comprised of 34 adolescents and 32 adults)
were selected who were having some other gynecological
problems except the PCOS. In India, vaginal ultra-
sonography is not allowed in unmarried girls for social
reasons [27]. The exclusion criteria for this study were (a)
abnormal renal or hepatic functions, (b) individuals with
hyperprolactinemia/hypothyroidism, (c) individuals with
secondary causes of androgen excess (d) individuals who
had any hormone treatment in the preceding 3 months, (e)
individuals with gynecological age <3 years, (f) use of any
medications, including hormonal contraceptives, anti-
androgenic drugs, and treatment for IR within the pre-
vious 3 months, (g) women suffering from genetic dis-
orders, such as primary hypopituitarism, Turner’s
syndrome, premature ovarian failure and (h) primary IR.
Girls under the age of 16 years and pregnant women were
also excluded from the study.

Anthropometric and biochemical measurements

Height, body weight, WC, and hip circumference were
measured for every participant in bare feet on a plane sur-
face and with minimal garments. Portable electronic scales
were used for measuring body weight (measured to the
nearest 0.1 kg) by resetting to zero before each measure-
ment to get the accuracy of the measurement and the sub-
jects were instructed to look forward during both the
measurements. For height measurement, portable stadi-
ometers were employed (measured to the nearest 1 cm),
with feet of the participants placed together, with heels, hips
and shoulder blades touched against the stick and posi-
tioning of the head on the horizontal plane. For measure-
ment of waist and hip circumferences, inextensible
anthropometric tape was used while the participants were
instructed to stand erect with arms at their sides and feet
close together, as recommended by Legro et al. [28].

The BMI (or Quetelet Index) was measured by using the
following formula: BMI=weight (kg)/(Height in m)2 [29].
The patients were advised for the assessment of following
biochemical examinations from an authorized concern
diagnostic center by maintaining the standard protocol. The
biochemical parameters include fasting blood sugar, fasting
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insulin, and lipid profile. Other glycemic parameters were
derived by using the standard formula as mentioned by
Gutch et al. [30] and all the derived lipid parameters were
calculated as explained by Olamoyegun et al. [31].

Terms definition

PCOS was diagnosed as per the 2003 Rotterdam criteria
[26]. The MetS was defined according to the joint interim
statement (JIS) [32], as “the presence of any three or more
of following five risk factors: (i) fasting TG ≥ 150 mg/dL or
specific treatment, (ii) fasting HDL ≤ 50 mg/dL or specific
treatment, (iii) raised systolic blood pressure ≥130 mmHg or
raised diastolic blood pressure ≥85 mmHg or specific
treatment, (iv) fasting plasma glucose ≥100 mg/dL or
treatment and (v) IR was also estimated by the homeostasis
model assessment (HOMA-IR) as a surrogate reference
standard for measurement of IR according to the following
formula: (fasting glucose [mg/dL]) × [fasting insulin] ÷
405)” [33].

Statistical analysis

Statistical analysis was done assuming a confidence level of
95%, with a sample size, N= 66 (PCOS patients) and
obtained data were arranged in Microsoft Office Excel
spreadsheet 2007, analyzed by SPSS (v. 22.0, IBM, Chi-
cago, IL, USA) and MedCalc (v. 19.05, Ostend, Belgium).
Means ± SD were provided for the continuous variables.
Descriptive statistics, one-way ANOVA, and Students’
t test were applied to analyze the obtained data. The sta-
tistically significant level was fixed at P < 0.05.

Receiver operator characteristic (ROC) analysis was
performed using WHtR and BMI as continuous variables
and PCOS and IR as the categorical variables to obtain
and compare the area under the curves (AUCs), sensi-
tivities, specificities, Youden’s indices and cut-off values.
For all analyses, P < 0.05 was considered statistically
significant.

Results

BMI and WHtR in adolescent and adult PCOS
subjects with and without IR

Among 66 subjects undergoing gynecological treatment,
age of 22 subjects were ≤19.0 (33.3%) years, 44 subjects
were ≥19.1 years (66.7%) [34, 35]. Subjects when cate-
gorized into four groups based on heights where 51.5% had
height of 152.5–162.4 cms, 25.8% of 162.5–172.5 cms,
18.2% of 142.5–152.4 cms and 4.5% of 132.5–142.4 cms.
Half of the of the study subjects had body weight of

67–86 kgs, while 27.3% of 87–105 kgs and 22.7% of
46–66 kgs.

As per the WHO guidelines, a BMI over 25 kg/m2 is
internationally considered as cut-off to define overweight
[29]. Since Indians exhibit high tendency toward
abdominal obesity due to genetic constitution and life-
style factors, consensus statement for optimum cut-off for
BMI for Asian Indians have been proposed by Mishra
et al. (2009) [36], based on which the subjects were
categorized into three groups, with highest BMI (≥25)
found among 57.6% of the study subjects followed by
moderate BMI (23–24.99) in 31.8% of the subjects and
normal BMI (18.5–22.99) only in the rest 10.6% subjects.
The descriptive information about BMI among the five
different study groups and control subjects has been
expressed in Table 1. Incidence of PCOS is higher in the
young adults than in the adolescents. In the adolescents,
higher number of PCOS subjects are overweight (BMI
23–24.99), rather than obese (BMI ≥ 25), while in young
adults, higher number of PCOS subjects are obese
(BMI ≥ 25), than overweight (BMI 23–24.99) or normal
body weight (BMI 18–22.99). IR is prevalent in obese
(BMI ≥ 25) PCOS women.

Table 1 also shows distribution of subjects as per the cut-
off value of WHtR. Out of 66 PCOS subjects 62 had WHtR
more than the cut-off value of 0.5. WHtR value showed
similar pattern in sub-groups, with 21 out of 22 adolescent
and 41 out of 44 young adults with PCOS among had
WHtR more than the cut-off value. In agreement to these
observations, all the PCOS subjects with IR and 31 out of
35 non-IR PCOS subjects showed higher WHtR value than
the cut-off.

Anthropometric and biochemical parameters

In healthy subjects and PCOS patients

Mean comparison of anthropometric and biochemical
parameters between control (N= 66) and PCOS (N= 66)
groups have been depicted in Table 2. Independent t-test
was performed, and the level of significance was considered
at minimum value of P < 0.05. Parameters except height,
BMI, fasting sugar levels, and LDL levels were significantly
different in the PCOS group as compared to the control.
Again, among these parameters, particularly, G:I ratio and
HDL were significantly lower, while other parameters were
significantly higher in the PCOS group than the control
group.

In BMI-categorized PCOS patients

Comparison of anthropometric and biochemical parameters
among three groups of subjects with PCOS categorized
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based on BMI values (group I, Group II, and Group III) are
shown in Table 3. One-way ANOVA was applied for the
test at 95% confidence interval, level of significance was
considered when P < 0.05. In adolescent PCOS subjects,
there are statistically significant differences between the
means of all parameters, except the G:I ratio, of the three
groups. In young adults with PCOS, means of the para-
meters, except insulin, HOMA, TC, and LDL showed sig-
nificant differences among the three groups as per the BMI
values.

In WHtR-categorized PCOS patients

Comparison of anthropometric and biochemical para-
meters two groups of PCOS patients categorized based on
WHtR values (WHtR ≤ 0.5 and WHtR > 0.5) are shown in
Table 4. Independent t-test was performed, and the level
of significance was considered at minimum value of P <
0.05. The means of all parameters except age, height, HC,
AIP index, and AC differed significantly between the two

Table 2 Comparison of various parameters between PCOS and
Control group

Parameters Patients (n= 66) Control (n= 66) P value

Mean SD Mean SD

Age 21.54 3.60 19.63 1.40 0.001

Heighta 155.98 7.26 160.39 11.10 0.055NS

Weightb 76.14 13.20 72.08 10.69 0.002

BMI 29.84 4.99 26.22 6.37 0.271NS

WCa 95.11 11.11 77.84 10.01 0.001

HCa 104.29 9.35 93.59 9.77 0.001

WHR 0.91 0.10 0.83 0.05 0.001

WHtR 0.61 0.07 0.49 0.07 0.049

FSc 91.80 9.37 91.46 8.63 0.831NS

FId 19.99 10.70 12.87 5.48 0.001

G:I ratio 6.05 3.32 8.57 4.14 0.001

HOMA 4.60 2.64 2.96 1.50 0.001

TCc 172.00 33.64 155.79 31.59 0.005

LDLc 111.83 27.54 113.30 17.21 0.714NS

HDLc 36.69 6.19 55.63 7.35 0.001

TGc 150.73 48.18 115.21 27.75 0.001

TC:HDL 4.83 1.33 2.87 0.76 0.001

LDL:HDL 3.13 0.95 2.09 0.48 0.001

AIP Index 0.59 0.18 0.30 0.13 0.001

AC 3.83 1.33 1.86 0.76 0.001

NS not significant
acm
bkg
cmg/dl
dmicroU/mL
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groups. Parameters other than GI ratio and HDL were
significantly higher in the PCOS subjects belonging in
the group with WHtR > 0.5 as compared to the other
group.

Prevalence of dyslipidemia among the subjects with
PCOS

Types and occurrence of dyslipidemia among the study
groups of subjects with PCOS are shown in Table 5, con-
sidering the following physiological values as normal, TC
< 200 mg/dl, LDL < 130 mg/dl, HDL > 50 mg/dl, and TG <
150 mg/dl. The table depicts that 28.78% of the subjects
with PCOS had TC higher than physiological levels and all
of them were young adults and consisted of 25.80% of
PCOS subjects with IR and 28.57% of non-IR PCOS sub-
jects. Higher LDL and TG than physiological values were
more prevalent in the young adults, while majority of PCOS
subjects of all the study groups showed HDL lower than the
considered physiological value.

Anthropometric and biochemical parameters in IR
and Non-IR PCOS subjects

Comparison of anthropometric and biochemical parameters
between IR and non-IR group of PCOS subjects are shows in
Table 6. Independent t-test was performed, and the level of
significance was considered at minimum value of P < 0.05.
The mean of parameters, body weight, BMI, WC, WHR,
WHtR ratio, fasting insulin, and HOMA were significantly
higher, while the G:I ratio was found significantly lower in IR
group as compared to non-IR group. Other anthropometric
and lipid profile parameters did not show any statistically
significant differences the two groups.

WHtR and BMI as predictors of PCOS

The comparison of ROC curves of WHtR and BMI for
prediction of PCOS in women are presented in Fig. 1A. The
ROC curve analysis for WHtR in predicting PCOS among
all the study subjects (n= 132) showed AUCs (CI 95%) of

Table 3 Comparison of various parameters between adolescents and
young adult PCOS patients in respect to their BMI (Group I, Group II,
and Group III)

Adolescent patients Young adult patients

Parameters F value P value F value P value

Age 0.37 0.963 1.059 0.355

Heighta 49.183 0.001 30.774 0.001

Weightb 55.396 0.001 22.500 0.001

WCa 375.216 0.001 14.931 0.001

HCa 42.464 0.001 19.596 0.001

WHR 5.667 0.012 23.39 0.001

WHtR 36.178 0.001 15.960 0.001

FSc 7.361 0.006 33.658 0.001

FId 5.617 0.014 1.439 0.256NS

G:I ratio 1.452 0.319NS 8.365 0.001

HOMA 7.447 0.006 1.644 0.181NS

TCc 7.729 0.006 1.878 0.123NS

LDLc 5.499 0.015 1.870 0.125NS

HDLc 3.652 0.046 6.312 0.001

TGc 8.180 0.001 2.706 0.035

TC:HDL 1.783 0.001 4.758 0.003

LDL: HDL 27.979 0.001 3.695 0.010

AIP Index 0.33 0.721 0.331 0.720

AC 0.73 0.495 0.518 0.599

NS not significant
acm
bkg
cmg/dl
dmicroU/mL

Table 4 Comparison of various parameters between two groups of
PCOS patients as per WHtR

Parameters WHtR ≤ 0.5 (n= 4) WHtR > 0.5 (n= 62) P value

Age 21 ± 3.74 21.58 ± 3.62 0.757

Heighta 158.75 ± 6.29 155.80 ± 7.32 0.436

Weightb 53.5 ± 5.97 77.60 ± 12.16 0.001

BMI 20.53 ± 1.45 31.04 ± 4.43 0.000

WCa 75.62 ± 7.18 96.37 ± 10.13 0.006

HCa 96.37 ± 12.70 104.79 ± 8.99 0.081

WHR 0.79 ± 0.12 0.92 ± 0.09 0.017

WHtR 0.47 ± 0.02 0.61 ± 0.06 0.000

FSc 88.3 ± 2.72 92.03 ± 9.61 0.070

FId 8.62 ± 2.14 20.72 ± 10.62 0.000

GI ratio 10.75 ± 2.85 5.74 ± 3.12 0.003

HOMA 1.87 ± 0.42 4.77 ± 2.62 0.032

TCc 165.75 ± 34.16 172.4 ± 33.84 0.703

LDLc 100 ± 31.73 112.59 ± 27.36 0.490

HDLc 37.5 ± 8.69 36.64 ± 6.08 0.858

TGc 146.25 ± 24.22 151.01 ± 49.43 0.742

TC:HDL 4.60 ± 1.41 4.85 ± 1.33 0.757

LDL:HDL 2.73 ± 0.85 3.15 ± 0.96 0.389

AIP Index 0.59 ± 0.14 0.59 ± 0.19 0.993

AC 3.60 ± 1.41 3.85 ± 1.33 0.724

Data are represented as mean ± SD

NS not significant
acm
bkg
cmg/dl
dmicroU/mL
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0.907 (0.844–0.950) with the cut-off value of 0.560, sen-
sitivity of 74.2 and specificity of 97.0. The AUCs
(CI 95%) for BMI were 0.782 (0.702–0.849) with the cut-
off value of 28.47, sensitivity of 74.2 and specificity of
71.21. It indicated low predictive power of BMI for PCOS
in women. The WHtR had the significantly higher AUC
with difference of 0.125 (0.0314–0.218) and Youden index
compared to BMI in prediction of PCOS in women, which
was significant at P= 0.0088 (Table 7).

WHtR and BMI as predictors of IR in women with
PCOS

The ROC curves of WHtR and BMI for prediction of IR in
PCOS patients are presented in Fig. 1B. The ROC curve
analysis for WHtR in predicting IR in PCOS patients
showed AUCs (CI 95%) of 0.982 (0.915–0.999), cut-off
value of 0.620, with 96.8% sensitivity and 91.4% specifi-
city. ROC curve to analyze the predictive value of BMI for
IR in PCOS patients, showed AUCs (CI 95%) of 0.585
(0.457–0.705) with the optimal cut-off value of 29.14 with
74.2% sensitivity and 48.6% specificity. WHtR had sig-
nificantly higher AUC value with difference of 0.392
(0.244–0.539) and Youden index compared to BMI in
prediction of IR in PCOS patients, at P < 0.0001 (Table 7).

Discussion

PCOS is among the most common and concerning global
health issue affecting one in ten women of reproductive age
[37]. Insulin resistance (IR) renders females with PCOS in
reproductive ages at higher risk for cardiometabolic con-
sequences as compared to healthy women as evidenced
through different population-based studies [38]. The pre-
liminary observation of the present study is concordant with
previous studies depicting that majority of PCOS patients
also have IR. Therefore, the early diagnosis of IR in PCOS
patients is of great clinical importance. Euglycemic clamp
technique is the gold standard IR detection method [39].
Since the method is expensive and time-consuming, the
surrogate methods are used to detect IR and among them,
the HOMA, is extensively used for its linear correlation
with Euglycemic clamp technique [40]. There have been
several studies aiming to come up with less invasive
anthropometric markers for IR, such as BMI, WC, WHR
and WHtR in different populations [41–45]. The present
cross-sectional study is the first study on PCOS patients
based in Kolkata (third-most populous metropolitan area in
India) [46] that compares the diagnostic value of WHtR and
BMI along with recommendation of their cut-off values in
identifying risk of IR in PCOS patients. This study finds
high relevance in the current scenario where obesity has
been strongly associated with incidence of PCOS, while

Table 5 Types of dyslipidemia and its frequency among the PCOS patients

Variables Total sample (N= 66) Adolescent (N= 22) Young adult (N= 44) IR group (N= 31) Non-IR group (N= 35)

TC > 200 mg/dl 19 (28.78%) 0 19 (43.18%) 9 (29.03%) 10 (28.57%)

LDL > 130 mg/dl 17 (25.7%) 2 (9.09%) 15 (34.09%) 9 (29.03%) 8 (22.85%)

HDL < 50 mg/dl 65 (98.7%) 22 (100%) 43 (97.72%) 31 (100%) 34 (97.14%)

TG > 150 mg/dl 39 (59.09%) 12 (54.54%) 27 (61.36%) 18 (58.06%) 21 (60%)

Table 6 Comparison of different parameters between IR and non-IR
PCOS groups

Parameters IR group
(N= 31)

non-IR group
(N= 35)

P value

Mean SD Mean SD

Age 21.06 3.36 21.97 3.80 0.311NS

Heighta 155.97 6.79 156.00 7.74 0.986NS

Weightb 82.56 11.24 70.45 12.27 0.001

BMI 33.03 4.15 28.07 4.54 0.001

WCa 100.55 9.95 90.30 9.90 0.001

HCa 106.01 8.86 102.76 9.63 0.160NS

WHR 0.95 0.09 0.88 0.10 0.007

WHtR 0.64 0.05 0.57 0.06 0.001

FSc 92.64 9.72 91.06 9.13 0.498NS

FId 28.75 8.86 12.23 4.20 0.000

G:I ratio 3.44 0.79 8.34 2.97 0.001

HOMA 6.68 2.33 2.79 1.09 0.001

TCc 170.29 33.92 173.51 33.80 0.701NS

LDLc 110.84 28.02 112.71 27.48 0.785NS

HDLc 35.70 6.13 37.57 6.19 0.226NS

TGc 145.84 46.13 155.06 50.18 0.442NS

TC:HDL 4.97 1.56 4.71 1.09 0.42NS

LDL:HDL 3.22 1.11 3.04 0.79 0.45NS

AIP Index 0.59 0.20 0.59 0.17 0.89NS

AC 3.97 1.5 3.71 1.09 0.42NS

Data are represented as mean ± SD

NS not significant
acm
bkg
cmg/dl
dmicroU/mL
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there lacks consensus on the accurate markers predicting
risk of disorders as consequences of co-occurrence of
obesity and PCOS. Use of simple anthropometric indices as
screening tool is always a great advantage given its relia-
bility of prediction of metabolic disorders, simple protocol
as well as cost-effectiveness.

The study reveals that incidence of PCOS is higher in the
young adults than in adolescents. As a common finding of
increased BMI, in our study also, most of the individuals are
either obese or overweight according to the BMI score
which indicates the appearance of obesity among the PCOS
patients. In this study BMI was showing significant asso-
ciation with two other anthropometric parameters body
weight and height among the patients as it is a best-known
derived parameter for obesity and depends on same two
parameters. BMI has been demonstrated to reflect overall
obesity rather than abdominal obesity, while WHtR inclu-
ded both WC and height. WHtR has been described as a
parameter for central obesity and which was considered as
screening tool for obesity assessment during clinical prac-
tice [47].

Both the anthropometric indices WHtR and BMI were
significantly positively correlated with IR which are
showcased in other studies as well [48, 49]. In the present
study, higher number of PCOS cases are observed in the
overweight adolescents (BMI 23–24.99) than in the obese
group (BMI ≥ 25), while in young adults PCOS incidence is
higher in the obese group. The distribution of subjects as
per the WHtR cut-off (0.5) [50, 51] showed better homo-
geneity in both adolescent and adult groups (Table 1) with
majority of subjects with higher WHtR being PCOS
patients with IR. Moreover, several types of dyslipidemia
were projected among the study groups. Lower serum HDL
was most frequently observed type of dyslipidemia among
all the patient groups followed by high plasma levels of TG,
LDL, and TC accordingly which are also common resul-
tants of obesity related diseases. In consensus with other
studies, our study also showed that BMI and WHtR are

associated with dyslipidemia in PCOS patients with and
without IR [52].

In the present study, the comparative ROC curve using
WHtR and BMI as continuous variables and PCOS and IR
as the categorical variables, demonstrated WHtR as a better
predictor of incidence of PCOS among all the study subjects
(n= 132) as well as of occurrence of IR among the PCOS
patients (n= 66) (Fig. 1). WHtR showed significantly
higher AUC as well as higher Youden’s index, specificity
and sensitivity than BMI, in prediction of PCOS as well as
IR in PCOS women (Table 7) and the findings of the pre-
sent study are consistent with previous reports in other
populations where WHtR showed advantages over the use
of other anthropometric indices in the assessment of IR in
PCOS patients [25, 49, 53, 54]. WHtR also had a relatively
better sensitivity and specificity than BMI. The results
showed cut-off values of 28.47 and 29.14 for BMI in pre-
dicting PCOS and IR in PCOS respectively, which are close
enough to suggest that BMI cannot discriminate between
PCOS patients with IR and those without IR. In contrary,
the ROC curve analysis provided suggestive cut-off value
of 0.560 for WHtR in prediction of PCOS in women and
0.620 in prediction of IR in PCOS patients, for Kolkata
population, while the cut-off values ranged between 0.5 and
0.52 as per other population-based studies that used WHtR
as marker for abdominal obesity, metabolic risk factors, and
cardiovascular disease [51, 55, 56]. The most possible
reasons for the variations in WHtR cut-off values in dif-
ferent study populations may be the differences in race,
food habits and other lifestyle factors, genetic compositions,
geographical factors among other factors.

Conclusions

Our study shows that the WHtR is a potential marker and a
better anthropometric indicator than BMI, for early detec-
tion of PCOS and IR in PCOS patients. Thus, based on our

Fig. 1 a ROC curves of WHtR
and BMI in the prediction of
PCOS among all subjects
(n= 132) and (b) IR among the
PCOS patients (n= 66)
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findings, we hereby recommend a WHtR cut-off value of
0.560 for prediction of PCOS and 0.620 in predicting IR in
PCOS patients, in Kolkata, India.
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