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Significance of measuring anthropometric
and atherogenic indices in patients
with polycystic ovary syndrome
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Abstract

Background Polycystic ovary syndrome (PCOS) is a prevalent hormonal disorder affecting 5-15% of women of
reproductive age, characterized by ovulatory dysfunction, hyperandrogenism, and polycystic ovarian morphology.
PCOS is associated with metabolic disturbances such as dyslipidemia, insulin resistance (IR), and an increased risk of
type 2 diabetes (T2DM) and cardiovascular disease.

Objective The aim of this study is to apply new anthropometric indices [body adiposity index (BA), visceral adiposity
Index (VAI), lipid accumulation product (LAP), body roundness index (BRI), a body shape index (ABSI)] and new
atherogenic indices [Castelli index-I, Castelli index-Il, atherogenic risk of plasma (AIP), atherogenic coefficient (AC),
lipoprotein combined index (LCI), triglycerides to high-density lipoprotein cholesterol (TG/HDL-C) ratio, metabolic
score for insulin resistance (METS-IR), triglyceride glucose (TyG) index, triglyceride glucose-dody mass (TyG-BM)) inde,
triglyceride glucose-waist circumference (TyG-WC) index] metabolic score of insulin resistance to patients with PCOS.

Methods A retrospective analysis was conducted on 248 women diagnosed with PCOS based on the 2003
Rotterdam criteria. Anthropometric measurements, biochemical parameters, and atherogenic indices were collected
from patient records. Statistical analyses were performed using Statistical Package for the Social Sciences software
version 28.0.

Results Significant correlations were found between fasting glucose and various anthropometric indices, such

as Body mass index (BMI), waist-height ratio (WHtR), and BAI, indicating a link between adiposity and glucose
metabolism in PCOS. Atherogenic indices like Castelli's risk indices, AIP, and AC showed positive correlations with
glucose and insulin levels, reinforcing their role in assessing cardiovascular risk. Novel indices such as METS-IR and
TyG demonstrated strong correlations with both glucose and insulin profiles, highlighting their potential as reliable
markers for IR and cardiometabolic risk.

Conclusion The study underscores the importance of using a range of anthropometric and atherogenic indices for
comprehensive metabolic assessment in women with PCOS. Indices like METS-IR and TyG offer valuable insights into
insulin sensitivity and cardiovascular risk, potentially aiding in better management and prognosis of PCOS.
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Introduction

Polycystic ovary syndrome (PCOS) is a common and
complex hormonal disorder affecting women of repro-
ductive age, with a prevalence of approximately 5-15%
[1]. It is characterized by ovulatory dysfunction, hyperan-
drogenism, and polycystic ovarian morphology. In addi-
tion, PCOS can lead to dyslipidemia, hyperinsulinemia,
insulin resistance (IR), impaired glucose metabolism,
type 2 diabetes (T2DM), metabolic syndrome, infertility,
and oxidative stress disorders [2—4]. Women with PCOS
have a higher risk of cardiovascular disease than other
women. In particular, factors such as insulin resistance
and metabolic syndrome can increase the risk of heart
disease and stroke.

The pathogenesis of PCOS is complex and its etiol-
ogy remains incompletely understood. Numerous stud-
ies have investigated the mechanisms of metabolic
dysregulation (glucose and lipids) and inflammatory
mechanisms in the pathogenesis of PCOS. IR is now a
well-known feature of PCOS and, along with hyperten-
sion and dyslipidemia, increases the risk of cardiovas-
cular and cerebrovascular events. These risk factors are
further exacerbated by central obesity and metabolic
syndrome, which are present in most women with PCOS
[5, 6]. Almost 55% of women suffering from PCOS also
have concurrent obesity [7]. Because the high IR in PCOS
makes it easier to gain weight and obesity is frequently
seen in these patients. Obesity can have a negative
impact on PCOS, which can place additional burden on
metabolic health.

Many studies have shown that women with PCOS have
significantly higher levels of triglyceride to high-density
lipoprotein (HDL) cholesterol ratio, indicating an impor-
tant association with IR and cardiometabolic risk factors
[8, 9]. Lipid indices are highly correlated with impaired
insulin metabolism and hyperandrogenemia [10, 11]. A
study by Zheng et al. indicated that new metabolic lipid
indices (TyG index - triglyceride glucose index; TyG-BMI
index - triglyceride-body mass index; TyG-WC index -
triglyceride-waist circumference index) are useful in the
early identification of prediabetes risk [12]. Given that
adipose tissues secrete adipokines, inflammatory cyto-
kines, and reactive oxygen species, leading to various
metabolic disorders, such indices may be better predic-
tors of IR than the triglyceride glucose (TyG) index alone
[13, 14]. Additionally, a new non-insulin-based score,
METS-IR (Metabolic Score for Insulin Resistance), may
be useful in assessing insulin sensitivity and detecting IR
in patients at risk of developing T2DM [15]. Therefore,
METS-IR, along with the lipoprotein combined index
(LCI), a new risk determinant for coronary artery disease
(CAD), are promising scores for evaluating cardiometa-
bolic risk in women with PCOS [16].
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Adiposity plays a significant role in the prevention and
management of PCOS. Anthropometric indices such as
waist-hip ratio (WHR), waist-height ratio (WHtR), vis-
ceral adiposity index (VAI), body adiposity index (BAI),
lipid accumulation product (LAP), body roundness index
(BRI), and a body shape index (ABSI) may serve as indi-
cators of adipose tissue abnormalities and cardiovascular
disease risk in patients with PCOS [17, 18].

The aim of this study is to apply new anthropometric
indices (BAIL, VAI, LAP, BRI, ABSI) and new atherogenic
indices [Castelli index-I, Castelli index-1I, atherogenic
risk of plasma (AIP), atherogenic coefficient (AC), lipo-
protein combined index (LCI), triglycerides to HDL-
Cholesterol ratio (TG/HDL-C ratio), metabolic score of
insulin resistance (METS-IR), triglyceride glucose index
(TyG index), triglyceride glucose-body mass index (TyG-
BMI index), triglyceride glucose-waist circumference
index (TyG-WC index)] to patients with PCOS. Addi-
tionally, an attempt was made to evaluate the significance
of atherogenic indices in PCOS patients’ assessments.

Material method

Study group

This study was conducted retrospectively at Mar-
din Training and Research Hospital, reviewing patient
records from 2022 to 2023. A total of 248 women diag-
nosed with PCOS according to the 2003 Rotterdam cri-
teria were included in the study. The sample size was
calculated using the formula recommended in a paper by
Hajian-Tilaki [19].

2003 Rotterdam Criteria.

1) Oligo-ovulation or anovulation.

2) Clinical and/or biochemical hyperandrogenism.

3) Polycystic ovaries seen on ultrasound (12 or more
follicles 2—9 mm in size).

PCOS was diagnosed if at least two of these three criteria
were met.

Exclusion Criteria: The exclusion criteria were as fol-
lows: refusal to participate in the study; pregnancy;
hemolyzed samples; use of hormonal contraceptives, glu-
cocorticosteroids, oral steroids, lipid-lowering medica-
tions, or drugs affecting glucose metabolism; previously
diagnosed and treated diabetes; decompensated thy-
roid disorders; diseases associated with androgen excess
(congenital or late-onset congenital adrenal hyperplasia,
hyperprolactinemia, Cushing’s disease/syndrome, andro-
gen-secreting tumors, idiopathic hirsutism); depressive
disorders and treatment for depression.

Laboratory measurements and indices
Patient records from 2022 to 2023 were retrospectively
reviewed. Demographic data (height, weight, waist
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circumference, hip circumference) and laboratory results
(fasting glucose, fasting insulin, HDL-C, triglycerides,
LDL-C (low-density lipoprotein cholesterol)) were col-
lected from patient records. For this study, no addi-
tional blood was drawn from patients beyond what was
required for their diagnosis and follow-up.

+ The value of the Homeostatic Model Assessment for
Insulin Resistance (HOMA-IR) index was calculated
using the following formula:

HOMA-IR=fasting insulin (mU/L) X fasting glucose
(mmol/L) / 22.5 [20].

» The value of METS-IR (Metabolic Score for Insulin
Resistance) was calculated as follows:

METS-IR = (In ((2 x fasting glucose) (mU/L)+TG (mg/
dL) x Body mass index)/(In (HDL-C) (mg/dL)) [21].

+ The TyG index was calculated using the following
formula:

In[fasting glucose (mg/dL) x TG (mg/dL)/2] [20].
+ The TyG-BMI index is defined as follows:

In[fasting glucose (mg/dL) x fasting triglycerides (mg/
dL)/2] x BMI [22].

+ TyG-WCis defined as:
In[fasting glucose (mg/dL) x TG (mg/dL)/2] x WC [22].
+ LCI was calculated using the following formula:

((TC, Total Cholesterol, (mg/dL) x TG (mg/dL) x LDL-C
(mg/dL))/HDL-C (mg/dL)) [23].

+ Castelli risk index-I was calculated according to the
formula = (TC/HDL-C) [10].

+ Castelli risk index-II was calculated according to the
formula = (LDL-C/HDL-C) [10].

+ Atherogenic coefficient (AC) was calculated
according to the formula = ((TC-HDL-C)/HDL-C)
[10].

«+ The atherogenic index (AIP) of plasma was
calculated according to the formula = (log(TG/HDL-
Q)) [10].

+ The ratio of triglyceride to HDL-cholesterol was
calculated according to the formula = (TG/HDL-C)
[10].
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Anthropometric parameters were measured using stan-
dard methods. These measurements included body
weight [kg], height [cm], waist circumference [cm], and
hip circumference [cm].

+ Body mass index (BMI) is calculated according to the
following formula: BMI =body weight [kg]/height
[m]2 [24].

+  Waist-to-hip ratio (WHR) was calculated according
to the following formula: WHR = waist circumference
[cm]/hip circumference [cm] [25].

+ Waist-height ratio (WHtR) was calculated
according to the following formula: WHtR = waist
circumference [cm]/height [cm] [25].

+ Body adiposity index (BAI) was calculated according
to the following formula: BAI = ((hip circumference
[cm]/height [m]1.5)-18) [26].

+ Visceral Adiposity Index (VAI) was calculated
according to the following formula: VAI = [waist
circumference [cm]/(36.58 + (1.89 x BMI))] x
(triglyceride concentration [triglyceride]/0.81) x
(1.52/ HDL concentration [mg/dL]) [20].

« Lipid Accumulation Product (LAP) was calculated
according to the following formula: LAP =
(waist circumference [cm] — 58) x (triglyceride
concentration [triglyceride]) [20].

+ Body Roundness Index (BRI) was calculated
according to the following formula:
BRI=365.2-365.5 x V(1 - (WC/2m)2)/[(0.5 x
height)]2) [27].

+ A Body Shape Index (ABSI) was calculated according
to the following formula: ABSI = WC[m]/[(BMI)2/3)
x (height [m])1/2)] [27].

Statistical analysis

The data obtained in the study will be analyzed using
SPSS software version 28.0. The Shapiro-Wilk test was
used to assess the distribution of the data. Continuous
variables are expressed as mean+standard deviation (for
normally distributed data) or median and interquartile
range (for non-normally distributed data). For normally
distributed data, the Student’s t-test will be used, while
the Mann-Whitney U test will be used for non-paramet-
ric data. Correlation between variables will be evaluated
using the Pearson correlation coefficient (for normally
distributed data) and Spearman’s rank correlation coef-
ficient (for non-normally distributed data). A p-value of
less than 0.05 will be considered statistically significant.

Result

The anthropometric measurements, biochemical param-
eters, and atherogenic index results of women diagnosed
with PCOS are presented in Table 1.
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Table 1 Anthropometric measurements, biochemical parameters, and Atherogenic Index results of women diagnosed with PCOS

N (248) Mean+SD Median (25th-75th Quarter)
Age 22.72+4.07
Anthropometric Measurements
Weight (kg) 77.30£17.81
Height (cm) 162.54+4.95
Waist Circumference (cm) 83.91+12.80
Hip Circumference (cm) 109.26+£15.01
BMI (kg/m?) 29244672
WHtR 0.52+0.08
BAI (%) 34.85+7.88
BRI 3.81+1.59
WHR 0.76 (0.74-0.78)
VAI 3.85(2.65-5.97)
LAP 5325 (3074-7176)
ABSI 0.07 (0.07-0.07)
Biochemical Parameters
120 min Glucose (mg/dL) 14197 +2335
60 min Insulin (mU/L) 111.31+£19.66
HbATc (%) 539+0.59
Total Cholesterol (mg/dL) 171.19+30.22
HDL Cholesterol (mg/dL) 5568+ 14.43
LDL Cholesterol (mg/dL) 95.92+25.95
Fasting Glucose (mg/dL) 89 (84-95)
Fasting Insulin (mU/L) 12.30 (8.05-15.64)
60 min Glucose (mg/dL) 89 (85-94)
Triglycerides (mg/dL) 94.50 (71.50-131.00)
HOMA-IR Index 4736 (32.72-67.21)
Atherogenic Indexes
Castelli's Risk Index-I 3.25+090
Castelli’s Risk Index-Il 1.86+0.74
AlP 0.26+0.24
AC 225+0.90
METS-IR 41.75£11.03
TyG Index 8.38+048
TyG-BMI 245.54+60.78
TyG-Waist Circumference Index 91780+ 14837
LCl 28481.54 (15771.24-47946.00)
TG/HDL-C 174 (1.16-2.62)

BMI: Body mass index, WHtR: Waist-height ratio, BAl: Body adiposity index, BRI: Body Roundness Index, WHR: Waist-to-hip ratio, VAI: Visceral Adiposity Index, LAP: Lipid Accumulation
Product, ABSI: A Body Shape Index, HbAlc: Hemoglobin Alc, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, HOMA-IR: Homeostatic Model Assessment for Insulin
Resistance, AIP: Atherogenic risk of plasma, AC: atherogenic coefficient, METS-IR: Metabolic score of insulin resistance, TyG Index: triglyceride glucose index, TyG-BMI: triglyceride
glucose-body mass index, LCI: lipoprotein combined index, TG/HDL-C: Triglycerides to HDL-cholesterol ratio

The relationships between anthropometric measure-
ments, atherogenic indices, and glucose profile in the
study group are presented in Table 2.

Upon examining Table 2, a low positive correlation
was found between fasting glucose (mmol/L) and weight,
waist circumference, hip circumference, BMI, WHR,
WHtR, BAIL VAI LAP, BRI, Castelli’s risk index-I, Cas-
telli’s risk index-II, AIP, AC, LCI, TG/HDL-C, and TyG
index; a moderate positive correlation was found between
fasting glucose and METS-IR, TyG-BMI, and TyG-waist
circumference index (p<0.001, p<0.01, p<0.05), with no

significant relationship observed between fasting glucose
and ABSI (p>0.05).

60 min glucose (mg/dL) showed a low positive correla-
tion with weight, WHR, VAI, LAP, Castelli’s risk index-
I, Castelli’s risk index-1I, AIP, AC, LCI, and TG/HDL-C;
and a moderate positive correlation with waist circumfer-
ence, hip circumference, BMI, WHtR, BAI, BRI, METS-
IR, TyG index, TyG-BMI, and TyG-waist circumference
index (p<0.001, p<0.01), with no significant relationship
observed with ABSI (p>0.05).

120 min glucose (mg/dL) demonstrated a low posi-
tive correlation with WHR, VAI, Castelli’s risk index-I,
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Table 2 Relationship between anthropometric measurements, atherogenic indices, and glucose Profile in the Study Group

N (248) Fasting Glucose (mg/dL) 60 min Glucose (mg/dL) 120 min Glucose (mg/
dL)
r p r p r p

Weight (kg) 0.265 <0.001 0.294 <0.001 0419 <0.001
Waist Circumference (cm) 0267 <0.001 0.323 <0.001 0473 <0.001
Hip Circumference (cm) 0.254 <0.001 0.321 <0.001 0487 <0.001
BMI 0276 <0.001 0.331 <0.001 0428 <0.001
WHR 0.162 0.010 0.195 0.002 0.188 0.003
WHtR 0267 <0.001 0.335 <0.001 0473 <0.001
BAI (%) 0.240 <0.001 0322 <0.001 0475 <0.001
VAI 0.156 0.014 0272 <0.001 0.200 0.002
LAP o.161 0.011 0.299 <0.001 0419 <0.001
BRI 0.267 <0.001 0335 <0.001 0458 <0.001
ABSI -0.036 0.572 0.013 0.839 0.075 0.242
Castelli's Risk Index-| 0.274 <0.001 0.267 <0.001 0171 0.007
Castelli's Risk Index-Il 0233 <0.001 0210 <0.001 0.173 0.006
AIP 0.170 0.007 0279 <0.001 0.146 0.022
AC 0274 <0.001 0267 <0.001 0.171 0.007
LCl 0.182 0.004 0.259 <0.001 0.333 <0.001
TG/HDL-C 0.170 0.007 0.279 <0.001 0.172 0.007
METS-IR 0372 <0.001 0410 <0.001 0.382 <0.001
TyG Index 0275 <0.001 0.390 <0.001 0.290 <0.001
TyG-BMI 0.326 <0.001 0.399 <0.001 0452 <0.001
TyG- Waist Circumference Index 0.308 <0.001 0.399 <0.001 0.506 <0.001

BMI: Body mass index, WHtR: Waist-height ratio, BAl: Body adiposity index, BRI: Body Roundness Index, WHR: Waist-to-hip ratio, VAI: Visceral Adiposity Index, LAP: Lipid Accumulation
Product, ABSI: A Body Shape Index, HbAlc: Hemoglobin Alc, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, HOMA-IR: Homeostatic Model Assessment for Insulin
Resistance, AIP: Atherogenic risk of plasma, AC: atherogenic coefficient, METS-IR: Metabolic score of insulin resistance, TyG Index: triglyceride glucose index, TyG-BMI: triglyceride
glucose-body mass index, LCl: lipoprotein combined index, Tc/HDL-C: Triglycerides to HDL-cholesterol ratio. Correlation coefficients given in italics were calculated using Spearman’s

rank correlation test.

Castelli’s risk index-II, AIP, AC, TG/HDL-C, and TyG
index; and a moderate positive correlation with weight,
waist circumference, hip circumference, BMI, WHtR,
BAI LAP, BRI, LCI, METS-IR, TyG-BMI, and TyG-waist
circumference index (p<0.001, p<0.01, p<0.05), with no
significant relationship observed with ABSI (p>0.05).

The relationships between anthropometric measure-
ments, atherogenic indices, and insulin profile in the
study group are presented in Table 3.

Upon examining Table 3, a low positive correlation was
found between fasting insulin (mU/L) and WHR, LAP,
Castelli’s risk index-I, Castelli’s risk index-II, AC and
LCI; a moderate positive correlation was found between
fasting insulin and weight, waist circumference, hip cir-
cumference, BMI, WHtR, BAI, BRI, METS-IR TyG-BMI
and TyG-waist circumference index (p<0.001, p<0.01,
p<0.05). No significant relationship was observed with
VAL ABSI, AIP, TG/HDL-C, TyG Index (p>0.05).

60 min insulin (mU/L) showed a low positive correla-
tion with WHR, VAI, Castelli’s risk index-I, Castelli’s risk
index-1I, AIP, AC, TG/HDL-C, and TyG index; and a
moderate positive correlation with weight, waist circum-
ference, hip circumference, BMI, WHtR, BAI, LAP, BRI,
LCI, METS-IR, TyG-BMI, and TyG-waist circumference

index (p<0.001, p<0.01, p<0.05). No significant relation-
ship was observed with ABSI (p>0.05).

The relationships between anthropometric mea-
surements, atherogenic indices, and hemoglobin Alc
(HbAlc) and HOMA-IR index in the study group are
presented in Table 4.

Upon examining Table 4, a low positive correlation was
found between HbAlc (%) and waist circumference, hip
circumference, BMI, WHR, WHtR, BAIL, LAP, BRI, Cas-
telli’s risk index-I, Castelli’s risk index-II, AC, LCI, TG/
HDL-C, METS-IR, TyG index, TyG-BMI, and TyG-waist
circumference index; a moderate positive correlation was
found with weight; and a low negative correlation was
found with ABSI (p<0.001, p<0.01, p<0.05). No signifi-
cant relationship was observed with VAL, AIP, and TG/
HDL-C (p>0.05).

For the HOMA-IR index, a low positive correlation
was found with hip circumference, BAI, LAP, Castelli’s
risk index-I, Castelli’s risk index-II, AIP, AC, LCI, TG/
HDL-C, TyG index, and TyG-waist circumference index;
a moderate positive correlation was found with weight,
waist circumference, BMI, WHtR, BRI, and METS-IR
(p<0.001, p<0.01, p<0.05). No significant relationship
was observed with WHR, VAI, and ABSI (p>0.05).
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Table 3 Relationship between anthropometric measurements,
atherogenic indices, and insulin Profile in the Study Group

N Fasting Insulin 60 min Insulin
(248) (mu/L) (mU/L)
R p r p

Weight (kg) 0336 <0.001 0406 <0.001
Waist Circumference 0321 <0.001 0475 <0.001
(cm)
Hip Circumference (cm) 0312 <0.001 0527 <0.001
BMI (kg/m?) 0.345 <0.001 039 <0.001
WHR 0.132 0.038 0761 0.011
WHIR 0331 <0.001 0464 <0.001
BAI (%) 0313 <0.001 0497 <0.001
VAI 0.112 0.079 0245 <0.001
LAP 0.187 0.003 0432 <0.001
BRI 0.331 <0.001 0456 <0.001
ABSI -0.015 0.817 0.102  0.109
Castelli’s Risk Index-I 0.160 0.012 0290 <0.001
Castelli's Risk Index-Il 0.134 0.036 0290 <0.001
AlP 0.116 0.068 0.170 0.007
AC 0.160 0.012 0290 <0.001
LCl 0.129 0.042 0388 <0.001
TG/HDL-C 0.116 0.068 0219 <0.001
METS-IR 0.364 <0.001 0392 <0.001
TyG Index 0.105 0.099 0.268 <0.001
TyG-BMI 0.342 <0.001 0430 <0.001
TyG- Waist Circumfer- 0292 <0.001 0539 <0.001
ence Index

BMI: Body mass index, WHtR: Waist-height ratio, BAl: Body adiposity index, BRI: Body
Roundness Index, WHR: Waist-to-hip ratio, VAI: Visceral Adiposity Index, LAP: Lipid
Accumulation Product, ABSI: A Body Shape Index, HDL: High-density lipoprotein, AlP:
Atherogenic risk of plasma, AC: atherogenic coefficient, TyG Index: triglyceride glucose
index, TyG-BMI: triglyceride glucose-body mass index, LCl: lipoprotein combined index,
TG/HDL-C: Triglycerides to HDL-cholesterol ratio. Correlation coefficients given in italics
were calculated using Spearman’s rank correlation test.

Discussion

The findings of this study provide valuable insights into
the relationships between various anthropometric, bio-
chemical, and atherogenic indices and their relevance to
glucose and insulin profiles in women with PCOS. This
study reinforces the importance of comprehensive meta-
bolic assessment in managing PCOS and highlights the
potential utility of newer indices like METS-IR, TyG, and
LCI in clinical practice.

Anthropometric indices and glucose profile

The positive correlations between fasting glucose and
anthropometric indices such as BMI, WHtR, and BAI
indicate that central and overall adiposity are significant
contributors to glucose dysregulation in PCOS patients.
This aligns with previous studies that have shown a
strong link between obesity and impaired glucose metab-
olism in PCOS [1, 5]. The lack of significant correlation
with ABSI suggests that this index may not be as sensi-
tive in detecting metabolic disturbances associated with
PCOS compared to other measures of adiposity.
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Table 4 Relationship between anthropometric measurements,
atherogenic indices, and HbATc and HOMA-IR index in the Study
Group

N HbA1c (%) HOMA-IR Index

(248) R p r p
Weight (kg) 0340 <0.001 0363 <0.001
Waist Circumference 0.203 0.001 0.308 <0.001
(cm)
Hip Circumference (cm) 0.207 0.001 0.299 <0.001
BMI (kg/m?) 0283 <0.001 0369 <0.001
WHR 0.132 0.038 0.117 0.065
WHtR 0.181 0.004 0315 <0.001
BAI (%) 0166 0.009 0294 <0.001
VAI 0.09 0.133 0.114 0.074
LAP 0.144 0.024  0.180 0.005
BRI 0.175 0.006 0315 <0.001
ABSI -0.798 0.002 -0.086 0.178
Castelli's Risk Index-I 0204 <0.001 0.177 0.005
Castelli’s Risk Index-Il 0223 <0.001 0.749 0.019
AIP 0.086 0.175 0.128 0.043
AC 0204 0.001 0.177 0.005
LCl 0.177 0.005 0.133 0.036
TG/HDL-C 0.7104 0.101 0.128 0.043
METS-IR 0276 <0.001 0398 <0.001
TyG Index 0.175 0.006 0.140 0.027
TyG-BMI 0290 <0.001 0373 <0.001
TyG- Waist Circumfer- 0222 <0.001 029 <0.001
ence Index

BMI: Body mass index, WHtR: Waist-height ratio, BAI: Body adiposity index, BRI: Body
Roundness Index, WHR: Waist-to-hip ratio, VAI: Visceral Adiposity Index, LAP: Lipid
Accumulation Product, ABSI: A Body Shape Index, OGTT: Oral glucose tolerance test,
HbAIc: Hemoglobin Alc, HDL: High-density lipoprotein, LDL: Low-density lipoprotein,
HOMA-IR: Homeostatic Model Assessment for Insulin Resistance, AIP: Atherogenic risk of
plasma, AC: atherogenic coefficient, METS-IR: Metabolic score of insulin resistance, TyG
Index: triglyceride glucose index, TyG-BMI: triglyceride glucose-body mass index, LCl:
lipoprotein combined index, Tc/HDL-C: Triglycerides to HDL-cholesterol ratio. Correlation
coefficients given in italics were calculated using Spearman’s rank correlation test

Atherogenic indices and cardiometabolic risk

Depending on the population being investigated and the
particular cardiovascular risk assessment recommen-
dations being followed, cut off values for atherogenic
indices may change. Nonetheless, it is acknowledged
that having high values for these indices increases the
risk of cardiovascular illnesses [28]. Therefore, in PCOS
patients, there are no established cutoff values for ath-
erogenic indices, nor, although some research on these
patients indicates that their lipid profiles alter and their
cardiovascular risk factors rise [16, 17]. In the current
study, atherogenic indices such as Castelli’s risk index-
I and II, AIP, and AC showed positive correlations with
both fasting glucose and insulin levels, reinforcing their
role in assessing cardiovascular risk in PCOS patients.
These findings are consistent with the understanding that
dyslipidemia is a common feature in PCOS and contrib-
utes to the heightened cardiovascular risk [2, 3]. In the
studies of Zheng et al. and Ahn et al., the novel indices,
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particularly the TyG index and its derivatives (TyG-BMI,
TyG-WC), demonstrated robust correlations with glu-
cose and insulin parameters, underscoring their utility
as predictors of insulin resistance and cardiometabolic
risk [12, 20]. Contrary to these studies in the literature,
in general, all the relationships between anthropometric
indices and atherogenic indices with glucose and insulin
profiles were weak or moderate in the current study. Not
a single one was strong.

Compared to conventional endocrinological testing,
we think that atherogenic index values can offer patients
with PCOS more useful information. Thus, additional
research on these subject encounters to be done. Early
diagnosis can be accomplished and patient risk values for
cardiovascular diseases can be ascertained if the cutoff
values of the atherogenic indices in PCOS patients can be
established for each group.

Insulin resistance and metabolic indices

The significant correlations between METS-IR and both
glucose and insulin profiles highlight its potential as a
reliable marker for insulin resistance in PCOS. In paral-
lel, in the study of Bello-Chavolla et al., it was stated that
METS-IR, which combines both metabolic and anthro-
pometric parameters, provides a comprehensive evalua-
tion of insulin sensitivity [15]. This result is particularly
valuable in PCOS, because insulin resistance plays a cen-
tral role in the pathophysiology contributing to the risk of
developing T2DM and cardiovascular disease [6, 13].

Clinical implications

The results of this study suggest that incorporating a
range of anthropometric and atherogenic indices into
routine clinical assessment could enhance the identifi-
cation and management of metabolic and cardiovascu-
lar risks in women with PCOS. Indices such as the TyG
and METS-IR, which are simple to calculate and do not
require complex testing, could be particularly useful in
resource-limited settings.

Limitations and future research

This study has several limitations, including its retro-
spective design and reliance on existing patient records,
which may introduce selection bias and limit the general-
izability of the findings. This study also did not take into
account other potential risk factors for cardiovascular
diseases, such as diet and physical activity. Furthermore,
just one group in one area was included in the study, and
more investigation is required to confirm these results in
groups with greater diversity. Prospective cohort stud-
ies with larger sample sizes and longitudinal follow-up
can be conducted to determine the predictive value of
these indices for long-term metabolic and cardiovascu-
lar outcomes in PCOS. Spearman’s rank correlation test
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was used in this study, and it should be noted that this
method cannot predict causality.

Conclusion

In conclusion, this study highlights the significant rela-
tionships between various metabolic indices and glucose
and insulin profiles in women with PCOS. The findings
support the use of newer indices such as METS-IR, TyG,
and LCI as effective tools for assessing metabolic and
cardiovascular risk in PCOS. Incorporating these indices
into clinical practice could improve the management and
prognosis of PCOS, ultimately leading to better health
outcomes for affected women.
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