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Abstract

Introduction: Polycystic ovarian syndrome (PCOS) is the most common cause of female infertility globally.
Insulin Resistance (IR) is seen in most of the women with PCOS. Recent studies has proposed non-insulin-
based indices as the predictors of insulin resistance, which include Visceral Adiposity Index (VAl), Lipid
Accumulation Product (LAP), Triglyceride Glucose (TyG) index, Triglyceride to HDL (TG/HDL-C) Ratio and
Metabolic score for insulin resistance (METS-IR). But the predictive value of these indices is still debatable.
Aim: To compare the non-insulin-based indices and find out the one with best clinical efficiency in predicting
IR

Materials and Methods: Total of 180 women (including 90 Healthy & 90 PCOS patients), aged between 18 to
40 years were included. Fasting Glucose, Triglyceride, Total cholesterol, HDL and Insulin levels were
estimated. LAP, VAI, Triglyceride/ HDL-C ratio, TyG Index and METS — IR were calculated and statistical
analysis was done.

Results: ROC Curve analysis found that the TyG index had the highest area under the curve of 0.87, with the
sensitivity of 90.6% and specificity of 67% in PCOS group, followed by METS-IR having AUC of 0.81 with
the sensitivity of 87.5% and specificity of 67%.

Conclusion: TyG index and METS IR were found to be effective indicators (p Value < 0.005), in assessing the
IR in PCOS. Both has good predictive capacity in predicting Insulin resistance among the non-insulin-based
indices.
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Introduction

Polycystic ovarian syndrome (PCOS) is the most
common endocrine disorder among females of
reproductive age and also the common cause for
female infertility. The incidence of PCOS and
infertility have been increased in recent years.
According to WHO, PCOS affects about 8-13% of
women in reproductive age worldwide (1). PCOS is
characterized by hyperandrogenism, ovulatory
dysfunction and polycystic ovary morphology along
with some metabolic abnormalities. Genetic,

Epigenetic, Environmental and Metabolic factors play
various role in the pathogenesis of PCOS.

Insulin Resistance (IR) is a pathognomonic feature in
people with metabolic syndrome, obesity, type 2
diabetes, polycystic ovarian disease and pre-diabetes.
Insulin Resistance (IR) is seen in around 35 to 80 %
of the women with PCOS (2). Insulin resistance (IR)
is a metabolic state where insulin dependent tissues
lose their sensitivity to insulin, leading to metabolic
imbalance and hyperinsulinemia. Compensatory
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hyperinsulinemia is seen as result of insulin
resistance. Hyperinsulinemia, which in turn stimulates
proliferation of theca cells and also increases release
of pituitary LH leading to abnormal ovarian
steroidogenesis. The severity of Metabolic disease
increases with Androgen excess.

Early identification of IR will be significant for the
prevention of co-morbidities like type 2 DM,
metabolic syndrome, and their complications in these
women. The hyper- insulinemic euglycemic clamp is
considered as gold standard for the determination of
IR. However, it is costly and it requires time and
trained personnel. Alternatives have been proposed,
such as the homeostatic model assessment (HOMA -
IR), the quantitative insulin check index (QUICKI),
and the Matsuda index for clinical use (3). But these
requires fasting Insulin level for evaluating insulin
resistance.

Recently, alternative indices have emerged as tools of
interest to identify IR because of their efficiency and
low cost. Some of the recent studies has proposed
Non-insulin based indices as the predictors of insulin
resistance, which include Visceral Adiposity Index
(VAI), Lipid accumulation product (LAP),
Triglyceride Glucose (TyG) index, Triglyceride to
HDL (TG/HDL-c) Ratio and Metabolic score for
insulin resistance (METS-IR).

Visceral adiposity index (VAI) is a mathematical
model that uses anthropometric measurement (waist
circumference, BMI) and blood parameters
(Triglyceride level and HDL) (4). Lipid accumulation
product (LAP) is an index of lipid over accumulation,
calculated using waist circumference and fasting
triglycerides (5). Triglyceride glucose (TyG) index,
which consists of serum triglyceride (TG) level and
fasting plasma glucose (FPG) level, also suggested as
a marker for assessing IR (6). TG to high-density
lipoprotein cholesterol (TG/HDL-C) ratio was another
index, significantly associated with IR regardless of
anthropometric parameters (7). Metabolic score for
insulin resistance (METS-IR) index is a novel index
that uses Glucose, Triglyceride, HDL-c and BMI to
assess insulin sensitivity (8).

All these indices do not require insulin measurement,
which is a costly investigation and has been proposed
to predict IR. But the predictive value of these indices
is still debatable. With this background, in this study
we aimed to compare the Non-insulin based indices
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(LAP, VAI, TyG Index, TG/HDL Ratio and METS-
IR) with the HOMA -IR model, which is the gold
standard method in predicting the insulin resistance in
PCOS patients.

Objectives:

1. To compare the non-insulin-based indices with the
HOMA -IR model in PCOS patients.

2. To find the index with best clinical efficiency
among the non-insulin-based indices in predicting
Insulin resistance in PCOS patients

3. To determine the cut-off values for the non-
insulin-based indices in predicting Insulin
resistance in PCOS women.

Materials And Methods

This study was conducted in our Medical College,
after getting clearance from Institutional Research
Committee and Institutional Ethical Committee. Total
of 180 women, including 90 PCOS patients & 90
Healthy, aged between 18 to 40 years were included
in the study. The sample size was calculated based on
a similar study by Katuzna et al (9). The formula used
for calculation was

n > (Z1.n)> P(1-P)/d?

where p is the expected proportion

d is the absolute precision

The level of significance was taken as 5%.
Inclusion criteria:

Group 1: PCOS subjects were selected randomly
from OB&G OPD using revised Rotterdam criteria
which states Women may be diagnosed as PCOS if
any two of the following are present: clinical or
biochemical hyperandrogenism, oligo / anovulation,
polycystic appearance of ovarian morphology on
ultrasound, with exclusion of other relevant disorders.

Group 2: Healthy group include Non diabetic and
Non PCOS women.

Exclusion criteria: Women already diagnosed as
Diabetic, Pregnant women, Women having menstrual
irregularities due to etiologies other than PCOS were
excluded from the study.

Demographic characteristic details were noted and a
detailed clinical history was collected from all the
subjects using a self-adjusted questionnaire, which
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include the Menstrual history, presence or absence of
any other illness, drug history etc.

Height, Weight & Waist circumference were
measured and BMI was calculated. 5ml of venous
blood was collected after 8-10 hrs of fasting, serum
was separated. Fasting Glucose, Triglyceride,
Cholesterol and HDL levels were measured using
fully automated Biochemistry analyser (Mindray BS-
480). All the parameter reports were taken after both
levels of QC pass the guality checks. Fasting Insulin
level was measured by CLIA method.

Other parameters were calculated using the formulas:
LAP: (WC-58) x TG (mmol/L)

VAI: {WC/ [36.58 + (1.89 x BMI)]} x (TG/0.81) x
(1.52/HDL)

TyG Index = Ln [TG (mg/dL) x FG (mg/dL)/2]

Triglyceride-/HDL-C TG (mg/dl)/HDL-C
(mg/dl)

METS-IR was calculated as In [2 X Glucose(mg/dl) +
TG (mg/dl)] X BMI (kg/m2) / In [HDL-C(mg/dI)].

HOMA-IR was calculated using the formula, fasting
insulin (microU/L) x Fasting glucose (nmol/L)/22.5.

ratio=

Results

All the data were analyzed using SPSS Software
version 29. Data distribution was assessed using
Kolmogrov smirnov test and was found to be of
normal. Continuous variables were expressed as the
Mean +/- Standard deviation. Independent t Test was
used for comparison of various parameters among the
groups and the p value < 0.05 was taken as
statistically significant.

Comparison of variables between the PCOS and Non-
PCOS shows that HOMA-IR and all non-insulin-
based indices (VAI, LAP, TyG Index, TG/HDL ratio
and METS IR) were found to be statistically
significant. Other parameters like weight, BMI, waist
circumference, fasting glucose, triglyceride and
cholesterol levels were also statistically significant
among both groups. Age, Height and HDL levels
were not significant between PCOS and Non-PCOS
group (Table 1).

ROC curve analysis Receiver operator
characteristic (ROC) curve analysis was done in
comparison with HOMA-IR, among both groups, in
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order to find the index with good predictive capacity
for insulin resistance.

ROC curve of non-insulin based indices with
reference to HOMA-IR in PCOS group is shown in
Figure 1, while ROC curve of non- insulin based
indices with reference to HOMA-IR in Non PCOS
group (Healthy Group) shown in Figure 2. ROC
analysis shows that the TyG index, LAP, TG/HDL-c
and the METS -IR were found to be effective
indicators, in assessing the Insulin Resistance in
women with PCOS (p Value < 0.05). TG/HDL-C
ratio and METS-IR have significance in assessing the
Insulin Resistance among the Non-PCOS group
(Table 2).

In PCOS group, among the non-insulin-based indices,
TyG index had the highest area under the curve
(AUC) of 0.87, with the sensitivity of 90.6% and
specificity of 67%, while METS-IR has AUC of 0.81
with the sensitivity of 87.5% and specificity of 67%.
TG/HDL-C ratio has AUC of 0.74 with sensitivity of
75 % and specificity of 67%. LAP has AUC of 0.77
with sensitivity of 71.9% and specificity of 67%. The
cut-off value of these indices in PCOS group was
found to be 43.49, 8.55, 2.15 and 39.64 for LAP, TyG
index, TG/HDL-c ratio and METS-IR index
respectively.

In Non-PCQOS group, METS-IR has the highest AUC
of 0.86 with the sensitivity of 95.7% and specificity of
60%.TG/HDL-C ratio has AUC of 0.69 with
sensitivity of 95.7% and specificity of 40%.

Discussion

PCOS is often associated with various disorders like
obesity, dyslipidemia and metabolic syndrome.
HAIR-AN syndrome is a sub phenotype of PCOS
characterized by Hyperandrogenism (HA), Insulin
Resistance (IR) and Acanthosis Nigricans (AN),
associated with mutation in insulin receptor gene and
also a risk of endometrial carcinoma (10).

Prevalence of PCOS is increasing in the past few
decades mainly due to changes in the life style and
diet habits. About 70% of affected women remain
undiagnosed (1). It not only affects the reproductive
system but also contributes to diseases like
cardiovascular disorder, Diabetes mellitus, metabolic
syndrome, depression and anxiety (11).
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Tables And Figures
Table 1: Comparison of different parameter between groups

Parameters Group Mean SD t value p value
1 26.34 5.64 -0.279 0.391
Age (yrs) 2 26.68 5.04
1 153.55 5.13 -2.156 0.017
Height(cm) 2 156.00 4.76
1 68.68 5.28 5.219 <0.001*
Weight(kg) 2 60.72 7.79
1 29.20 2.58 6.876 <0.001*
BMI 2 24.96 2.79
1 96.62 4.98 6.509 <0.001*
WC (cm) 2 87.74 6.78
F Glucose 1 96.51 8.10 5.045 <0.001*
(mg/dI) 2 88.61 5.26
1 112.13 13.64 9.987 <0.001*
TG (mg/dl) 2 83.01 11.71
1 49.12 4.26 -3.212 0.001
HDL (mg/dl) 2 53.09 6.33
1 49.11 10.18 10.512 <0.001*
LAP 2 27.90 7.16
1 2.00 0.33 8.906 <0.001*
VAI 2 1.37 0.28
1 8.59 0.16 11.132 <0.001*
TyG Index 2 8.20 0.15
1 2.30 0.35 9.266 <0.001*
TG/HDL ratio 2 1.59 0.31
1 42.93 3.96 8.060 <0.001*
METS -IR 2 35.08 4.51
1 14.65 3.90 6.695 <0.001*
F Insulin 2 9.94 1.89
1 3.50 1.02 7.306 <0.001*
HOMA IR 2 2.18 0.45
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Table 2: ROC curve analysis of non-insulin based indices with HOMA-IR in Both groups

Variable Group 1: PCOS group Group 2: Non PCOS group
S
AUC p Cut | Sensitivit | Specificit | AUC p Cut | Sensitivit | Specificit
value | off y y value | off y y
LAP 0.77 | 0.006 | 43.4 71.90 67.00 0.62 | 0.242 | 26.9 73.90 46.70
6 9 0 3
VAI 0.69 | 0.110 | 1.70 90.60 50.00 0.63 | 0.186 | 1.07 87.00 40.00
3 3
TyG 0.87 | 0.000 | 8.55 90.60 67.00 0.66 | 0.099 | 8.17 73.90 46.70
0 * 1
TG/HDL | 0.74 | 0.023 | 2.15 75.00 67.00 0.69 | 0.030 | 1.27 95.70 40.00
2 * 4 *
METS-IR | 0.81 | 0.000 | 39.6 87.50 67.00 0.86 | 0.000 | 32.1 95.70 60.00
8 * 4 2 * 5
*Statistically significant (p value < 0.05)

Fig 1: ROC Curve for PCOS Group

ROC Curve
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Fig 2: ROC Curve for Non PCOS Group

ROC Curve

Semuthity
o ©
> ~

1. Specificity

© 2024 1JMSCR. All Rights Reserved

Since, irregular menstrual cycle within 2-3 years of
menarche is physiological, PCOS was not considered
as a serious issue by most of the females during their
adolescent age. PCOS patients usually seeks medical
help only, when they suffer from dysmenorrhea or
infertility. By that time, Insulin resistance is well
established and they are at the risk of associated co-
morbidities.

In women with PCOS, Increased androgen levels
promotes inflammation by activating nuclear factor
kappa B (NF-xB). This affects intracellular enzyme
pathways related with insulin receptors (12,13).
Hyperandrogenaemia also affect the phosphorylation
of protein kinase C which is activated by insulin,
leading to a decrease in GLUT-4 receptors in
subcutaneous adipose tissue and a decrease in serine
phosphorylation of GSK3. Defects in either insulin
receptor binding or phosphorylation leads to Insulin
Resistance in Adipose tissue (14,15).

Insulin receptors found in stroma and follicular cells
of ovaries. Insulin has a direct effect on ovaries and
steroid production (16,17). HI promotes intrathecal
steroid production and causes impaired follicular
maturation.  Hyperinsulinemia  further  increases
hyperandrogenaemia, resulting in a vicious cycle that
affects the metabolic function (18,19). So, Early
diagnosis and intervention for Insulin resistance might
be helpful in preventing co-morbidities like Type 2
DM and Metabolic syndrome in PCOS patients.
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In this present study, all non — insulin-based indices
are found to be statistically significant on comparison
between PCOS and Non-PCOS. It also shows that the
TyG index, LAP, TG/HDL-c and the METS -IR are
effective indicators of insulin resistance among
women with PCOS. Among those non -insulin based
indices, TyG index have high sensitivity of 90.6% and
specificity of 67% in PCOS group, followed by
METS-IR having AUC of 0.81 with the sensitivity of
87.5% and specificity of 67%.

Visceral adiposity index considered as a reliable
indicator of visceral fat function associated with
cardiometabolic risk and metabolic syndrome (20,21).
Chan et al suggests Lipid Accumulation Product as a
Simple and Accurate Index for Predicting Metabolic
Syndrome (22). Khan et al suggested that
Triglyceride glucose (TyG) index can be been
considered a surrogate marker for assessing IR (6).
Kim et al suggested that TG/HDLC ratio was
significantly associated with IR in general population
(23). METS-IR index has been suggested as a good
diagnostic performance to assess insulin sensitivity
(8,24). A cross-sectional study by Katuzna et al
suggests that LAP, TG/HDL-C, VAI and WHtR as
superior markers to identify MS in PCOS (9). Similar
study by Haiyan Wang et al states LAP and VAI as
Predictors of Insulin Resistance and
Hyperandrogenaemia in Obesity/Overweight Women
with Polycystic Ovary Syndrome (25). Jog et al
compared these indices with HOMA-IR in Metabolic
Syndrome in South Indian Population and proposed
cut off for LAP, TyG and TG/HDL-C indices (26).
An Another study by Naghshband et al suggested
VAI and LAP as significant determinants of MetS in
south Indian women with PCOS (27).

Our study has certain limitations with relatively small
sample size, did not assess the risk of development of
metabolic syndrome and CVD as future outcomes in
PCOS women. It would have been more, if we
included estimation and correlation of androgen levels
and these indices along with insulin resistance. Thus,
prospective follow-up studies are required to evaluate
the role of lipid and obesity indices in estimating risk.

Conclusion

Based on our study, TyG index and METS- IR can be
used as predictor to determine for Insulin Resistance
in PCOS. We highly emphasize investigation for
insulin resistance in women with PCQOS, using this
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non-insulin-  based indices (avoiding  costly
investigations) on a regular basis in order to prevent
the co-morbidities and associated complications.
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