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ABSTRACT

Background: This study was conducted to compare visceral adiposity index (VAl), lipid accumulation product (LAP)
and model of adiposity index (MAOD) for prediction of metabolic syndrome (MS) amongst infertile women with and
without PCOS.

Methods: It was a case control, retrospective study performed in gynecology outpatient department of a tertiary care
center. Total 143 infertile women with PCOS and 367 infertile women without PCOS were recruited in the study. Waist
circumference (WC), BMI, waist hip ratio (WHR), insulin resistance, VAI, LAP, MOAD were assessed in both groups.
Results: Significantly higher values of WC, WHR, systolic BP, insulin postprandial and all 3 adiposity indices were
found among infertile women with PCOS as compared to women without PCOS. In hormonal profile, testosterone,
AMH, FSH, prolactin, estradiol was found to be significantly higher in PCOS group. For predicting MS in PCOS
women, VAI had the highest AUC 0.878 with a cut off value of 3.1, highest sensitivity of 88.9%, specificity of 90.7%,
positive and negative predictive value of 76.2% and 96% respectively followed by LAP and MOAD.

Conclusions: To conclude, all three adiposity indexes VAI, LAP and MOAD were significantly raised in PCOS women.
VAL followed by LAP were the best indicators to predict metabolic syndrome in women with PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the most
common endocrine disorders, affecting 5-10% of the
population in women of reproductive age.? It is
characterized by hyperandrogenemia, chronic anovulation,
and polycystic ovary morphology. Diagnosis is made
according to Rotterdam criteria which requires presence of
two of three: oligomenorrhea, clinical or biochemical
hyperandrogenism, polycystic ovarian appearance on
ultrasonography (=12 follicles measuring 2-9 mm in at
least one ovary and/or increased ovarian volume, >10 ml).

Insulin resistance plays a key role in the pathophysiology
of PCOS and leads to development of metabolic

aberrations including central obesity, glucose intolerance,
type 2 diabetes, dyslipidaemia, hypertension and coronary
artery disease.>* Central obesity, also measured by an
increased waist circumference (WC) and waist-to-hip
ratio, is considered as a precise predictor of obesity-related
metabolic abnormalities. It has replaced body mass index
(BMI) for defining a clinical diagnosis of metabolic
syndrome.® An increased WC and fasting triglycerides
(TG) reflect the inability of a woman to manage and store
extra energy in subcutaneous fat depots. Therefore,
hypertriglyceridemic waist phenotype points to visceral
adiposity which is further associated with various
metabolic abnormalities. Visceral adiposity and PCOS
interact to induce premature atherosclerosis and amplified
cardiovascular morbidity by mechanisms which include
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low grade chronic inflammation, metabolism of sex
steroids and cortisol in visceral fat, and the secretion of
adipokines such as leptin, which exert direct effects on the
ovary.57

The androgen excess and PCOS (AE-PCQS) society has
recommended the assessment of cardiometabolic risk in
women with PCOS in clinical practice.® Therefore, the
assessment of visceral adiposity should be performed
independent of overall obesity to screen for cardiovascular
morbidity and may be useful in the therapeutic
intervention for PCOS.

Magnetic resonance imaging (MRI) or computed
tomography (CT) are suggested as the “gold standard
methods™ for assessing the degree of visceral adipose
tissue but they are not practical in routine clinical practice
due to limited availability, high cost and associated risk of
radiation exposure.

Visceral adiposity index (VAI), lipid accumulation
product (LAP) and model of adiposity index (MOAD) are
3 novel visceral adiposity indexes, proposed for the
evaluation of cardiometabolic risk in adult population.

Indian population has higher visceral obesity and insulin
resistance as compared to Caucasians. Considering scanty
evidence available for Indian women so far, we aimed to
examine if simple adiposity indices like VAI, LAP and
MOAD can be useful to predict metabolic syndrome in
Indian infertile women with and without PCOS. The
present study would also compare and determine the best
predictor out of these 3 for diagnosing metabolic
syndrome.

METHODS

This case control, retrospective study was a part of a
survey sponsored by the department of science and
technology done for evaluating causes of infertility in a
tertiary care hospital. Women between the age group of
18-40 years presenting to gynecology outpatient
department were recruited after obtaining written informed
consent to participate in the survey. This study was
initiated after approval from the ethics committee of
human research of the Institute. The present study included
510 infertile women among which 143 were diagnosed as
PCOS and 367 were without PCOS.

Inclusion criteria included female patients with polycystic
ovary syndrome (diagnosed according to the Rotterdam
criteria which require the presence of two of three:
oligomenorrhea (less than 6-9 menses per year), clinical or
biochemical hyperandrogenism and polycystic ovary
appearance on ultrasonography i.e. having >12 follicles
measuring 2-9 mm in at least one ovary and/or increased
ovarian volume, >10 ml after exclusion of other
pathologies like congenital adrenal hyperplasia,
hyperprolactinemia, diabetes mellitus.®*°
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BMI was calculated from body weight and height by the
standard formula: BMI = (weight in kg/height in m2).
Individuals with a BMI >25 kg/m? were considered as
overweight.!! Waist-hip ratio > 0.80 cm was considered to
having central obesity.'? Blood pressure >130/80 mmHg
was considered to be abnormal.

Visceral adiposity index (VAI) and lipid accumulation
product (LAP), model of adiposity index (MOAD) were
calculated using the proposed formula:

VAl = WC/3658 + (0ne.89 x BMI) x TG/0.81 x
1.52/HDL.

LAP = (waist (cm) - 58) x TG Concentration (mmol/L)
MOAD =WC /[36.58 + (1.89 x BMI)]

Metabolic syndrome 13 was diagnosed if 3 values from
following 5 were present: 1) fasting blood sugar >5.6
mmol/l (100 mg/dl), 2) blood pressure > 130/80 mmHg, 3)
triglyceride > 1.7 mmol/l (150 mg/dl), 4) HDL<1.04
mmol/l (40 mg/dl), 5) waist circumference >80 cm.

Clinical investigations

Thorough history including menstrual, obstetrics,
personal, past, family, treatment details and complete
physical examination was done for all patients.

Blood collection was done after overnight fasting of 10-12
hours and sample was analysed for fasting lipid profile,
OGTT, serum insulin and hormonal profile on day 2, 3 of
menstrual cycle. Lipid profile was considered to be
abnormal if cholesterol >200 mg/dl, triglycerides >1.7
mmol/l (150 mg/dl). HDL<1.04 mmol/l (40 mg/dl). Lipid
profile was estimated by using enzymatic colorimetric
technique and for metabolic syndrome NCEP-ATP IlI
guidelines were followed.

Blood sugar values were determined during a 75¢g oral
glucose tolerance test (OGTT) and were assessed
according to WHO criteria.'* Presence of insulin resistance
was recognized if the woman had impaired fasting
glucose, impaired or deranged glucose tolerance, HbAlc
of 5.7 to 6.4% or postprandial insulin >41 pU/ml or
HOMA IR>2.5. Hormonal profile included FSH, LH,
estradiol, total testosterone, prolactin and TSH on day 2 or
3 of menstrual cycle and serum progesterone was
measured at day 21-23 of menstrual cycle. Hormonal
estimation was done by chemiluminescence immunoassay.
Transvaginal ultrasound scan of ovaries on 2nd day of
cycle was done by using the 5MHz transvaginal transducer
by an experienced sonographer.*®

Statistical analysis was done using SPSS 16.0. Student’s t
test and Chi square test were used to compare categorical
variables; Mann Whitney test was used for non-parametric
data. Receiver operating characteristic (ROC) curve
analysis was employed to determine the clinical efficacy
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and optimal cut-off values for lipid ratios in predicting MS. metabolic profile of infertile women with and without

P value <0.05 was considered significant. PCOS.

RESULTS Women with and without PCOS had comparable age and
BMI but the waist-hip ratio, waist circumference, systolic

Total subjects included in the study were 510, with PCOS BP and post glucose insulin were significantly higher in

143 and 367 without PCOS. Table 1 compared clinical and women with PCOS.

Table 1: Comparison of clinical and metabolic profile of infertile women with and without PCOS.

Variables PCOS (N=143) Without PCOS (N=367)

~ Age (years) 26 (25-30) 25 (50-75) 0.476
BMI (kg/m?) 24.2 (21.67-28.44) 23.63 (21.64-26.67) 0.12
WHR 0.83 (0.82-0.88) 0.83 (0.77-0.87) 0.004
WC (CM) 78.74 (76.2-86.4) 76.2 (68-84) <0.001
SBP (mmHg) 116 (112-120) 120 (112-128) 0.015
DBP (mmHg) 76 (70-78) 72 (68-80) 0.205
FBS (mmol/l) 5.33 (5-5.67) 5.28 (4.78-5.78) 0.598
PPBS (mg/dl) 134 (120-140) 130 (115-140) 0.401
Insulin fasting (nU/ml) 10.2 (7.3-18.6) 10.8 (6.4-15) 0.087
Insulin post glucose pU/ml 43.9 (23.4-90) 25.1 (20-40) <0.001

Table 2: Comparison of lipid profile of infertile women with and without PCOS.

Variables ' ~ Without PCOS P value
Triglycerides (mmol/I) 1.40 (1.19-1.81) 1.19 (0.80-1.55) <0.001
Cholesterol (mg/dl) 180 (150-200) 160 (135-180) <0.001
HDL (mmol/l) 1.034 (0.98-1.11) 1.034 (0.93-1.11) 0.234

Table 3: Comparison of hormonal profile of infertile women with and without PCOS.

Variables PCOS (N=143 ~Non PCOS (N=367 P value
LH (IU/L) 7.99 (4.42-11.1) 6.46 (4.44-10.4) 0.266
Testosterone 34 (18.8-42) 20.9 (2-40.15) <0.001
TSH 2.5 (1.59-4.13) 2.227 (1.50-3.87) 0.108
AMH 14.52 (11.64-16.65) 0.913 (0.63-2.01) <0.001
FSH 6.12 (5.03-8.41) 8.2 (6.2-10.31) <0.001
Estradiol 51.35(43.46-80.42) 22.32 (4.88-44.43) <0.001
Prolactin 15.5 (11-24.29) 11.67 (8.03-18.16) <0.001

Table 4: Adiposity indices of infertile women with and without PCOS.

Adiposity Index Non PCOS

VAI 2.499 (2.04-3.31) 2.05 (1.42-2.71) <0.001
LAP 29.35 (22.24-29.35) 19.85 (10.53-32.20) <0.001
MOAD 0.95 (0.92-1.004) 0.93 (0.85-1.01) 0.003

Table 5: Comparison of adiposity indexes that best predict metabolic syndrome.

Adiposity index  Cutoff values for predicting MS AUC ' ' ' NPV%
VAI 3.12 0.878 88.9 90.7 76.2 96
LAP 39.52 0.873 86.1 85 66 94.8
MOAD 1.01 0.480 36.1 79.4 37.1 78.7
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Table 2 compares lipid profile of infertile women with and
without PCOS. Triglycerides and total cholesterol were
significantly higher in the women with PCOS.

Table 3 depicts hormonal profile of infertile women with
and without PCOS. Serum testosterone, AMH, FSH,
estradiol and prolactin were significantly higher in women
with PCOS.

Table 4 compares adiposity index of infertile women with
and without PCOS. All the three adiposity indices were
significantly higher in PCOS women.

By considering NCEP-ATP 11l guidelines, magnitude of
metabolic syndrome was found to be 18.88% (27/143
patients) in PCOS patients and 5.1% (19/367 patients) in
women without PCOS.

Figure 1 and Table 5 compares adiposity indexes that best
predict metabolic syndrome.
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Figure 1: ROC of comparison of adiposity indexes
that best predict metabolic syndrome.

VAI had the highest AUC 0.878 with a cut off value of
3.12, highest sensitivity of 88.9%, specificity of 90.7%,
positive and negative predictive value of 76.2% and 96%
respectively followed by LAP and MOAD. For predicting
metabolic syndrome in PCOS women, VAI was found to
be the best predictor with highest AUC, sensitivity,
specificity, positive and negative predictive value
followed by LAP and MOAD as shown in Figure 1 and
Table 5.

DISCUSSION

Obesity, diabetes, hypertension and coronary artery
disease have become important and leading cause of death
globally. Early screening and timely treatment of
individuals with visceral adiposity is very important in
reducing long tern morbidity and mortality associated with
metabolic syndrome. VAI, LAP and MOAD are adiposity
indices suggested as simple, practical and low-cost tools
for the estimation of cardiometabolic dysfunction
associated with visceral adiposity. The optimal cut-off
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values of VAI, LAP and MOAD for predicting metabolic
syndrome have not been thoroughly investigated in Indian
women with PCOS. In this study, we assessed whether the
VAI, LAP and MOAD could be used as markers for
detecting metabolic syndrome in Indian women with and
without PCOS. Application of these indices may replace
the need to use multiple, complex and expensive
investigations and may recognize women who require
lifestyle changes or pharmacologic interventions to
prevent or manage metabolic syndrome.

In this study, although cases and controls were matched
according to age and BMI, women with PCOS had
significantly higher waist circumference and waist hip
ratio as compared to women without PCOS which points
towards central or visceral obesity. Systolic blood pressure
and postprandial insulin level, marker for insulin
resistance were also significantly higher in PCOS women
than in women without PCOS (p value <0.001). A study
conducted in South India also reported significant
association of metabolic syndrome in women with PCOS
with age >25 years or with central obesity.'® Body fat
distribution which is in android pattern may be the result
as well as the cause of hyperandrogenism. It ultimately sets
up vicious cycle of hyperandrogenism, central adiposity,
hyperinsulinemia and metabolic syndrome.*’

According to hormonal profile, the values for testosterone,
AMH, FSH, estradiol and prolactin were significantly high
for PCOS women as compared to non PCOS women (p
value <0.001). Triglyceride and cholesterol levels were
high in women with PCOS than non PCOS women with p
value <0.001.

Although the age and BMI of women with and without
PCOS was comparable, all 3 adiposity indices VAI,
MOAD, LAP index were significantly higher in PCOS
women as compared to those without PCOS (<0.001,
0.003, <0.001 respectively).

Metabolic syndrome was significantly higher in women
with PCOS (18.88%) than non-PCOS women (5.1%).
Other studies had also shown PCOS and obesity are
associated with insulin resistance and compensatory
hyperinsulinemia. Insulin has direct action on ovary to
stimulate the biosynthesis of testosterone and it results in
disturbance of other hormones like AMH, FHS, estradiol
and serum prolactin.®

In a study performed on one hundred ninety three PCOS
patients VAI showed significant correlation with body
weight, fasting glucose, free testosterone, estradiol, total
cholesterol, V-GT, SGPT, homeostasis mode assessment
and anovulation.®

Another study compared various adiposity indexes in
PCOS women with normo-ovulatory non hirsute women
concluded that LAP has sensitivity of 88% and positive
predictive value of 98% for screening of cardiometabolic
complications. Another best predictor of metabolic
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syndrome is waist circumference (83% sensitivity and
97% PPV) and VAI (81% sensitivity and 95% PPV). 2

There are few other studies which have shown that visceral
adiposity index is a predictor of metabolic syndrome,
adverse cardiac events, diabetes, anovulation and
hyperandrogenism in PCOS women. It is also a predictor
of insulin resistance and hyperinsulinemia.?

A study performed in young PCOS women compared LAP
and VAI with total cholesterol/HDL-cholesterol reported
that both LAP and VAI were effective markers to assess
metabolic disturbances, high insulin resistance and
dyslipidemia (cut -off value of lipid accumulation product
18.24, sensitivity 81.43%, specificity 73.49% with PPV
75.0% and NPV: 77.27%) similarly visceral adiposity
index with cut off value 2.19 (sensitivity 81.16%,
specificity 72.15%, PPV 74.65% and NPV 72.22%).%
Similar results have been observed in other studies.?2?

In the present study, VAI was found to be the best
predictor of metabolic syndrome in PCOS women with
highest AUC 0.878 followed by LAP and MOAD AUC
0.873, 0.480 respectively. Metabolic syndrome is further
responsible for various cardio metabolic risks. However,
in other studies on PCOS, MOAD and VAl were not found
to be superior to WHR and BMI as far as correlation with
derangement of sex hormones and metabolic syndrome is
concerned.?*

CONCLUSION

To conclude, in clinical and metabolic profile, WHR, WC,
SBP, Insulin post glucose, triglyceride and cholesterol
were found to be significantly higher in PCOS group (p
value <0.05). In hormonal profile testosterone, AMH,
FSH, prolactin, estradiol were found to be significantly
higher in PCOS group.

All three adiposity indexes VAI, LAP and MOAD were
significantly raised in PCOS women. VAl and LAP can be
used to detect metabolic syndrome. VAI followed by LAP
were the best indicator to predict metabolic syndrome in
women with PCOS.
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