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ABSTRACT We investigated the role of Body mass index (BMI) in non-communicable diseases- polycystic ovary
syndrome (PCOS), type 2 diabetes (T2DM) and coronary artery disease (CAD). Using a case control design, we
compared mean BMI and its categories, in gender and disease specific samples, and computed odds ratios as well as
receiver operator characteristic (ROC) curve. The 95 percentile cut off values were also determined but only for
controls. We found mean BMI and prevalence of obesity to be higher in PCOS and T2DM and lower in CAD cases
than controls. The ROC analysis suggested gender specific cut-off values are more sensitive than pooled sample.
The area under the ROC curve which is highly significant suggests predictive utility of the BMI cut off values both

for PCOS and T2DM.

INTRODUCTION

Abnormal or excess accumulation of fat in
adipose tissue to the extent that it leads to the
impairment of health isknown as obesity (Ofei
2005). Of thetwo types of obesity, general obe-
Sity isassessed by using body massindex (BMI)
and central obesity by different measurements:
waist-hip ratio, wast circumference, waist-height
ratio, sagittal abdominal diameter etc. (Okafor et
al. 2011).The BMI is calculated as a ratio of
weight to height (Weight in kgs/height in
meters?) and the cut off value of BMI for defin-
ing obesity has been variable depending on the
ethnic group. Globally, Obesity wasreported to
beresponsiblefor 3.4 million deaths, loss of 3.9
percent years of lifeand 3.6 percent of disabilit
adjusted life years in the year 2010 (Ng et al.
2014). Increasing obesity was documented for
the past three decades globally but marked dif-
ferences were observed across the countries
which were attributed to the increased intake of
calories, altered composition of diet and altered

ut microbiome and reduced physical activity
Ng et al. 2014). In India, higher prevalence of
obesity was observed in urban residents, high
income groups, sedentary/physically inactive
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people and women and the increasing preva
lence was attributed to increasing urbanization,
use of mechanized transport and labour saving
devices, sedentary life styles and consumption
of processed and energy dense foods (Pradeepa
et al. 2015). About 5 percent of the patientswith
non-communicable diseases were estimated to
have been associated with obesity (Banjare and
Bhalerao 2016). Obesity was also shown to ex-
acerbate other intermediate risk factorsand non-
communicabl e diseases and increase the risk of
disability and mortality (Manning et al. 2016).
Menstrual abnormalities, long-term difficul-
ty for conception and close association with in-
sulin resistance were observed among obese
women with polycystic ovary syndrome (PCQOS).
In ameta-analysis, Babu et al. (2018) observed
significant association of obesity with type 2
diabetes mellitus (T2DM). Though obesity is
associated with cardiovascular diseases such
asheart failure, coronary artery disease (CAD),
sudden cardiac death, atrial fibrillation and re-
duced survival but some studies also have
shown that obese people with aforementioned
clinical problemswerefound to have better prog-
nosisthan non-obese subjects(Lavieet al. 2009).
Further, itisnot clear from theliterature whether
same cut-off value of BMI can be applied for
predicting therisk of al non-communicabledis-
eases and if the cut-off values are different for
males and females. It isalso not clear if the cut
off values obtained from ROC curve and the 95"
percentile of theBMI datafrom the control sam-
ple are different and if the odds ratios obtained
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based on these cut offsof BMI, reflecting asso-
ciation with non-communi cabl e diseases, will be
different. We analysed three sets of case-con-
trol dataof BMI for T2DM, PCOSand CAD in
order to address the above issues.

Objectives

1 Todeterminethe disease and 3ender spe-
cific cut off valuesof BMI andtest if they
aredifferent.

2. To compare the cut off values obtained
by ROC curve and 95 percentile valueto
gauge relative predictive utility of BMI
based on the two methods.

3. To obtain the odd ratios based on the
quantitative BMI and its cut off valuesto
gaugerelative significance of association
in case of each these syndromes.

METHODOLOGY

The BMI and other data for the study were
collected as part of three plan projects of the
Indian Statistical Institute (PCOS, T2DM and
CAD) undertaken by BMR during 2007-2016 and
the details on the sampling, inclusion criteria
etc. can befoundin aseriesof publicationsdeal-
ing with genetic susceptibility of thethree NCDs
(Dasguptaet al. 2012; Dasguptaet a. 2013; Uma:
jyothi et a. 2013; Uma Jyothi and Reddy 2015;
Pranavchand and Reddy 2016; Pranavchand et
al. 2016, 2017). For the sake of ready reference,
the number of case and control samples analy-
sed for PCOS, T2DM and CAD arefurnished in
Table 1. Sufficeto say that whilethe caseswere
recruited from different hospitalsin Hyderabad,
the controls (broadl%/ matched for age and eth-
nicity) were drawn from Hyderabad and its vi-
cinity, recruiting from different organizationsand
by conducting health camps. Body mass index
(BMI) was calculated using the formula: weight
(kg) / height (m?). The subjectshaving BMI >25
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were considered as obese, following the guide-
lines of Indian consensus group on obesity
(Misraet al. 2009).

Satistical Analysis: All continuous vari-
ables were presented as mean and standard de-
viation. Data distribution was checked using
Shapiro-Wilkstest. Dueto non-normal distribu-
tion of data, Mann-Whitney U test was used to
compare the medians of the groups. Cut-off val-
ues of BMI were obtai ned by employing receiv-
er operator characteristic curve analysisand a so
by calculating 95 percentiles of controls. Asso-
ciation of BMI with dependent variables (PCOS,
T2DM and CAD) were investigated by logistic
regression analysis. All statistical analyseswere
performed by using SPSS ver 20 of IBM Corpo-
ration and Medcal c software ver 16.

Ethical clearance was obtained for the study
fromthe Indian statistical institute review com-
mittee for protection of research risksto humans
with referenceto each of thethree projectsfrom
which data were drawn. Written consent of the
subjects was obtained before collecting the
information.

RESULTS

Gender wise and pooled sample means and
SDs of BMI for patients and controls of PCOS,
T2DM and CAD aregivenin Table 2. Whilemean
BMI isfound to be significantly much higher in
the PCOS and T2DM patients when compared
to the respective controls (P=0.000), CAD pa-
tients showed significantly lower mean BMI (p
=0.013) when compared to the controls. Further,
while we observed significantly higher mean
BMI in male and female T2DM patients when
compared to same gender controls (P=0.000), no
such pattern, higher or lower, was apparent in
CAD patients.

Table 1: Details of sampling and sample sizes for different case and control cohorts

S. No. Cohorts Male Female Total Sampling locations

1. PCOS cases 170 170 Gynecology Clinic of Osmania hospital and Anu’s
Infertility Clinic, Hyderabad

2. PCOS controls 238 238 Family Planning Centre of Osmania Hospital and
from the general population, Hyderabad

3. T2DM cases 441 260 701 J.P. Endocrine centre, Hyderabad

4. T2DM controls 397 224 621 Free health camps in different organizations in
Hyderabad

5. CAD cases 180 70 250 Care hospitals, Hyderabad

6. CAD controls 287 220 507 Free health camps in and around Hyderabad
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Table 2: Mean

and SDs of BMI in case and control cohorts of PCOS, T2DM and CHD

Polycystic Ovary Syndrome
Cases vs Control

Cases (n=170) Control (n=238) Total (n=408) P value
27.35 + 5.66 22.59 + 3.64 2474 = 5.03 0.000
Type 2 Diabetes Mellitus
Cases vs Control
Cases (n=701) Control(n=621) Total (n=1322) P value
26.83 +5.24 24.65 = 4.81 25.81 = 5.16 0.000
Male Cases vs Control
Cases (n=441) Control (n=397) Total (n=838) P value
26.01 + 5.07 24.34 + 4.38 2522 + 4.83 0.000
Female Cases vs Control
Cases (n=260) Controls (n=224) Total (n=484) P value
28.23 =+ 5.22 25.21 + 5.46 26.83 £ 5.54 0.000
Coronary Artery Disease
Cases vs Control
Cases (n=250) Control (n=507) Total (n=757) P value
26.12 + 3.76 26.86 + 4.54 26.62 =+ 4.31 0.013
Male Cases vs Control
Cases (n=180) Control (n=287) Total (n=467) P value
2591 + 3.33 26.31 + 4.21 26.15 + 3.90 0.208
Female Cases vs Control
Cases (n=70) Control (n=220) Total (n=290) P value
26.68 = 4.68 27.59 = 4.85 27.37 £ 4.82 0.161

Theresultson thetest of homogeneity of fre-
quenciesof different BMI categoriesbetween cas-
esand controlsin different age groups and in the
pooled sampleare presented in Table 3 for PCOS,
T2DM and CAD. Over dl, statistically significant
heterogeneity inthefrequency of BMI categories
wasobserved betweenthe PCOS, T2DM (P=0.000)
and CAD (P=0.008) cases and their respective
controls. Thedifferenceinthe prevalence of BMI
categories between PCOS patients and controls
were found to be highly significant in all the age
groups (P=0.000). Smilarly significant difference
inthe prevalence of BMI categorieswas also ob-
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served between T2DM patients and controls
(P=0.000) inal but the 30-40 yearsage group. On
the other hand, significant heterogeneity in the
prevalence of BMI categories between CAD pa
tientsand control (P=0.003) was observed only
in the age group of 51-60 years.

Gender specific and for the pooled sampl e of
males and females the prevalence of BMI cate-
goriesisfurnishedin Table4for patientsand con-
trolsof PCOS, T2DM and CAD. Concurrent tothe
above observations, while the prevalence of obe-
sity wasfound to be significantly higher in PCOS
and T2DM patients when compared to their re-
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spective controls(p=0.000), it waslower in case of
CAD (p=0.01).The prevalence of abesity in both
maleand femae T2DM patientswassignificantly
higher than their gender specific controls, but in
other categories of BMI the opposite trend was
seen. Significant heterogeneity in the prevalence
of BMI categories was observed between male
andfemale CAD patients(P=0.004). Smilarly, sig-
nificant heterogeneity in the prevalence of BMI
categories, particularly in overweight and obese
people, was observed between male and female
T2DM patients (P=0.000).

Pooled and gender specific BMI Cut-off val-
uesfor PCOS, T2DM and CAD aregiveninTa-
ble 5 and the respective ROC curvesdepicted in

5

Figures 1-3. Irrespective of the disease, the cut-
off values of pooled and gender specific sam-
ples were found to be different. The area under
curve, which reflectsthe predictive ability of the
cut-off value was found to be highly significant
and relatively large for PCOS (AUC ~0.77) and
T2DM (AUC~0.63), not for CAD (AUC ~0.55).
Theresults of thelogistic regression analysis of
the quantitative BMI and its cut-off values
(based on (1) 95 percentile value of the controls
and (2) ROC curve) inthe PCOS, T2DM and CAD
casesand controlsaregivenin Table6. BMI and
its cut-off values obtained from ROC curvewere
found to explain relatively higher percentage of
variationin PCOSand T2DM, when compared to

Table 4: Gender wise prevalence of BM| categories in the cases and controls of PCOS, T2DM and CAD

Polycystic ovary syndrome

BMI Categories Cases (n=168) Controls (n=233) P value ()
Underweight (<18.5) 5 (2.97) 20 (8.58) 0.000
Normal (18.5-22.9) 37 (22.02) 125 (53.64)
Overweight (23-24.9) 18 (10.71) 49 (21.03)
Obesity (>25) 108 (64.28) 39 (16.73)
Type 2 diabetes
BMI categories Cases Controls (x?
Male Female Total Male Female Total P value’
(n=440) (n=260) (M+F) (n=396) (n=224) (M+F) A
(n=700) (n=620)
Underweight (<18.5) 9 (2.04) 5 (1.92) 14 (2.00) 38 (9.59) 25 (11.16) 63 (10.16) 0.000
Normal (18.5-22.9) 78 (17.68) 24 (9.23) 102 (14.57) 97 (24.49) 47 (20.98) 144 (23.22)
Overweight (23-24.9) 82 (18.59) 29 (11.15) 111 (15.85) 76 (19.19) 32 (14.28) 108 (17.41)
Obesity (>25) 271 (61.45) 202 (77.69) 473 (67.57) 185 (46.71) 120 (53.57) 305 (49.19)
P value (x?)between male and female cases=0.000; P value between male and female
P value (y?between male cases and male controls=0.0000001; controls= 0.217
P value (x?)between female cases and female controls=0.0000001
Coronary artery disease
BMI categories Cases Controls
Male Female Total Male Female Total P value'
(n=179) (n=69) (M+F) (n=280) (n=216) (M+F) A
(n=248) (n=496)
Underweight (<18.5) 0 (0.00) 4 (5.79) 4 (1.61) 9 (321) 5 (231) 14 (282 0.01
Normal (18.5-22.9) 32 (17.87) 9 (13.04) 41 (16.53) 50 (17.85) 33 (15.27) 83 (16.73)
Overweight (23-24.9) 45 (25.13) 11 (15.94) 56 (22.58) 42 (15.00) 23 (10.64) 65 (13.10)
Obesity (>25) 102 (56.98) 45 (65.21) 147 (59.27) 179 (63.92) 155 (71.75) 334 (67.33)

P value between male and female
controls=0.295

P value between male and female cases=0.004;
P value between male cases and male controls= 0.902;
P value between female cases and female controls=0.304;

“Between pooled cases (M+F) and Controls

J Hum Ecaol, 65(1-3): 1-11 (2019)
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Table 5: Cut-off values of pooled and gender specific BMI with CAD, T2DM and PCOS

Variable Cut-off AUC 95 percent CI, Sen Spe
value p-value
Polycystic Ovary Syndrome
BMI in total subjects >24.52 0.767 0.723-0.807, 0.0001 67.65 80.67
Type 2 Diabetes
BMI in total subjects >24.80 0.629 0.602-0.655, 0.0001 68.90 50.16
BMI in males >23.30 0.604 0.570-0.637, 0.0001 77.32 38.89
BMI in females >24.70 0.666 0.622-0.708, 0.0001 80.38 45.54
Coronary Artery Disease
BMI in total subjects <27.68 0.555 0.519- 0.591,0.0101 73.60 42.01
BMI in males <26.57 0.535 0.488-0.581, 0.1983 67.78 44.25
BMI in females <27.70 0.556 0.497-0.614, 0.1557 67.14 50.45
Sen: sensitivity; Spe: specificity
| BMI we observed in the present study is consistent
100 with earlier finding among both Indian (Sharma
AUC = 0.767 Pl and Majumdar 2015; Garg et a. 2016; Chitme et
0 ] a. 2017; Thangavelu et a. 2017) and non-Indian
_ ;‘___J_/-" (Beydoun et al. 2009; Chitmeet al. 2017) popula-
s L / tions. Significantly higher prevalence of obesity
g 60 with increasing age among patients when com-
i pared to controls sugg age has an influ-
edt trol est that h fl
ok ence on increasing prevalence of obesity in
I PCOS. To the best of our knowledge no cut-off
i value of BMI for predicting therisk of PCOSin
0 the Indian context is hitherto determined. In our
[ study of south Indian women from Hyderabad, a
ok cut-off value of BMI >24.52 kg/m? for PCOSwith
P ST SRR S sengitivity of 67.65 percent and specificity of 80.67
0 2 Tospecinaty 100 percent was observed. The AUC of 0.767 ob-

Fig. 1. Receiver operator characteristic curve anal-
ysis of BMI in PCOS

that based on the 95 percentile value. Further,
BMI emergesas better predictor of risk of PCOS
as compared to T2DM (Nagelkerke R% Cut off
values obtained by ROC explain ~30 percent of
variationin PCOSasagainst 5 percent in case of
T2DM and 1 percent in case of CAD). However,
similar degree of association was observed when
logistic regression analysiswas done either with
guantitative BMI values or with cut-off value
obtained through ROC in case of both PCOS or
T2DM.

DISCUSSION
PolycysticOvary Syndrome

Higher mean BMI and preval ence of obesity
in PCOS patientswhen compared to control sthat

J Hum Ecaol, 65(1-3): 1-11 (2019)

tained through ROC analyses suggeststhat BMI
has a highly significant predictive value in as-
sessing the risk of PCOS. The cut-off value ob-
tained for PCOSissimilar to the cut-off value of
BMI obtained for T2DM infemaesfromthesame
geographic region. Given the common clinical
feature of insulin resistance for both these dis-
eases, thisfinding issomewhat expected. Interms
of contribution of BMI inexplaining thevariation
in the dependent variable, PCOS, cut-off value
obtained through ROC analysis and the quantita-
tivetrait BMI explained amost similar proportion
of variation (28.8 VS 28%), which ismuch higher
than that explained by the 95 percentile value ob-
tained from the control sample (~20.5 %).

The proposed mechanisms of obesity caus-
ing PCOS areinsulin resistance and consequent
hyperinsulinemia(Legro 2012). Insulin actsasa
co-gonodotropin and stimulates ovaries to pro-
duce androgens. Laprauchaunism, a character-
istic feature of hyperandrogenimia was seen in
women withinsulin resistance and hyperinsuline-
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Table 6: Association of quantitative BMI and its cut-off values with PCOS, T2DM and CAD, adjusted for

age and gender

Variable B SE Wald OR 95 percent P value Nagel
Cl kerke R?
Polycystic ovary syndrome
BMI 0.234 0.029 64.30 1.263 1.193-1.338 0.000 0.280
BMI 95percentile >28.79 2.421 0.348 48.408 11.256 5.691-22.262 0.000 0.205
BMI cut-off value >24.52 2.147 0.232 85.452 8.561 5.430-13.498 0.000 0.288
Type 2 diabetes
BMI 0.093 0.013 55.22 1.098 1.071-1.125 0.000 0.062
BMI 95 percentile >32.19 0.744 0.224 11.05 2.104 1.357-3.263 0.001 0.012
BMI cut-off value >24.8 0.811 0.115 49.70 2.250 1.796-2.819 0.000 0.051
Coronary artery disease
BMI -0.041  0.108 4.891 0.960 0.926-0.995 0.027 0.009
BMI 95Percentile >34.59 -0.933  0.496 3.534 0.393 0.149-1.040 0.060 0.008
BMI cut-offvalued <27.68 0.703 0.169 17.230 2.020 1.449-2.815 0.000 0.033

mia Administration of insulintowomen with typel
diabetes or normal ovaries increased the con-
centration of ovarian androgens. Treatment di-
rected to decrease insulin or to improve insulin
action with antidiabetic drugslowered thecircu-
latory levels of androgens and accelerated ovu-
lation rates. It was also observed that increased
levels of growth factors and inflammatory fac-
tors found in obese peopl e el evate the secretion
of ovarian androgensor prevent thearomatization
of androgens to estrogens. Irregular secretion of
gonadotropin was observed in insulin resistance
or hyperinsulinemia due to their influence on hy-
pothalamus. Selective knocking of insulin receptor
on pituitary gland of obese miceresultedin normal
secretion of gonadotropin and improved fertility
(Brotherset d. 2010). Further, inAnorexianervosa
or hypothal amic amenorrhea, gonadotropin secre-
tion is suppressed or ovulatory function is lost.
Adminigtration of leptin resulted in the restoration
of gonadotropin levelsand follicle development or
ovulationinwomenwith hypothalamic amenorrhea
(Welt et al. 2004). Obesity was shown to influence
the peripheral metabolism and regul ation of sex ste-
roids. The aromatase present in the adipose tissue
stimulatesthe excess secretion of bioactive oestro-
gen from androgens into the circulation and in-
creases the levels of oestrogen contributing to the
anovulation and development of endometrial hy-
perplasia (Kaaks et a. 2002). Hyperandrogenism
and insulin resistance suppresses the secretion of
sex hormonebinding globulin (SHBG) and thisleads
to increased levels of androgen in the periphery,
pilosebaceous unit and liver. The Clamiphene
(oestrogenic substance), oral contraceptives, in-
sulinsensitizing agentsand pregnancy wereshown
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toincreasetheconcentration of SHBG (Legro 2012).
Type2Diabetes

Higher mean BMI (Ganz et a. 2014; Singh et
al. 2014) and increased prevalence of obesity (Liu
etd.2013; Ganzetd. 2014; Nandimath et d. 2016;
Awasthi et al. 2017) observed earlier in T2DM
patients when compared to controls is also ap-
parent in the present study. It was observed that
while T2DM patients show higher BMI than the
controls of the same ethnic group, normal BMI
was observed in Japanese T2DM patients and
the difference was attributed to the differencein
insulin secretion and action between two ethnic
groups (Sone et a. 2003). Higher insulin secre-
tion and lower insulin sensitivity wasreportedin
obesethanleanT2DM patients (Soneet al. 2003).
Inthemaleand female patientswith T2DM, sig-
nificantly higher BMI isobserved in the present
study as against the gender specific controls,
which is in contrast to the study in which no
significant difference was observed in Japan
(Mano et al. 2015). Weight gain and consequent
increase in BMI and obesity in patients with
T2DM may be due to aging associated increase
infat mass, decreased physical activity, poor diet,
usage of antidiabetic drugs such as sulphony-
lurea, thiazolidinediones and insulin and weight
loss was shown to improve glycemic control
(Daous et d. 2006; Hillset a. 2010; Kamath et al.
2011). Association of obesity and T2DM has
been observed in both cross-sectional and lon-
gitudinal studies and a number of factors such
as duration of obesity, body fat distribution,
physical activity, diet, geneticsand ethnicity were
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shown to increase the risk of T2DM in obese
people (Al-Quwaidhi et al. 2013).

TheBMI cut-off values of 24.80kg/m? (sensi-
tivity: 68.90% and specificity: 50.16%), 23.30 kg/
Y (sensitivity:77.32% and specificity:38.89%)
and 24.70 kg/m? (sensitivity: 80.38% and speci-
ficity: 45.54%) obtained, respectively, for pooled,
male and female T2DM samples of the present
case control study from Hyderabad are somewhat
higher than those obtained in a recent case-con-
trol study from Manipal, Karnataka (Awasthi et al.
2017), wherethe BMI cut off valueswere observed
to be21.85 kg/m? (sensitivity: 82% and specifici-
ty: 65%), 22.07 kg/m? (sensitivity: 76% and speci-
ficity: 66%) and 22.28 kg/m? (sensitivity: 80% and
specificity: 68% ) for pooled, male and female
T2DM samples, respectively, and similar to that
obtained by Snehaathaet al.(2003) in the popula-
tion of Tamil Nadu (23 kg/m?: sensitivity/specific-
ity: 67.1/62.7% for menand 66.8/52.9% for wom-
en). Theforegoing observations suggest the high-
er sensitivity of the gender specific cut off values
of BMI, underlinestheimportance of using such
cut offsin the prediction of T2DM and other com-
plex disorders. Intermsof contribution of BMI in
explaining thevariationin the dependent variable,
T2DM, the cut-off values obtained through ROC
analysis and the quantitativetrait BM1 explained
relatively greater proportion of variation (5.1%and
6.2%), when compared to that based on 95 per-
centile value of the control sample (1.2%). Al-
though these results are qualitatively similar to
that of PCOS, the amount of variation in T2DM
explained by BMI ismuch smaller in proportion.
TheAUC of >0.6 for these cut-off values of BMI
indicates that BMI might be useful in predicting
therisk of T2DM in our population albeit not to
the extent that it can do with reference to PCOS.

CoronaryArtery Disease

Lower mean BMI and lower prevalence of
obesity in CAD patients against controls sug-
gest the possibility of the effect of life style
modifications such asdiet control and enhanced
physical activity usually recommended by the
physicians and practised by the CAD patients.
Lower prevalence of obesity in CAD patients
against controlsin the present study isin agree-
ment with the similar findings of Panwar et al
(2011). CAD patients with obesity are referred
to cardiac rehabilitation and those who were
enrolled in cardiac rehabilitation programme
showed decreased weight and BMI (Sadeghiet
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et a. 2013). However, while most earlier case-
control studies showed significantly higher
mean BMI (Kosugeet a. 2006; Amani et a. 2010;
Singh et al. 2013; Zhou et al. 2013), Panwar et al.
(2011) could not find significant difference in
BMI between patientsand controls. Therewere
also studies that showed higher prevalence of
obesity in CAD patients than controls (Amani
etal. 2010; Singh et a. 2013). Prevalence of obe-
sity wasfound to belower in CAD patientsthan
controls up to the sixth decade after which the
reverse trend was observed, concurrent to the
increased prevalence of obesity in the older age
observed by usin the present study and earlier
by Chapman (Chapman 2008). This may sug-
gest that BMI based obesity plays a dual and
age dependent role in CAD, implying that the
risk of CAD may increase after the age of 60
years in the obese people.

Although obesity is presumed to increase
the risk of cardiovascular diseases such as hy-
pertension, CAD, heart failure and arryhythmias,
dyslipidemia and type 2 diabetes, obese people
were shown to have better survival rate after
acute myocardial infarction (MI) (Won et al.
2017). Further, the CAD patientswho were obese
had better outcome after percutaneous coronary
intervention than the non-obese CAD patients
(Akin and Nienaber 2015). These contrasting
observationsaretermed as obesity paradox. The
proposed mechanisms for obesity paradox in-
clude increased size of the coronary arteries,
greater remodelling of heart after M1, high calo-
riereserve, likely life style changes, atered cy-
tokine and hormone profile, quenching of high
levels of TNF-o by high density TNF-o recep-
tors, low levels of circulating natriuretic pep-
tides and high levels of free lipoproteins (Akin
and Nienaber 2015). Unfortunately, no cut-off
values of BMI are available for predicting the
risk of CAD intheIndian context. The ROC anal-
ysis of our sample suggests AUC to be 0.55,
which suggests that BMI is not useful in pre-
dicting therisk of CAD inthe population of Hyder-
abad. BMI cut-off value obtained by calculating 95
percentile based vaue of controlswas not found to
be associated with CAD while BMI cut-off value
obtained by usng ROC wasfoundtoexplainonly a
small proportion of itsvariation (3.3%).

CONCLUSION

The results of our study suggest that BMI
cut-off value may be disease and sex-specific
and therefore it is necessary to determine BMI
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cut-off values specific to different diseases as
well as gender. Further, our study suggests that
the BMI may not be auseful obesity measurein
predicting the risk of CAD and the other mea-
sures of obesity can be explored for their useful-
ness as predictors. It would be also prudent to
verify our resultsin other Indian cohortsto ver-
ify if these cut offsare also popul ation specific.
However, BMI cut-off valueswerefound to have
greater ability in predicting therisk of PCOSthan
T2DM and sex-specific cut-off values showed
higher sensitivity than the pooled cut-off values.
Cut-off values obtained from ROC curveexplained
higher variation in these diseases and showed
significant association with higher odds ratio
suggesting that ROC based cut offs rather than
95 percentile value of the control cohort isabet-
ter approach in establishing the cut-off value.

RECOMMENDATIONS

In order to establish if the cut off values ob-
tained based on our study of the three NCDs are
universal and can befor Indian populationsingen-
eral, it is necessary to obtain cut off values for
different ethnic or geographic populations of In-
diaand test the universdlity. Like for many other
risk factors of complex genetic disorders/NCDs,
obesity also seems to have its own independent
genetic architecture. It may be worthwhile to ex-
plorethepossiblerole of someof the obesity relat-
ed genetic variantsthat may interact with those of
NCD¢ and or their risk factorsand act as proxy to
obesity in the manifestation of the NCDs.
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