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Body mass index a better predictor of insulin resistance than waist
circumference in normoglycemics
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Abstract: Background: Body Mass Index (BMI) is the most common method of measuring obesity. Many
studies have reported that waist circumference is a stronger predictor of insulin resistance in non-type 2
diabetes. The objective of the study was to investigate whether waist circumference (WC) or body mass index
(BMI) is a better predictor insulin resistance. Method: 79 normal young adult volunteers in the age range of 18
to 25 years were enrolled for the Study. All subjects underwent a detailed general physical examination
including Blood Pressure, body weight, height, hip & waist circumference. BMI (Body Mass Index), waist and
hip circumference & waist hip ratio calculated. 2hr OGTT with serum Insulin was performed and Insulin
resistance calculated. Result: Simple clinical measures of obesity like height, weight, waist circumference, hip
circumference and their indexes like BMI (body mass index), WHR (waist hip ratio) were evaluated and
correlated with the measures of Insulin resistance (IR) and insulin sensitivity. BMI was found to significantly
correlate with most of the IR parameters and there was a trend towards significance with weight. Waist
circumference did not correlate significantly with IR parameters. Conclusion: Body Mass Index (BMI) is a
useful tool in evaluating obesity in normoglycemic subjects. BMI is a better predictor of Insulin Resistance and
risk stratification than waist circumference.

Keywords: Obesity, Screening, BMI, Body mass index, Waist circumference, WHR, Syndrome X, Diabetes,
Prevention, Insulin Sensitivity, Insulin resistance

Introduction thresholds for acquired risk factors such as
age, obesity, abdominal adiposity and a high
percentage of body fat. Diabetes occurs at a
younger age in Indians compared to Whites.
Asian Indians have higher central adiposity.
There is also evidence of higher insulin

resistance amongst Indians, and this is partly

Bipolar disorders like obesity and cardiovascular
disease are associated with insulin resistance.
Insulin resistance associated with distribution of
body fat, specifically abdominal visceral fat and
fat accumulation in skeletal muscle. Reduced

capacity to utilize fat has been linked with obesity
and insulin resistance [1]. In many Asian
countries overweight and obesity have reached
epidemic proportions with impending raise in
obesity-related disorders such as diabetes,
hypertension, and cardiovascular diseases,
developing at much younger age than in Western
populations [2]. Westernization, changes in
economics and lifestyle have dramatically
improved leading to a significant increase
Obesity and metabolic syndromes [3].

Epidemiological studies in Indians have shown
that the increasing prevalence of diabetes is
attributed to high genetic risk and lower risk

explained by higher body fat percentage. A
large proportion of wurban adults have
metabolic syndrome which also predisposes
them to both diabetes and cardiovascular
diseases. With the early recognition of these
conditions, preventive measures can be
instituted [4].

The Body Mass Index (BMI) is the most
common method of measuring obesity. BMI is
generally considered the best way to
determine if an individual is at a healthy
weight. Using BMI is popular because it is
simple, quick, effective and applies to adult
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men and women, as well as children. BMI is a
measure of body fat based on height and weight
that applies to adult men and women. BMI is a
simple index of weight-for-height that is
commonly wused to classify underweight,
overweight and obesity in adults. It is defined as
the weight in kilograms divided by the square of
the height in meters (kg/m2) [5-6].

Many studies have demonstrated that a simple
waist circumference is a strongly associated with
cardiovascular disease [7-10]. Many studies have
reported that waist circumference is a stronger
predictor of insulin resistance in non-type 2
diabetes [11-12]. Several studies have indicated
that waist circumference is superior to BMI as a
risk factor maker in non-type 2 diabetes
populations [13-15]. Waist circumference is a
predictor of insulin resistance.

BMI may not correspond to the same degree of
fatness in different populations due, in part, to
different body proportions. BMI is an adequate
proxy measure for monitoring the underlying
increase in health risk due to excess weight at a
population level. although BMI is not a ‘gold
standard’ measure of overweight or obesity, its
advantages in terms of ease of measurement,
established cut offs, and existing published
statistics make it the only currently viable option
for producing high level summary figures at
population level [16-19].

BMI has limitations; it does not directly measure
body fat, it is more accurate at approximating
degree of body fatness than weight alone. BMI
does not have exact weight or measurement, to be
considered 'normal.' There is a range within each
classification to allow for different body types
and shapes. Very muscular individuals often fall
into the overweight category when they are not
overly fat. BMI is an indicator of heaviness rather
than fatness, and cannot distinguish body fat from
fat-free mass [20-21].

Rationale for the study: Body mass index (BMI)
is a commonly used measure of obesity, it is an
indicator of heaviness rather than fatness, and
cannot distinguish body fat from fat-free mass.
Waist circumference being a simple measure has
been found to be a better measure of obesity and
insulin resistance in diabetics. The current study
was designed to explore the correlation between
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indicators of obesity like BMI, WC, and
WHR, and hs-CRP and insulin resistance in
normoglycemic young adults.

The aim of this study is to investigate whether
waist circumference (WC) or body mass index
(BMI) is a better predictor insulin resistance

Material and Methods

Healthy young adult volunteers in the age
range of 18 to 25 years were enrolled for the
Study. 79 Volunteers who satisfied the
inclusion and exclusion criteria, were
educated regarding the study, an Informed
consent was obtained as per ICH GCP good
clinical practice guidelines. Subjects with
Infections, inflammatory diseases, tissue
injury & Corticosteroids medications were
excluded from the study.

There was no financial liability on the study
subjects. The study was approved by the IEC.
All subjects underwent a detailed general
physical examination including Blood
Pressure, body weight, height, hip & waist
circumference. All measures were done while
subjects wore light clothes without shoes and
BMI (Body Mass Index), waist and hip
circumference & waist hip ratio calculated.

Waist circumference was measured mid-way
between the lateral lower rib margin and the
iliac crest, hip circumference (HC) was
measured at the levels of the major trochanters
through the pubic symphysis. BMI was
calculated (BMI=body weight/height (kg/
m2). Concentrations of total cholesterol,
triglyceride & HDL cholesterol were
determined by enzymatic kinetic method
using an auto analyzer. VLDL cholesterol
level was calculated using the formula
Triglyceride/S & LDL using the formula
[Total Cholesterol — (HDL + VLDL)].

A standard OGTT was performed on all
subjects and Blood sample was analyzed for
hsCRP. Fasting (basal), 30, 120 min venous
plasma glucose and Insulin was measured.
The serum plasma was stored at - 20 degree C
until assayed. Highly sensitive C- reactive
protein (hs CRP) was assessed from fasting
sample by turbidimetric method.
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Insulin  Resistance was calculated with
mathematical models like, Homeostatic model
assessment HOMA-IR. HOMA %B, Insulin
Sensitivity Index ISI 5. The data was
systematically collected in the case record form
designed for the study.

Statistical Analysis: The Student t test and Mann
Whitney U test have been carried out to find the
significant difference between various BMI
parameters & Indices between subjects in Group
A & B. The Statistical software namely SPSS
10.0 and Systat 8.0 were used for the analysis of
the data and Microsoft word and Excel have been
used to generate graphs, tables etc.

Results

In this study all the subjects were from south
Indian urban agglomerate. The mean age of the
study population was 19 +1.69years (18 to 25)
years. The Sex distribution was Male: 41.3%
(n=33) and Female: 58.8% (n=47). The Clinical
parameters [Table 1] and laboratory parameters
[Table 2] of the study subjects are within normal
limits. The overall Insulin resistance and
sensitivity indexes derived from simulated
mathematical models are in normal range [Table
3] as all the subjects are healthy and
normoglycemic.
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Table-2: Laboratory Parameters

OGTT Mean szgn
Fasting Glucose 81.87 9.90
2hr Post Prandial Glucose 90.75 17.19
Fasting insulin 8.18 6.33
2hr Post Prandial insulin 37.70 32.89
Total Cholesterol 156.94 26.51
Triglycerides 96.14 28.20
HDL 40.59 4.74
VLDL 18.99 5.11
LDL 97.42 26.84
hsCRP 1.41 2.10

Table-3: Insulin Resistance / Sensitivity

Table-1: Clinical Parameters (n=79)

parameter
Mean | Std. Devn
HOMA- IR 1.67 1.30
HOMA (%B) 218.67 273.15
gl(s}li;ino Genic Index 073 16.51
QUICKI 0.31 0.07
IST o120 63.82 22.78
Io/Go Ratio (IGR) 0.10 0.08

Mean Std. Devn
Age (yrs) 19 1.7
Blood Pressure
Systolic (mmHg) 119.67 6.23
Diastolic (mmHg) 74.22 5.12
Height (cms) 163.28 9.35
Weight (kgs) 59.5 12.22
Waist (cms) 75.06 10.68
Hip (cms) 92.62 8.86
BMI 22.34 4.10
WHR 0.80 0.06

Simple clinical measures of obesity like
height, weight, waist circumference, hip
circumference and their indexes like BMI
(body mass index), WHR (waist hip ratio)
were evaluated and correlated with the
measures of Insulin resistance (IR) and insulin
sensitivity. Spearmans correlations revealed
that unlike what was presumed BMI was
found to stastically significantly correlate with
majority of the IR parameters (Table 4) and
there was a trend towards significance with
weight. Waist circumference did not correlate
significantly with IR parameters.
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Table- 4: Correlations Spearman

HOMA 1 Insulin_g ISI 0- 10 GO
R HOMA%B en_Index QUICKIE 120 ratio
79 79 79 79 79 79

Correlation 0261464 | 0.144731 | 0.004431 | -0.26146 | -0.27089 | 0.231558
BMI Coefficient

Sig. (2-tailed) | 0.019936 | 0.203159 | 0.969088 | 0.019936 | 0.015747 | 0.040041

Correlation | 125931 | 0109171 | -0.04508 | -0.17293 | -0.14425 | 0.150986
WAIST Coefficient

Sig. (2-tailed) | 0.127495 | 0.338196 | 0.693194 | 0.127495 | 0.20468 | 0.184101

Correlation 0.181121 | 0.135156 | 0.001826 | -0.18112 | -0.18203 | 0.174692
HIP Coefficient

Sig. (2-tailed) | 0.110172 | 0.234989 | 0.987255 | 0.110172 | 0.108364 | 0.123606

Correlation | 155154 | 0100331 | -0.05257 | -0.15215 | -0.09903 | 0.137855
WHR Coefficient

Sig. (2-tailed) | 0.180691 | 0.378984 | 0.645415 | 0.180691 | 0.38522 | 0.225685

Correlation 0.1083 0.033879 | -0.01181 | 0.108304 | 0.141571 | -0.08929
HEIGHT | Coefficient

Sig. (2-tailed) | 0.342071 | 0.766916 | 0.917741 | 0.342071 | 0.213303 | 0.433899

Correlation 0.19015 0.168249 | 0.035221 | -0.19015 | -0.12848 | 0.181104
WEIGHT | Coefficient

Sig. (2-tailed) | 0.09325 0.138291 | 0.757964 | 0.09325 | 0.259145 | 0.110206

Clinical measures of obesity like height, weight,
waist circumference, hip circumference and their
indexes like BMI (body mass index), WHR
(waist hip ratio) were evaluated and correlated
with the Laboratory parameters in these healthy

subjects. BMI, waist and Hip circumference
were stastically significantly well correlated
with hsCRP a marker of IR, significance was
observed even with Multiple Step Wise
Regression (Table 5).

Table-5: Correlations Spearman

T.CHOL TRIGLY HDL VLDL LDL hsCRP
79 79 79 79 79 78

BMI 0.2477 -0.00474 0.084282 0.00769 0.212447 0.305557

0.02774 0.966956 0.460214 0.946371 0.06015 0.00652
WAIST 0.176689 -0.11044 0.30466 -0.0838 0.134444 0.274276

0.119305 0.332594 0.006335 0.462822 0.237488 0.015098
HIP 0.230481 -0.04921 0.063346 -0.02566 0.200209 0.243768

0.041002 0.666721 0.57916 0.822377 0.076878 0.0315
WHR 0.001043 -0.10857 0.352416 -0.088 -0.02311 0.186465

0.992718 0.340876 0.001446 0.440597 0.839775 0.102133

-0.21955 -0.07755 0.486957 -0.05143 -0.27428 -0.06987
HEIGHT

0.05188 0.496913 5.35E-06 0.652638 0.01444 0.543274

0.095659 -0.04661 0.367937 -0.02296 0.031118 0.224376
WEIGHT

0.401691 0.683331 0.00085 0.840817 0.785435 0.048279
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Figure-A: Shows the correlation of BMI and Waist circumference with Insulin Sensitivity Index (IST (.129)
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The subjects were grouped into lower quartiles
and higher quartiles at various BMI cutoff values
and Insulin Sensitivity index (ISI 0-120) was
found to significantly decrease as BMI increases,
subjects in lower quartiles also showed a decrease
in IR values as BMI increased (Figure A).

Discussion

The impact of obesity has been considerable in
both developed and developing countries. The
population at large are bound to face a grave
burden i.e., increase by many folds of obesity-
related disorders such as diabetes, hypertension,
cardiovascular diseases & cancers etc, which
develop at much younger age than in Western
populations. The major causative factors being
lifestyle changes occurring due to rapid
socioeconomic transition [1-4]. Early detection
and prevention plays a key role in tackling this
potentially huge economic and health care burden
of the obesity-related disorders [22].

Most epidemiologic studies identifying strong
associations between hs-CRP, IR parameters
obtained from OGTT and obesity indicators
predominantly use anthropometric indexes [23-
30]. Consequently, a strong positive association
has been found between measures of obesity,
such as waist circumference (WC) and body mass
index (BMI), with CRP [31-32]. Moreover, while
some studies have observed a relationship
between T2DM and higher IR and CRP levels
[33]. In a study from India, by Ambika et al, there
has been a significant increase in abdominal
obesity in both sexes in the last 2 decades, the
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prevalence of overweight rose from 2% to
17.1% [3]. Prevalence of overweight/obesity
among Adolescents (14-18 yrs) in Delhi is
reported to be 29.0%. The risk of diabetes
increases with a body mass index (BMI) of
>23 kg/m2 and waist circumference of 85 cm
for men and 80 cm for women in Asian
Indians [5]. In our study subjects with BMI >
24 had  significantly  higher  waist
circumference (83.3cms+9.9).

Oliveira et al in a study of 1319 subject, 833
women and 486 men in Portugal. Reported
central obesity has been shown to be
significantly associated with increased levels
of the inflammatory marker hs-CRP in men,
while a high proportion of peripheral
subcutaneous fat was inversely associated
with hs-CRP in women [34].

In a study from Egypt, 150 children in the age
range 6-16, BMI was 27.20 + 12.30 kg/m2 in
the obesity group and was 16.68 £ 2.00 kg/m2
in the control group. Obese group (n=100) had
significantly higher hs-CRP levels than
control group, hs-CRP levels were 1.40 + (.78
mg/dL vs. 0.56 + 0.47. mg/dL, p < 0.01 [35].
A similar picture was seen in our study,
subjects with BMI >24 had significantly
higher hsCRP values 2.08+2.08 compared to
1.03+2.0(normal range) in subjects with
BMI<23.9[36].

Den Engelsen et al, In a study of 1721
participants, mean age 48.4 years, The
median hs-CRP for the total population was
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1.9 mg/L (IQR 1.1-3.6) subjects with the
(metabolic syndrome) MetS the median hs-CRP
was 2.2 mg/L. (IQR 1.2-4.0), compared to 1.7
mg/L. (IQR 1.0-3.4) in the group without the
MetS (p < 0.001) [37]. Even though our subjects
were of younger age group (19+1.7), subjects
with BMI >24 had hsCRP levels which are
similar to those found in subjects with metabolic
syndrome [36]. Our study has demonstrated that
there is association between BMI and hsCRP, as
BMI increases hsCRP  also increases
significantly. The importance of hsCRP in Sub
classifying individuals into low and high risk
groups within the BMI groups was also observed.

Measuring waist circumference also helps screen
for possible health risks that come with
overweight and obesity. Subjects with Fat around
the waist rather than at hips, are at a higher risk
for heart disease and type 2 diabetes. This risk
goes up with a waist size that is greater than 35
inches for women or greater than 40 inches for
men. The BMI of 62.5% of the health Indian
adults range from 18.5-24.99, this can empirical
be applied as internationally recommended BMI
cut-off points. The higher BMI, the higher is the
risk for certain diseases such as heart disease,
high blood pressure, type 2 diabetes, gallstones,
breathing problems, and certain cancers. For
Indian subjects BMI is termed Underweight
Below 18.5, Normal18.5-24.9, Overweight 25.0—
29.9, Obesity 30.0 and above. Our health study
subjects had a mean BMI of 22.3+4.08, hsCRP
1.43+2.1.

The WHO Expert Consultation concluded that the
proportion of Asian people with a high risk of
type 2 diabetes and cardiovascular disease is
substantial at BMI's lower than the existing WHO
cut-off point for overweight (= 25 kg/m2).
However, the cut-off point for observed risk
varies from 22 kg/m2to 25 kg/m2in different
Asian populations and for high risk, it varies from
26 kg/m2 to 31 kg/m2. In addition, sub-classify
subjects into high and low risk within Normal or
lower BMI levels using hs-CRP was evaluated in
our study. This finding of our study has important
implications for obesity screening in community
surveys [38].

Deniz Gokalp et al evaluated 117 healthy subjects
aged with 20-68 yr, normal weight (BMI 18.5—
25.0 kg/m2,n: 35), overweight (BMI: 25-30
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kg/m2, n: 27) and obese (BMI >30.0, n: 55).
Mean serum hs-CRP levels of obese group
determined with BMI were higher than
overweight and normal weight groups
(7.3£5.46, 2.5+3.13, 0.66+1.1,
respectively, P=0.0001). hs-CRP levels were
positively  correlated with BMI.  They
concluded that hs-CRP levels were high in
obese patients and there was close relationship
between BMI and HS-CRP serum levels,
similar to our findings [39].

Yang SP et al, in a study of 70 obese children
and adolescents (age 8 - 17 years) and 30 non-
obese healthy controls (12.6 years), found that
there was significant increase of serum hs-
CRP level in obese children and adolescents,
the median was 2.44 (0.01 - 14.6) mg/L; the
level of control group was 0.1 (0.01 - 2.1)
mg/L. Multiple linear regression analysis
showed that body mass index (BMI) was the
only indicator which had correlation with hs-
CRP. They opined that there may be a chronic
low-grade inflammation and insulin resistance
in obese subjects and the level of hs-CRP
might be independently correlated with BMI
in children [40]. A similar correlation was
found in our study subjects, their IR and
hsCRP levels were found to significantly
increase as BMI increases even in the Low
and high BMI groups at various cutoff values.
Subjects in lower BMI quartiles also showed
an increase in IS values / hsCRP as BMI
increased but within near normal ranges of
less than 1.5 hsCRP, higher quartile subjects
always showed hsCRP values > 1.5.

Ying-Li Liao et al in their study of 144
diabetic  subjects showed that waist
circumference is a better predictor of insulin
resistance in type 2 diabetes than BMI [41-
42]. In our study significant increase in IR
values was seen with increasing BMI. Waist
Circumference =~ was  not  significantly
associated with IR / IS parameters. The
finding of this study point to a significant role
BMI plays in the early detection of future
metabolic syndromes. The result of this study
strongly indicates that BMI and not waist
circumference is a key predictor of insulin
resistance in normoglycemic. BMI can be
easily measured by the healthcare worker or
the patient.
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Conclusion

Body Mass Index (BMI) is a useful tool in
evaluating obesity. BMI is a better predictor of
Insulin Resistance and risk stratification than

10.

11.

12.

13.

14.

15.
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waist circumference in normoglycemic
subjects. BMI can be used as a key screening
tool in normoglycemic subjects.
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