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Evaluation of Body Mass Index (BMI)
Percentile cut-off Levels with Reference to
Insulin Resistance: A Comparative Study

on South Indian Obese and Non—-Obese

ABSTRACT

Objectives: To investigate the relationship of Body Mass Index
(BMI) percentile cut off with Homeostasis Model Assessment-
Insulin Resistance (HOMA-IR), a surrogate marker for insulin
resistance in obese, overweight and non—-obese adolescents.

Study Design: A cross-sectional analysis of 120 adolescents
(divided into sixty overweight/obese and an equal number
of non-obese) was performed on nondiabetic, nonpregnant
(11 to 18 year old school going) adolescents in south Indian
(Puducherry) population. The main outcome measure of insulin
resistance was calculated as HOMA-IR (greater than 3.16).
Obesity was defined as per the BMI criteria, BMI greater than
or equal to 95" percentile,overweight greater than or equal to
85" percentile and non-obese less than 84.9" percentile. All
adolescents were subjected to analysis of anthropometric
parameters that included weight, height and BMI (body mass
index). Biochemical parameters, namely venous plasma glucose
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(fasting) and venous plasma insulin (fasting) were included for
insulin resistance calculation by HOMA-IR.

Results: Having a BMI of greater than or equal to 85" percentile-
was associated with high HOMA-IR levels. As the BMI percentile
increased, HOMA-IR levels also increased. Prevalence of insulin
resistance for a BMI percentile of less than 84.9 was nil. Preva-
lence of insulin resistance for a BMI percentile of 85-94.9 was
26%.Prevalence of insulin resistance for BMI of greater than or
equal to 95" percentile was 64%.

Conclusion: Insulin resistance is highly prevalent in obese and
overweight adolescents as compared to that in non-obese
adolescents. The onset of Impaired Fasting Glucose (IFG) is
associated with the development of severe hyper-insulinaemiain
obese adolescents and early primordial and primary prevention
can thus alleviate the burden of future cardiometabolic
disorders.
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INTRODUCTION

It is a matter of great concern that adult obesity has a strong
genetic predisposition [1]. However, this predisposition to obesity
starts early during the first or second decade of life. It is of utmost
importance to focus on the childhood and adolescent populations,
to get an insight into various factors which are related to obesity
and its prevalence in the south Indian population [1].

It is quite difficult to define obesity in adolescents, where there is
greater fluctuation in anthropometric parameters in prepubertal to
pubertal stages of adolescence [2]. There is no firm criteria among
researchers on the adiposity index and on the optimal cut-off, to
define the arguments which are related to over weight and obesity
[3,4]. The method which is commonly used to assess body fat
measurement is Body Mass Index (BMI). The measure of BMI is
assessed in the clinical setting, because it can be assessed easily
in field based surveys and as it is economical [5]. BMI is commonly
used to define obesity: adolescents with a BMI of higher than the
85" percentile for age and gender are regarded as overweight [6].
Measurements of waist circumference and Waist-Hip Ratio (WHR)
as markers of central obesity were obtained and they suggested an
additional measure to BMI [7]. It is possible to define adolescents
as obese by calculating the ratio between weight (kg) and height
squared (in metres). This ratio is an index, which is called as the
Body Mass Index (BMI), which is strictly associated with the level
of general adiposity in adolescents, which is reproducible and
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valid. Assessment of percentiles of BMI provides valid information
about the changes in obesity and general adiposity. The cut-off
limits of BMI for defining over weight or obesity are still debatable.
However, in agreement with Cole et al., the choice of BMI cut-off
percentiles which pass through the adult BMI cut-off of 30, is
reasonable [8].

Obese adolescents are fighting a quiet battle against the essential
hormone, insulin. This conflict which is termed as insulin resistance
is a hallmark of prediabetes and type 2 diabetes mellitus. The
reason why a person fails to respond appropriately, continues
to bother the scientific community. However, there are ways to
make the body more receptive to insulin, which can thus help
in preventing/ameliorating diabetes. For this, we planned this
study with the aim of depicting different BMI cut offs as objective
anthropometric measurements which were associated with insulin
resistance.

Objectives

To investigate the relationship of Body Mass Index (BMI) percentile
cut off with Homeostasis Model Assessment-Insulin Resistance
(HOMA-IR), a surrogate marker for insulin resistance in obese,
overweight and non—-obese adolescents.

SUBJECT AND METHODS

A cross-sectional analysis of 120 adolescents (divided into sixty
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overweight/obese and sixty non-obese) was performed on
nondiabetic, nonpregnant (11 to 18 year) school going adolescents
in south Indian (Puducherry) population. The main outcome
measure of insulin resistance was calculated as HOMA-IR (greater
than 3.16). Obesity was defined as per BMI criteria, BMI greater
than or equal to 95" percentile,over weight greater than or equal
to 85™ percentile and non—obese lesser than 84.9™" percentile. All
adolescents underwent analysis of anthropometric parameters,
namely, weight, height and BMI (body mass index). Biochemical
parameters, namely, fasting plasma glucose,fasting plasma insulin
and insulin resistance were also measured by HOMA-IR.

Physiological Parameters of Obesity

Both groups were analysed for physiological parameters:
weight, height, BMI, blood pressure, Waist Circumference (WC), Hip
Circumference (HC) and waist-hip ratio(WHR) to assess general and
central obesity.

General obesity: Height was measured to the nearest 0.1 cm, while
the subject was standing in an erect position, barefoot on a flat floor,
against a vertical scale and with heels touching the wall and head
straight. The body weight was measured by using a weighing scale,
while the subject was standing motion less, minimally clothed and
without shoes on a weighing scale and it was recorded nearest to
0.1 kg. Body Mass Index (BMI) was calculated by using the formula
BMI=weight (kg)/height (m?). The cut off value for obesity was more
than 95" percentile in adolescents and over weight was greater
than or equal to 85™ percentile.

Central Obesity: Waist-Hip Ratio (WHR) was calculated to assess
central obesity. Waist circumference (in cm) was measured at a
point which was mid-way between the lower rib and iliac crest, with
the measuring tape centrally positioned at the level of umbilicus.
Waist circumference is the average of two measurements, one
which is taken after inspiration and another which is taken following
expiration in standing position. Hip circumference was measured (in
cm) at trochanter major of the head of femur. WHR was calculated
by using the following formula to assess central obesity. WHR=Waist
(cm)/Hip(cm).

Biochemical Analysis of Cardio-Metabolic Risk Factors
Three ml of venous blood sample (fasting) was collected under
aseptic precautions from adolescents, following ten hours of
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follows: fasting plasma glucose (analysed by glucose oxidase and
peroxidase method GOD-POD), plasma insulin fasting (analysed
by automated electrochemiluminescence), serum total Cholesterol
(by the CHOD-PAP method), high density lipoprotein (by Polyanion
precipitation), low density lipoprotein (by a Direct homogenous
method) and serum triacylglycerols (by the Glycerol kinase method).
All the above mentioned biochemical parameters were estimated
by using IFCC approved procedures. The internal quality control
was evaluated, based on QC samples which were provided by M/s
Biorad USA. The external quality assessment was based on the QC
samples which were provided by Clinical Biochemistry Lab, CMC
Vellore.

Homeostasis Model Assessment of Insulin Resistance
(HOMA-IR)

Insulin resistance was calculated by HOMAIR (homeostasis model
assessment of insulin resistance) by using the following formula.

HOMA-IR= Fasting glucose X Insulin
22.5

Insulin concentration was reported

reported in mmol/L.

STATISTICAL ANALYSIS

The statistically significant mean difference in the obese adolescents
and the non obese healthy adolescents was calculated by using the
unpaired student’s t test. All statistical analyzes were performed by
using SPSS, 16.0. Linearregressionanalysiswasdonebetweeninsulin
resistance and all cardio-metabolic risk factors and anthropometric
measurements such as BMI and waist circumference. Correlation
analysis of insulin resistance with fasting glucose and insulin levels
was doneby two-tailed Pearson’s correlation. A significant level of
95% was chosen for all tests. The level of significance was taken
as (p<0.05).

in pU/ml and glucose was

RESULTS

Having a BMI of greater than or equal to 85" percentile is associated
with high HOMA-IR levels. As the BMI percentile increases, HOMA-
IR levels also increase. Prevalence of insulin resistance for a BMI
percentile of less than 84.9 was nil. Prevalence of insulin resistance
for a BMI percentile of 85-94.9 was 26%.

Prevalence of insulin resistance for a BMI of greater than or equal to

overnight fasting. Biochemical parameters were analysed as
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[Table/Fig-1]: Correlation analysis of HOMA-IR with BMI percentile

[Table/Fig-2]: Correlation analysis of HOMA-IR with fasting plasma glucose

[Table/Fig-3]: Correlation analysis of HOMA-IR with fasting insulin level

95" percentile was 64% [Table/Fig-1]. The results of plasma glucose
(fasting) and plasma insulin (fasting) against HOMA-IR have been
depicted in [Table/Fig-2] and [Table/Fig-3].

Details pertaining to linear regression analysis were tabulated [Table/
Fig-4]. A P value of < 0.05 was considered as statistically significant.
Analysis was performed by using SPSS-16 package.

DISCUSSION

BMI in obese versus non-obese adolescents BMI was significantly
higher among obese and overweight in comparison to that in
non-obese adolescents (p<0.01). Insulin level in obese versus
non-obese adolescents: Insulin level was significantly higher in
the obese and overweight than in the non-obese adolescents

(p<0.01). Insulin resistance among obese versus non—-obese:Insulin
resistance as per HOMA- IR was significantly higher among obese
and overweight in comparison to that in non—obese adolescents
(p<0.01).

Linear regression of HOMA-IR: Insulin resistance as per HOMA-
IR could be used as a surrogate marker which is dependent only
on BMI percentile, glucose and insulin levels. It is more dependent
on insulin levels as compared to glucose (fasting) levels. So,
insulin resistance is correlated more with insulin levels than with
the fasting blood glucose in obese adolescents. Whereas, in
T2DM cases, insulin resistance may or may not change because
of phase wise insulin secretion. Hence, in T2DM cases, HOMA-
IR is @ marker which is more dependent on glucose level. Insulin
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Standardized | tvalue p value
Coefficients
Beta

Constant -3.299 0.003
Body mass index (BMI) 0.023 1.081 0.292
percentile -0.065 -3.525 0.002**
Waist circumference (WC) 0.009 0.508 0.620
Waist hip ratio(WHR) -0.010 -0.709 0.486
Glucose 0.277 22.814 | 0.000**
Insulin 0.903 44.475 | 0.000**
Cholesterol -0.335 -1.971 0.061
Triacylglycerol (TAG) -0.003 -0.18 0.859
High density lipoprotein (HDL) 0.188 1.971 0.061
Low density lipoprotein (LDL) 0.333 1.591 0.126
Total cholesterol: High density 0.567 1.877 0.074
lipoprotein ratio (TC/HDL)
Low density to high density ratio (LDL/HDL) -0.472 -1.567 0.131
Mean blood pressure -0.010 -0.661 0.515

[Table/Fig-4]: Linear regression analysis of anthropometric and

biochemical parameters with insulin resistance (HOMA-IR)
**p value <0.01(Highly significant)

resistance increases more with increasing BMI percentile. Hence,
insulin resistance is more in adolescents with BMI 85" percentile
and it is even higher in 95" percentile.

Building Up Resistance against insulin

In people who have neither diabetes mellitus nor insulin resistance,
eating a typical mixed meal will cause blood glucose levels to rise,
triggering the pancreas to produce insulin. The hormone travels
distally from the site of production and it induces fat and muscle
cells to absorb excess glucose from the blood for use as energy.
As the cells utilize glucose, blood glucose levels decline and reach
basal levels. Insulin also signals the liver to hold on to its glucose
stores for use in fasting stage. Morever, insulin also decreases
hepatic output of glucose through gluconeogenesis. However,
people with insulin resistance (also known as impaired insulin
sensitivity)build up a tolerance to insulin, thus making the hormone
less effective. As a result, more insulin is needed to persuade fat
and muscle cells to take up glucose and the liver to continue
to store it [9]. But, in the normal scenario, the liver builds up its
glycogen stores rather than output through gluconeogenesis.

In response to the body’s insulin resistance, the pancreas deploys
greater amounts of the hormone to keep cells energized and blood
glucose levels under control. Patients with T2DM tend to have
elevated levels of circulating insulin (hyperinsulinism). The ability of
the pancreas to increase insulin production,essentially means that
insulin resistance alone won’t have any symptoms at first. Over a
period of time, insulin resistance tends to worsen and it leads to
cellfailure or depletion. Eventually, the pancreas no longer produces
enough insulin to overcome the cell’s resistance. The result is
higher blood glucose levels (prediabetes) and they culminate in
T2DM. Insulin plays other physiological and biochemical roles in
the body,besides regulating glucose metabolism, and the health
effects of insulin resistance are thought to go beyond diabetes
[10]. For instance, research has shown that insulin resistance,
independent of diabetes, is associated with cardiovascular
diseases [11].

Monitoring adolescent obesity-The need of the hour

Scientists are beginning to perceive a better vision of how insulin
resistance develops. Genetic predisposition to obesity has been
identified as one that makes a person more or less likely to develop
the condition. It is well documentedthat older people are more
prone to developing insulin resistance. Lifestyle can play a role
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too. Sedentary habits, overweight, or obesity increases the risk
for insulin resistance [12]. Deposition of extra fat (adiposity) may
also lead to inflammation, physiological stress, or other changes in
the cells, that eventually contribute to insulin resistance [13]. There
may be certain hitherto undiscovered factors which are produced
by fat tissue, which signal the body to become insulin resistant.
We therefore advise that HOMA-IR may be included in the
mandatory armamentarium of laboratory investigations in obese
adolescents.

How to enhance the receptivity to insulin

While it may not be possible to overcome insulin resistance
entirely, there are certain ways to make the body cells more
receptive to insulin. Exercise and Lifestyle Modifications (LSMs)
can dramatically reduce insulin resistance. In addition to making
the body more sensitive to insulin and building muscle that can
absorb blood glucose, physical activity opens up newer vistas
for glucose to enter the muscle cells without insulin acting as an
intermediary. Weight loss can also drastically cut down on insulin
resistance [14]. Research has proven that people who undergo
weight-loss surgeries (bariatric) are likely to become significantly
more sensitive to insulin [15].

No pharmaceutical preparations have been specifically approved
for treating insulin resistance. Metformin and thiazolidinediones
(TZD) are insulin sensitizers that lower blood glucose by reducing
insulin resistance [16]. Thus, these oral medications are frequently
employed in the management of T2DM. In addition to oral
medications, yoga, meditation, listening to music, etc. would
prove to be effective [17]. Receptors for insulin are crucial to its
action, which may get modulated during periods of stress and
anxiety. Hence, any modulation that alleviates chronic stress and
anxiety would thus help in preventing or delaying the entry of
obese adolescents into the realms of the insulin resistance that
culminate in T2DM [18]. The present day, school going adolescent
population in India is exposed to enormous physical and mental
stress which has been largely linked to watching TV for a longer
time, playing videogames, sedentary lifestyles, watching cartoons
on TV and eating junk/preserved/less nutritious food [19,20]. Al
of these predispose to an early onset of insulin resistance. Hence,
an aggressive lifestyle modification, healthy eating habits and
insistence of health and medical education would go a long way
in delaying insulin resistance [21]. This problem assumes great
relevance in view of the rapid urbanisation of the commune based,
panchayat population of the Union Territory of Puducherry.

CONCLUSION

A higher BMI in adolescents, which is greater than 85" percentile,
is associated with insulin resistance. BMI could thus be asensitive
anthropometric marker of evaluation in adolescent obesity as well
as insulin resistance in school based and field surveys. So, in
those obese adolescents with a BMI of greater than or equal to
85th percentile, the clinical approach for achieving a cardiovascular
prevention is modifying and preventing all the cardio-metabolic risk
factors. For metabolic syndrome and in obese adolescents, the
desirable approach would be to advocate a lifestyle intervention,
especially weight reduction and increasing the physical activity.
Insulin resistance as per HOMA-IR could thus be included as
a mandatory biochemical parameter, as it would forewarn the
susceptible adolescents about the impending Insulin Resistance (IR)
and a wide gamut of complications which are associated with IR.
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