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Background: There is an emerging epidemic of type 2 diabetes mellitus (DM) among children and adolescents due to
increased prevalence of obesity. Indians have a genetic phenotype characterized by low body mass index (BMI), high upper
body adiposity, and high body fat percentage (BF%) leading to an increased prevalence of metabolic perturbations and DM.
Aims & Objective: To determine the effect of body fat mass on the blood glucose level of Gujarati Indian adolescents during
early, middle, and late adolescence.

Materials and Methods: A cross-sectional study was conducted on 468 Gujarati Indian adolescents of age group 13-20
years. Adiposity was assessed using BMI, BF%, fat mass, fat mass index (FMI), and waist circumference (WC). The blood
glucose level was measured in the fasting state. Pearson’s correlation coefficient was determined to assess the correlation
of adiposity markers with fasting blood glucose level.

Results: During early adolescence, in boys, BF% and FMI and in girls, BMI has the strongest positive correlation with fasting
blood sugar (FBS), whereas during late adolescence WC shows the strongest significant positive correlation as compared to
other parameters in both genders.

Conclusion: This study indicates that central adiposity influences the blood glucose level more strongly than total adiposity
in late adolescent phase in Gujarati Indian adolescents.

INTRODUCTION low BMI, but with high upper body adiposity, high

body fat percentage (BF%), and high IR level. This
phenotype predisposes the Indian population to an
increased risk of metabolic syndrome and T2DM.[5]

Obesity is a major risk factor for type 2 diabetes
mellitus (T2DM) among children and adolescents.
This occurs due to insulin resistance (IR) developed Recent epidemiological studies indicate that the
prevalence of T2DM is increasing among Indian
children and adolescents.[®] Increase in adiposity as
indicated by BMI, waist circumference (WC), and
waist to hip ratio is considered to be a significant risk
factor for T2DM in childhood and adolescence.
However, not much has been reported about the
effect of body fat mass on the blood glucose level and
the effect of growing age during adolescence on the
association of fat with the blood glucose level in the

Indian population. This study was thus conducted to

as aresult of various metabolic alterations that occur
in obesity.[!l Increased release of fatty acids (FAs)
due to expansion of fat mass (FM) in obesity may
play an important role in impairing glucose uptake
and storage in the muscle.[2] Increased adiposity
leads to IR by affecting insulin signaling. FAs and
potentially several metabolites including acyl-CoAs
activate protein kinases such as protein kinase C,
which then impair insulin signaling. Adipose tissue
releases many adipokines, such as resistin, tumor

necrosis factor-a, and interleukin 6, which either understand the association of body fat with the

modulate or inhibit insulin signaling.[3! Obesity also blood glucose level with increasing age among

leads to IR because of ectopic fat deposition in other
organs, especially in the viscera. The visceral fat cells

secrete a number of inflammatory cytokines that MATERIALS AND METHODS

lead to IR.[]

adolescents.

A cross-sectional study was conducted on 468
Indians have a genetic phenotype characterized by Gujarati Indian adolescents (262 boys and 206 girls)
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of age group 13-20 years. It was carried out after the
approval of the institutional Human Research Ethics
Committee and after obtaining the informed consent
from the participants or the guardian. The study
participants were recruited into the study on
voluntary basis from schools and colleges in the
Anand district using simple random sampling. The
study included adolescent boys and girls who were
in the age group 13-20 years and had Gujarati
language as the mother tongue. The study excluded
those participants who were smokers, were athletes,
and were suffering from any chronic illness or were
on any medical therapy.

Assessment of Adiposity: Adiposity was assessed
in terms of body mass index (BMI), BF%, FM, fat
mass index (FMI), and WC. The body weight (Wt)
was recorded bare footed to the nearest 0.5 kg using
a calibrated weighing machine in a standardized
state of clothing. The height was measured using
meter scale without footwear to the nearest 0.5 cm.
BMI was calculated as the weight in kilograms (kg)
divided by the height in meters squared (m2). WC
was measured at the midpoint between the lower
costal margin and the iliac crest to the nearest 0.5 cm
at the end of normal expiration. BF% and FM were
assessed by bioelectrical impedance technique using
Omron body fat monitor (model HBF-302). FMI was
calculated as the FM in kilograms (kg) divided by the
height in meters squared (m?2).["!

Assessment of Blood Glucose Level: The blood
glucose level was measured in the fasting state
(where the subjects were asked not to eat or drink
for 8 hours) using the capillary blood by the
glucometer Accu-Check Active (accuracy is 0.989
and standard deviation (SD) is 2.7 mg/dl).["]

Statistical Analysis: Mean and SD were calculated
for independent and dependent variables after
grouping
adolescence (<13 years), middle adolescence (14-
16 years), and late adolescence (17-20 years)
groups. One-way analysis of variance and post hoc
test were used to assess if significant (P-value <
0.05) differences existed in the dependent and

the study participants into early

independent variables between the groups.
Pearson’s correlation coefficient was determined to
assess the correlation adiposity markers with fasting

blood glucose level.

RESULTS

For boys, BMI and WC were found to be significantly

higher in late adolescent phase as compared to early
adolescent phase (Table 1), whereas for girls, WC
was found to be significantly lower in late adolescent
phase as compared to early adolescent phase (Table
2).

Table 1: Subject characteristics of boys

Study Early Middle Late
Variables Adolescence? Adolescence? Adolescence®
Weight (kg) 459 +119 459+ 127  60.0 £ 12.3%***
BMI (kg/m?) 18.3 + 3.7 18.2 +4.0 20.3 + 3.4*
BF% 19.9+5.9 18.5 + 5.5 174+ 6.5
FM (kg) 9.6 +4.9 9.5+7.8 11.1+6.3
FMI (kg/m?) 3.8+1.8 3.8+3.2 3.7+2.0
WC (cm) 63.8+8.5 62.8+9.0 72.8 + 10.9%*+**
FBS (mg/dl) 84.6+7.7 84.3+6.9 86.5 + 8.9

Data presented are mean * SD. @ Early adolescence: age < 13 years,
N = 27; b Middle adolescence: age, 14-16 years, N = 138; < Late
adolescence: age, 17-20 years, N = 97. Difference between early
adolescent phase and late adolescent phase: *P < 0.05, **P < 0.01,
*H4P < 0.005, ****P < 0.001.

Table 2: Subject characteristics of girls

Study Early Middle Late
Variables Adolescence® Adolescence? Adolescence®
Weight (kg)  43.0+ 6.4 43.8+9.0 47168
BMI (kg/m?)  19.7 +3.1 19.0 +3.7 19.6 + 2.4
BF% 23.4+7.6 23.2+73 24.1+5.2
FM (kg) 10.5+4.5 10.7 £ 5.5 13.0 £ 15.5
FMI (kg/m?) 4.7+21 4.6 £2.4 4.8+1.6
WC (cm) 59.8+3.9 61.5+6.1 35.6 + 18.0%***
FBS (mg/dl) 84.0+ 6.4 87.4+8.4 85.3+8.5

Data presented are mean # SD. @ Early adolescence: age < 13 years,
N = 27; » Middle adolescence: age, 14-16 years, N = 138; ¢ Late
adolescence: age, 17-20 years, N = 97. Difference between early
adolescent phase and late adolescent phase: *P < 0.05, **P < 0.01,
**HP < 0.005, ****P < 0.001.

Table 3: Correlation of adiposity with fasting blood glucose
level in boys

Study Early Middle Late
Variables Adolescence? Adolescence? Adolescence*
Weight (kg) 0.43* 0.00 0.19
BMI (kg/m?) 0.58*** 0.03 0.27**
BF% 0.68**** 0.05 0.26**
FM (kg) 0.62***+* 0.00 0.26**
FMI (kg/m?) 0.65***+* 0.01 0.28%**
WC (cm) 0.59**** 0.08 0.37****

Values indicate Pearson’s correlation coefficient (r).. @ Early
adolescence: age < 13 years, N = 27; b Middle adolescence: age, 14—
16 years, N = 138; < Late adolescence: age, 17-20 years, N = 97; *P <
0.05, **P < 0.01, ***P < 0.005, ****P < 0.001.

Table 4: Correlation of adiposity with fasting blood glucose
level in girls

Study Early Middle Late
Variables Adolescence? Adolescence? Adolescence*

Weight (kg) 0.66* 0.09 0.36****
BMI (kg/m?) 0.73** 0.12 0.37****
BF% 0.45 0.14 0.37****

FM (kg) 0.57* 0.12 0.19*
FMI (kg/m?) 0.58* 0.13 0.40****
WC (cm) 0.42 0.08 0.4Q****

Values indicate Pearson’s correlation coefficient (r).. @ Early
adolescence: age < 13 years, N = 27; b Middle adolescence: age, 14—
16 years, N = 138; < Late adolescence: age, 17-20 years, N = 97; *P <
0.05, **P < 0.01, ***P < 0.005, ****P < 0.001.

As shown in Table 3, boys showed the strongest
positive correlation of fasting blood sugar (FBS) with
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BF% and FMI during early adolescence and the
strongest positive correlation of FBS with WC during
late adolescence. As shown in Table 4, girls showed
the strongest positive correlation of FBS with BMI
during early adolescence and the strongest positive
correlation of FBS with WC and FMI during late
adolescence. No correlation was found to exist
between blood glucose and adiposity markers
during the middle adolescence in both genders
(Tables 3 and 4).

DISCUSSION

The study by Young et al.[8] showed that obesity is
associated with high fasting glucose and fasting
insulin levels in children recognized to be at high
risk for T2DM. Body fat, blood pressure, and lipids
are all affected by puberty. There are large
differences in body composition in boys and girls,
with boys having more lean body mass and girls
having more body fat. Fat distribution also differs
with gender, with boys having a relatively more
central fat distribution. These differences begin
early in life and become more apparent in puberty
due to changes in sex hormone levels.[?! The clearest
factor contributing to increased risk of T2DM and
cardiovascular disease in children and adolescents is
increased body fat, and possibly specific depots of
body fat. Some of the earliest evidence for this came
from the Bogalusa Heart study that showed weak but
significant correlations (r = 0.3-0.4) in children
between central body fat (measured by skin folds)
and fasting insulin.[1%] Later work using more precise
measures of body fat found higher correlations in 7-
to 11-year-old children between BF% and fasting
insulin (r = 0.78).[11] Additional studies using other
measures, in addition to fasting insulin, showed that
insulin and the insulin-to-glucose ratio were
significantly higher in obese versus control group of
boys during an oral glucose tolerance test.['2] The
study by Gower et al.[!31in 1999 showed that visceral
fat has unique metabolic effects on fasting insulin
but not on insulin sensitivity and that this effect was
independent of other fat compartments and also has
shown high inverse correlations between insulin
sensitivity and body FM across the spectrum of lean
and obese prepubertal boys and girls. Another study
was conducted by Goran et al.['4] to examine whether
total body fat in general or visceral fat in particular
was associated with greater metabolic risk in
Caucasian and African-American children. The effect
of total body fat and visceral fat on insulin
parameters was examined by comparing subgroups

of children with high or low fat versus high or low
visceral fat and showed that body fatin general is the
predominant factor influencing insulin sensitivity,
but visceral fat may have additional effects on fasting
insulin. Similar effects were shown in a later
longitudinal study.[*5! These data tend to support the
hypothesis that in children, total body FM may
influence insulin sensitivity, whereas visceral fat
may influence fasting insulin. So, our study is in line
with previous studies that show total adiposity is
highly correlated with fasting glucose than central
adiposity in early adolescent phase in both genders,
whereas in late adolescent phase central adiposity
shows high positive correlation with fasting glucose
in both genders. Fat distribution starts early in life at
early adolescent phase, but becomes more marked
at late adolescent phase due to changes in sex
hormone levels. So, this study indicates that central
adiposity affects the blood glucose level more
strongly than total adiposity in the late adolescent
phase in Gujarati Indian adolescents of age group
13-20 years.

Another important finding in this study was that
weight, BMI, and WC significantly increase from
early adolescent phase to late adolescent phase in
boys, which may be due to changes in sex hormone
levels,[°l but WC decreases significantly from early
adolescent phase to late adolescent phase in girls.
However, WC increased at a similar rate in both
genders and large portion of this increase is driven
by gains in body weight. We have observed
contradictory results in our study, which may be
either due to the small number of subjects of early
age group involved or due to female sex hormone,
estrogen. Estrogen exerts many physiological effects
and one of them is to stimulate lipolysis in the
abdominal fat depots and promote use of lipid as a
fuel by muscles, and the net effect of which is
reduction in central adiposity.[°!

CONCLUSION

Both total and visceral adiposities affect the blood
glucose level in Gujarati Indian adolescents.
However, during early adolescence, total adiposity
affects the blood glucose level more strongly than
central adiposity, whereas during late adolescence,
central adiposity affects more strongly.

LIMITATIONS AND FUTURE PERSPECTIVES

The major limitation of this work is the lack of the
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study of sex hormones and their influence on the
study variables for which further research is
recommended. Another limitation is that we have
not measured insulin levels. In a future study insulin
levels could be measured to understand if adiposity
is affecting insulin secretion or insulin sensitivity.
Yet another limitation is the less number of subjects
of early age group. Thus, in a future study more
number of subjects of early age group could be
included.
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