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Abstract
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The increased prevalence of Type 2 diabetes mellitus (T2DM) and related complications in India has been related to rising
obesity. Purpose: To evaluate the BMI, waist circumference (WC), body fat composition, and glycated hemoglobin (HbAlc)
levels and explore the gender differences and association between these parameters. A total of 155 T2DM patients (89 males
and 66 females) from Coastal Karnataka, India, participated in this study. Waist circumference (WC) and body mass index
(BMI) were measured using standard procedure, and Body Fat Composition was measured using a bioelectric impedance
analyzer. The mean BMI, WC, and HbAlc visceral fat values were higher, whereas skeletal muscle mass was lower than the
reference range in both males and females. In age-matched males and females, the total body fat, WC and subcutaneous fat
were significantly higher in females. In contrast, the skeletal muscle mass in males was significantly higher. The HbAlc lev-
els were found to be higher in males compared to females. Total body fat and subcutaneous fat were negatively correlated,
whereas visceral fat and skeletal muscle mass were positively correlated with HbAlc. There was slightly poor glycemic control
in males compared to females, related to higher visceral fat. Hence, measuring the body fat composition and currently used
clinical and laboratory parameters helps monitor and prevent T2DM-related complications. The study highlights the low
skeletal muscle and high visceral fat in the Indian population. The study also relates the high visceral fat and poor muscle
mass contributing to insulin resistance, which causes poor glycemic control and T2-DM-related complications.

Keywords: type 2 diabetes mellitus, body fat composition, visceral fat, waist circumference, glycated hemoglo-
bin (HbAlc).

Introduction

Diabetes is a long-term metabolic disease char-
acterized by elevated blood glucose levels, eventually
damaging several organs, such as the heart, kidneys,
eyes, nerves, and blood vessels [1]. According to the In-
ternational Diabetes Federation (IDF), the global preva-
lence of diabetes in 2017 was 425 million, of which type

2 diabetes has contributed to 90% of the cases [2]. The
top three countries that are expected to have the highest
prevalence of diabetesin the year 2045 are China (147 mil-
lion), India (134 million), and Pakistan (37 million) [3].
Diabetes mellitus (DM) is classified into two main
categories: type 1 and type 2. Type 1 DM (T1DM) is
caused by autoimmune-mediated damage to islet cells
of the pancreas, triggered by environmental factors or
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exposure to viral infections [4]. Many times, the cause
is unknown. In contrast, type 2 diabetes (T2DM) is a
disease due to decreased insulin production from beta
cells of the pancreas or/and peripheral insulin resist-
ance [4]. Several risk factors are associated with T2DM,
such as family history, overweight, unhealthy diet,
physical inactivity, aging and ethnicity [2]. T2DM is
managed mainly by using oral drugs. The level of plas-
ma glucose or/and glycated hemoglobin (HbAlc) is used
to determine the dosage of oral medicine [5]. HBAlc is
used routinely to manage diabetes because it provides
a better idea of long-term glycemic control [5]. IDF and
the American Diabetes Association have recommended
HbAlc levels of <7% as the target of optimal glycemic
control to prevent micro and macrovascular compli-
cations such as neuropathy, retinopathy, nephropathy,
and cardiovascular diseases [6-9].

In recent years, the epidemic of obesity has led to
the prevalence of T2DM and its complications to esca-
late significantly in India [4, 6]. T2DM is one of the com-
ponents of metabolic syndrome in which patients also
have obesity, dyslipidemia, low-density lipoprotein
cholesterol (LDL-c), elevated blood pressure and insu-
lin resistance [7]. The patterns of diabetes incidence in
India vary due to geographical distribution [8]. This is
related to the diversity of Indians concerning their ge-
netic constitution, diet and lifestyle [8].

T2DM management involves glycemic control
(HbAlc) under optimal levels as guided by IDF, which
helps reduce T2DM-related complications [2]. To attain
effective glycemic control, in addition to oral drugs,
T2DM patients are also required to follow a diabetic diet
and modify their lifestyle [6]. This highlights the impor-
tance of awareness regarding diet and optimum body
composition in diabetic patients. Since there were no
studies in the literature to ascertain the body fat com-
position of T2DM patients from Coastal Karnataka, we
have designed this secondary data analysis. This study
evaluates BMI, waist circumference, body fat composi-

tion and HbAlc levels. Also, to explore the gender dif-
ferences and association between these parameters.

Material and methods

Study design and study subjects

A cross-sectional study design was employed for
this study. The study protocol was approved, and eth-
ical clearance (IEC 453/2016) was obtained from the In-
stitutional Research and Ethics Committee.

Written informed consent was obtained from all
participants before data collection. Privacy and con-
fidentiality were ensured. About 512 patients were
recruited using a simple random sampling technique
from a diabetes registry with 19000 people from Udu-
pi, Coastal Karnataka, India. Out of 512, 467 responded
and participated in the study, and the remaining 45 did
not respond. From the 467 patients, we recruited 155
T2DM patients (89 males and 66 females) who met the
inclusion criteria.

Inclusion criteria

Both males and females between the age group 30-65
years old are on prescribed oral anti-diabetic drugs with
excellent adherence were included. These subjects fol-
low a diabetic diet, are under regular follow-up with
HbAlc and have not reported any complications.

Exclusion criteria

Some of the participants had more than one exclu-
sion criterion. The study does not include TIDM and
T2DM patients who are on insulin (n=31), patients on
alternative medicines (Ayurveda, n=308), have com-
plications(n=200), and not following the diabetic diet
were excluded from this study.

Table 1: Normal body fat composition in males and females (Omron Instruction Manual Body Composition Moni-

tor Model HBF-375 Karada Scan).

Parameters Males Females
BMI (kg/m?) 23
waist circumference (cm) 80
Total body fat (%) 10-24.99 30-34.99
Visceral fat (cm?) 9-14.5 9-14.5
Skeletal muscle mass 32.9-35.7 25.9-27.9
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Research method

The following methods measured the BMI, waist
circumference, total body fat, subcutaneous fat, viscer-
al fat, skeletal muscle mass and HbAlc levels.

Anthropometric measurements

BMI was measured using the formula BMI = weight
(kg)/height (m?) [10]. WC was measured at the midpoint
between the top of the iliac crests and the lower margin
of the last rib in the midaxillary line at the end of sev-
eral consecutive breaths [10]. Omron Karada HBF-375
Scan for Bioelectric Impedance Analysis (BIA) was used
to analyze body fat composition, such as subcutaneous
fat, visceral fat, total body fat, and skeletal muscle per-
centage [11]. The normal values of BMI were taken as 23
as recommended for the Indian population, and nor-
mal values for other anthropometric measurements
for males and females are provided in Table1[12,13].

HbAlc

HbAlc was estimated by Quantitative Turbidimet-
ric Inhibition Immunoassay (TINIA) using Cobas ¢ 511
Tina-Quant assays [14]. The assigned HbAlc and total
hemoglobin values are certified with the National Gly-
cohemoglobin Standardization Program (NGSP) [14].
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Optimal glycemic control was defined as HbAlc <7 g %
based on the American Diabetes Association 2014 [11].

Statistical analysis

All analyses were performed using the SPSS ver-
sion 24. The measurements and calculated values are
expressed as mean+SD values. One sample t-test was
used to compare the mean value in males and females
with their respective ideal mean values reported in
the literature. The comparison of HBAlc, WC, BMI
and body fat parameters between age-matched males
and females was made by independent t-test. Bivariate
(Pearson) correlation was used to determine relation-
ships between two variables. The P-value of <0.05 was
considered statistically significant.

Results

Table 2 shows the baseline characteristics of 155
South Indian patients (89 males, 66 females) with
T2DM in this study. The mean age of male and female
patients is 55.7 years and 55.2 years, respectively. The
mean duration of their diabetes is 7.1 years.

The mean values of BMI and WC are significantly
higher than the respective ideal normal values of each
parameterin both subjects. In contrast, the mean value

Table 2: Comparison of baseline characteristics in males and females.

Male (Mean+SD)
n=89
(Normal range)
Age 55.8+8.7
Duration s
25.3+3.8**
BMI (23)
92.3+9.9**
wc (84)
28.2+5.4
Total body fat (10-24.9)

. 12.1+5.3*
Visceral fat (10-14.5)
Subcutaneous fat 19.7+4.5

27.7+£3.1
Skeletal muscle mass (32.9-35.7)
8.01+1.89**
HbAlc (<T%)

Female (Mean+SD)
n=66
(Normal Range)

55.2£7.7
6.8+4.9

26.3£5.7**
(23)

97+11**
(80)

37.2+4.6
(30-34.9)

9.9:4.4
(10-14.5)

31.3+5.5

21.95+2.2
(25.9-27.9)

7.99+1.83**
(<7°/o)

Note: ( ) - normal values; *- p<0.05; ** - p<0.001 on comparing the mean value using a one-sample t-test.
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Table 3: Comparison of baseline characteristics between the age-matched males and females.

Male (Mean+SD)
n=>55
Age 55.91+7.91
Duration 7.58+5.08
wc 92.00+9.86
Total body fat 28.02+5.24
Visceral fat 11.74+5.074
Subcutaneous fat 19.31+3.97
Skeletal muscle mass 27.68+2.62
BMI 25.00+3.59
HbAlc 8.31+1.94

Female (Mean+SD) P-value
n=>55
55.98+7.87 0.962
7.35+5.02 0.807
96.91+10.29 0.012*
37.53+4.58 0.001**
10.27+4.51 0.111
31.525+5.74 0.001**
21.82+2.22 0.001**
26.64+5.98 0.085
7.79+1.57 0.124

Note: * - p<0.05; ** - p<0.001 on comparing the age-matched males and females.

of skeletal muscle mass was lower than the reference
muscle mass in males and females. Both subjects’ mean
visceral fat values are significantly higher than the
reference visceral fat value. The HbAlc mean values in
both males and females are significantly higher than the
lower end of the target value recommended for HbAlc.
To compare the age-matched males and females,
we have excluded the subjects with no matching age
in both groups. This exercise resulted in 110 T2DM
patients with equal numbers of males and females
(55 males, 55 females). As shown in Table 3, the total
body fat and subcutaneous fat are significantly higher
(p<0.001) in females than males. The WC in females
is significantly higher (P<0.05) than in males. Males’
skeletal muscle mass percentage is considerably high-
er (p<0.001). The HbAlc and visceral fat were slightly
higher in males than females; however, it is not statis-
tically significant (p=0.124 for HbAlc and p=0.111 for
visceral fat). Table 4 shows that HbAlc was negatively
correlated with total body fat and subcutaneous fat.
In contrast, visceral fat and skeletal muscle mass were
correlated positively with HbAle. However, all these
correlations were statistically not significant.

Table 4: Correlation between the HbAlc and body fat
parameters.

R-values P-values
Total body fat -0.69 0.39
Visceral fat 0.05 0.94
Subcutaneous fat -0.05 0.50
Skeletal muscle mass 0.02 0.74
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Discussion

In the current study, we have evaluated and com-
pared the pattern of the body fat composition, WC, BMI
and HbAlc in T2DM males and females. We have also
correlated glycemic control (HbAlc) with body fat pa-
rameters. According to our study, BMI is significantly
higher in males and females than the ideal BMI adopt-
ed for the Indian population. In both genders, the BMI
is in the overweight category. WC is also significantly
higher than the reference WC in both subjects. This
is consistent with the previous studies in India, which
reported that higher BMI and WC in diabetes mellitus
had been related to sedentary behavior and reduced
physical activity in the Indian population [15]. Our
study also has shown a significantly higher visceral fat
than the ideal visceral fat in both subjects. Relatively
higher total body fat than ideal total fat was found in
both male and female T2DM patients. The reason could
be multifactorial, such as genetic factors, high refined
sugar intake, high carbohydrate intake, high fat intake,
low fiber diet, environmental factors, physical inactiv-
ity to excess fat deposition, and poor glycemic control
in T2DM [8, 14, 15].

The HbAlc level was significantly higher than the
optimal target HbAlc (<7%) in both subjects but within
the higher end of acceptable target HbAlc (7-8%). Ac-
cording to our study, skeletal muscle mass measured in
males and females is below the ideal muscle mass. Pre-
vious studies have reported higher muscle mass is pro-
tective against insulin resistance, whereas low muscle
mass was found to be associated with insulin resist-
ance and type 2 diabetes [16]. Previous studies have also

© 2024 The Authors



shown that excess body fat and low muscle mass have
been hypothesized to explain the high prevalence of in-
sulin resistance and poor glycemic control in Asian In-
dians[15,17,18]. In line with previous studies, we relate
the high HbAlc levels in our study group to excess body
fat and muscle mass-linked insulin resistance.

On comparing the BMI, WC, body fat composition,
and HBAIc levels in age-matched males and females,
WC, total body fat, and subcutaneous fat are signifi-
cantly higher in females than in males. In contrast, the
muscle mass in males is significantly higher than in
females, even after adjusting for age and sex. The BMI
in a female is slightly higher than in a male, consistent
with a previous study in India [19]. The study suggest-
ed this is likely due to culture and society preventing
women from living healthy [20]. Males have a higher
skeletal muscle mass because they are more physical-
ly active than females [21]. The visceral fat is slightly
higher in males compared to females. This is con-
sistent with previous studies, suggesting a more pro-
nounced increase in visceral deposition in men than in
women [22, 23].

The HbAlclevelishigher in males than females but
did not differ significantly. However, HbAlc correlated
positively with visceral fat. However, the correlation
was statistically insignificant, which may be due to the
small sample size. Previous study data suggest a clear
association between visceral fat and glycemic control,
which causes insulin resistance and poor glycemic con-
trol in patients with T2DM [24-26]. This is because ex-
cess visceral fat reduces the glucose uptake sensitivity
initiated by insulin and reduces the re-esterification
rate of free fatty acids (FFA) [22]. In our study, the cor-
relation between visceral fat and HbAlc is not statisti-
cally significant, which we relate to the small sample
size and inclusion of subjects following the diet and ex-
ercise regime. In our study, females have a significantly
higher subcutaneous fat than males, negatively corre-
lated with the HbAlc. This aligns with several earlier
studies, which reported that subcutaneous fat intrin-
sically differs from visceral fat and exerts protective
effects [20, 25].

This study’s limitations are its small sample size
(n=155). Further studies with a larger population are
needed to precisely evaluate fat composition with gly-
cated hemoglobin (HbAlc) in T2DM. Besides compar-
ing the anthropometric data with healthy controls,
we have used the literature-reported normal values to
compare the mean within the gender.

Bioelectrical impedance analysis (BIA) using Omron
Karada Scan has its limitations. Evidence has shown

© 2024 The Authors
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that a relatively increased amount of total body water
and extracellular fluid will underestimate body fat per-
centage and overestimate fat-free mass [26-28].

Conclusion

There was slightly poor glycemic control in males
compared to age-matched females, which showed a
slight correlation to visceral fat in males. Hence, meas-
uring the body fat composition in individuals with
poor glycemic control and currently used clinical and
laboratory parameters may be beneficial to monitor
T2DM. This practice will help plan targeted inter-
ventions such as reducing visceral fat and enhancing
muscle mass for better glycemic control to prevent
T2DM-related complications in the early stage.
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