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Abstract
Obesity is believed to be the major contributing factor for type 2 

diabetes. Obese subjects have 2-3 fold higher risk of developing type 2 
diabetes. Obesity in type 2 diabetes increases the risk of hypertension, 
dyslipidemia and cardiovascular diseases. The current study was 
aimed to classify type 2 diabetic patients phenotypically based on the 
obesity indices and to study the prevalence of each phenotype.

Methodology: This study included 336 type 2 diabetic patients 
who attended Kasturba Medical College Hospital, Mangalore. Their 
waist circumference and body mass index were measured. Based on 
these measurements they were classified into four phenotypes as 
follows:

Generalized obesity: high values of waist circumference and 
body mass index.

Truncal obesity: high values of waist circumference and normal 
body mass index.

Non-obesity: Normal values of waist circumference and body 
mass index.

The details of glycaemic index, anti-diabetic drug usage, and 
diabetic complications exhibited were collected from case records. 

Results: 71% (n=238) of type 2 diabetic patients had generalized 
obesity, 16% (n=54) of type 2 diabetic patients had truncal obesity, 
and 13% (n=44) of type 2 diabetic patients were non-obese/lean. 
There was no significant difference in the HbA1c level between obese 
and non-obese diabetics.

Conclusion: Among the three phenotypes of type 2 diabetes, 
generalized obesity appears to be the highly prevalent phenotype. 
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Introduction
Diabetes has become a universal health issue that affects 425 

million people around the globe [www.idf.org]. The main reason 
for increased  incidence of type 2 diabetes mellitus (T2D) in 
developed as well as developing countries is the obesity epidemic. 
Obesity is thought to be the primary cause of T2D in people with 
genetic predisposition [1]. There is a parallel increase in the rates 
of T2D and obesity over the last 50 years. 

Body mass index (BMI) and waist circumference (WC) are 
the two criteria that have been employed to classify obesity. BMI 
estimates total body fatness, while WC estimates visceral fat and 
risk of obesity-related disorders [2]. 

T2D subjects exhibit following phenotypes based on BMI and 
WC:

T2D subjects with generalized obesity

In generalized obesity fat is stored all over the body. Here 
subjects have fat body and fat limbs. They have higher values 
of WC and BMI. The causes are genetics, sedentary lifestyle and 
environmental causes [3].

T2D subjects with truncal obesity

In truncal obesity fat is primarily stored around the trunk of 
the body. Here subjects have fat body with thin limbs (centripetal 
obesity). It is also termed as abdominal obesity. Truncal obesity 
is said to be responsible for serious health conditions than 
generalized obesity. They have high WC but normal BMI. The 
causes are cushing’s syndrome, hypothyroidism, metabolic 
syndrome and polycystic ovary syndrome [3].

Non-obese T2D subjects

The non-obese phenotype is characterized by disproportionally 
reduced insulin secretion and less insulin resistance, as compared 
with obese phenotypes. However, non-obese subjects have an 
increased risk of cardiovascular disease similar to obese subjects. 
They have normal WC and BMI. Causes are genetics, sedentary 
lifestyle, autoimmunity, stress, inflammation and fatty liver [4].

At present, there are no standard phenotypical classifications 
or definitions available for type 2 diabetes. A recent study of 
Richesson et al., compared the characteristics of T2D cohorts using 
heterogenous phenotype definitions but each of them identified 
different population of Duke University [5]. Considering the rapid 
increase in obesity in South Asia and the contribution of obesity 
to the development of type 2 diabetes, the present study classified 
the T2D patients to the three phenotypes based on obesity and 
assessed the prevalence of generalized and abdominal obesity 
among T2D patients attending Kasturba Medical College hospital, 
Mangalore.
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Methods
Study Design

This is a cross sectional study to find the prevalence of obesity 
in type 2 diabetic patients.

Study Setting

The study was conducted in the Department of Medicine, 
Kasturba Medical College hospital, Manipal University, Mangalore, 
Karnataka, India, after the study was approved by the Manipal 
University Ethics Committee.

Participants

It was a hospital‑ based cross-sectional study. 336 T2D 
patients aged 18-70 years were included after their written 
informed consent. The T2D was confirmed following the criteria 
of the American Diabetes Association: fasting blood sugar (FBS) 
>126 mg/dl, postprandial (PPBS) and random blood sugar (RBS) 
>200 mg/dl, glycated hemoglobin (HbA1c) level >6.5%. The cases 
with type 1 diabetes, malignancy, acute infections, inflammation, 
endocrine disorders like hypothyroidism, patients on insulin 
therapy, and chemotherapeutic agents, patients with confirmed 
neoplastic changes, old, sick and pregnant patients were excluded.

Clinical assessment

Clinical evaluation included measurement of height, weight 
and waist circumference. Their height (ht) and weight (wt) 
measurements were used to calculate BMI using the equation 
wt/(ht)2 [6]. The height was measured barefoot with head in 
horizontal plane to the nearest 0.1 cm using a graduated tape 
attached to the wall. The weight was measured in light clothes 
using a calibrated electronic weighing machine. WC was measured 
while standing at the level of umbilicus with a measuring tape [7]. 
The details of mean blood HbA1c level, antidiabetic drugs used 
were collected from their case records.  Diabetic complications 
such as retinopathy, neuropathy and ischemic heart disease were 
examined.

Statistical Analyses

The values of clinical parameters are represented as a mean 
± standard deviation. Frequencies are represented as percentage 
(%). One way ANNOVA was used for the comparison of means. P 
value less than 0.05 was considered statistically significant.

Results
 The prevalence of generalized obesity (71%) was higher than 

the truncal obesity (16%) and non-obesity (13%) in T2D patients 
(Figure 1).

336 T2D patients were included in the current study with an 
average age of 58 years. The 71% (n=238) of T2D subjects had 
generalized obesity with high values of WC (>80 cms for females 
and >90 cms for males) and high values of BMI (>23 Kg/mt2). 
16% (n=54) of T2D subjects had truncal obesity with high values 
of waist circumference (>80 cms for females and >90 cms for 
males), but normal values of BMI (18-23 Kg/mt2). 13% (n=44) 
of the T2D subjects were non-obese who had neither generalized 

Figure 1: Prevalence of obesity in T2D patients

nor truncal obesity with normal values of WC (<80 cms for 
females and <90 cms for males), and normal values of BMI (18-
23 Kg/mt2) (Table 1).

Table 1:  Mean values of BMI and WC in obese and non-obese T2D 
subjects

T2D
Generalised 

obesity (n=238)
Truncal obesity 

(n=54)
Non-obesity 

(n=44)

BMI (Kg/
mt2)

27.9±2.78 21.38±1.44 20.93±1.43

WC (cms) ±10.77 88.12±4.55 81.31±6.04

BMI, Body mass index; WC, Waist circumference; T2D, Type 2 diabetes

The mean values of glycaemic index (HbA1c) in obese and 
non-obese T2D patients are represented in figure 2. The mean 
HbA1c levels in T2D patients with generalized obesity, truncal 
obesity and non-obesity were 9.79±3.8, 9.65±3.44 and 8.4±1.67 
respectively. Though, non-obese diabetics showed decreased 
trend in the mean HbA1c values compared to obese T2D patients, 
the decrease is not statistically significant (p>0.123)

Figure 2: Mean HbA1c values

Table 2 shows the number of obese and non-obese diabetics 
on anti-diabetic drugs. The use of sulfonylurea and pioglitazone 
were higher in obese diabetics when compared to non-obese 
diabetic patients. The use of metformin and insulin were higher 
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Table 2: Anti-diabetic drugs usage

Anti-diabetic 
drugs

Generalised 
Obesity % (n)

Truncal 
Obesity % (n)

Non-obesity 
% (n)

Metformin 41 (64) 38 (60) 52 (34)

Insulin 10 (16) 9 (14) 15 (10)

Sulfonylureas 36 (56) 41 (64) 27 (18)

Pioglitazone 13 (20) 12 (18) 6 (4)

in non-obese diabetics when compared to obese diabetic patients.

Table 3 shows that the larger number of obese T2D subjects 

Table 3: Diabetes complications

Complications Generalized 
Obesity %

Truncal 
Obesity %

Non-
obesity %

Retinopathy 18 34 14

Neuropathy 14 17 28

Ischemic heart disease 28 28 9

showed retinopathy and heart disease. While, higher number of 
non-obese T2D subjects showed neuropathy.

Discussion
Obesity may put a person’s health at risk. This study 

demonstrates the high obesity rates among T2D patients in 
South India. In our study, the prevalence of generalized obesity 
and abdominal obesity were 71% and 16% respectively in T2D 
patients. Previously, Mugharbel et al. showed the prevalence of 
obesity to be 78% in T2D subjects of Al Khobar [8]. An Indian study 
of Pradeepa et al. showed the prevalence of abdominal obesity 
to be 26% in Tamilians [3]. The rapid changes in socioeconomic 
life in the South Canara region including Mangalore with an 
increased energy intake and lower energy expenditure has led to 
obesity [9]. 

In India, there are no standard phenotypical classifications 
or definitions available for type 2 diabetes. Richesson et al., 
studied the phenotype definitions of American population 
with type 2 diabetes and showed significant differences across 
phenotypical definitions that vastly affect their implementation 
in medical diagnosis and patient care [5]. Indian T2D subjects 
exhibit both obese and non-obese phenotype. Our study focussed 
to classify the T2D patients based on the obesity with the belief 
that the appropriate phenotype classification enables selection 
of treatment option, health improvement, comparative analyses, 
and research.

Bae et al. reported the positive association of HbA1c with 
obesity in diabetic Americans [10]. Though, both obese and non-
obese diabetics showed poor glycaemic control in our study, the 
obese T2D subjects showed higher trend in HbA1c value which 
may be due to the higher BMI and poor adherence among obese 
subjects.

The higher prevalence of heart disease in obese diabetic 
subjects of our study is in concordance with the previous study 
that reported higher incidence of coronary heart disease in obese 

diabetics [11]. However, our study showed higher prevalence 
of neuropathy in non-obese diabetics when compared to obese 
diabetics which may be due to the higher use of insulin suggesting 
sudden beta cell failure [12]. A study of Sutjahjo et al. reported 
the higher incidence of neuropathy among non-obese diabetic 
males [13]. Moreover, genetic factors may also determine the 
onset of diabetic complications in obese and non-obese subjects 
which needs to be elucidated [14, 15].

Our study utilised data of diabetics attending tertiary care 
hospital of Mangalore. It may not reflect the result of whole 
population. Future studies with larger sample size must include 
subjects from many states of India for accurate results. 

Though the prevalence of non-obesity is lower than obesity 
among T2D patients, the severity of complications are alike in 
both forms and it is incorrect to believe the myth that “only fat 
people get diabetes” [16]. Non-obese patients must understand 
this to address the necessary prevention of the T2D risk.

Conclusions
Our study showed that the prevalence of generalized obesity 

was higher in type 2 diabetic South Indian subjects. Importantly, 
it appears that the T2D patients have a higher risk of developing 
diabetic complications irrespective of presence or absence of 
obesity. 
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