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Abstract: The prevalence of obesity and diabetes has emerged as a significant public health concern in world, with a strong correlation
between these two conditions. As the world undergoes rapid urbanization and lifestyle changes, the incidence of obesity has markedly
increased, particularly in urban areas. This increase in obesity rates has been accompanied by a concomitant increase in diabetes cases,
predominantly type 2 diabetes. The study aims to analyze the relationship between obesity and type 2 diabetes, mainly concentrate on Body
Mass Index (BM1) and to understand the difference in the severity of obesity between men and women in India. The research methodology
likely involved a combination of descriptive statistics, correlation analysis, linear regression, and ANOVA to elucidate the differences in
obesity prevalence. The findings of the study are expected to provide valuable insights into the obesity-diabetes relationship and gender-
based differences in obesity, which can inform public health initiatives in India.
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1. Introduction

The prevalence of obesity and diabetes has emerged as a
significant public health concern in world with a strong
correlation between these two conditions. As the world
undergoes rapid urbanization and lifestyle changes, the
incidence of obesity has markedly increased, particularly in
urban areas. This increase in obesity rates has been
accompanied by a concomitant increase in diabetes cases,
predominantly type 2 diabetes. Rapid urbanization and
lifestyle changes are common in developing countries like
India, which have led to an increase in obesity. Along with
this, shifts in dietary patterns have also contributed to a
significant increase in obesity rates. Research has
demonstrated that obese individuals exhibit a higher
propensity for developing insulin resistance, a critical factor
in the pathogenesis of type 2 diabetes. The accumulation of
visceral adipose tissue, a characteristic feature of obesity,
contributes to chronic inflammation and metabolic
dysregulation, further exacerbating the risk of diabetes.
Moreover, genetic predisposition and dietary factors specific
to the Indian population may amplify the obesity-diabetes
relationship.

2. Review of Literature

The association between obesity and type 2 diabetes mellitus
(T2DM) is a well-recognized global health concern (Ruze et
al., 2023). Obesity is a major risk factor for T2DM, and the
increasing prevalence of obesity worldwide has contributed
significantly to the rise in T2DM cases (Ruze et al., 2023).
This close relationship has even led to the term "diabesity"
(Leitner et al., 2017). Both obesity and T2DM have reached
pandemic levels, affecting people of all ages and in nearly all
countries (Chandrasekaran & Weiskirchen, 2024; Ruze et al.,
2023). Obesity is considered a significant risk factor for the
development and progression of T2DM (Chandrasekaran &
Weiskirchen, 2024). Obesity contributes to insulin resistance,
pancreatic B cell dysfunction, and impaired fat metabolism,

all of which are key factors in the development of T2DM
(Feng, 2014; Pan et al., 2023; Sa, 2014).

The burden of diabetes in India is high and increasing, largely
fueled by the rising prevalence of overweight/obesity and
unhealthy lifestyles (Pradeepa & Mohan, 2021). the
prevalence of overweight/obesity and hypertension was
higher in the Southern region of India, while diabetes was
more prevalent in both Southern and Western regions
(Meshram et al., 2016). Contradictory to expectations, the risk
of obesity and related diseases is increasing not only among
higher socio-economic groups but also in lower income
groups where undernutrition remains a concern (Mohan et al.,
2016). In 2019, an estimated 77 million individuals had
diabetes in India, expected to rise to over 134 million by 2045
(Pradeepa & Mohan, 2021).

2.1 Research Gap

In recent years, obesity and diabetes have emerged as
significant public health concerns in India. Obesity is
recognized as a risk factor for diabetes and numerous studies
have demonstrated that obesity contributes to the rising
incidence of diabetes. However, there is a paucity of research
examining the association between type 2 diabetes and
obesity within the Indian context. Therefore, this study
endeavors to investigate the correlation between obesity and
type 2 diabetes and to analyze the causal relationship between
these two conditions. Additionally, this study aims to identify
the differences in obesity prevalence between men and
women in India through BMI measurement.

2.2 Methods and Source

This study analyzed the association between obesity and type
2 diabetes mellitus using WHO data on BMI < 18.5
(underweight), BMI > 25 (overweight), and BMI > 30 (obese)
and diabetes mellitus cases among adults aged 18+ years. To
achieve the research objectives, this study likely employed a
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combination of descriptive statistics, correlation analysis,
linear regression, Independent sample t test, and graphical
visualization to elucidate the differences in obesity
prevalence between males and females in India.

2.3 Objectives

1) To analyze the relationship between obesity and type 2
diabetes.

2) To understand the difference in the severity of obesity
between women and men.

2.4 Hypotheses

1) Obesity prevalence and type 2 diabetes are strongly
correlated.

2) There is no difference between men and women in the
prevalence of obesity

2.5 Overweight and Obesity

Overweight and obesity are defined by an abnormal or
excessive accumulation of fat that poses a health risk. A Body
Mass Index (BMI) over 25 is classified as overweight, while
a BMI exceeding 30 is considered obese. In 2019, it was
estimated that 5 million deaths from non-communicable
diseases (NCDs) were linked to a BMI above optimal levels.
The prevalence of overweight and obesity continues to rise
among both adults and children. From 1990 to 2022, the
global percentage of children and adolescents aged 5-19
years with obesity increased fourfold, from 2% to 8%, while
the percentage of adults aged 18 years and older with obesity
more than doubled, from 7% to 16%. Obesity is one aspect of
the double burden of malnutrition, and currently, more
individuals are obese than underweight in all regions except
the South-East Asia Region. Although once seen as an issue
confined to high-income countries, some middle-income
countries now exhibit among the highest prevalence rates of
overweight and obesity worldwide (WHO).

3. Body Mass Index (BMI)

Body Mass Index (BMI) is a simple index of weight-for-
height that is commonly used 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/m?). For example, an adult who weighs 70kg and whose
height is 1.75m will have a BMI of 22.9. Body Mass Index is
a calculation that uses your height and weight to estimate
body fat and categorize weight status (Markowitz, 2018). It's
a common tool for screening weight categories that may lead
to health problems (Markowitz, 2018).

3.1 How to calculate BMI

BMI is calculated using the following formula:
$$BMI = \frac {weight (kg)} {height (m)"2}$$
BMI =70kg/(1.75 m)*>=70/3,0625 = 22.9

3.2 BMI Categories

Table 1: The International Classification of adult
underweight, overweight and obesity according to BMI

Classification BMI (kg/m)
Principal cut- | Additional cut-off
off points points
Underweight <18.50 <18.50
Severe thinness <16.00 <16.00
Moderate thinness | 16.00 - 16.99 16.00 - 16.99
Mild thinness 17.00 - 18.49 17.00 - 18.49
Normal 18.50 18.50 - 22.99
Range 24.99 23.00 - 24.99
Overweight 25.00 >25.00
Pre-obese 25.00 - 27.49
25.00 - 29.99 27.50 - 29.99
Obese 30.00 >30.00
Obese class 1 34-99 30.00 - 32.49
30.00 32.50 - 34.99
Obese class 11 35.00 39.99 35.00 - 37.49
37.50 - 39.99
Obese class I11 >40.00 >40.00

Source: Adapted from WHO, 1995, WHO, 2000 and WHO

2004

BMI values are age-independent and the same for both sexes.
However, BMI may not correspond to the same degree of
fatness in different populations due, in part, to different body
proportions. The health risks associated with increasing BMI
are continuous and the interpretation of BMI grading in
relation to risk may differ for different populations.

Table 2: WHO data on Obese 30 or higher in India

Underweight below 18.5 BMI Overweight Obese > 30 BMI
Year | Male | Female | Both | Male | Female | Both | Male | Female | Both
2010 | 23.9 25.2 245 | 15.8 20.7 182 | 2.5 4.9 3.7
2011 | 229 24.2 23.6 | 16.6 21.5 19 2.6 5.2 3.9
2012 | 22.0 23.3 226 | 17.5 224 199 | 2.8 5.5 4.1
2013 | 21.0 22.3 21.6 | 183 23.2 20.7 3.0 5.8 4.4
2014 | 20.0 214 20.7 | 19.2 24.1 21.6 3.2 6.1 4.6
2015 | 19.1 20.5 19.8 | 20.2 25.0 22.6 34 6.5 4.9
2016 | 18.2 19.6 189 | 21.2 26.0 23.5 3.6 6.9 5.2
2017 | 17.3 18.7 18.0 | 22.2 26.9 24.5 3.8 7.3 5.5
2018 | 16.5 17.8 17.1 | 23.2 27.8 25.5 4.1 7.7 5.8
2019 | 15.6 17.0 163 | 24.2 28.8 26.5 4.4 8.1 6.2
2020 | 14.8 16.2 154 | 253 29.7 27.5 4.6 8.5 6.5
2021 | 14.0 15.4 146 | 264 30.6 28.5 4.9 8.9 6.9

Obesity has been on the rise in India in recent times. World Health Organization survey data (Table 2) makes this clear, and it
can be seen that this obesity problem is more prevalent among women than men.
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Figure 1: Obese in BMI > 30

4. Type 2 Diabetes Mellitus (T2DM)

Type 2 diabetes is a long-term metabolic condition marked by
high blood sugar levels, which occurs due to either the body's
resistance to insulin or inadequate insulin production.
Although it usually appears in adults, it is being increasingly
identified in younger people. Factors that increase risk
include being overweight, leading a sedentary lifestyle,
having a family history of the disease, and belonging to
certain ethnic groups. If not properly managed, type 2
diabetes can result in complications such as heart disease,
kidney damage, and nerve issues. Management typically
involves lifestyle changes such as adopting a healthier diet
and increasing physical activity, along with medication or
insulin therapy when needed. Consistent monitoring of blood
sugar levels and continuous medical care are crucial for
effectively controlling the condition and avoiding long-term
health issues.

Diabetes is another health concern in India. India ranks
second among the major countries with the highest prevalence
of diabetes in the world, and the rise in type 2 diabetes is

having a negative impact on India's economy and productivity.

This has also led to an increase in the cost of living for the
country's people, which has led to the need to identify the risk

factors for diabetes. The prevalence of T2DM (type 2 diabetes
mellitus) in India, as per the World Health Organization,
Table 3: Diabetes Mellitus 2 (T2DM)

Diabetes Mellitus 2 (%)
Year Male Female Both
2010 16.76 16.63 16.72
2011 16.98 16.87 16.95
2012 17.20 17.13 17.19
2013 17.44 17.44 17.46
2014 17.71 17.83 17.79
2015 18.04 18.33 18.20
2016 18.43 18.94 18.70
2017 18.86 19.61 19.25
2018 19.32 20.35 19.85
2019 19.81 21.14 20.48
2020 20.32 21.98 21.15
2021 20.85 22.85 21.85

Table 3 illustrates the temporal trends in the prevalence of
type 2 diabetes mellitus in India. The data indicate a rapid
increase in the incidence of type 2 diabetes mellitus within the
country. Notably, the prevalence among women has recently
surpassed that of men. The subsequent figures further
demonstrate that the incidence of type 2 diabetes mellitus is
rising more significantly among women compared to men.
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Figure 2: Diabetes Mellitus 2 (T2DM)
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5. Results
5.1 Hypotheses Testing 1

Obesity prevalence and type 2 diabetes are strongly correlated.

Ho: There is no association between obesity and diabetes 2

To test the association between obesity and diabetes mellitus
2 in India correlation analysis is used. The results are
presented in Table :2

Correlations
BMI > 30 (obese) | T2DM | BMI < 18.5 (underweight) | BMI > 25 (overweight)
BMI > 30 Pear§on Coqelation 1 995" -.993* .998™"
(obese) Sig. (2-tailed) .000 .000 .000
N 12 12 12 12
Pearson Correlation .995™ 1 -979" .989™
T2DM Sig. (2-tailed) .000 .000 .000
N 12 12 12 12
Pearson Correlation -.993"" -979" 1 -.998"
( g:f‘:rfv éiggﬁt) Sig. (2-tailed) 2000 2000 2000
N 12 12 12 12
Pearson Correlation .998"" 989" -.998™ 1
(Oliz’lrfééfn) Sig. (2-tailed) 1000 1000 1000
N 12 12 12 12
**, Correlation is significant at the 0.01 level (2-tailed).

In the above table, the correlation between obesity and
diabetes is analyzed using Pearson's correlation coefficient. In
this, the coefficients between obesity and overweight and
diabetes are 0.995 and 0.998 respectively, indicating a direct
relationship between them. Further, the correlation
coefficient between underweight and diabetes is -0.99,
indicating a negative relationship. Thus, the correlation is
statistically significant at 0.01 (2-tailed) percent level. Thus
the hypothesis-1 There is no association between obesity and
diabetes is rejected. Hence, there is a strong association
between obesity and diabetes 2.

5.2 Hypotheses 2

There is no difference between men and women in the
prevalence of obesity

To show the difference between men and women in the
prevalence of obesity Independent sample test used. The
results are presented in Table :3

Independent Samples Test
Levene's Test for .
Equality of Variances t-test for Equality of Means
. 95% Confidence Interval
F Sig. T df Slg' .Mean SFd' Error of the Difference
(2-tailed) | Difference | Difference
Lower Upper
Equal variances assumed 4.363 .049 -7.158 | 22 .000 -3.20833 44822 | -4.13789 | -2.27878
Obesity | Equal variances not -7.158 [18.014| 000 | -3.20833 | .44822 | -4.14996 | -2.26671
assumed

In the table above, an independent samples t-test was
employed to examine the difference in obesity prevalence
between men and women. The results of the t-test indicate t
(22) = -7.158, p = 0.000, with a significance level of 0.05.
Levene's test for equality of variances was not significant (p
> 0.05). Consequently, we can conclude that there is a
statistically significant difference in the prevalence of obesity
between men and women. Therefore, the null hypothesis
(Hypothesis 2), which posits no difference in obesity
prevalence between men and women, is rejected. This
confirms a statistically significant difference in obesity
prevalence between the genders.
6. Findings
1) This study proves the strong correlation between diabetes
and obesity, especially the fact that obesity is a
contributing factor to the increase in type 2 diabetes.
2) The problem of obesity has been on the rise in recent
years, and type 2 diabetes has also been on the rise.

3) This study shows that obesity is more common in women
than in men, and that type 2 diabetes is also more
common in women, which seems to prove that obesity is
directly responsible for the increase in diabetes.

7. Suggestions

Based on the study, here are some key suggestions

1) Given the strong correlation between obesity and
diabetes, efforts should be made to promote healthy
lifestyles, including proper diet and regular exercise, to
address the rising prevalence of both conditions.

2) Further research is needed to better understand the
differences in obesity prevalence between men and
women in the Indian context, in order to develop targeted
interventions.
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8. Conclusion

The study established a robust association between obesity
and type 2 diabetes mellitus (T2DM) in India. The correlation
analysis indicated a direct and statistically significant
relationship between obesity, characterized by a body mass
index (BMI) exceeding 30, and T2DM. Furthermore, the

analysis uncovered a significant disparity

in obesity

prevalence between men and women in India, with a higher
incidence observed among women. Targeted interventions
that address both obesity and gender-based disparities can
contribute to alleviating the escalating burden of these
interrelated conditions. Further research is warranted to attain
a more comprehensive understanding of the intricate
relationship between obesity, diabetes, and other contributing
factors.
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