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mechanisms by which this risk is heightened are not well understood.
Keywords:

One known metabolic risk factor, obesity, may mediate this
Tobacco Use, Obesity,

relationship by acting as a modifiable pathway that connects the onset
Diabetes, Mediation

of diabetes and smoking behavior. Data from 36 Indian states were
Analysis

utilized in this population-based cross-sectional study. Obesity was

identified as the mediator, diabetes as the dependent variable, and
tobacco use as the independent variable. Model 4 of the PROCESS
macro in SPSS version 4.2 was employed to conduct mediation
analysis. The analysis assessed both direct and indirect relationships
between smoking and diabetes. Obesity partially mediates the
relationship between smoking and diabetes. Public health strategies
aimed at obesity prevention among smokers could potentially reduce

diabetes risk within the Indian population.
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Introduction

India is experiencing a significant rise in diabetes cases, with an estimated 77 million individuals affected
as of 2019—a number projected to exceed 134 million by 20451 This surge is attributed to multiple
modifiable risk factors, including poor diet, physical inactivity, tobacco use, and obesity!?l. Tobacco
consumption remains a major public health concern in India, especially among adult males, with high
rates of both smoking and smokeless tobacco use 2! While the detrimental effects of tobacco use on
cardiovascular and respiratory diseases are well documented®!, emerging studies have also suggested an

association between tobacco use and increased diabetes risk![®.

Obesity is a well-established metabolic risk factor for diabetes, significantly increasing the likelihood of
insulin resistance and glucose intolerance!®. Interestingly, tobacco use has been linked to lower body

weight, possibly due to nicotine's appetite-suppressing and metabolism-boosting effects!Z.

Given these complex interactions, this study aims to examine whether obesity mediates the relationship
between tobacco use and diabetes among Indian adults. Understanding this mediation pathway could help
inform public health interventions that simultaneously target tobacco cessation and obesity prevention to

curb the growing diabetes burden in India.
Literature Review

Diabetes, a rapidly growing non-communicable disease in India, has emerged as a pressing public health
challenge due to its multifactorial causes. Numerous studies have demonstrated that both lifestyle
behaviors and metabolic conditions significantly influence the risk of developing type 2 diabetes. Among

these, tobacco use, and obesity are major and modifiable contributors.
Tobacco use and diabetes

Tobacco consumption—through both smoking and smokeless forms—has been widely recognized for its
harmful effects on health, particularly concerning cardiovascular and pulmonary diseases 8. However, its
connection to metabolic disorders such as diabetes has garnered increasing attention in recent years.
According to the American Heart Association (2024), exposure to tobacco, even prenatally, can

significantly heighten the risk of developing type 2 diabetes later in life (2. Smoking contributes to insulin
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resistance, chronic inflammation, and impaired glucose metabolism, all of which are mechanisms

associated with diabetes development 19,

Furthermore, the relationship between tobacco use and body weight adds complexity to this association.
Several studies suggest that nicotine has appetite-suppressing and metabolism-enhancing effects, often
resulting in lower body weight among smokers 11, For instance, Winslow (2015) confirmed a significant
negative association between high tobacco consumption and body weight through a Mendelian
randomization study . However, despite potential reductions in body weight, smoking is also linked to
negative metabolic changes that increase diabetes risk, such as abdominal fat accumulation and insulin

resistance 1,
Obesity and diabetes

Obesity is a well-documented risk factor for type 2 diabetes. Excess adiposity, especially central obesity,
leads to metabolic dysfunction including insulin resistance, impaired glucose tolerance, and systemic
inflammation 12, A 2023 StatPearls publication outlines that the presence of obesity significantly
increases the likelihood of developing diabetes, reinforcing the critical need for obesity management in

diabetes prevention efforts 121,

Mediation framework linking tobacco, obesity, and diabetes

While both tobacco use and obesity have independently been associated with diabetes, the mediation role
of obesity in the tobacco-diabetes pathway has not been extensively studied, particularly in the Indian
context. Given nicotine’s paradoxical role in reducing body weight but promoting insulin resistance, it is
plausible that obesity may serve as a mediating factor that influences whether or how tobacco use

ultimately affects diabetes risk.

Previous research has also emphasized the need to explore indirect pathways to uncover the underlying
mechanisms in health behavior relationships. Chiolero et al. (2023) suggest that looking at only the direct
relationship between smoking and diabetes may obscure the pathways through which smoking exerts its

health impact, such as body weight and fat distribution 19,

While the individual relationships between smoking, obesity, and diabetes are established, a mediation

model that positions obesity as a pathway between tobacco use and diabetes provides a nuanced
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understanding. This study aims to contribute to the growing body of research by empirically testing this

relationship in the Indian population using secondary cross-sectional data.
Conceptual framework

This study investigates the potential mediating role of obesity in the relationship between tobacco use and
diabetes diagnosis within a population-based context in India. The conceptual framework, as shown in

Figure 1 below, is structured as follows:

Figure 1: A Conceptual Framework of Tobacco Use and Diabetes Diagnosis

DEPENDENT VARIABLES MEDIATOR INDEPENDENT VARIABLE

OBESITY

— B

Independent Variable (IV): Tobacco Use

Diabetes
diagnosis

Tobacco use serves as the primary exposure variable. It is hypothesized to exert both direct and indirect
effects on the risk of developing diabetes. The direct effect refers to the potential physiological impact of
tobacco on glucose metabolism and insulin resistance. In contrast, the indirect effect operates through its

influence on body weight and fat distribution.
Mediator (M): Obesity

Obesity is posited as the mediating variable in the pathway between tobacco use and diabetes. It is
theorized that tobacco use may influence obesity through behavioral and metabolic mechanisms (e.g.,
appetite regulation, physical activity patterns), and that obesity, in turn, increases the risk of diabetes. This

establishes a casual pathway
Tobacco Use — Obesity — Diabetes Diagnosis

Dependent Variable (DV): Diabetes Diagnosis
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Diagnosis of diabetes represents the primary outcome of interest. The framework allows for the
examination of both direct effects of tobacco use on diabetes and indirect effects that are mediated by

obesity.

This framework facilitates a mediation analysis approach, enabling a nuanced understanding of the extent
to which obesity explains the association between tobacco use and diabetes, and contributes to public

health strategies aimed at addressing interconnected lifestyle risk factors.
Hypotheses
Primary Hypothesis (Total Effect)

Berlin et al. (2024) report that among individuals without diabetes, smoking not only increases the
likelihood of Type 2 diabetes but also increases the likelihood of all-cause mortality among those with
diabetes (13 Similarly, Lee and Coombs’ systematic review concludes that there is a modest increased risk
of type 2 diabetes associated with current smoking, which is greater in heavier smokers and reduced

following quitting 4. We hypothesize that:
Direct Effect Hypotheses
Hi: Tobacco use is significantly associated with an increased risk of diabetes diagnosis.

Further, in 2024, the CDC suggested that those who smoke have a higher risk of belly fat, which also

increases the risk of type 2 diabetes, even if they are not overweight 13,
Haz: Tobacco use has a direct effect on the risk of diabetes diagnosis, independent of obesity.
Indirect Effect (Mediation) Hypotheses

Based on Durlach et al.’s (2002) conclusion that smoking is a risk factor for the development of both pre-

diabetes and diabetes, it is hypothesized 18!
H3: Tobacco use is significantly associated with increased obesity.

Popkin, Adair, and Ng (2012) have demonstrated that one of the key elements for the emergence of
diabetes is the obesity pandemic brought on by changes in people's food and lifestyle. We therefore

hypothesize 17!

Ha: Obesity is significantly associated with an increased risk of diabetes diagnosis
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According to Duan et al. (2025), while smoking may reduce weight through various mechanisms,
alterations in gut microbiota related to smoking are associated with weight gain, as hypothesized

below..l8]

Hs: The relationship between tobacco use and diabetes diagnosis is partially mediated by obesity

Materials and Method

The cross-sectional study was based on secondary data obtained from the Open Government Data (OGD)
Platform India 2!, a website that offers a repository of datasets by Indian government departments. The
subset of data used for the analysis included health-related information such as status of diabetes, tobacco
use behavior, and obesity, which served as a dependent, independent, and mediating variable, respectively.
For preliminary analysis, a total sample of 36 Indian states was obtained. The criteria for inclusion were
participants with complete data for the three relevant variables: Tobacco use as an independent variable,

obesity as a mediator, and diabetes diagnosis as the dependent variable.

Statistical analyses were performed using the PROCESS macro (Model 4) for SPSS Version 4.2, authored
by Andrew F. Hayes. This model enables estimation of both direct and indirect effects of an independent
variable on an outcome through a proposed mediator. Bias-corrected confidence intervals for the indirect
effect were calculated using bootstrapping with 5,000 resamples. A threshold of p <.05 was used to assess

statistical significance.

Alignment with all statistical assumptions was achieved, and the results were interpreted using the

mediation analysis guidelines, which placed particular emphasis on standard procedures.
Results

Model Summary for Obesity (Mediator) (Table 1)
Variable Coefficient SE LLCI

Constant

Tobacco use
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Interpretation: The regression model predicting Obesity from Tobacco Use was statistically significant
(F(1, 34) = 7.34, p = .0105, R? = .178). Tobacco Use had a significant negative effect on Obesity (B = -

0.2775, p = .0105), suggesting that as tobacco use increases, obesity levels tend to decrease.

Model Summary for Diabetes (Outcome) (Table 2)
Variable Coefficient SE LLCI

Constant
Tobacco use

Obesity

Interpretation: The model predicting Diabetes from Tobacco Use and Obesity was significant (F(2, 33) =
5.96, p = .0062, R? = .265). Obesity significantly predicted Diabetes (B = 0.2402, p = .0039), while the
direct effect of Tobacco Use was not significant (B =-0.0034, p = .9468).

Direct Effect of Tobacco Use on Diabetes (Table 3)

Interpretation: The direct effect of Tobacco Use on Diabetes was not statistically significant (B = -0.0034,

p =.9468), indicating no direct relationship when Obesity is accounted for.

Indirect Effect of Tobacco Use on Diabetes via Obesity (Table 4)
Mediator BootLLCI BootULCI

Interpretation: The indirect effect of Tobacco Use on Diabetes through Obesity was statistically significant
(B=-0.0666, BootCI =[-0.1668, -0.0170]). This indicates that Obesity mediates the relationship between
Tobacco Use and Diabetes, such that increased tobacco use reduces obesity, which in turn reduces the

likelihood of diabetes.
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Discussion

This study aimed to investigate the mediating function of obesity for the relation between tobacco use and
diabetes among a sample of Indian adults. The analysis of data revealed a statistically significant indirect
effect: Tobacco use was predictive of lower obesity levels, whereas obesity was predictive of diabetes.
This means that tobacco users would have lower levels of obesity, which in turn are associated with
reduced risk of diabetes. The 95% bootstrap confidence interval of the indirect effect was not zero,
confirming the significance of the mediation pathway. It shows that obesity is an important intermediate

variable in elucidating how tobacco smoking could influence metabolic outcomes such as diabetes.

Interestingly, the direct effect of tobacco on diabetes was not significant. This indicates that controlling
obesity, tobacco smoking in itself does not have a clinically significant rise or fall on diabetes risk in the
population in question. One possible explanation is that tobacco may influence diabetes through

physiological alterations in weight or fat distribution, rather than an immediate metabolic effect (22,

Previous research has shown that smoking potentially causes weight loss due to the fact that it can repress
hunger and accelerate the rate at which the body uses fuel. But at the same time, smoking is not just
harmful in this respect — it can be harmful in other regards as well — and includes problems like insulin
not working properly, ongoing inflammation, and trouble with blood sugar regulation. These impacts will
balance each other out: whereas smoking lowers weight (which tends to reduce the risk of diabetes), it
also creates diseases that will raise the risk of diabetes 1. Therefore, we may not see an apparent or
significant connection between diabetes and smoking when we look at the direct impact only. Hence, it is
essential to look at the whole picture, e.g., how smoking affects body weight, to fully appreciate the extent
to which it is related to diabetes. Overall, this study highlights the importance of examining mediating
variables in health behavior research. Obesity should be a focus target among tobacco quit programs, and
truly among diabetes prevention programs. Future research with larger and more diverse samples is needed

to examine these complex relationships further and determine the generalizability of these findings.
Conclusion

The relationship between tobacco use and diabetes in Indian adults is significantly mediated by obesity,
according to empirical evidence from this study. Although there was no direct correlation between tobacco
use and diabetes, there was an indirect effect due to its impact on obesity. These results emphasize the

significance of taking intermediary variables into account in public health research and the intricate
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interaction between behavioral and metabolic factors in determining diabetes risk. The study's
identification of obesity as a significant modifiable mediator raises the possibility that combined
interventions aimed at reducing obesity and quitting smoking could be more successful in preventing
diabetes than addressing either factor separately. The increasing prevalence of non-communicable
diseases in India necessitates population-level approaches that take these pathways of mediation into

consideration.
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