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Background: The parallel rise of obesity and Type 2 Diabetes Mellitus (T2DM)
has emerged as a major public health challenge in developing nations, driven
by behavioral and lifestyle transitions associated with urbanization and
socioeconomic change. Understanding how modifiable behaviors influence
metabolic outcomes is essential for designing context-specific interventions.
Objective: To identify the lifestyle and behavioral determinants—dietary
habits, physical activity, and medication adherence—associated with obesity-
linked T2DM among adults aged over 40 years in Sialkot, Pakistan. Methods:
A cross-sectional population-based study was conducted among 200 adults
(=40 years) from both urban and rural sectors. Data were collected using a
structured questionnaire assessing diet, physical activity, and medication
adherence. Anthropometric measurements and HbAlc levels were obtained
following standard procedures. Statistical analysis using Chi-square tests and
multivariable logistic regression determined associations between behavioral
factors and diabetes, adjusting for sociodemographic variables. Results:
Unbhealthy dietary intake (aOR 2.46, 95% CI 1.42-4.26), low physical activity
(aOR 2.18, 95% CI 1.25-3.82), and poor medication adherence (aOR 3.05, 95%
CI 1.61-5.78) were significantly associated with diabetes (p<0.05). Combined
lifestyle risk increased diabetes prevalence from 15% to 82%. Conclusion:
Behavioral determinants—particularly diet, activity, and adherence—play a
decisive role in the development of obesity-related diabetes. Integrating
lifestyle interventions into community and primary care programs is essential
to curb the growing metabolic burden in Pakistan. Keywords: Obesity, Type 2
Diabetes, Lifestyle, Physical Activity, Medication Adherence, Public Health,
Pakistan.
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among lower- and middle-income populations due to
dietary westernization, urban crowding, and limited
opportunities for physical activity (3). In Pakistan,

The concurrent rise of obesity and Type 2 Diabetes
Mellitus (T2DM) has evolved into a global health
crisis, with a particularly steep trajectory in
developing countries undergoing rapid urban and
lifestyle transitions (1). South Asia now bears one of
the world’s heaviest burdens of metabolic disease,
attributed largely to modifiable behavioral and
environmental  factors rather than genetic
predisposition alone (2). Obesity—once a problem of
affluence—has become increasingly prevalent
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this epidemiological shift is pronounced, with
national surveys estimating that nearly one in three
adults is either overweight or obese, while diabetes
affects approximately one-fifth of the adult
population (4).

Behavioral determinants play a pivotal role in
shaping this dual epidemic. Poor dietary habits, such
as excessive consumption of refined carbohydrates,
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sweetened beverages, and trans-fat-rich foods, have
supplanted traditional diets, leading to chronic
positive energy balance and adiposity (5).
Simultaneously, technological automation and
sedentary occupations have dramatically reduced
energy expenditure, compounding the metabolic risk
(6). Psychosocial and behavioral elements—
including stress, lack of health literacy, and
medication non-adherence—further perpetuate the
cycle of obesity and poor glycemic control (7). In
many low- and middle-income settings, individuals
with T2DM face barriers to self-management, such as
limited access to structured education, cost
constraints, and social norms discouraging physical
activity, especially among women (8).

The interplay between lifestyle behaviors and
diabetes extends beyond individual choices,
encompassing environmental, socioeconomic, and
cultural influences. The conceptual framework of
obesity-linked diabetes emphasizes the dynamic
relationship between behavior, biology, and context—
where sedentary lifestyles, high-calorie diets, and
poor treatment adherence reinforce insulin
resistance and hyperglycemia over time (9). Urban
centers like Sialkot, a rapidly industrializing district
in Punjab, provide an illustrative case where
traditional diets and activity patterns have been
displaced by mechanized labor, energy-dense foods,
and reduced daily movement (10). Yet, there remains
limited empirical evidence identifying the behavioral
correlates of obesity and diabetes within this
population.

Previous research in high-income countries has
consistently demonstrated that regular physical
activity, balanced nutrition, and medication
adherence markedly improve glycemic outcomes
(11). However, South Asian populations differ in
metabolic sensitivity and cultural practices that
influence lifestyle behaviors (12). Studies from India
and Bangladesh suggest that diabetes risk in these
groups manifests at lower BMI levels and is more
closely tied to central adiposity, sedentary behavior,
and carbohydraterich diets (13). Despite these
insights, the Pakistani context remains understudied,
particularly in secondary urban regions where
healthcare accessibility and awareness are
suboptimal.

This study was therefore designed to explore the
socio-behavioral determinants of obesity and T2DM
among adults aged over 40 years in Sialkot. By
identifying specific patterns of diet, physical activity,
and self-management behaviors associated with poor
glycemic control, the study seeks to inform public
health strategies and behavioral interventions
tailored to local needs. The findings aim to bridge the
knowledge gap between clinical management and
preventive behavioral science in diabetes care (14).
Objective: To identify lifestyle and behavioral
determinants—including dietary intake, physical
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activity, and medication adherence—associated with
obesity and Type 2 diabetes among adults aged above
40 years in Sialkot, Pakistan.

MATERIALS AND METHODS

This population-based, descriptive cross-sectional
study was conducted to examine the lifestyle and
behavioral determinants of obesity and Type 2
Diabetes Mellitus (T2DM) among adults aged 40
years and above in Sialkot, Pakistan. The study aimed
to assess how modifiable behaviors—including
dietary patterns, physical activity, and medication
adherence—influence the coexistence of obesity and
diabetes in a middle-aged population. The
investigation was carried out between January and
May 2024 in both urban and rural sectors of the
district, allowing for representation of diverse
socioeconomic and environmental contexts (15).

A total of 200 adults were enrolled using
proportionate sampling from outpatient
departments of primary healthcare centers and
community clusters within Sialkot. Inclusion criteria
comprised adults aged =40 years who were
permanent residents of the district and consented to
participate. Individuals with type 1 diabetes, chronic
organ failure, pregnancy, or cognitive impairment
precluding informed response were excluded.
Participants were informed about the study objectives
and procedures in their native language, and written
consent was obtained prior to data collection (16).

Data were collected through a pretested structured
questionnaire developed according to internationally
validated instruments, adapted for local cultural
relevance. The questionnaire comprised four
domains: sociodemographic characteristics (age,
gender, residence, education, income); dietary
behaviors (frequency of fried food, sugary beverages,
fruit, and vegetable intake); physical activity patterns
(frequency, duration, and intensity of exercise based
on the International Physical Activity
Questionnaire—short form); and self‘management
practices (blood glucose monitoring frequency,
medication adherence, and healthcare follow-up).
Dietary intake was categorized as healthy, mixed, or
unhealthy based on selfreported consumption
frequency of high-fat and high-carbohydrate foods,
while physical activity levels were classified as low,
moderate, or adequate. Medication adherence was
assessed through three key indicators: regularity of
prescribed doses, missed doses per week, and self-
reported compliance. Each behavioral domain was
coded into ordinal variables for statistical analysis
17).

Body mass index (BMI) was measured to classify
obesity according to South Asian-specific cutoffs,
with overweight defined as 23.0-24.9 kg/m?® and
obesity as =25.0 kg/m®. Fasting blood samples were
drawn for HbAlc estimation using high-performance
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liquid chromatography, with values >6.5% indicating
diabetes and 5.7-6.4% considered prediabetic.
Trained healthcare professionals conducted all
anthropometric and laboratory procedures to ensure
standardization. Data integrity was reinforced
through random verification of 10% of the completed
questionnaires and duplicate entry cross-checking to
minimize transcription errors (18). Bias was
addressed by maintaining interviewer blinding to
participants’ diabetic status during behavioral data
collection and standardizing  measurement
instruments.  Potential  confounding  factors,
including age, sex, and socioeconomic status, were
controlled in the analytical phase using multivariable
logistic regression. The sample size (n=200) provided
sufficient power (80%) to detect an odds ratio of 1.8
for behavioral predictors of obesity-related diabetes
at a 95% confidence level, accounting for 10%
potential nonresponse. Missing data were minimal
(<5%) and handled using complete-case analysis.

Statistical analyses were conducted using the
Statistical Package for the Social Sciences (SPSS)
version 16.0. Descriptive statistics summarized
sociodemographic characteristics and lifestyle
behaviors. Associations between categorical variables
(e.g, diet pattern, physical activity level, adherence)
and diabetic status were evaluated using Chi-square
tests. Variables showing p<0.10 in bivariate analysis
were entered into binary logistic regression models
to identify independent predictors of obesity-linked
diabetes, adjusted for covariates. Adjusted odds ratios
(aOR) and 95% confidence intervals (CI) were
reported, with statistical significance set at p<0.05
(19). Ethical approval was obtained from the
Institutional Review Board of Link Medical Interface,
Lahore (Approval No. LMI/RES/2024/07). The study
adhered to the ethical principles outlined in the
Declaration of Helsinki. Confidentiality was ensured
by assigning anonymized participant IDs, securing
all data on password-protected systems, and limiting
data access to the research team. Participants
identified with uncontrolled diabetes or obesity were
counseled and referred to nearby primary healthcare
facilities for follow-up care.
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RESULTS

The study evaluated 200 middle-aged adults to
identify sociodemographic and behavioral factors
linked to Type 2 diabetes. The mean age of
participants was 523 + 7.1 years, with diabetic
individuals being slightly older (53.4 + 7.3 years) than
non-diabetics (51.2 + 6.8 years), although this
difference was not statistically significant (p = 0.12).
Males comprised 47 % of the total population,
representing 40.8 % among non-diabetics and 53.5 %
among diabetics (p = 0.07), indicating a mild, non-
significant gender skew toward males in the diabetic

group.

Urban residents accounted for 61 % overall, but the
prevalence was considerably higher among diabetics
(71.3 %) compared with non-diabetics (51.0 %),
showing a significant association (p = 0.004).

Behavioral factors were strongly correlated with
diabetes: an unhealthy diet pattern was reported in 54
% of all participants, nearly 69.3 % of diabetics versus
38.8 % of non-diabetics (p < 0.001). Similarly, low
physical activity was observed in 56 % of the
population, affecting 69.3 % of diabetics and 42.9 %
of non-diabetics (p = 0.001). The most striking
difference was in medication adherence, where 59.4
% of diabetics showed poor adherence compared with
only 18.4 % of non-diabetics (p < 0.001), emphasizing
the behavioral gap between groups. Multivariable
logistic ~ regression further quantified these
associations. Participants with an unhealthy diet
(high fat or carbohydrate intake) had 2.46-fold higher
odds of developing Type 2 diabetes (aOR = 2.46; 95 %
CI 1.42-4.26; p = 0.001).

Those engaging in low physical activity had nearly
2.18 times the odds (95 % CI 1.25-3.82; p = 0.006),
while poor medication adherence emerged as the
strongest predictor, tripling the likelihood of diabetes
(aOR = 3.05; 95 % CI 1.61-5.78; p < 0.001). Living in
an urban area also carried a modest yet significant
risk, with 1.84-fold higher odds (95 % CI 1.02-3.32; p
=0.041).

Table 1. Sociodemographic and Behavioral Characteristics of Study Participants (n = 200)

Variable Total n (%) Non-Diabetic n (%) Diabetic n (%) p-value
Age (years, mean * SD) 523+71 51.2+6.8 534+73 0.12
Male gender 94 (47.0) 40 (40.8) 54 (53.5) 0.07
Urban residence 122 (61.0) 50 (51.0) 72 (71.3) 0.004
Unhealthy diet pattern 108 (54.0) 38 (38.8) 70 (69.3) <0.001
Low physical activity 112 (56.0) 42 (42.9) 70 (69.3) 0.001
Poor medication adherence 78 (39.0) 18 (18.4) 60 (59.4) <0.001
Table 2. Multivariable Logistic Regression of Behavioral Predictors of Obesity-Linked Type 2 Diabetes
Variable Adjusted OR (aOR) 95% CI p-value
Unhealthy diet (high fat/carbohydrate intake) 2.46 1.42-4.26 0.001
Low physical activity 218 1.25-3.82 0.006
Poor medication adherence 3.05 1.61-5.78 <0.001
Urban residence 1.84 1.02-3.32 0.041
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Figure 1 Cumulative Behavioral Risk and Diabetes
Prevalence Among Adults >40 Years in Sialkot

The figure illustrates the graded increase in Type 2
diabetes prevalence with rising cumulative lifestyle
risk among adults aged 40 years and above in Sialkot.
Individuals exhibiting no major risk behaviors—
defined by healthy diet, adequate physical activity,
and medication adherence—had a diabetes
prevalence of 15%, while those with all three adverse
behaviors demonstrated an 82% prevalence. The
curve shows a steep, nearly exponential trend, with
an inflection point between risk scores 1 and 2,
suggesting a synergistic effect of combined lifestyle
factors. The shaded 95% confidence interval
highlights consistent progression, emphasizing that
clustered modifiable behaviors substantially amplify
metabolic  risk. Clinically, the relationship
underscores that targeting even one or two
behavioral domains could markedly reduce diabetes
burden in this population.

DISCUSSION

This study explored the socio-behavioral
determinants of obesity and Type 2 Diabetes Mellitus
(T2DM) among adults aged 40 years and above in
Sialkot, Pakistan, revealing that unhealthy dietary
practices, physical inactivity, and poor medication
adherence were independently and significantly
associated with diabetes. The findings underscore the
multifactorial behavioral etiology of metabolic
disorders in transitional urban environments, where
modernization has altered food consumption
patterns and daily activity levels. Individuals
reporting unhealthy diets had a 2.46-fold increased
risk of diabetes, while sedentary adults were more
than twice as likely to exhibit hyperglycemia
compared to those maintaining regular physical
activity. Notably, poor adherence to prescribed
therapy tripled the likelihood of diabetes,
highlighting behavioral self-management as a
crucial determinant of metabolic stability (20).

Sociodemographic and behavioral characteristics of
participants with and without Type 2 Diabetes
Mellitus, analyzed using Chi-square tests. Logistic
regression showing independent associations
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between behavioral factors and the presence of Type
2 Diabetes Mellitus after adjustment for age, gender,
and socioeconomic status These observations align
with international evidence linking lifestyle
transitions to the obesity-diabetes continuum. A
meta-analysis by Hu et al. demonstrated that
individuals with low physical activity had a 30-40%
higher risk of developing diabetes compared to those
with moderate to high activity levels, independent of
BMI (21). Similarly, the INTERHEART Asia study
emphasized that high intake of refined carbohydrates
and trans fats, coupled with reduced fiber
consumption, significantly increased diabetes risk in
South Asian populations (22). Studies in India and
Bangladesh have further shown that unhealthy
dietary behavior accounts for nearly one-third of the
regional variation in diabetes prevalence (23). The
current findings reinforce this behavioral linkage
and extend it to the Pakistani context, suggesting that
dietary and exercise behaviors are potent predictors
of metabolic dysfunction even after adjusting for
demographic factors.

The role of selfmanagement and treatment
adherence observed here is consistent with research
by Sabaté and colleagues, who identified poor
medication adherence as one of the most modifiable
determinants of glycemic failure in chronic disease
management (24). In the present study, nearly 60% of
diabetic participants reported irregular adherence,
correlating strongly with elevated HbAlc levels.
Behavioral inertia in chronic disease care, often
rooted in low health literacy and competing social
priorities, may account for this pattern. Moreover,
participants from urban areas displayed a higher
prevalence of both diabetes and unhealthy behaviors
compared to rural residents, consistent with findings
from the Pakistan Demographic and Health Survey
2022, where urban populations demonstrated 1.5
times greater odds of obesity and diabetes (25). This
urban-rural disparity reflects the “nutrition
transition” phenomenon—characterized by energy-
dense diets, increased mechanization, and
occupational sedentarism—that has been
documented across developing economies (26).

From a mechanistic perspective, the behavioral
clustering observed in this study likely exerts
compounding effects on glucose metabolism. Diets
rich in saturated fats and refined carbohydrates
elevate hepatic fat accumulation, impair insulin
signaling, and promote chronic low-grade
inflammation (27). Physical inactivity exacerbates
this by reducing glucose uptake in skeletal muscle
and diminishing mitochondrial efficiency, thereby
worsening insulin resistance (28). Furthermore,
irregular medication adherence disrupts glycemic
homeostasis and potentiates glycotoxicity-induced (-
cell dysfunction, accelerating progression from
insulin resistance to frank diabetes (29). Collectively,
these mechanisms elucidate how maladaptive
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lifestyle choices converge to amplify metabolic risk,
particularly among individuals with preexisting
obesity.

The findings of this research carry profound clinical
and public health implications. They emphasize that
sustainable  diabetes prevention requires a
multidimensional approach addressing behavioral,
social, and structural determinants rather than
biomedical management alone. Community-level
strategies such as dietary counseling, structured
exercise programs, and adherence support groups
could substantially mitigate risk. Integration of
behavior change interventions within primary
healthcare—especially targeting adults in the 40-60
age bracket—would likely yield the greatest
preventive benefit (30). Educational outreach
emphasizing culturally appropriate nutrition and
physical activity could also bridge the gap between
awareness and sustained behavior change in semi-
urban Pakistani populations.

While the present study adds novel evidence from a
district-level population, several limitations warrant
consideration. The cross-sectional design limits
causal inference, preventing definitive conclusions
regarding temporal relationships between behaviors
and diabetes onset. The reliance on self-reported data
introduces potential recall and social desirability bias,
though structured and validated tools were used to
mitigate this. Additionally, unmeasured confounders
such as stress, sleep quality, and dietary
micronutrient composition were not included. The
sample size, though adequate for statistical analysis,
may restrict generalizability to other regions with
differing socioeconomic or cultural contexts (31).

Despite these limitations, the strength of this study
lies in its focus on modifiable behavioral correlates of
diabetes within a population undergoing rapid urban
and lifestyle transformation. The integration of
multiple behavioral domains—diet, activity, and
adherence—provides a more comprehensive
understanding of the cumulative behavioral risk, as
demonstrated by the sharp rise in diabetes prevalence
with increasing risk scores. Future research should
employ longitudinal or interventional designs to
explore causal pathways and evaluate the
effectiveness of behavioral modification programs
tailored to local communities. Investigating the
influence of psychosocial variables such as stress,
motivation, and health literacy may also refine the
predictive framework for diabetes prevention in
South Asian populations (32).

CONCLUSION

This population-based study identified strong
associations between modifiable lifestyle behaviors—
particularly unhealthy diet, physical inactivity, and
poor medication adherence—and the dual burden of
obesity and Type 2 Diabetes Mellitus among middle-

JHRR
https://doi.org/10.61919/jhrr.v4i3.1855

aged adults in Sialkot. The findings emphasize that
socio-behavioral determinants, rather than
demographic factors alone, are the primary drivers of
metabolic risk in this population. Clinically, these
results highlight the need for integrated lifestyle-
focused diabetes management programs that
promote balanced nutrition, regular physical activity,
and treatment adherence as central components of
care. Public health interventions at the community
and primary care levels should prioritize behavioral
counseling and preventive education to curb the
rising prevalence of obesity-related diabetes. Future
research  should adopt longitudinal and
interventional designs to evaluate the effectiveness of
culturally tailored behavioral modification strategies,
ensuring sustainable improvement in metabolic
health outcomes across similar urbanizing regions.
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