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ABSTRACT

Background: Low-grade inflammation (LGI) is a persistent, subclinical immune response linked to the pathogenesis of non-
communicable diseases (NCDs) such as obesity, type 2 diabetes, and cardiovascular conditions. Unlike acute inflammation,
LGI is primarily influenced by lifestyle-related factors including dietary choices, physical inactivity, chronic psychological
stress, and poor sleep. As NCD prevalence continues to rise in low- and middle-income countries, understanding the modifiable
behavioral contributors to LGI is vital for developing preventive public health strategies.

Objective: To assess the association between lifestyle-related factors—specifically ultra-processed food (UPF) intake, physical
inactivity, psychological stress, sleep duration—and symptoms of low-grade inflammation among young to middle-aged adults
in Lahore, Pakistan.

Methods: A cross-sectional study was conducted among 200 adults aged 18—45 years at Superior University and CMA Hospital,
Lahore. Convenience sampling was used. A structured, self-administered 30-item questionnaire was employed to collect data
on dietary habits, physical activity levels, stress perception, sleep patterns, and self-reported LGI symptoms such as fatigue,
joint pain, muscle stiffness, and sudden weight gain. Body mass index (BMI) was calculated and categorized based on WHO
standards. Data were analyzed using SPSS v25.0, and chi-square tests were applied to examine associations between variables,
with statistical significance set at p<0.05.

Results: Of the participants, 91.5% consumed sweets weekly, 70% reported high-fat food intake, and 69.5% regularly ate
home-cooked meals. Moderate to severe stress levels were observed in 63%, and 70% did not engage in regular physical
activity. LGI symptoms showed significant associations with low fruit intake (p=0.010), low dairy intake (p=0.043), poor sleep
(p=0.000), high stress (p=0.025), and joint pain (p=0.001).

Conclusion: Lifestyle patterns involving processed food consumption, inactivity, and chronic stress contribute significantly to
the manifestation of low-grade inflammation symptoms. Public health interventions promoting balanced diets, stress reduction,
and active living are essential to mitigating LGI and its related health risks.

Keywords: Dictary Habits, Inflammation, Noncommunicable Diseases, Physical Activity, Psychological Stress, Sleep
Deprivation, Ultra-Processed Foods.
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INTRODUCTION

Low-grade inflammation (LGI), characterized by persistent and subclinical immune activation, has been increasingly recognized as a
significant contributor to the pathogenesis of various non-communicable diseases (NCDs) such as type 2 diabetes mellitus, obesity, and
cardiovascular disorders (1). Unlike acute inflammation, which is typically a short-lived immune response to injury or infection, LGI
arises from sustained lifestyle and environmental influences that subtly alter immune function over time (2). Recent research highlights
how poor dietary choices, especially the frequent consumption of ultra-processed foods (UPFs), insufficient physical activity, chronic
psychological stress, and inadequate sleep contribute cumulatively to this pro-inflammatory state (3). UPFs, rich in trans fats, refined
carbohydrates, and sodium, have been linked to increased systemic inflammation, thereby exacerbating metabolic dysfunctions (4).
Moreover, psychosocial stress activates the hypothalamic-pituitary-adrenal (HPA) axis, elevating circulating cortisol levels, which in
turn amplify inflammatory processes and impair immune regulation (5). Similarly, sleep deprivation and a sedentary lifestyle have been
associated with heightened levels of inflammatory biomarkers such as C-reactive protein (CRP), further aggravating chronic disease
risk. The burden of NCDs is rising alarmingly in developing nations, including Pakistan, where rapid urbanization and lifestyle shifts
are fostering conditions conducive to LGI (6-8). Despite this growing concern, there remains a significant gap in localized data exploring
the interplay between modern lifestyle behaviors and subclinical inflammation in South Asian populations. Understanding these
associations within the sociocultural and economic context of Pakistani adults is crucial to inform preventive strategies and health
education campaigns. Therefore, this study aims to investigate the relationship between lifestyle-related risk factors—specifically UPF
consumption, physical inactivity, chronic stress, and insufficient sleep—and the presence of low-grade inflammation in young to middle-
aged individuals residing in Pakistan.

METHODS

This cross-sectional study was conducted over a period of four months at Superior University and CMA Hospital, Lahore, targeting
adults aged 18 to 45 years. A total of 200 participants were recruited through convenience sampling. Eligibility criteria included adults
within the specified age range who were willing to provide informed consent and had no current diagnosis of acute infections or
autoimmune diseases that could confound markers of inflammation. Individuals with diagnosed psychiatric illnesses, recent
hospitalization, or pregnancy were excluded to minimize potential bias. Prior to data collection, ethical approval was obtained from the
institutional review board (IRB). Written informed consent was obtained from all participants, ensuring adherence to ethical research
practices. Data were collected using a structured, self-administered 30-item questionnaire designed to assess various lifestyle parameters
relevant to low-grade inflammation (LGI). The questionnaire included items on dietary habits, specifically the frequency of consumption
of ultra-processed foods such as candies, desserts, and fatty snacks, as well as intake of healthier food groups including dairy, fruits,
vegetables, and protein-rich items (9,10). Physical activity was assessed by categorizing participants’ weekly activity levels into
sedentary, light, moderate, or vigorous, with additional questions on routine exercise behavior. Stress levels were evaluated based on
self-reported experiences and classified as mild, manageable, distressing, or severe (11). Contextual social stressors were also considered
to better capture psychosocial burden. Sleep patterns were assessed by recording the average duration of nightly sleep, grouped into four
categories: 4, 6, 8, or 12 hours. Symptoms potentially indicative of LGI—such as fatigue, muscle tightness, joint pain, weight
fluctuations, and dermatological issues—were documented to evaluate inflammatory manifestations (12,13). Additional variables
included smoking status, previous history of chronic diseases, and body mass index (BMI). BMI was calculated using the standard
formula (weight in kilograms divided by height in meters squared) and categorized per World Health Organization (WHO) guidelines
into underweight (<18.5), normal weight (18.5-24.9), overweight (25-29.9), and obese (>30). All data were entered and analyzed using
SPSS version 25.0. Descriptive statistics were applied to summarize the data, while chi-square tests were employed to determine
associations between lifestyle-related factors and the presence of LGI symptoms. A p-value of less than 0.05 was considered statistically
significant for all analyses.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 251



[Z?Zrl‘nzre e3t ;Sfue 4: Lifestyle Factors and Low-Grade Inflammation + * INSIGHTS- JHH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

RESULTS

Among the 200 adult participants, 58.0% had a normal body mass index (BMI), 13.5% were underweight, 21.5% were classified as
overweight, and 7.0% were obese. High consumption of ultra-processed foods was notable, with 91.5% of participants consuming sweets
weekly and 70.0% consuming high-fat foods with similar frequency. Despite these dietary patterns, 69.5% reported consistently eating
home-cooked meals, while 27.5% occasionally consumed snacks. Regarding physical activity, 14.0% of participants reported a sedentary
lifestyle, and only 9.0% engaged in vigorous activity. Moreover, 70.0% did not engage in regular exercise. The majority of participants
(63.0%) reported experiencing moderate to severe stress, with 43.0% identifying their stress levels as intense. Social pressures were
cited as the primary cause by 66.0% of these individuals. Sleep duration was suboptimal for many, with 44.0% sleeping only 6 hours
per night and 11.5% sleeping for just 4 hours. The most common symptoms associated with low-grade inflammation (LGI) included
sudden weight gain (reported as significant by 29.0%), joint pain (23.0% often or always), and fatigue (19.0% always or occasionally).
Significant statistical associations were observed between several lifestyle factors and LGI symptoms. Reduced dairy and fruit intake
were significantly associated with low energy levels (p=0.043 and p=0.010, respectively), while high stress levels were also significantly
linked to fatigue (p=0.025) and poor sleep (p=0.011). Joint pain or muscle stiffness showed a strong association with both low energy
(p=0.000) and high stress (p=0.001). Additional correlations included a significant relationship between sedentary behavior and elevated
stress levels (p=0.027), and between BMI and both sudden weight gain (p=0.025) and processed food intake (p=0.052, borderline
significance). Consumption of home-cooked meals was inversely related to sweets intake (p=0.050, borderline significance). Other
relevant findings included significant associations between stress and skin problems (p=0.044), physical activity and protein source
preference (p=0.026), and between dairy and fruit intake and adequate sleep (p=0.000 and p=0.020, respectively).

Table 1: Participant Characteristics and Lifestyle Factors

Variable Category Frequency (n) Percentage (%)
BMI Underweight 27 13.5
Normal 116 58.0
Overweight 43 21.5
Obese 14 7.0
High-Fat Food Consumption Never 11 5.5
Daily 47 23.5
Once a week 75 37.5
2-3 times a week 67 335
Sweets Consumption Never 17 8.5
Daily 45 22.5
Once a week 85 42.5
2-3 times a week 53 26.5
Home-Cooked Meals Rarely 13 6.5
Sometimes 15 7.5
Often 33 16.5
Always 139 69.5
Snack Food Consumption Rarely 47 23.5
Sometimes 99 49.5
Often 38 19.0
Always 16 8.0
Physical Activity/Week Sedentary 28 14.0
Light 71 35.5
Moderate 83 41.5
Vigorous 18 9.0
Regular Exercise Yes 60 30.0
No 140 70.0
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Stress Level Mild 17 8.5
Tolerable 57 28.5
Distressing 40 20.0
Intense 86 43.0

Sleep Hours 4 hours 23 11.5
6 hours 88 44.0
8 hours 77 38.5
12 hours 12 6.0

Joint Pain/Muscle Stiffness Rarely 87 43.5
Sometimes 67 335
Often 27 13.5
Always 19 9.5

Table 2: Significant Associations with Low-Grade Inflammation Symptoms

Variable Pair P-Value Significance

Low energy vs. low dairy intake 0.043 Significant

Low energy vs. low fruit intake 0.010 Significant

Low energy vs. high stress 0.025 Significant

Low energy vs. joint pain/stiffness 0.000 Highly significant

Stress vs. joint pain/stiffness 0.001 Significant

Stress vs. poor sleep duration 0.011 Significant

Physical activity vs. stress 0.027 Significant

BMI vs. sudden weight gain 0.025 Significant

BMI vs. processed food consumption 0.052 Borderline significant

Home-cooked meals vs. sweets consumption 0.050 Borderline significant

Stress vs. skin issues 0.044 Significant

Physical activity vs. protein source preference 0.026 Significant

Dairy consumption vs. adequate sleep 0.000 Highly significant

Fruit consumption vs. adequate sleep 0.020 Significant
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DISCUSSION

This study, conducted among 200 urban adults in Lahore aged 18—45 years, underscores a concerning relationship between modern
lifestyle patterns and symptoms of low-grade inflammation (LGI). The findings reveal that the high prevalence of ultra-processed food
(UPF) consumption, physical inactivity, and psychosocial stress are major contributors to inflammatory symptoms such as fatigue, joint
pain, and poor sleep. The dietary profile of participants demonstrated excessive intake of high-fat foods (70%) and sweets (91.5%) on a
weekly basis, reflecting a shift toward nutrient-poor, calorie-dense diets. These dietary patterns are consistent with previous findings
that link frequent UPF intake with elevated systemic inflammation and increased mortality risk (14,15). Although 69.5% of participants
reported regular consumption of home-cooked meals, the continued influence of social and environmental pressures—cited by 61% of
participants—appears to drive reliance on processed foods, mirroring broader dietary transitions in urban Pakistan. The significant
associations observed between reduced dairy and fruit intake with fatigue and inadequate sleep (p=0.043, p=0.010, p=0.000) suggest
that nutrient deficiencies may contribute to LGI manifestations. These findings align with earlier evidence that inadequate consumption
of whole foods correlates with increased inflammatory responses and impaired sleep quality (16-18). Furthermore, a borderline
significant association between UPF intake and elevated BMI (p=0.052), alongside a notable proportion of participants being overweight
(21.5%) or obese (7%), reinforces the inflammatory burden associated with metabolic dysregulation. The present data strengthen the
argument for dietary interventions that emphasize anti-inflammatory, whole-food-rich nutrition.

Physical inactivity was another key factor in this cohort, with 70% of participants not engaging in regular exercise and only 9% reporting
vigorous activity. This sedentary behavior was significantly associated with elevated stress levels (p=0.027), which in turn were linked
to multiple inflammatory symptoms including joint pain (p=0.001), fatigue (p=0.025), and disturbed sleep (p=0.011). These findings
are in line with prior studies that have demonstrated a strong link between chronic stress, activation of the hypothalamic-pituitary-
adrenal axis, and sustained low-grade inflammation (19,20). The social dimension of stress, reported by 66% of participants, emphasizes
the need for public health strategies that address both psychological well-being and physical activity in tandem. Despite the compelling
correlations observed, the cross-sectional design inherently limits the ability to infer causality. All exposures and outcomes were
measured simultaneously, which constrains temporal interpretation. Additionally, reliance on self-reported symptoms such as joint pain
and fatigue introduces subjectivity and the possibility of recall bias. The absence of objective biomarkers, such as serum C-reactive
protein or pro-inflammatory cytokines, is another limitation that affects the robustness of inflammation assessment. However, the use
of symptom-based markers is still supported by emerging evidence suggesting that LGI can manifest subclinically through persistent
fatigue, musculoskeletal discomfort, and metabolic shifts (21,22).

A key strength of this study lies in its focus on a young to middle-aged demographic in a low-middle income country, an underrepresented
group in LGI research. The holistic assessment of lifestyle behaviors—including diet, physical activity, sleep, and stress—offers a
multifactorial view of LGI determinants. Nevertheless, the urban and convenience-based sampling approach limits the generalizability
of findings to broader rural or socioeconomically diverse populations. Future investigations should prioritize longitudinal study designs
and incorporate inflammatory biomarkers to validate and expand upon these associations (23). In addition, qualitative research into
behavioral motivators behind UPF consumption and stress-coping mechanisms may offer deeper insights. Public health interventions
promoting dietary education, structured physical activity, and accessible mental health resources could serve as practical tools to mitigate
LGI risk among Pakistan’s urban youth. Collectively, the findings of this study support the hypothesis that lifestyle factors including
UPF consumption, physical inactivity, inadequate sleep, and stress significantly contribute to the symptom burden of low-grade
inflammation in young to middle-aged adults. Addressing these modifiable behaviors through targeted public health measures could
play a crucial role in reducing the long-term risk of non-communicable diseases.

CONCLUSION

This study concludes that unhealthy dietary habits, insufficient physical activity, chronic stress, and inadequate sleep are closely linked
to symptoms of low-grade inflammation in young to middle-aged adults living in urban Pakistan. These interconnected lifestyle factors
underscore the growing burden of non-communicable diseases driven by modern behavioral patterns. The findings highlight the urgent
need for comprehensive public health strategies that encourage balanced nutrition, regular physical activity, stress management, and
sleep hygiene. Tailored interventions addressing social and environmental influences in urban settings could play a vital role in
mitigating inflammation-related health risks and fostering long-term wellness among the youth.
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