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ABSTRACT 

Background: Chronic inflammation and metabolic dysfunction are closely linked to lifestyle-related diseases such as 

obesity, hypertension, diabetes mellitus, dyslipidemia, and metabolic syndrome, which are rapidly rising all over the world. 

Inflammatory and metabolic markers can be useful to identify early those who are at greater cardiometabolic risk. 

Objective: To assess the relationship between inflammatory and metabolic biomarkers and lifestyle-related diseases in the 

community. 

Methods: This cross-sectional community-based study was conducted from March 2023 to September 2025 at the 

Department of Medicine, Punjab Medical College, Faisalabad, Pakistan, and Sharif Medical and Dental College, Lahore, 

Pakistan. A total of 200 participants aged 20–70 years were enrolled using non-probability consecutive sampling. 

Structured questionnaires were used to collect anthropometric measurements and lifestyle-related data. The blood samples 

were used to determine high-sensitivity C-reactive protein (hs-CRP), fasting blood glucose, glycated hemoglobin (HbA1c), 

lipid profile, and serum uric acid. 

Results: Among 200 participants, 112 (56.0%) were females, and 88 (44.0%) were males. Obesity was observed in 39.5%, 

hypertension in 36.5%, diabetes mellitus in 30.5%, dyslipidemia in 46.0%, and metabolic syndrome in 34.0% of 

participants. Mean hs-CRP levels were significantly higher among diseased participants (6.1 ± 1.7 mg/L) compared to 

healthy individuals (2.2 ± 0.8 mg/L; p<0.001). In addition, the HbA1c, triglycerides, LDL-C, fasting blood glucose, and 

serum uric acid levels were also significantly increased among individuals with lifestyle-related diseases. A high level of 

hs-CRP was most strongly and independently associated with metabolic syndrome. 

Conclusion: There is a strong correlation between inflammatory and metabolic markers and lifestyle-related diseases, and 

they can be useful markers for early recognition of cardiometabolic diseases. 

Keywords: Inflammatory biomarkers, Metabolic syndrome, hs-CRP, Lifestyle diseases, Dyslipidemia, Cardiometabolic 

risk 
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INTRODUCTION 

Lifestyle-related disorders have emerged as a serious 

public health concern across the globe, accounting for a 

significant amount of morbidity, disability, and premature 

death [1]. Rapid urbanization, along with bad lifestyle 

choices, physical inactivity, obesity, smoking, 

psychological stress, and sedentary behavior, has 

contributed considerably to the increased incidence of 

metabolic and cardiovascular illnesses in both developed 

and developing nations. Obesity, hypertension, type 2 

diabetes mellitus, dyslipidemia, and metabolic syndrome 

are all widespread in community populations and place a 

significant burden on healthcare systems. These illnesses 

are strongly associated with cardiovascular disease, renal 
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failure, cerebrovascular abnormalities, and a worse quality 

of life [2].  

Chronic low-grade systemic inflammation is a well-

known essential pathophysiologic process in lifestyle-

related diseases [3]. When there is an excess of adipose 

tissue, especially visceral fat deposits, acute phase 

reactants such as C-reactive protein and inflammatory 

cytokines such as interleukin-6 and tumor necrosis factor 

alpha are released more often. Chronic inflammatory 

activation promotes oxidative stress, insulin resistance, 

impaired glucose metabolism, endothelial dysfunction, and 

the progression of atherosclerosis. Inflammation, therefore, 

serves as a critical molecular link between unhealthy 

lifestyles and metabolic dysfunctions [4].  

Furthermore, metabolic markers have a significant 

influence on the development and progression of 

cardiometabolic diseases [5]. Serum uric acid, 

triglycerides, LDL-C, HDL-C, fasting blood glucose, and 

glycated hemoglobin (HbA1c) are all biomarkers for 

metabolic health and cardiovascular risk. Obesity is 

strongly associated with hyperglycemia, dyslipidemia, 

hypertriglyceridemia, diabetes, hypertension, and 

metabolic syndrome. Insulin resistance, vascular 

inflammation, and cardiovascular disease have all been 

associated with hyperuricemia and dyslipidemia [6].  

High sensitivity CRP (hs-CRP) is a well-studied 

inflammatory measure that may predict systemic 

inflammation and cardiovascular risk [7]. High hs-CRP 

levels have been associated with obesity, diabetes, 

hypertension, metabolic syndrome, and eventual 

cardiovascular events. The link between inflammatory and 

metabolic indicators may therefore be a valuable tool for 

understanding illness onset and development in seemingly 

healthy community groups [8].  

Pakistan is a developing nation that is also 

experiencing significant epidemiological transitions, with 

noncommunicable illnesses becoming more widespread as 

a result of lifestyle changes, decreased physical activity, 

and nutritional alterations [9]. Although lifestyle-related 

disorders are becoming more prevalent, there is limited 

evidence, mostly from hospital settings, that 

comprehensively investigates the relationship between 

inflammatory and metabolic indicators in the general 

population [10]. Biomarker testing might be effective in 

identifying high-risk patients early on, improving 

preventive health care measures, and lowering long-term 

effects from cardiometabolic disorders [11]. As a result, 

the current study sought to evaluate the link between 

inflammatory and metabolic markers and lifestyle-related 

disorders in a community setting, as well as to determine if 

these indicators may be utilized to identify people at 

increased cardiometabolic risk. 

 

MATERIALS AND METHODS 

This cross-sectional community-based analytical study was 

carried out between March 2023 and September 2025 at 

the Department of Medicine, Punjab Medical College, 

Faisalabad, Pakistan, and Sharif Medical and Dental 

College, Lahore, Pakistan. The study aimed to assess the 

relationship between metabolic and inflammatory markers 

and lifestyle-related illnesses in the adult population at the 

community level.  The WHO sample size estimation 

approach, which included a 5% margin of error, a 95% 

confidence interval, and the anticipated incidence of 

lifestyle-related metabolic disorders in the general 

population, yielded a total sample size of 200 individuals.  

A non-probability sequential selection method was 

used to pick participants from community screening 

camps, outpatient medical camps, and preventive health 

awareness campaigns in urban and semi-urban settings and 

establishments.  Adults between the ages of 20 and 70 

were the target population. All participants, male and 

female, voluntarily consented to take part in the research. 

To prevent influencing inflammatory biomarker 

concentrations, people with a history of autoimmune 

diseases, chronic inflammatory diseases, active infections, 

cancer, chronic kidney disease, chronic liver disease, 

thyroid diseases, pregnancy, recent surgery, use of steroids, 

immunosuppressive medications, or anti-inflammatory 

drugs were excluded.  Before the study began, the 

Institutional Ethical Review Committees of both 

institutions granted ethical permission (Ref No: 

ERC/PMC-SMDC/2023-117). 

Each participant gave informed permission after 

being fully told about the objectives, methods, 

confidentiality, and voluntary nature of participation. 

Anonymity and confidentiality were guaranteed for the 

duration of the study. A pre-validated, standardized 

questionnaire was used to gather the data.  

Age, gender, marital status, employment, smoking, 

diet, physical activity, sleep patterns, alcohol use, and a 

family history of cardiovascular disease, diabetes mellitus, 

obesity, dyslipidemia, and hypertension were among the 

comprehensive sociodemographic and clinical data. Other 

lifestyle characteristics that were examined were smoking, 

fast food consumption, exercise frequency, and sitting 

time.  

An anthropometric assessment is performed by 

qualified medical professionals using conventional clinical 

methods. A calibrated digital scale was used to assess the 

participants' body weight while they were wearing light 

clothing and no shoes. A stadiometer fixed on the wall was 

used to measure height. The following formula was used to 

get the Body Mass Index (BMI): 

BMI = Weight (kg) ÷ [Height (m)] ² 

Waist and hip circumferences were measured using a 

non-stretchable measuring tape, as recommended by the 

WHO. After 10 minutes of sitting, blood pressure was 

taken using a standard mercury sphygmomanometer. Two 

measurements at five-minute intervals yielded an average 

measurement for analysis.  Before a blood sample was 

taken, participants were told to fast for ten to twelve hours. 
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A 5 mL aseptic venous blood sample was drawn by skilled 

lab staff. For biochemical analysis, every blood sample 

was forwarded to the lab.  High-sensitivity C-reactive 

protein (hs-CRP), fasting blood glucose (FBG), glycated 

hemoglobin (HbA1c), total cholesterol, triglycerides, high-

density lipoprotein cholesterol (HDL-C), low-density 

lipoprotein cholesterol (LDL-C), very low-density 

lipoprotein cholesterol (VLDL-C), and serum uric acid 

levels. While the immunoturbidimetric test method was 

used to measure blood hs-CRP levels, automated chemistry 

analyzers and commercially available reagent kits were 

used to quantify the fasting glucose and lipid profiles. Both 

high-performance liquid chromatography (HPLC) and 

conventional laboratory quality control methods were used 

to measure HbA1c levels.  

Widely accepted clinical criteria were used to identify 

lifestyle-related diseases. A BMI of ≥30 kg/m2 is 

considered obese. Systolic blood pressure (SBP) > 140 

mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg, 

together with the use of antihypertensive medications, 

were considered indicators of hypertension. When the 

HbA1c level is ≥6.5% or the fasting glucose level is ≥126 

mg/dL, diabetes mellitus is diagnosed. The Adult 

Treatment Panel III criteria were followed in order to 

diagnose dyslipidemia based on the abnormal lipid levels 

in the blood.  

etabolic syndrome is defined by the International 

Diabetes Federation (IDF). SPSS 26.0 was used to analyze 

the data. While biomarker concentrations and 

anthropometric measures were stated as mean ± standard 

deviation, percentages or frequencies were used to 

represent categorical data. One-way ANOVA and the 

independent sample t-test were used to examine 

continuous variables between illness groups. The chi-

square test was used for categorical data. The associations 

between metabolic parameters and inflammatory indicators 

were also examined using Pearson correlation analysis. 

Multivariate logistic regression analysis was used to 

determine the independent characteristics linked to 

metabolic syndrome and lifestyle-related illnesses after 

adjusting for confounding variables. Throughout the 

investigation, P-values below 0.05 were considered 

statistically significant. 

 

RESULTS 
The current study included a total of 200 individuals. The 

study population ranged from 21 to 69 years, with an 

average age of 45.8 ± 12.4 years. Of the participants, 112 

(56.0%) were female, and 88 (44.0%) were male. Many of 

the study participants had harmful lifestyle behaviors, such 

as sitting excessively, smoking, and eating too much fast 

food. Obesity was detected in 79 (39.5%) patients, 

hypertension in 73 (36.5%), diabetes mellitus in 61 

(30.5%), dyslipidemia in 92 (46.0%), and metabolic 

syndrome in 68 (34.0%). The high incidence of physical 

inactivity in the study group reflects a substantial burden 

of modifiable lifestyle-related risk factors in the general 

population. Table 1 provides a detailed summary of the 

individuals' demographic and clinical features. 

Biomarker profiles of the subjects with lifestyle-

related diseases were significantly abnormal when 

compared with those of healthy persons. Diseased 

participants had significantly higher mean hs-CRP levels 

(6.1 ± 1.7 mg/L) than healthy controls (2.2 ± 0.8 mg/L) 

(p<0.001), showing that there was a significant association 

between systemic inflammation and mean hs-CRP levels. 

Participants with diabetes mellitus and metabolic 

syndrome had significantly elevated fasting glucose and 

HbA1C levels, reflecting poor glycemic control and 

metabolic abnormalities. Likewise, the levels of total 

cholesterol, triglycerides, LDL-C, and serum uric acid 

were significantly higher in individuals with obesity, 

hypertension, dyslipidemia, and metabolic syndrome. 

However, in the diseased group, the HDL-C concentration 

was significantly decreased compared to that of the healthy 

individuals. These results show that inflammatory 

activation is closely related to metabolic abnormalities in 

lifestyle-related diseases. The inflammatory and metabolic 

markers in healthy and diseased participants are compared 

in detail in Table 2. 

Additional subgroup analysis showed that there was a 

strong correlation between lifestyle-related diseases and 

high levels of hs-CRP. The mean values of the hs-CRP 

were highest in the metabolic syndrome group (6.1 ± 1.7 

mg/L), followed by the diabetes mellitus group (5.9 ± 1.6 

mg/L), the obesity group (5.8 ± 1.5 mg/L), the 

dyslipidemia group (5.6 ± 1.4 mg/L), and the hypertension 

group (5.4 ± 1.3 mg/L). The healthy participants had 

significantly lower values of hs-CRP (2.2 ± 0.8 mg/L). 

These findings suggest a progressive increase in systemic 

inflammation as metabolic abnormalities and the burden of 

cardiometabolic disease worsen. Table 3 represents the 

detailed association of the hs-CRP level with lifestyle-

related diseases. 

Lifestyle behavior analysis also showed a significant 

difference between levels of hs-CRP, triglycerides, fasting 

blood glucose, and LDL-C in physically inactive 

participants as compared to physically active participants. 

The smokers exhibited higher inflammatory markers and 

worse lipid profiles, and those who ate fast food three or 

more times a week had significantly abnormal metabolic 

parameters. The results of these studies contribute to the 

evidence of the importance of unhealthy lifestyle behaviors 

in the community population for the development of 

chronic inflammation and metabolic dysfunction. 

Multivariate logistic regression analysis was used to 

examine the independent predictors after controlling for 

any confounding factors such as age, gender, and smoking 

status. Metabolic syndrome (OR=5.2, p<0.001), high 

triglycerides (OR=4.1, p=0.001), raised HbA1c (OR=3.8, 

p=0.003), obesity (OR=3.5, p=0.005), and physical 

inactivity (OR=2.9, p=0.011) were all observed to be 



Inflammatory and Metabolic Biomarkers in Lifestyle-Related Diseases 

 

Dev. Med. Life Sci., Vol. No. 4, April, 2026 13 

independently correlated with elevated hs-CRP. 

Furthermore, smoking was found to be a statistically 

significant independent risk factor for metabolic syndrome. 

Table 4 provides a detailed presentation of the findings of 

multivariate regression. 

The current study's findings demonstrated a strong 

correlation between metabolic and inflammatory indicators 

and lifestyle-related illnesses in the general population. 

High inflammatory indicators, especially high-sensitivity 

C-reactive protein, and metabolic markers were 

substantially associated with obesity, hypertension, 

diabetes mellitus, dyslipidemia, and metabolic syndrome. 

This implies that early cardiometabolic risk might be 

predicted and prevented in clinical practice using these 

indicators. 

 
Table 1: Demographic and Clinical Characteristics of Participants (n=200) 

Variable Frequency (%) 

Male 88 (44.0%) 

Female 112 (56.0%) 

Mean Age (Years) 45.8 ± 12.4 

Smokers 52 (26.0%) 

Physically Inactive 118 (59.0%) 

Fast-Food Consumption (>3 times/week) 94 (47.0%) 

Obesity 79 (39.5%) 

Hypertension 73 (36.5%) 

Diabetes Mellitus 61 (30.5%) 

Dyslipidemia 92 (46.0%) 

Metabolic Syndrome 68 (34.0%) 

 
Table 2: Comparison of Inflammatory and Metabolic Biomarkers Between Healthy and Diseased Participants 

Biomarker Healthy Individuals (n=72) Lifestyle Disease Group (n=128) p-value 

hs-CRP (mg/L) 2.2 ± 0.8 6.1 ± 1.7 <0.001 

Fasting Blood Glucose (mg/dL) 92 ± 11 154 ± 36 <0.001 

HbA1c (%) 5.1 ± 0.4 7.5 ± 1.2 <0.001 

Total Cholesterol (mg/dL) 171 ± 24 238 ± 39 <0.001 

Triglycerides (mg/dL) 128 ± 31 228 ± 47 <0.001 

LDL-C (mg/dL) 97 ± 19 151 ± 33 <0.001 

HDL-C (mg/dL) 52 ± 8 37 ± 7 <0.001 

Serum Uric Acid (mg/dL) 4.9 ± 1.0 7.3 ± 1.5 <0.001 

 
Table 3: Association of hs-CRP Levels with Lifestyle-Related Diseases 

Disease Condition Mean hs-CRP (mg/L) p-value 

Obesity 5.8 ± 1.5 <0.001 

Hypertension 5.4 ± 1.3 <0.001 

Diabetes Mellitus 5.9 ± 1.6 <0.001 

Dyslipidemia 5.6 ± 1.4 <0.001 

Metabolic Syndrome 6.1 ± 1.7 <0.001 

Healthy Participants 2.2 ± 0.8 — 

 
Table 4: Multivariate Logistic Regression Analysis for Metabolic Syndrome Predictors 

Variable Odds Ratio (OR) 95% Confidence Interval p-value 

Elevated hs-CRP 5.2 2.6 – 9.4 <0.001 

Elevated Triglycerides 4.1 1.9 – 7.8 0.001 

Elevated HbA1c 3.8 1.7 – 6.9 0.003 

Obesity 3.5 1.6 – 6.4 0.005 

Physical Inactivity 2.9 1.4 – 5.2 0.011 

Smoking 2.2 1.1 – 4.1 0.029 

 

DISCUSSION 

The present study reported that metabolic and 

inflammatory markers are closely related with the lifestyle-

related disorders in the general population [5]. High hs-

CRP, Fasting blood glucose, HbA1c, Triglycerides, LDL-

C, and serum uric acid levels were all significantly 

associated with obesity, hypertension, diabetes mellitus, 

and dyslipidemia, and metabolic syndrome. These studies 

show that chronic inflammation and metabolic problems 

have a major role in the etiology and development of 

cardiometabolic diseases in the general population [6,7].  

Urbanization, sedentary lives, bad eating habits, 

smoking, obesity, and inactivity are the main causes of 

lifestyle-related diseases, which are on the increase 

worldwide [8]. It is now known that chronic, low-grade 

inflammation is a key contributor to insulin resistance, 

endothelial dysfunction, oxidative stress and 

atherosclerosis. Adipose tissue (AT), particularly visceral 

AT, is an active endocrine tissue secreting inflammatory 
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cytokines like Tnf-a and Il-6 that promote the synthesis of 

C-reactive-protein (CRP) in liver and alter the metabolism. 

The association between inflammation and the progression 

of cardiometabolic diseases is supported by the 

considerably higher levels of hs-CRP in those with 

metabolic syndrome and obesity in the present study [9].  

Further, it showed that the concentration of fasting 

blood glucose and HbA1c (HbHbA1c) were significantly 

higher in diabetics with metabolic syndrome [10]. 

Cardiovascular effects are associated with chronic 

hyperglycemia which leads to oxidative stress, vascular 

damage, inflammatory changes, and vascular dysfunction 

[11]. The results are consistent with previous studies 

reporting a strong association between the presence of 

metabolic syndrome, obesity and cardiovascular morbidity 

and high HbA1c and glucose levels. Additionally, 

glycemic control is poor, leading to the exacerbation of 

chronic inflammatory state and lipid abnormalities and 

thereby deteriorating the cardiometabolic status [12].  

Dyslipidaemia occurred in a high percentage of the group 

studied and was associated with high TGs, high LDL-C 

and low HDL-C [13]. There were significant associations 

with most of these lipid abnormalities and inflammatory 

markers, especially the hs-CRP. Hypertriglyceridemia and 

high LDL-C lead to oxidative alteration and inflammatory 

activation of vascular tissues and thereby to endothelial 

dysfunction and atherogenesis. Lower levels of HDL-C 

further inhibit reverse cholesterol transport and anti-

inflammatory protection. The results of the present study 

support the previous studies that have demonstrated a 

strong association between metabolic and inflammatory 

pathways in lifestyle diseases [14]. 

Additionally, the study found that the blood uric acid 

levels of sick individuals were much higher [15]. It is 

widely recognized that hyperuricemia is a significant 

metabolic indicator of insulin resistance, obesity, 

hypertension, metabolic syndrome, and cardiovascular 

disease [16]. Elevated uric acid promotes the development 

of cardiometabolic disorders by increasing oxidative stress, 

endothelial dysfunction, and inflammatory activation. The 

potential utility of blood uric acid as an early metabolic 

risk factor in lifestyle-related disorders was further 

supported by the results of this investigation [1,2].  

According to a lifestyle behavior study, smokers and 

physically inactive individuals had much higher levels of 

metabolic and inflammatory biomarkers than healthy 

individuals and physically active individuals [5,7]. 

Smoking is linked to oxidative stress and endothelial 

damage, whereas sedentary lifestyles are linked to obesity, 

insulin resistance, dyslipidemia, and chronic inflammation. 

Additionally, it was shown that consuming fast food often 

was associated with a bad metabolic profile, which 

highlights the substantial impact of unhealthy eating habits 

on cardiometabolic health. In other words, these results 

emphasize how lifestyle modification techniques, 

including regular exercise, a balanced diet, quitting 

smoking, and managing weight, may lower the burden of 

non-communicable illnesses [17].  

The most significant independent risk factor for 

metabolic syndrome in multivariate logistic regression 

analysis was an increase in hs-CRP, which was followed 

by increases in triglycerides, HbA1c, obesity, and physical 

inactivity [18]. This finding has therapeutic ramifications 

for inflammatory indicators that identify high-risk 

individuals before late-stage problems arise. Thus, 

biomarker-based screening programs in community 

settings might aid in early diagnosis, risk stratification, and 

the development of preventive intervention methods to 

lessen long-term cardiovascular and metabolic effects [19].  

Even if the outcomes are impressive, there are a few 

disadvantages to be aware of. Conclusions on the causal 

links between inflammatory biomarkers and lifestyle-

related disorders are not possible due to the cross-sectional 

study methodology [20]. There may be some non-

genericity in the population as a whole since the study was 

conducted in specific community populations in 

collaboration with two institutions. Additionally, self-

reported questionnaires that may have memory bias were 

used to quantify food intakes and physical activity. Larger 

multicenter longitudinal investigations are advised to 

confirm these results and evaluate long-term inflammatory 

and metabolic outcome-related clinical outcomes [16]. 

 

CONCLUSION 
The present study showed strong associations of 

inflammatory and metabolic biomarkers with lifestyle-

related diseases in the community population. hs-CRP, 

fasting blood glucose, HbA1c, triglycerides, LDL-C, and 

serum uric acid levels were significantly associated with 

obesity, hypertension, DM, dyslipidemia, and metabolic 

syndrome. In the development and progression of 

cardiometabolic disorders, chronic inflammation and 

metabolic dysregulation seem to be central. Of the 

biomarkers studied, hs-CRP was the best independent 

predictor of metabolic syndrome, suggesting that it could 

be used clinically for the early detection of high-risk 

individuals. Adverse inflammatory and metabolic profiles 

were significantly associated with unhealthy lifestyle 

behaviors such as physical inactivity, smoking, and poor 

dietary habits. Community-based biomarker screening 

programs, along with lifestyle modification strategies, 

could be effective in reducing the mounting burden of non-

communicable diseases and long-term cardiovascular and 

metabolic health outcomes. The need for early prevention 

and intervention for lifestyle-related diseases is still 

important to minimize morbidity and mortality. 
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