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Abstract:

Background: Smoking is a major etiological factor for COPD and may interact with metabolic syndrome (MetS),
potentially affecting lung function.

Aim: To assess the smoking burden and pulmonary function (FEV/FVC ratio) in COPD patients with and without
MetS.

Methods: Using the same dataset of 110 COPD patients, smoking history (pack-years) and lung function
(FEV/FVC%) were compared between MetS-positive and MetS-negative groups.

Results: Smoking prevalence was significantly higher in MetS patients (43.63% vs 36.36%, p=0.04). Mean pack-
years were markedly higher among MetS patients (35.82 vs 24.6, p<0.01). MetS patients demonstrated
significantly lower mean FEV/FVC ratios (56.64 vs 60.81, p<0.05).

Conclusion: COPD patients with metabolic syndrome had higher smoking exposure and worse lung function.
This reinforces the need for targeted smoking cessation interventions, especially for COPD patients with
metabolic risk clustering.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is
a common, preventable, and progressive respiratory
disorder that remains a major cause of morbidity and
mortality worldwide. Although cigarette smoking is
widely recognized as the predominant risk factor for
COPD, the disease is now understood to extend
beyond the airways and lung parenchyma,
displaying multiple systemic manifestations that
significantly influence clinical outcomes [1]. One of
the most prominent systemic comorbidities
associated with COPD is metabolic syndrome
(MetS), a cluster of interrelated metabolic
abnormalities including central obesity,
dyslipidemia, hypertension, impaired glucose
regulation, and insulin resistance [2,3]. As both
COPD and MetS share chronic inflammation and
oxidative stress as underlying mechanisms, their
coexistence has important pathophysiological and
prognostic implications.

Smoking plays a central mechanistic role in driving
both COPD and metabolic dysfunction. Tobacco
smoke induces a persistent inflammatory response
characterized by increased cytokines such as IL-6,
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TNF-0, and C-reactive protein, each of which
contributes to insulin resistance, endothelial
dysfunction, and altered lipid metabolism [4].
Furthermore, the oxidative burden created by
inhaled toxic particles leads to cellular injury,
mitochondrial dysfunction, and impaired glucose
uptake [5]. Smoking also promotes a paradoxical
redistribution of adipose tissue toward visceral
compartments, even in individuals with a relatively
normal overall BMI, resulting in an increased
propensity for abdominal obesity—a key diagnostic
component of metabolic syndrome [6]. These
mechanisms collectively contribute to a higher
prevalence of MetS among smokers compared with
non-smokers, and this association becomes
particularly significant among COPD patients [7-9].

Several studies have demonstrated that metabolic
syndrome is more prevalent among individuals with
COPD, especially those with a higher cumulative
smoking burden [7,9,10]. Patients with coexisting
COPD and MetS often experience greater airflow
limitation, more frequent exacerbations, worse
exercise tolerance, and increased cardiovascular risk
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[11-13]. Because both conditions amplify systemic
inflammation and oxidative stress, their coexistence
may accelerate the decline in lung function and
overall clinical deterioration [10,12]. Understanding
how smoking exposure interacts with the
development of metabolic syndrome in COPD
patients is therefore vital for identifying high-risk
groups and guiding early interventions. The present
study examines the relationship between smoking
burden and the presence of metabolic syndrome in
COPD patients, with a particular focus on
differences in body mass index, spirometric
parameters, and severity of airflow limitation.

Materials and Methods

Study Design: Cross-sectional observational study
on 110 stable COPD patients at a tertiary care center.

Inclusion Criteria
e Age >40 years
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e Diagnosed COPD per GOLD 2023
e  Post-bronchodilator FEV/FVC < 0.70

Exclusion Criteria

e Acute exacerbations
e Stroke, HF, pregnancy
e Lipid-lowering drug use

Data Collected

e Smoking history (yes/no)

e  Pack-years

e  Spirometry: FEV: (% predicted), FEV./FVC%
e  Presence of metabolic syndrome (IDF criteria)

Statistical Analysis
Chi-square and t-tests; significance at p < 0.05.

Results

Table 1: Smoking Status in COPD Patients

Smoking Status MetS (+) MetS (-)
Smokers 48 40
Non-smokers 6 16
Smoking prevalence was significantly higher in the MetS group.
Table 2: Pack-Years Distribution
Parameter MetS (+) MetS (-) p-value
FEV1/FVC (%) 56.64 £9.10 60.81 +5.52 <0.05
MetS patients had significantly higher cumulative smoking exposure.
Table 3: Lung Function Comparison
Parameter MetS (+) MetS (-) p-value
FEV1/FVC (%) 56.64 £9.10 60.81 +£5.52 <0.05
Table 4: Airflow Limitation Severity (GOLD Stage)
GOLD Stage MetS (+) MetS (-)
Stage 11 18 29
Stage 111 26 19
Stage IV 10 8
MetS patients tended to show more severe GOLD staging.
Table 5: BMI vs Metabolic Syndrome Table
BMI Category MetS (+) MetS (-)
<24.9 15 27
25-29.9 26 26
>30 13 3
Table 6: Spirometry Table
Parameter MetS (+) MetS (-)
FEV1 (% predicted) Lower Higher
FEV1/FVC (%) 56.64 +9.10 60.81 +5.52
Severity (GOLD) More severe Less severe
Discussion syndrome demonstrated a notably higher prevalence

The findings of this study highlight a significant
association between smoking burden, metabolic
syndrome, and the severity of airflow limitation
among patients with COPD. Patients with metabolic
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of smoking and greater pack-year exposure
compared with those who did not have MetS,
consistent with existing evidence that smoking is a
major driver of metabolic abnormalities [6,7,11].
Heavy smokers are known to exhibit lower HDL
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levels, higher triglycerides, and increased visceral
adiposity, all of which contribute to the development
of metabolic syndrome and exacerbate the systemic
inflammatory state commonly observed in COPD
[4,6,7].

The present study also found that patients with
metabolic syndrome had significantly poorer lung
function, reflected by lower FEV/FVC values and
greater representation in GOLD stage III and IV
categories. These findings align with previous
studies suggesting that metabolic syndrome is not
merely a coexisting condition but may also influence
the progression and severity of COPD [10,12,14].
Elevated inflammatory cytokines in MetS—
including CRP, IL-6, and TNF-o—can intensify
airway inflammation, promote small airway
remodeling, and impair alveolar repair mechanisms
[1,3,8]. Metabolic abnormalities such as insulin
resistance and dyslipidemia contribute to endothelial
dysfunction, reduced nitric-oxide availability, and
impaired pulmonary microvascular circulation, all
of which may accelerate emphysematous changes
and decline in lung function [5,10].

The analysis further emphasizes the strong
association between higher BMI and the presence of
metabolic syndrome among COPD patients. A
substantial proportion of MetS-positive individuals
belonged to the overweight and obese categories,
illustrating the important role of adiposity in driving
metabolic dysfunction—an observation consistent
with earlier studies [13,15,16]. Excess adipose tissue
acts as an active endocrine organ releasing
adipokines and pro-inflammatory mediators,
creating a persistent inflammatory milieu that may
worsen COPD symptoms [3,13,18]. Obesity also
alters respiratory mechanics by reducing lung
volumes, increasing airway resistance, and
increasing the work of breathing [5,15,20]. These
physiological changes may partly explain the greater
severity of airflow obstruction observed among
MetS-positive COPD patients in our study.

The synergistic interplay between smoking, elevated
BMI, and metabolic syndrome likely contributes to
a continuous cycle of metabolic dysfunction and
respiratory  impairment. Smoking amplifies
oxidative stress and inflammatory pathways [4,5],
while metabolic syndrome reinforces systemic
inflammation and endothelial injury [10,13,16],
collectively worsening pulmonary outcomes. The
findings of this study reinforce the importance of
holistic management approaches in COPD, not only
addressing the pulmonary aspects of the disease but
also aggressively targeting smoking cessation,
weight reduction, dietary modification, lipid control,
and glucose regulation. Early identification and
treatment of metabolic syndrome may help slow the
progression of airflow limitation, reduce the
frequency of exacerbations, and improve overall

Sharma et al.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

quality of life and prognosis for COPD patients
[12,17,19].

Clinical Implications

Given the dual burden of heavy smoking and
metabolic dysregulation, patients with COPD and
MetS face higher risks of:

Frequent exacerbations
Cardiovascular disease
Rapid lung function decline
Increased mortality

Integrated management is crucial:

e Aggressive smoking cessation

e Dietary modification

e Treatment for dyslipidemia and glucose
abnormalities

e Regular cardiovascular screening
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