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Abstract

Background: Chronic Obstructive Pulmonary Disease (COPD) is characterized
by persistent airflow limitation and systemic inflammation. Inflammatory
markers play a pivotal role in disease progression, severity, and exacerbation
frequency. This study aims to assess the pathological profiles of key
inflammatory markers and their correlation with disease severity and smoking
status in COPD patients. Materials and Methods: A cross-sectional
observational study was conducted on 100 patients diagnosed with COPD.
Demographic data, smoking history, and GOLD staging were recorded. Blood
samples were analyzed for C-Reactive Protein (CRP), Interleukin-6 (IL-6),
Tumor Necrosis Factor-o (TNF-a), fibrinogen, and Erythrocyte Sedimentation
Rate (ESR). Correlations between marker levels and COPD severity were
assessed. Bronchial biopsies were performed in 30 selected patients to observe
histopathological changes. Result: The mean age of participants was 64.3 + 8.5
years, with a male predominance (62%). Elevated inflammatory markers were
prevalent: CRP (82%), IL-6 (76%), TNF-a (70%), ESR (75%), and fibrinogen
(69%). A strong positive correlation was found between COPD severity and
CRP (r = 0.68, p < 0.001), IL-6 (r = 0.64, p < 0.01), and TNF-a (r=0.59, p <
0.01). Smokers exhibited significantly higher levels of CRP and IL-6 compared
to non-smokers (p < 0.05). Biopsy findings showed goblet cell hyperplasia
(80%), mucosal inflammation (70%), and submucosal fibrosis (60%).
Conclusion: Inflammatory markers such as CRP, IL-6, and TNF-a are
significantly associated with COPD severity and smoking status.
Histopathological findings further confirm chronic airway inflammation. These
markers may serve as valuable indicators for disease monitoring and
personalized interventions.

INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD) is a
progressive and debilitating respiratory condition
characterized by persistent airflow limitation that is
not fully reversible. It represents a major global
health challenge and is projected to become the third
leading cause of death worldwide in the coming
years.[*3 The pathophysiology of COPD involves
chronic inflammation affecting the airways, alveolar
structures, and pulmonary vasculature, resulting in
irreversible structural remodeling and progressive
decline in lung function.!!

Recent research has increasingly recognized COPD
as a systemic inflammatory disorder rather than one
confined to the lungs. Systemic inflammation plays a
significant role in disease progression, comorbidities,

and exacerbation risk.[3°! Key biomarkers such as C-
reactive protein (CRP), Interleukin-6 (IL-6), and
Tumor Necrosis Factor-alpha (TNF-o) have been
identified as reliable indicators of disease activity,
correlating with worsening respiratory symptoms,
reduced lung function, and increased mortality
risk.[Ll

Multiple studies have demonstrated elevated levels of
these inflammatory markers during both stable
phases and acute exacerbations of COPD,
underscoring their clinical utility in monitoring
disease  trajectory and guiding therapeutic
decisions.[**81 A recent meta-analysis also confirmed
a strong association between elevated inflammatory
biomarkers and increased risk of COPD, further
supporting their diagnostic and prognostic value.l]
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Tobacco smoking remains the principal etiological
factor, exacerbating oxidative stress and systemic
inflammation, thereby accelerating pulmonary injury
and functional decline.®¥  Histopathological
evidence, including goblet cell hyperplasia,
submucosal  fibrosis, and inflammatory cell
infiltration, reflects the ongoing epithelial damage
and airway remodeling that contribute to airflow
obstruction.[*4!

Despite growing evidence, the relationship between
systemic inflammatory markers, COPD severity,
smoking status, and histopathological alterations
remains inadequately characterized in many clinical
settings. This study aims to evaluate the levels of key
inflammatory markers in COPD patients and explore
their association with disease severity and smoking,
along with supportive histopathological findings
from bronchial biopsies.

MATERIALS AND METHODS

Study Design and Setting: This was a cross-

sectional observational study conducted in the

Department of General Medicine at Government

Medical College, Rajanna Sircilla, Telangana, India,

over a period of six months from September 2024 to

February 2025.

Study Population: A total of 100 patients clinically

diagnosed with Chronic Obstructive Pulmonary

Disease (COPD) based on GOLD (Global Initiative

for Chronic Obstructive Lung Disease) criteria were

enrolled in the study. All participants were either

outpatients or inpatients attending the General

Medicine department during the study period.

Inclusion Criteria

o Patients aged > 40 years

e Diagnosed with COPD based on spirometry
(FEV1/FVC<0.7)

e Stable patients (not experiencing acute
exacerbation at the time of recruitment)

e Patients willing to give informed consent

Exclusion Criteria

e Patients with concurrent asthma, tuberculosis,
pneumonia, or other acute/chronic respiratory

illnesses
e Patients with autoimmune disorders,
malignancies, or on long-term

immunosuppressive therapy
e Patients with acute infections at the time of
sampling
Data Collection Procedure: Detailed clinical
history, including age, sex, smoking status, and
comorbidities, was recorded. Pulmonary function
was assessed using spirometry, and patients were
categorized into GOLD stages I-1V based on FEV1
values.
Inflammatory Marker Assessment: Venous blood
samples were collected under aseptic precautions to
assess the following markers:
C-Reactive Protein (CRP): Measured using high-
sensitivity immunoturbidimetry

Interleukin-6 (IL-6) and TNF-a: Quantified using
ELISA kits (Enzyme-Linked Immunosorbent Assay)
Fibrinogen: Determined using Clauss method
Erythrocyte Sedimentation Rate (ESR): Assessed
via Westergren method

Histopathological Analysis: Bronchial biopsies
were performed in a subset of 30 consenting patients
using bronchoscopy. The tissue samples were fixed
in formalin, stained with Hematoxylin and Eosin
(H&E), and examined microscopically for:

Goblet cell hyperplasia

Neutrophilic and macrophage infiltration
Submucosal fibrosis and epithelial metaplasia
Statistical Analysis: Data were entered in Microsoft
Excel and analyzed using SPSS software version
25.0. Descriptive statistics were used for
demographic and clinical variables. Correlation
between COPD severity and inflammatory markers
was analyzed using Pearson’s correlation coefficient
(. A p-value < 0.05 was considered statistically
significant.

Ethical Considerations: Ethical clearance was
obtained from the Institutional Ethics Committee of
Government Medical College, Rajanna Sircilla.
Written informed consent was obtained from all
study participants prior to enrollment.

RESULTS

Demographic and Clinical Characteristics: A total
of 100 patients diagnosed with Chronic Obstructive
Pulmonary Disease (COPD) were included in the
study. The mean age of the cohort was 64.3 + 8.5
years. Among them, 62% were male and 38% were
female. A majority of the participants (70%) reported
a history of smoking, while 30% were either non-
smokers or former smokers [Table 1].

COPD Severity Classification: Patients were
classified according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) staging
criteria. The distribution showed that 14% of patients
were in Stage | (mild), 38% in Stage Il (moderate),
34% in Stage 111 (severe), and 14% in Stage 1V (very
severe) [Table 2].

Inflammatory Marker Profiles: Analysis of
systemic inflammatory markers revealed elevated
levels across most patients. The mean levels of C-
Reactive Protein (CRP), Interleukin-6 (IL-6), and
Tumor Necrosis Factor-alpha (TNF-a) were 11.4 +
6.8 mg/L, 15.2 + 9.3 pg/mL, and 13.6 + 7.1 pg/mL
respectively. In addition, fibrinogen and erythrocyte
sedimentation rate (ESR) were elevated beyond
normal physiological ranges in a substantial
proportion of participants. Notably, 82% of patients
had elevated CRP, 76% had elevated IL-6, and 70%
had elevated TNF-o [Table 3].

Correlation Between Inflammation and Disease
Severity: A statistically significant positive
correlation was observed between the severity of
COPD (as defined by GOLD stage) and the levels of
inflammatory markers. CRP demonstrated the
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strongest correlation (r = 0.68, p < 0.001), followed
by IL-6 (r =0.64, p <0.01) and TNF-a (r=0.59, p <
0.01), indicating that systemic inflammation
increases with disease progression [Table 4].

Effect of Smoking on Inflammatory Response:
Smokers had significantly higher levels of CRP and
IL-6 compared to non-smokers and former smokers
(p < 0.05). Additionally, elevated TNF-o levels were
particularly noted among patients in GOLD Stage |11
and IV with a positive smoking history, suggesting a
compounding effect of smoking on systemic
inflammation.

Histopathological Observations: Bronchial biopsy
samples were obtained from a subset of 30 patients
for pathological assessment. Goblet cell hyperplasia
was observed in 80% of samples, while 70%
exhibited mucosal infiltration with neutrophils and
macrophages. Submucosal fibrosis and epithelial
metaplasia were identified in 60% of cases,
indicating chronic airway remodeling and
inflammation characteristic of advanced COPD
[Table 5].

Table 1: Study Population Characteristics.

Parameter Value
Mean Age (years) 64.3+£8.5
Male (%) 62%
Female (%) 38%
Smokers (%) 70%
Non-smokers/Former Smokers (%) 30%
Table 2: Distribution of COPD Severity (GOLD Classification)
GOLD Stage No. of Patients Percentage
Stage | (Mild) 14 14%
Stage Il (Moderate) 38 38%
Stage 111 (Severe) 34 34%
Stage 1V (Very Severe) 14 14%
Table 3: Inflammatory Markers in COPD Patients (n=100)
Marker Normal Range Mean + SD Elevated (%)
C-Reactive Protein (CRP, mg/L) <5 114 +6.8 82%
Interleukin-6 (I1L-6, pg/mL) <7 15.2+9.3 76%
Tumor Necrosis Factor-a. (TNF-a, pg/mL) <8 136+7.1 70%
Fibrinogen (g/L) 2-4 51+13 69%
Erythrocyte Sedimentation Rate (mm/hr) <20 38.7+12.6 75%
Table 4: Correlation Between COPD Severity and Inflammatory Markers
Marker Correlation Coefficient (r) p-value
CRP 0.68 <0.001
1L-6 0.64 <0.01
TNF-a 0.59 <0.01

Table 5: Histopathological Findings in Bronchial Biopsies (n=30)

Finding Prevalence (%)
Goblet cell hyperplasia 80%
Mucosal infiltration with neutrophils and macrophages 70%
Submucosal fibrosis and epithelial metaplasia 60%
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Figure 1: Correlation Between COPD Severity and
Inflammatory Markers

Submucosal fibrosis and epithelial metaplasia s
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Figure 2: Histopathological Findings in Bronchial
Biopsies

DISCUSSION
This study evaluated systemic inflammatory markers

and histopathological patterns in patients with
chronic obstructive pulmonary disease (COPD),
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emphasizing their association with disease severity
and smoking status. The elevated levels of CRP
(82%), 1L-6 (76%), and TNF-o (70%) observed in
this study reinforce the recognition of COPD as a
systemic inflammatory disorder rather than a disease
confined to the lungs, a notion increasingly supported
in the literature.[®4

CRP showed the strongest positive correlation with
GOLD staging (r = 0.68, p < 0.001), consistent with
previous findings that highlighted its role as a reliable
surrogate  marker of disease activity and
cardiovascular comorbidity in COPD patients.® IL-6
and TNF-a, known for their pro-inflammatory and
catabolic roles, also demonstrated significant positive
associations with COPD severity. These cytokines
contribute to systemic manifestations such as skeletal
muscle dysfunction, cachexia, and heightened
exacerbation frequency.-*2 In particular, Formiga et
al. demonstrated that higher systemic levels of these
markers were associated with inspiratory muscle
dysfunction, underscoring their physiological impact
beyond pulmonary involvement.®!

Larsson,™ and Meshram et al,*? similarly reported
that elevated inflammatory markers, especially in
patients with higher BODE index scores, reflect an
underlying systemic process contributing to overall
morbidity. Moreover, the inflammatory burden was
notably higher in smokers compared to non-smokers
in our study. This observation is well-supported by
studies indicating that ongoing exposure to tobacco
smoke perpetuates the systemic inflammatory state
and accelerates disease progression.[%:2]
Histopathological examination revealed structural
changes typical of chronic inflammation, including
goblet cell hyperplasia, neutrophilic and macrophage
infiltration, epithelial metaplasia, and submucosal
fibrosis. These findings mirror those reported by
O'Donnell et al., who described a similar
inflammatory cell profile in bronchial biopsies of
COPD patients.[*¥1 Furthermore, the relationship
between inflammation and genetic predisposition
was also emphasized by Serapinas et al., who showed
that patients with different al antitrypsin genotypes
manifested varying degrees of inflammatory marker
expression, suggesting the influence of genetic
factors on systemic inflammation in COPD.14]
Overall, the integration of biochemical markers and
histopathological evidence presents a compelling
case for the routine use of inflammatory profiling in
COPD. Such profiling could improve disease
monitoring, risk stratification, and personalized
therapeutic strategies.

Strengths and Limitations: The major strength of
this study lies in its holistic approach, incorporating
inflammatory biomarkers, clinical staging, and
histopathological findings. This comprehensive
methodology offers a clearer understanding of the
pathophysiological  underpinnings of COPD.
Nevertheless, limitations include the single-center,
cross-sectional design and relatively modest sample
size, which may limit generalizability and prevent
causal inferences. Longitudinal studies with serial

biomarker measurements are needed to establish
temporal patterns and predict exacerbation risk more
accurately.

Clinical Implications: The results underline the
utility of inflammatory markers—particularly CRP,
IL-6, and TNF-a as potential biomarkers for COPD
severity stratification. Their integration into routine
evaluation may help identify patients at higher risk
for rapid progression or frequent exacerbations,
enabling tailored therapeutic strategies, including
anti-inflammatory interventions.

CONCLUSION

This study highlights the significant role of systemic
inflammation in the pathogenesis and progression of
Chronic Obstructive Pulmonary Disease (COPD).
Elevated levels of inflammatory markers such as
CRP, IL-6, and TNF-a were strongly associated with
increasing disease severity as per GOLD staging.
Smoking was identified as a major contributor to
heightened inflammatory responses.
Histopathological findings further supported the
presence of chronic airway remodeling in advanced
cases. These results emphasize the potential utility of
inflammatory biomarkers in clinical assessment, risk
stratification, and therapeutic decision-making.
Integrating biomarker profiling into routine COPD
management may facilitate early intervention and
improved disease monitoring, ultimately leading to
better patient outcomes and reduced healthcare
burden.
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