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ABSTRACT

Background: Chronic obstructive pulmonary disease (COPD) is a progressive
respiratory disorder characterized by persistent airflow limitation and chronic
systemic inflammation. C-reactive protein (CRP) is an important biomarker of
systemic inflammation and may reflect disease severity and functional
impairment in patients with stable COPD. Objective: To assess serum C-
reactive protein (CRP) levels and evaluate their association with functional
capacity and disease severity in patients with stable chronic obstructive
pulmonary disease.

Materials and Methods: A hospital-based cross-sectional observational study
was conducted among 105 clinically stable COPD patients attending the
Department of Respiratory Medicine, Heritage Institute of Medical Sciences,
Varanasi. Demographic characteristics, smoking history, body mass index
(BMI), spirometric parameters, six-minute walk test (6MWT), and serum CRP
levels were recorded. Pulmonary function was assessed using post-
bronchodilator spirometry according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines. Functional capacity was
evaluated using the 6MWT (BODE Index). Data were analysed using IBM
SPSS, and a p-value <0.05 was considered statistically significant.

Results: Among the 105 participants, 34.3% belonged to the 70—79 years age
group, 56.2% were underweight, and 52.4% were former smokers. Based on
spirometry, 49.5% of patients had moderate airflow limitation, 48.6% had
severe airflow limitation, and 1.9% had very severe airflow limitation. The
mean serum CRP level was 13.74 + 4.40 mg/L. The mean FEV/FVC ratio,
FEV: (% predicted), and 6MWT BODE Index score were 53.23 + 5.52%,
4983 + 11.14%, and 1.46 + 0.87, respectively. Current smokers had
significantly poorer pulmonary function and functional capacity than former
and never smokers, with significant differences in FEV./FVC ratio (p =
0.007), FEV:1 (% predicted) (p <0.001), and 6MWT BODE Index score (p =
0.005).

Conclusion: Stable COPD was characterized by elevated serum CRP levels,
moderate-to-severe airflow limitation, and reduced functional capacity.
Current smoking was associated with significantly poorer pulmonary function
and exercise capacity. Comprehensive assessment incorporating spirometry,
functional capacity, smoking history, and inflammatory biomarkers may
improve disease evaluation and management. Further prospective studies are
required to clarify the relationship between systemic inflammation and disease
severity in stable COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a
common, preventable, and treatable respiratory
disease characterized by persistent respiratory
symptoms and progressive airflow limitation caused
by abnormalities of the airways and alveoli
following exposure to noxious particles or gases.
COPD remains a major global public health
challenge because of its increasing prevalence, high
morbidity, mortality, and socioeconomic burden.
According to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) 2024 report,
COPD is among the leading causes of death
worldwide and is expected to become an even
greater contributor to disability and healthcare
utilization in the coming decades.!' In India, COPD
contributes substantially to respiratory morbidity
owing to widespread tobacco smoking, biomass fuel
exposure, environmental pollution, occupational
hazards, and delayed diagnosis.™!

Traditionally, COPD was considered a disease
limited to the lungs; however, growing evidence
indicates that it is a multisystem inflammatory
disorder with important extrapulmonary
manifestations. Persistent systemic inflammation
plays a central role in the pathogenesis and
progression of COPD and contributes to skeletal
muscle dysfunction, weight loss, cardiovascular
disease, osteoporosis, metabolic abnormalities, and
reduced exercise capacity.’>¥ This chronic
inflammatory response is mediated by inflammatory
cytokines including interleukin-6 (IL-6), tumour
necrosis factor-alpha (TNF-0), and interleukin-1f,
which stimulate hepatic production of acute-phase
proteins such as C-reactive protein (CRP).[*?]
C-reactive protein is one of the most widely studied
biomarkers of systemic inflammation because it is
inexpensive, readily available, and reproducible.
Elevated serum CRP levels have been reported in
patients with stable COPD compared with healthy
individuals and have been associated with
worsening airflow limitation, frequent
exacerbations, impaired quality of life, reduced
exercise tolerance, and increased mortality.[%”] Gan
et al. demonstrated in a systematic review and meta-
analysis that circulating CRP concentrations are
significantly higher in patients with COPD than in
healthy  controls, suggesting that systemic
inflammation persists even during clinically stable
disease.[! Similarly, de Torres et al. reported that
elevated CRP was associated with clinically
important outcomes among patients with stable
COPD.M"

Assessment of COPD severity has traditionally
relied on spirometric measurements, particularly the
forced expiratory volume in one second (FEV:) and
the FEVi/forced vital capacity (FVC) ratio.
Spirometry remains the gold standard for
confirming airflow limitation and is an important
component of COPD assessment according to the
GOLD guidelines.'¥1  Nevertheless, spirometric
indices alone do not adequately reflect symptom
burden, exercise intolerance, or the systemic
manifestations of COPD. Patients with similar FEV
values may exhibit considerable differences in
dyspnoea, physical performance, nutritional status,
and quality of life.!®]

Functional capacity has therefore become an
important component of comprehensive COPD
assessment. The six-minute walk test (6MWT) is a
simple, validated, and widely accepted measure of
exercise tolerance that provides useful information
regarding functional status in patients with chronic
respiratory disease.””) The BODE Index, which
integrates body mass index (BMI), airflow
obstruction, dyspnoea, and exercise capacity,
provides a multidimensional assessment of disease
severity and predicts survival more accurately than
spirometric measurements alone.l'” Consequently,
combining  inflammatory = biomarkers  with
pulmonary  function testing and functional
assessment may provide a more comprehensive
evaluation of disease severity.

Body mass index also plays an important role in
COPD prognosis. Weight loss and low BMI are
common in advanced COPD and may result from
increased resting energy expenditure, systemic
inflammation, reduced dietary intake, and skeletal
muscle wasting. Malnutrition adversely affects
respiratory muscle strength, exercise performance,
and overall survival.'l Therefore, nutritional
assessment together with pulmonary function testing
and inflammatory biomarkers may improve clinical
evaluation of COPD patients.

Smoking remains the most important modifiable
risk factor for COPD. Continued tobacco exposure
promotes chronic airway inflammation, oxidative
stress, mucus hypersecretion, and destruction of
alveolar architecture, leading to accelerated decline
in lung function and worsening systemic
inflammation. Smoking cessation is the most
important intervention for reducing the harmful
effects of continued tobacco exposure and slowing
lung-function decline.l""'?l Evaluating pulmonary
function and functional capacity according to
smoking status may therefore provide additional
insights into disease severity among patients with
stable COPD.
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Although several international studies have
evaluated systemic inflammation in COPD, data
from the Indian population remain limited,
particularly regarding the combined assessment of
serum CRP, pulmonary function, and functional
capacity in clinically stable patients. Understanding
these  relationships may  facilitate  earlier
identification of patients at greater risk of disease
progression and support individualized management
strategies.

Therefore, the present study was undertaken to
evaluate serum C-reactive protein levels and their
relationship with pulmonary function, functional
capacity, and disease severity among patients with
stable chronic obstructive pulmonary disease
attending a tertiary care hospital.

MATERIALS AND METHODS

Study Design and Setting

This hospital-based cross-sectional observational

study was conducted in the Department of

Respiratory Medicine, Heritage Institute of Medical

Sciences, Varanasi, over a period of 18 months

(August 2024 to January 2026) after obtaining

approval from the Institutional Ethics Committee.

Study Population

A total of 105 clinically stable COPD patients

attending the Respiratory Medicine Outpatient

Department were enrolled consecutively after

obtaining written informed consent. COPD was

diagnosed according to the Global Initiative for

Chronic Obstructive Lung Disease (GOLD)

criteria using post-bronchodilator spirometry.

Inclusion Criteria

Patients were included if they:

e  Were 40 years of age or older.

e Had a confirmed diagnosis of COPD with post-
bronchodilator FEV/FVC <0.70 according to
the GOLD guidelines.

e Were clinically stable, with no exacerbation
during the preceding four weeks.

e  Provided written informed consent.

Exclusion Criteria

Patients were excluded if they had:

e Acute exacerbation of COPD within the
previous four weeks.

e Active tuberculosis, uncontrolled cardiac
disease, malignancy, or other significant
comorbidities affecting systemic inflammation
or exercise tolerance.

e Physical or neurological limitations preventing
spirometry or the six-minute walk test.

e Unwillingness or inability to provide informed
consent.

Sample Size

The sample size was calculated assuming a 95%

confidence level, 80% statistical power, COPD

prevalence of 7.4%, and an allowable error of 5%,

yielding a minimum required sample size of 105

participants. Accordingly, 105 patients were
included in the study.

Data Collection

All enrolled participants underwent a detailed
clinical evaluation using a structured proforma.
Demographic characteristics, smoking history,
exacerbation history, and comorbidities were
recorded. Anthropometric measurements were
obtained for calculation of body mass index (BMI).
All participants underwent chest radiography,
pulmonary function testing, six-minute walk testing,
and laboratory estimation of serum C-reactive
protein (CRP).

Pulmonary Function Testing

Pulmonary function tests were performed using an
RMS Helios 702 spirometer. Pre- and post-
bronchodilator spirometry was carried out, and
patients with a post-bronchodilator FEV/FVC
ratio <0.70 were included. COPD severity was
graded according to the latest GOLD classification
based on FEV: (% predicted).

Assessment of Functional Capacity

Functional capacity was assessed using the Six-
Minute Walk Test (6MWT) under supervision,
with continuous monitoring of oxygen saturation,
pulse rate, and patient symptoms throughout the
procedure.

Estimation of Serum C-Reactive Protein

Venous blood samples were collected under aseptic
precautions, and serum C-reactive protein (CRP)
levels were measured as part of the biochemical
evaluation.

Ethical Considerations

The study protocol was approved by the
Institutional  Ethics Committee, Heritage
Institute of Medical Sciences, Varanasi (Approval
No. HIMS/IEC/194/2024, dated 30 August 2024).
Written informed consent was obtained from all
participants before enrolment.

Statistical Analysis

Data were analysed using IBM SPSS. Continuous
variables were expressed as mean * standard
deviation (SD) or median with interquartile range,
while categorical variables were presented as
frequencies and percentages. Correlation between
study variables was planned using Pearson's or
Spearman's correlation coefficient, as appropriate,
and multivariable regression analysis was planned
to identify independent predictors of morbidity. A
p-value <0.05 was considered statistically
significant.

RESULTS

A total of 105 patients with stable chronic
obstructive pulmonary disease (COPD) were
enrolled in this cross-sectional study. Most
participants were aged 70-79 years (34.3%),
followed by 60—69 years (29.5%). More than half of
the patients (56.2%) were underweight (BMI <18.5
kg/m?), while 52.4% were former smokers.
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Pulmonary function assessment revealed that 49.5%
of patients had moderate airflow limitation, 48.6%
had severe airflow limitation, and 1.9% had very
severe airflow limitation, whereas no patient had
mild disease. Most participants (48.6%) had an FVC
of 70-89% predicted. [Tables 1 and 2]

The mean serum C-reactive protein (CRP) level was
13.74 + 4.40 mg/L (95% CI: 12.88-14.59 mg/L),
with a median value of 12.8 mg/L and no
statistically significant difference in the one-sample
t-test (p = 0.539). The mean FEV/FVC ratio, FEV,
(% predicted), and 6-minute walk test (6MWT)
BODE Index score were 53.23 + 5.52%, 49.83 +
11.14%, and 1.46 £+ 0.87, respectively. Repeated-
measures ANOVA demonstrated a statistically
significant  difference among these clinical
parameters (p < 0.001). [Tables 3 and 4]

Comparison according to smoking history showed
that current smokers had the lowest mean
FEV/FVC ratio (48.82 + 3.25%), FEV:i (%
predicted) (40.55 + 6.38%), and the highest 6MWT
BODE Index score (1.91 + 0.54) compared with
former and never smokers. The differences in
FEV/FVC ratio (p = 0.007), FEV: (% predicted) (p
<0.001), and 6MWT BODE Index score (p = 0.005)
across smoking categories were statistically
significant, indicating poorer pulmonary function
and functional capacity among current smokers.

[Table 5] Overall, the findings demonstrated
moderate-to-severe airflow limitation, elevated
systemic  inflammation, impaired functional

capacity, and a significant adverse effect of smoking
history on disease severity in patients with stable
COPD. [Table 6]

Table 1: Baseline demographic and clinical characteristics of stable COPD patients (n = 105)

Variable Category n (%)
Age (years) 40-49 20 (19.0)
50-59 18 (17.1)
60-69 31(29.5)
70-79 36 (34.3)
BMI (kg/m?) Underweight (<18.5) 59 (56.2)
Normal (18.5-24.9) 46 (43.8)
Overweight (>25) 0(0.0)
Smoking history Never smoker 39 (37.1)
Former smoker 55(52.4)
Current smoker 11 (10.5)
Table 2: Pulmonary function characteristics of stable COPD patients (n = 105)
Variable Category n (%)
FEV: (% predicted) Mild (>80%) 0(0.0)
Moderate (50-79%) 52 (49.5)
Severe (30-49%) 51 (48.6)
Very severe (<30%) 2(1.9)
FVC (% predicted) <50% 0(0.0)
50-69% 27(25.7)
70-89% 51 (48.6)
>90% 27 (25.7)
Table 3: Clinical characteristics of stable COPD patients (n = 105)
Variable Mean £ SD Median Range 95% CI p-value
BMI (kg/m?) 18.03 +1.22 18.0 16-21 17.80-18.27 0.823*
CRP (mg/L) 13.74 £ 4.40 12.8 5.6-24.1 12.88-14.59 0.539*
Table 4: Pulmonary function and functional capacity among stable COPD patients (n = 105)
Variable Mean = SD Median Range 95% CI
FEV/EVC (%) 53.23+£5.52 54 42-64 52.16-54.29
FEV: (% predicted) 49.83 £11.14 49 28-74 47.67-51.98
6MWT (BODE Index points) 1.46 +0.87 1 0-3 1.29-1.62

Table 5: Pulmonary function and functional capacity according to smoking history

Variable Never smoker (n = 39) Former smoker (n = 55) Current smoker (n =11) p-value
FEV/FVC (%) 54.43 £4.47 53.25+6.13 48.82 £3.25 0.007
FEV: (% predicted) 52.51£9.67 49.78 £+ 11.95 40.55+6.38 <0.001
6MWT (BODE Index points) 1.41+£0.79 1.40 +0.95 1.91+0.54 0.005
Table 6: Summary of disease severity indicators in stable COPD
Domain Variable Key finding
Airflow limitation FEV: (% predicted) Most patients had moderate to severe airflow obstruction (98.1%).
Nutritional status BMI More than half of the patients (56.2%) were underweight.
Systemlc . CRP Mean CRP level was 13.74 + 4.40 mg/L, indicating systemic inflammation.
inflammation
Functional capacity ;6)2/1[1:?3 (BODE Index Mean score was 1.46 + 0.87, suggesting reduced exercise capacity.
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Smoking effect Pulmonary function

Current smokers had significantly lower FEV/FVC and FEV. values and poorer
functional capacity than never and former smokers (p < 0.05).

DISCUSSION

The present study evaluated the association of
systemic inflammation, assessed by serum C-
reactive protein (CRP), with functional capacity and
disecase severity in patients with stable chronic
obstructive pulmonary disease (COPD). The
majority of patients belonged to the 70—79 years age
group, with more than half being underweight and
former smokers. These findings are consistent with
previous studies demonstrating that COPD
predominantly affects older individuals because of
cumulative exposure to tobacco smoke and age-
related decline in lung function. Low body mass
index (BMI) observed in the present study reflects
nutritional depletion and muscle wasting, which are
well-recognized systemic manifestations of COPD.
Similar observations have been reported in the
literature describing age, smoking exposure,
systemic effects, and nutritional status as important
factors associated with COPD severity.[!!]
Pulmonary function assessment revealed that almost
all patients had moderate-to-severe airflow
limitation, with no patients classified as having mild
disease. This distribution is comparable with
hospital-based studies where patients usually present
in more advanced stages because of delayed
diagnosis and persistent exposure to risk factors.
Spirometry remains central to the diagnosis and
assessment of airflow limitation in COPD, as
emphasized by the GOLD guidelines and ATS/ERS
recommendations.[-*)

The mean serum CRP concentration in the present
study was 13.74 = 4.40 mg/L, indicating persistent
systemic inflammation despite clinical stability.
Elevated CRP levels have been consistently reported
in stable COPD and are associated with increased
inflammatory burden and adverse clinical outcomes.
Gan et al. demonstrated significantly higher CRP
concentrations in patients with COPD compared
with healthy controls, suggesting that systemic
inflammation persists even during clinically stable
disease.l Similarly, de Torres et al. reported that
CRP levels were associated with clinically
important predictive outcomes in stable COPD.”
Therefore, the present findings further support the
potential role of CRP as a useful biomarker of
systemic inflammation in COPD.[%7]

The present study also demonstrated impaired
pulmonary function and reduced functional
capacity, with mean FEV/FVC and FEV: (%
predicted) values indicating moderate-to-severe
airflow obstruction. The mean BODE Index score
suggested reduced exercise tolerance among the
study participants. Significant differences observed
between pulmonary function indices and functional
capacity =~ emphasize  the  importance  of
multidimensional assessment of COPD. Similar
findings have been reported by Celli et al., who

demonstrated that the BODE Index, incorporating
BMI, airflow obstruction, dyspnoea, and exercise
capacity, provides a more comprehensive
assessment and has greater prognostic value than
FEV: alone.'Y The six-minute walk test is also an
established measure of functional exercise capacity
in patients with chronic respiratory disease.!
Smoking history significantly influenced pulmonary
function and functional capacity in the present
study. Current smokers had significantly lower
FEV/FVC ratios and FEV: (% predicted) values
together with poorer functional capacity than former
and never smokers. These findings are consistent
with the established adverse effects of continued
cigarette smoking on lung function and disease
progression. Continued smoking contributes to
persistent airway inflammation, oxidative stress, and
progressive structural damage within the lungs.[!]
Smoking cessation has been shown to reduce the
rate of lung-function decline in patients with mild-
to-moderate COPD.[!2!

Although the present study demonstrated elevated
CRP levels together with impaired pulmonary
function and reduced functional capacity, the thesis
did not include a direct correlation or regression
analysis between CRP and disease severity
parameters. Therefore, while these findings suggest
that systemic inflammation coexists with pulmonary
impairment, a direct statistical association cannot be
established from the available data. Future
longitudinal studies with larger sample sizes and
multivariable analyses are recommended to clarify
the relationship between systemic inflammation and
disease severity in stable COPD.

Overall, the findings of the present study indicate
that stable COPD is characterized by persistent
systemic inflammation, moderate-to-severe airflow
limitation, reduced functional capacity, and the
adverse effects of smoking on disease severity.
Comprehensive assessment including pulmonary
function testing, evaluation of exercise capacity,
smoking  status, nutritional assessment, and
inflammatory biomarkers such as CRP may help in
identifying high-risk patients and optimizing
individualized management strategies.[’6%-12]

CONCLUSION

Patients with stable COPD exhibited moderate-to-
severe airflow limitation, elevated serum CRP
levels, and reduced functional capacity. Current
smokers had significantly poorer pulmonary
function and exercise capacity than former and
never smokers. These findings indicate that systemic
inflammation, impaired lung function, and smoking
contribute to disease severity in stable COPD.
Comprehensive assessment using spirometry,
functional capacity, smoking status, nutritional
assessment, and inflammatory biomarkers may aid
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in better disease evaluation and management.
Further large-scale prospective studies are needed to
clarify the relationship between CRP and disease
severity.
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