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ABSTRACT

Introduction: COPD is increasingly recognized as a multisystem disorder, and
multidimensional indices such as the BODE score better reflect functional limitation and
systemic involvement than spirometry alone.

Objective: To compare BODE index scores between smokers and non-smokers with COPD
and to examine the association between pack-years and multidimensional severity.
Methods: An analytical cross-sectional study was conducted at the Department of Internal
Medicine, Isra University, Hyderabad from April 2025 to August 2025. Stable outpatients
aged >40 years with spirometry-confirmed COPD were recruited consecutively. Smoking
status was classified as smoker/non-smoker, and cumulative exposure was quantified as
pack-years. BODE index was calculated using BMI, FEV:% predicted, mMRC dyspnea
grade, and six-minute walk distance. Mean BODE scores were compared using an
independent samples t-test, and correlation between pack-years and BODE was assessed
using Pearson correlation. Pack-years were also compared across BODE severity categories.
Results: A total of 150 patients were analyzed (mean age 60.25 + 8.91 years; 74% male).
Smokers had mean BODE score numerically higher than non-smokers (3.09 + 1.67 vs 2.70
+ 1.35), but the difference was not statistically significant (p = 0.223). Pack-years showed a
weak positive correlation with BODE score (r = 0.268, p = 0.001). Patients with moderate-
to-severe disease had higher pack-years than those with mild disease (16.49 + 11.77 vs 10.64
+9.81; p=0.003).

Conclusion: In stable outpatient COPD, smoking status alone did not significantly
differentiate BODE severity; however, cumulative exposure (pack-years) showed a modest
association with multidimensional disease burden.
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INTRODUCTION

Recognition of chronic obstructive pulmonary disease (COPD) as a multisystem disorder has shifted severity
assessment away from isolated spirometric impairment toward multidimensional constructs that better reflect
functional limitation and systemic involvement. Swapna et al.! demonstrated that the BODE index correlates
strongly with disease severity and extrapulmonary manifestations, supporting its clinical superiority over single
physiologic markers.

The prognostic performance of multidimensional indices has been validated across diverse clinical environments.
Robles-Hernandez et al.? confirmed the predictive accuracy of BODE variants for mortality, reinforcing the value
of composite severity modeling in long-term risk assessment.
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Similarly, Arivumani et al.? identified the BODE index as a reliable marker of overall clinical burden, while Reddy
et al.* reported a significant association between elevated BODE scores and pulmonary hypertension, emphasizing
the index’s ability to capture cardiopulmonary interaction beyond airflow limitation.

Further strengthening its clinical relevance, Ajay et al.° observed that higher BODE scores predicted
hospitalization risk. Prospective evaluation by Himavarsh et al.® confirmed its utility as a predictor of disease
severity, highlighting the transition toward integrated severity frameworks.

Radiologic investigations have also supported multidimensional modeling. Indurkar et al,” demonstrated a
meaningful correlation between HRCT parameters and BODE-based severity grading. In parallel, patient-reported
outcome research by Kaur et al.® showed significant agreement between COPD assessment tools and BODE
scoring, underscoring the index’s ability to reflect symptomatic burden.

More recently, Park et al.” validated a modified BODE construct incorporating activity domains, illustrating the
adaptability of multidimensional evaluation across clinical contexts.

Smoking remains the principal etiologic driver of COPD and may intensify systemic disease burden through
persistent inflammatory activation and oxidative stress. Patel et al.'® observed that longer disease duration
correlated with worsening spirometric impairment and higher BODE scores, suggesting cumulative injury
pathways. Biological plausibility is further supported by Hemalatha et al.’!; who linked elevated inflammatory
biomarkers with advanced BODE categories. Broader systemic interactions were described by Bonde et al.,'> who
reported associations between vitamin D status and higher BODE scores.

Importantly, exposure—severity relationships have been examined directly. Kalyani et al.'* demonstrated that
increasing smoking index correlated with greater disease severity and comorbidity burden. Meanwhile, Bothara
and Holay,'* described clinically meaningful sex-based differences in COPD expression.

Despite extensive validation of the BODE index, evidence directly comparing multidimensional severity between
Smokers and nSmokers remains limited, particularly within stable outpatient cohorts where early risk
stratification could influence long-term trajectories.

Given this context, the present study sought to determine whether multidimensional disease burden differs
between ever and Non Smokers and to examine the relationship between cumulative smoking exposure and
severity among patients with COPD.

METHODS

An analytical cross-sectional design was employed to evaluate the comparison of Bode Index between Smokers
and Non-Smokers with Chronic Obstructive Pulmonary Disease. The study was conducted from April 2025 to
August 2025, after obtaining ethical approval from the Institutional Review Committee (Approval No: IU/CP.
REC(FCS)/2025/487). Participants were recruited from stable outpatient clinics at Isra University Hospital,
Hyderabad.

Adults aged >40 years with post-bronchodilator spirometry consistent with COPD were eligible. Patients
experiencing acute exacerbations, primary bronchial asthma, active pulmonary infections, unstable cardiovascular
disease, or conditions precluding functional testing were excluded.

Participants were categorized according to lifetime smoking exposure. Non Smokers were defined as individuals
who had smoked fewer than 100 cigarettes in their lifetime. Smokers included participants with documented
smoking exposure regardless of current smoking status. Smoking burden was quantified in pack-years, calculated
as the number of cigarettes smoked per day divided by 20 and multiplied by years smoked.

The primary outcome was the BODE index, calculated using body mass index, percent predicted FEV:, modified
Medical Research Council dyspnea scale, and six-minute walk distance. Standardized spirometry protocols were
followed, and walk testing was conducted under supervision with early termination documented in accordance
with prognostic considerations described by Youk et al. '3

Data were collected on age, sex, socioeconomic status, biomass exposure, COPD duration, exacerbation
frequency, and cardiometabolic comorbidities. Body mass index was recorded given its established association
with airflow limitation.

Sample size was calculated a priori using G¥*Power (version 3.1) for comparison of mean BODE scores between
ever and nSmokers , assuming a=0.05, 80% power, a moderate effect size (Cohen’s d=0.55), and an anticipated
outpatient allocation ratio favouring Smokers . The required sample was approximately 150 participants.

Data were analyzed using SPSS version 26. Normality was assessed via Shapiro—Wilk testing. Continuous
variables were summarized as mean+SD or median (IQR). Group differences were evaluated using the Mann—
Whitney U test. Spearman correlation assessed the relationship between pack-years and BODE score. Smoking
exposure was compared with BODE Index by applying independent t test. A p-value <0.05 was considered
statistically significant.

RESULTS
A total of 150 patients with spirometry-confirmed stable COPD were included in the final analysis. The mean age

of the cohort was 60.25 + 8.91 years, and males comprised 74% of participants. Biomass exposure was reported
in 38% of patients. Current smokers were 78(52%), former and nSmokers were 39(26%) and 33(22%),
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respectively. Cardiometabolic comorbidities were common, with hypertension present in 26%, diabetes mellitus
in 21.3%, ischemic heart disease in 18%, and heart failure in 10%. Table 1

The mean body mass index was 25.21 + 4.73 kg/m?, and the average duration of COPD was 5.27 + 3.13 years.
The overall mean BODE index was 3.00 = 1.61, indicating moderate multidimensional disease severity within the
study population. Table 1

Smokers (current and former smokers) constituted 78% of the cohort, whereas 22% were nSmokers . The mean
BODE score was higher among Smokers compared with nSmokers (3.09 + 1.67 vs 2.70 + 1.35); however, this
difference did not reach statistical significance (mean difference 0.389; 95% CI —1.016 to 0.239; p = 0.223). Table
2

A statistically significant positive correlation was observed between cumulative smoking exposure and BODE
index (r = 0.268, p = 0.001), demonstrating that greater tobacco exposure was associated with increased
multidimensional COPD severity. Table 3

When disease severity was dichotomized, patients with moderate-to-severe COPD exhibited significantly higher
cumulative smoking exposure compared with those with mild disease (16.49 = 11.77 vs 10.64 + 9.81 pack-years).
The mean difference of 5.85 pack-years was statistically significant (95% CI 2.06-9.63; p = 0.003), supporting
the presence of a clear exposure—severity gradient. Table 4

Table 1: Demographic and Baseline Clinical Characteristics of Study Participants

Variables n(%), mean £SD
Age (Years) 60.25 + 8.91
Sex

Male 111(74.0)
Female 39(26.0)
Biomass Exposure

Yes 57(38.0)

No 93(62.0)
Smoking Status

Non-Smokers 33(22.0)
Former smoker 39(26.0)
Current smokers 78(52.0)
Smokers (Former + Current smokers) 117(78.0)
Educational level

Primary or less 48(32.0)
Secondary 62(41.3)
Higher 40(26.7)
Comorbidities

Diabetes mellitus (DM) 32(21.3)
Hypertension (HTN) 39(26)
Ischemic heart disease 27(18.0)
Heart Failure 15(10.0)
Body Mass Index (kg/m?) 25.21+4.73
Duration of COPD (years) 5.27+3.13
Pack-years

FEV: (% predicted) 63.84 £ 9.68
FVC (% predicted) 82.53 + 7.80
SpO: at rest (%) 95.68 + 1.48
Bode Index 3.00+1.61
Bode severity

Mild 55(36.7)
Moderate to Severe 95(63.3)
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Table 2. Comparison of BODE Index Between Smokers and Non Smokers
. Bode Index o
Smoking Status (Mean £SD) 95% CI P value
Smokers (n=117) 3.09+1.67
-1.016- 0.239 0.223
Non Smokers (n=33) 2.70+1.35

Table 3. Correlation Between Smoking Exposure and Bode Index

Variables Correlation Coefficient P Value
Pack-years vs BODE Index 0.268 0.001
Table 4. Comparison of Pack-Years with severity of COPD
Severity of COPD Pack-years (Mean | g50, ¢ P value
+SD)
Mild 10.64+9.81
2.06-9.63 0.003
Moderate to Severe 16.49+11.77
DISCUSSION

The present study evaluated whether multidimensional COPD severity differs between smokers and non-smokers
and further examined the relationship between cumulative tobacco exposure and BODE index in a stable
outpatient population. Although smokers demonstrated marginally higher BODE scores, the absence of statistical
significance suggests that categorical smoking status alone may inadequately capture the complexity of disease
expression. In contrast, the observed positive correlation between pack-years and BODE index indicates that
cumulative exposure provides a more discriminative measure of multidimensional impairment. Similar exposure—
severity relationships have been described previously, where increasing smoking indices aligned with greater
systemic involvement and functional limitation.3

The use of the BODE index as the primary severity metric is supported by extensive literature emphasizing its
superiority over isolated spirometric markers. Strong correlations between BODE scores and overall disease
burden have been demonstrated in stable COPD cohorts,'* while prognostic validation studies confirm its
reliability for mortality prediction.? Importantly, elevated BODE scores have also been associated with
hospitalization risk and adverse clinical trajectories, reinforcing the clinical relevance of multidimensional
staging.>®

The lack of a significant smoker versus non-smoker difference in the current study likely reflects the
heterogeneous pathobiology of COPD rather than a true absence of exposure effect. Disease duration has been
shown to correlate with worsening airflow limitation and higher BODE scores,'® suggesting that accumulated
physiological injury may overshadow simple exposure categorization. Furthermore, systemic inflammatory
activation — reflected by elevated biomarkers in advanced BODE categories — supports the concept that COPD
severity is partly driven by chronic inflammation.!! Extrapulmonary contributors also appear relevant;
associations between vitamin D deficiency and higher BODE scores indicate that metabolic pathways influence
multidimensional decline.!?

Radiologic and symptomatic correlates further validate the biological framework underlying BODE. Structural
abnormalities on high-resolution CT have been shown to parallel severity grading,” whereas symptom-based
assessment tools demonstrate meaningful concordance with multidimensional indices.® The adaptability of this
construct is evident in modified activity-integrated models that preserve predictive accuracy across clinical
contexts.’

Sex-related differences may provide an additional explanatory layer. Variability in COPD expression between
males and females has been documented, suggesting that biological susceptibility and hormonal influences can
modify disease trajectories independently of smoking exposure.'* Such effect modification could attenuate group
comparisons while still permitting detection of dose—response relationships when exposure is quantified.
Functional limitation remains central to multidimensional severity modeling. Evidence indicates that even early
termination of the six-minute walk test may carry prognostic significance comparable to composite indices. '’
Agreement between symptom scales and BODE scoring has also been reported in exacerbation risk assessment,
further supporting integrated evaluation strategies.'®

Beyond individual prognosis, multidimensional indices have important healthcare implications. Economic
analyses demonstrate that composite severity tools can predict COPD related medical costs,!” while broader
syntheses emphasize their utility in mortality risk stratification.'® These findings suggest that incorporating
exposure quantification into multidimensional assessment could enhance outpatient risk stratification.
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Emerging evidence continues to refine severity modeling. Application of updated airway obstruction thresholds
has been shown to alter staging distributions within established COPD cohorts,'® and physiologic recovery
markers such as post-exercise heart rate recovery provide additional prognostic insight when integrated with
multidimensional indices.?’ Alternative functional tests, including sit-to-stand substitutions, have demonstrated
reliability comparable to traditional BODE components.?!

Metabolic phenotype is increasingly recognized as a determinant of disease expression. Visceral adiposity has
been associated with variation in BODE scores,?? and regional evidence linking body mass index with airflow
limitation further supports the systemic nature of COPD.?

Importantly, translating severity assessment into improved outcomes requires structured care pathways. Integrated
COPD management implemented within public healthcare settings has demonstrated measurable clinical benefit,
underscoring the importance of early identification of high-risk patients through multidimensional evaluation.?*
Collectively, these findings support a conceptual shift from binary smoking classification toward quantitative
exposure assessment. The exposure—severity gradient observed in this study likely reflects cumulative airway
injury compounded by systemic inflammation, metabolic dysfunction, and progressive reduction in physiologic
reserve. Such an interpretation aligns with contemporary COPD paradigms that emphasize phenotypic
heterogeneity and multidimensional disease expression rather than single-factor causation.

In this analytical cross-sectional study of stable outpatient COPD patients, smokers demonstrated slightly higher
BODE scores than non-smokers; however, the difference was not statistically significant. In contrast, cuamulative
smoking exposure measured in pack-years showed a weak but significant positive correlation with
multidimensional disease severity, suggesting that exposure burden may better reflect systemic impairment than
binary smoking classification. These findings reinforce the clinical value of integrating quantitative exposure
history into multidimensional severity assessment rather than relying solely on smoking status. Given the
heterogeneous nature of COPD, incorporating pack-year evaluation alongside indices such as BODE may improve
early risk stratification in outpatient settings. Larger prospective studies are warranted to clarify causal pathways
and determine whether exposure-guided severity assessment translates into improved clinical outcomes.

REFERENCES:

1. Swapna M, Maddela MK, Laxmi NR, Aravind A. A study of Bode Index on severity and systemic involvement
in patients with COPD. Int J Acad Med Pharm. 2023;5(3):2484-8.

2. Robles-Herndndez R, Centeno-Saenz GI, Ramirez-Venegas A, Thirion-Romero I, Hernandez-Zenteno R,
Guinto-Ramirez SP, et al. Validation of new predictors of mortality and BODE index variants in patients with
COPD at moderate altitude. ERJ Open Res. 2025 Jan 27;11(1):00333-2024. doi: 10.1183/23120541.00333-2024.
PMID: 39872381; PMCID: PMC11770809.

3. Arivumani M, Sathyarangan M, Sureshkumar K. A study on the BODE index as a predictor of severity and
systemic involvement in patients with COPD. International Journal. 2022;5(3):1096.

4. Reddy SV, Somappa K, Ramanjaneyulu E, Srinivasulu D. Evaluation of BODE Index as a predictor of severity
and its correlation with pulmonary hypertension in COPD patients. Eur J Cardiovasc Med. 2024;14(1).

5. Ajay D, Bhatnagar M, Chandra N. BODE index: A predictor of hospitalization and severity in chronic
obstructive pulmonary disease patients. Bioinformation. 2025;21(7):1831.

6. Himavarsh V, Pullarao P, Lakshmi GV. A prospective study of Bode Index as a predictor of severity in COPD.
Int J Trop Med. 2022;17:44-9.

7. Indurkar BV, Vashishtha G. Correlation between HRCT parameter of COPD and severity using BODE index.
Int J Acad Med Pharm. 2025;7(3):1096-101.

8. Kaur A, Goyal A, Pandhi N. Correlation of COPD assessment test, clinical COPD questionnaire, and BODE
index in stable COPD. Assam J Intern Med. 2022;12(1):18-23.

9. Park JH, Lee HJ, Rhee CK, Park YB, Lee JH, Yoon HK, et al. Validation of the modified BODE index using
the activity domain of St George's Respiratory Questionnaire. ERJ Open Res. 2025 Oct 20;11(5):01239-2024.
doi: 10.1183/23120541.01239-2024. PMID: 41122420; PMCID: PMC12536642.

10. Patel RR, Gupta PA, Agrawal B, Patel T, Chauhan B, Gupta AM. Correlation between COPD duration and
abnormality in FEV1, FVC, and BODE index. Natl J Physiol Pharm Pharmacol. 2023;13(9):1928-32.

11. Hemalatha P, Rajarajeswari K, Dhivya R. Relationship between serum biomarkers CRP and fibrinogen with
BODE index and systemic comorbidities of COPD. Int J Acad Med Pharm. 2024;6(2):567-74.

12.Bonde A, Ghritlahare R, Singh CM, Sahu H. Correlation of severity of COPD with BODE index, CAT score
and serum vitamin D levels. CME J Geriatr Med. 2024;16:73-8.

13. Kalyani K, Reddy CR, Muthineni MK. Correlation of BODE Index with smoking index, hospital stay, cardiac
involvement, and nutritional status in COPD. Med Sci Ukr. 2023;19(4):9-18.

14.Bothara RV, Holay MP. Is COPD different in females as compared to males? Indian J Med Spec.
2022;13(2):82-6.

15.Youk CS, Kim DK, Rhee CK, Choi CW, Lim SY, Kim SH, Lee JH, Yoon HK, Yoo KH, An TJ; Korean
COPD Subgroup Study Group. Early termination of six-min walk test in COPD as simple prognostic marker vs.
BODE index. Respir Med. 2025 Dec;250:108538. doi: 10.1016/j.rmed.2025.108538. Epub 2025 Nov 25. PMID:
41308795.

2887



TPM Vol. 32, No. S7, 2025 Open Access
ISSN: 1972-6325
https://www.tpmap.org/

16. Kiran KJ, Uma MA, Kumar GK, Jagadish K, Kumar PP, Prasad NS. Comparison of ccq, cat score & bode
index in assessing severity and exacerbations of copd-a comprehensive study. Int J Pharm Res Technol (IJPRT).
2025 Jul 12;15(2):272-9.

17.Li CL, Chang HC, Tseng CW, Tsai YC, Liu JF, Tsai ML, et al. Comparison of BODE and ADO Indices in
Predicting COPD-Related Medical Costs. Medicina (Kaunas). 2023 Mar 15;59(3):577. doi:
10.3390/medicina59030577. PMID: 36984578; PMCID: PMC10057417.

18. Kotlyarov S. The Role of Multidimensional Indices for Mortality Prediction in Chronic Obstructive Pulmonary
Disease. Diagnostics (Basel). 2023 Apr 4;13(7):1344. doi: 10.3390/diagnostics13071344. PMID: 37046562;
PMCID: PMC10093710.

19.de-Torres JP, Casanova C, Marin JM, Cabrera C, Marin M, Ezponda A, et al. Impact of Applying the Global
Lung Initiative Criteria for Airway Obstruction in GOLD Defined COPD Cohorts: The BODE and CHAIN
Experience. Arch Bronconeumol. 2024 Jan;60(1):10-15. English, Spanish. doi: 10.1016/j.arbres.2023.10.002.
Epub 2023 Oct 20. PMID: 37925245,

20. Chen SY, Huang CK, Wu CL, Peng HC, Yu CJ, Chien JY. Prognostic value of the post-exercise heart rate
recovery and BHDE-index in chronic obstructive pulmonary disease. BMC Pulm Med. 2023 Jul 17;23(1):263.
doi: 10.1186/s12890-023-02557-7. PMID: 37461073; PMCID: PMC10353238.

21.Bernabeu-Mora R, Valera-Novella E, Sanchez-Martinez MP, Medina-Mirapeix F. Improving the Reliability
Between the BODE Index and the BODS Index in Which the 6-Min Walk Test Was Replaced with the Five-
Repetition Sit-to-Stand Test. Int J Chron Obstruct Pulmon Dis. 2022 Mar 29;17:643-652. doi:
10.2147/COPD.S347696. PMID: 35378838; PMCID: PMC8976496.

22.Swamy T, Or A, VR S. Association between BODE Index and Visceral Fat among COPD Patients Attending
a Tertiary Care Hospital-A Cross Sectional Study. J Indian Med Assoc. 2024;122(7):21-7.

23.Khattak M, Khan AA, Raza Ullah, Khan RN, Naz S. Correlation between body mass index and forced
expiratory volume in one second in patients with COPD. Khyber J Med Sci. 2017;10(3):285-8.

24.Khan MA, Khan N, Walley JD, Khan MA, Hicks J, Ahmed M, et al. Effectiveness of delivering integrated
COPD care at public healthcare facilities: a cluster randomised trial in Pakistan. BJIGP Open. 2019 Mar
20;3(1):bjgpopen18X101634. doi: 10.3399/bjgpopen18X101634. PMID: 31049414; PMCID: PMC6480856.

2888



