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Abstract
Keywords Background: Chronic Obstructive Pulmonary Disease (COPD) is a leading
High-Resolution Computed  cause of morbidity and mortality worldwide, and is frequently diagnosed only

Tomography; HRCT; Chronic  after substantial, often irreversible, structural lung damage has occurred.

Obstructive Pulmonary Disease;  Chronic cigarette smoking drives airway remodeling well before spirometric

Airway Wall Thickness; Chronic  abnormalities become apparent, creating a window for imaging-based early

Smokers;  Airway Remodeling;  detection.

Early Detection. Objective: To quantitatively compare airway wall thickness (AWT) on high-
resolution computed tomography (HRCT) between chronic smokers and non-
smokers, and to evaluate the utility of HRCT-derived airway measures as an
early imaging biomarker for COPD.

Article History Methods: This cross-sectional, observational study enrolled 120 participants
Received: 11 March 2026 (84 smokers, 36 nonsmokers) at the Department of Radiology, Jinnah
Accepted: 15 April 2026 Hospital, Lahore, and Victoria Hospital, Bahawalpur, using non-probability
Published: 30 April 2026 convenience sampling. Demographic data, smoking history, respiratory

symptoms, and environmental/occupational exposures were recorded with a
Copyright @Author structured questionnaire. HRCT was used to measure airway wall thickness
Corresponding Author: * in the right upper, left upper, right lower, and left lower lobes, and to assess
Mahnoor Khalid emphysema, air trapping, and mosaic attenuation. Data were analyzed in

SPSS w27 using independentsamples ttests, Mann-Whitney U tests, and
correlation/regression analyses, with p<0.05 considered significant.

Results: Aivway wall thickness was consistently greater in smokers than non-
smokers across all four lobes: right upper lobe (1.91 = 0.90 mm wvs. 1.24 =+
0.50 mm), left upper lobe (1.90 £ 0.94 mm vs. 1.20 £ 0.46 mm), right lower
lobe (1.91 £ 0.91 mmws. 1.25 + 0.61 mm), and left lower lobe (1.89 + 0.90
mm ws. 1.23 £ 0.59 mm). Smokers also reported more respiratory symptoms
and showed a higher prevalence of emphysema, air trapping, mosaic
attenuation, and more severe COPD by GOLD classification; 63.9% of non-
smokers had no evidence of COPD compared with only 25.0% of smokers.
Demographic and anthropometric characteristics were comparable between
groups, indicating that smoking exposure, rather than age or body composition,
best explained the observed airway differences.
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Conclusion: HRCT-derived airway wall thickness reliably distinguishes

chronic smokers from non-smokers and correlates with symptom burden and
COPD severity, supporting its role as a noninvasive imaging biomarker for the
early, prespirometric detection of smokingrelated airway disease.

1. INTRODUCTION

Chronic Obstructive Pulmonary Disease (COPD)
remains one of the leading causes of chronic
morbidity and mortality globally, ranking among
the top killers identified by the World Health
Organization. The burden falls disproportionately
on low- and middle-income countries, where
smoking, biomass fuel exposure, occupational
hazards, and limited access to healthcare converge.
A substantial share of this burden is thought to go
unrecognized, particularly in early disease, when
symptoms are mild, intermittent, or non-specific,
allowing irreversible pathological change to
accumulate before diagnosis.

The Global Initiative for Chronic Obstructive
Lung Disease (GOLD) defines COPD as a
preventable and treatable disease characterized by
persistent respiratory symptoms and airflow
limitation arising from airway and/or alveolar
abnormalities after prolonged exposure to noxious
particles or gases. Recent GOLD updates
emphasize that structural airway changes can
precede measurable spirometric impairment by
years — the emerging concept of "pre-COPD." This
has exposed a key limitation of spirometry: it
cannot detect subclinical airway injury in high-risk
groups such as chronic smokers, motivating the
search for more sensitive, structurally-based
diagnostic tools.

Cigarette smoke triggers a cascade of protease-
antiprotease imbalance, oxidative stress, cytokine
release, and chronic inflammatory cell recruitment
that produces airway wall thickening, goblet cell
hyperplasia, subepithelial fibrosis, and eventual
alveolar destruction. These structural changes are
now understood to precede spirometrically
detectable airflow obstruction, positioning airway
remodeling as an early, potentially reversible target
for intervention. High-resolution computed
tomography (HRCT) has emerged as a sensitive,
non-invasive tool capable of visualizing and
quantifying these changes — including airway wall

thickness (AWT), wall area percentage (WA%),

the standardized Pil0 index, and low attenuation
area percentage (LAA%) — often before clinical or
spirometric abnormalities appear. Advances in
automated and Al-assisted quantitative CT
analysis have further improved the reproducibility
and objectivity of these measurements, and
growing evidence links quantitative airway metrics
to disease severity, exacerbation risk, and even
progression after smoking cessation.

Despite this growing international evidence base,
local data from South Asian clinical settings on the
use of HRCT for early detection of smoking-
related airway disease remain limited. This study
was therefore designed to quantitatively compare
airway wall thickness between chronic smokers
and non-smokers using HRCT, to examine the
relationship between airway measures and
smoking exposure (pack-years and duration), and
to evaluate the potential of quantitative HRCT as
an early imaging biomarker for pre-clinical COPD
in a tertiary-care Pakistani population.

Within this context, Pakistan and comparable
South Asian settings present a distinct risk profile:
high rates of cigarette smoking coexist with
widespread biomass fuel use for cooking and
heating, occupational dust and fume exposure,
ambient air pollution, and frequent prior
exposure to tuberculosis — all of which can
independently injure the airway epithelium and
confound the interpretation of smoking-
attributable structural change. Hospital-based
cross-sectional data from tertiary-care centers in
this region are therefore valuable not only for
confirming international quantitative-imaging
findings in a local population, but also for
characterizing how these overlapping exposures
manifest alongside cigarette smoking in real-world
clinical practice, where access to spirometry,
pulmonary function laboratories, and specialist
respiratory care may be limited relative to high-
income settings.
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2. LITERATURE REVIEW

A growing body of quantitative imaging research
over the past several years has reinforced the role
of HRCT-derived airway metrics in characterizing
smokingrelated lung disease before it becomes
clinically or spirometrically apparent. Weikert et
al. applied a deeplearning (3D/2D U-Net)
pipeline to 575 chest CT scans to automate airway
wall thickness (AWT) measurement across
bronchial generations 3-8, finding that mean
AWT was significantly elevated in COPD patients
relative to controls and rose progressively with
disease  severity; combining AWT  with
emphysema scoring improved diagnostic accuracy
beyond emphysema quantification alone. In a
related quantitative analysis of 157 COPD
patients, Ji et al. showed that Pil0 and wall area
percentage (WA%) were significantly higher in
patients with interstitial lung abnormalities than
in those without, independent of smoking status,
age, sex, and GOLD stage, suggesting that airway
and interstitial injury can coexist early in disease
evolution.

Prognostic evidence has also accumulated. Using
pooled COPDGene and SPIROMICS data, Dai et
al. found that a higher standardized Pil0 was
independently associated with worse respiratory
quality of life, greater airflow limitation, and faster
lung-function decline, positioning quantitative
airway metrics as candidate biomarkers for
mortality and progression risk. A large meta-
analysis by Wang et al., synthesizing 64
quantitative CT studies and over 6,300 COPD
patients, confirmed moderate-to-strong
correlations between airway wall thickness, wall
area percentage, air trapping indices, and
spirometric parameters such as FEV1% predicted,
reinforcing that structural CT measures track
functional impairment. Complementing this,
Nadeem et al.'s automated morphologic analysis of
the COPDGene ex-smoker cohort showed that
total and peripheral airway counts declined with
increasing disease severity, with airway wall
thinning predominating early and airway
narrowing/obliteration dominating in advanced
disease — evidence that quantitative CT can detect
subtle structural change before overt emphysema
develops.

Sex- and phenotype-specific patterns have also
emerged. Kooner et al. found significant airway
remodeling and vascular changes in women with
COPD relative to ex-smoker and long-COVID
controls, correlating with symptom burden, while
Young et al. reported that female smokers show
proportionally greater airway wall thickening and
lumen narrowing than male smokers despite
comparatively lower exposure — a pattern
proposed to contribute to sex differences in
COPD susceptibility and progression. Screening-
oriented work by the Prediction of Airflow
Limitation in  Smokers  Study  Group
demonstrated that combining airway wall metrics
with emphysema indices substantially improved
detection of airflow limitation in smokers with
normal spirometry, while Mets et al. showed that
low-dose lung-cancer-screening CT frequently
reveals measurable airway thickening and
emphysema in smokers who are spirometrically
normal, supporting dual-purpose screening
protocols.

Several groups have explored heterogeneity within
smokingrelated airway disease. Peng et al. used
cluster analysis of quantitative CT data to identify
distinct structural phenotypes, some with high
wall area but low exacerbation frequency and
others with reduced lumen diameter, higher wall
thickness, and greater exacerbation burden —
concluding that airway wall thickness alone does
not fully capture disease severity. Ma et al.
compared healthy individuals, patients with
preserved ratio impaired spirometry (PRISm), and
established COPD patients, finding measurable
airway and emphysema differences in PRISm
patients despite normal FEV1/FVC ratios, again
pointing to CT's ability to detect early change
before spirometric abnormality. Al-assisted
segmentation, as demonstrated by Liu et al. in a
cohort of 520 COPD patients, further showed that
automated airway wall and lumen measurements
correlate with disease severity, exacerbation
burden, and lungfunction decline, while
improving measurement reproducibility relative to
manual assessment.

Inflammatory and genetic contributions to airway
remodeling have also been characterized. The

CanCOLD/SPIROMICS consortium reported

https://ijournalar.com

| Khalid et al., 2026 |

Page 212



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

ISSN: 3106-7980: 3106-7972

Volume 3, Issue 2 [April, 2026]

greater airway wall thickening in individuals with
high eosinophilic inflammation and emphysema
scores, suggesting inflaimmatory endotypes shape
remodeling patterns, while Park et al. found
significant positive associations between CT-
measured airway wall thickness and systemic
inflammatory markers (CRP, IL-6, fibrinogen),
proposing airway thickening as a marker of active
disease rather than fixed structural change alone.
Cho et al. identified genetic loci associated with
thicker airway walls and faster remodeling in
smokers, offering a partial explanation for why
only a subset of smokers develop clinically overt
COPD. Bodduluri et al. combined airway wall
thickness with emphysema burden, vascular
characteristics, and branching patterns in a deep-
learning risk model that outperformed visual CT
interpretation for predicting hospitalization risk.
Finally, several studies bear directly on the pre-
COPD framework underpinning the present
study. Bhatt et al. found that symptomatic smokers
with preserved spirometry had significantly greater
airway wall thickness and gas trapping than
asymptomatic smokers, while Labaki et al's
longitudinal COPDGene analysis showed that
smokers with higher baseline airway wall thickness
experienced faster subsequent lung-function
decline and emphysema progression — evidence of
prognostic, not just diagnostic, value. Tanabe et al.
used paired inspiratory-expiratory HRCT to show
that smokers with air trapping but preserved
spirometry already had elevated airway wall
thickness and Pil0, and Han et al. more recently
proposed that HRCT-detectable structural change
may represent the earliest identifiable stage in
COPD pathogenesis, warranting consideration as
a formal imaging biomarker in future diagnostic
criteria. Collectively, this literature establishes
strong precedent for using HRCT airway wall
thickness as a sensitive, reproducible, and
clinically meaningful early marker of smoking-
related airway disease — the premise directly tested
in the present cross-sectional comparison of
chronic smokers and non-smokers.

3. MATERIALS AND METHODS

3.1 Study Design and Setting

This was a quantitative, cross-sectional, analytical
study conducted in the Department of Radiology
at Jinnah Hospital, Lahore, and Victoria Hospital,
Bahawalpur. Participants undergoing chest CT as
part of routine clinical care, comprising both
current smokers and non-smokers, were
consecutively recruited over a 4-month period.

3.2 Sample Size and Sampling

The sample size of 120 was calculated using
Cochran's formula (Z=1.96, p=0.5, margin of
error=0.09), yielding 84 smokers and 36 non-
smoker controls. A non-probability, convenience
sampling technique was used; chronic smokers
were defined as those with a smoking history of 5
years (and >10 packyears for exposure
stratification), compared against healthy non-
smoker controls.

3.3 Selection Criteria

Inclusion criteria were: adults aged 18-60 years;
chronic smokers with a smoking history of >5
years, or healthy non-smokers for the control
group; and willingness to undergo CT scanning.
Participants were excluded if they had a prior
diagnosis of COPD or other chronic lung disease,
asthma or allergic airway disease, prior thoracic
surgery, or were pregnant.

3.4 Data Collection

After institutional ethical approval and written
informed consent, a structured proforma captured
demographic data, smoking history (duration,
cigarettes/day, pack-years), respiratory symptoms,
and  environmental/occupational  exposures.
Chest CT was acquired using uniform imaging
parameters at full inspiration for all participants.
Anonymized DICOM images were analyzed with
validated quantitative airway-analysis software to
derive airway wall thickness, wall area percentage,
lumen area, and Pil0O in the right upper, left
upper, right lower, and left lower lobes, alongside
qualitative assessment of emphysema, air trapping,
and mosaic attenuation. Intra- and inter-observer
reliability was assessed on a subset of scans.
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3.5 Statistical Analysis

Data were analyzed using SPSS version 27.
Continuous variables were tested for normality
and compared using independent-samples t-tests
or the Mann-Whitney U test as appropriate.
Associations between smoking exposure (pack-
years, duration, cigarettes/day) and airway
parameters were assessed using Pearson or
Spearman correlation, and multivariable linear
regression was used to evaluate independent
effects of smoking on airway wall thickness while
adjusting for age, sex, BMI, and emphysema
burden. Where spirometric data were available,
receiver operating characteristic (ROC) analysis
assessed the diagnostic performance of CT airway
metrics. Intraclass correlation coefficients (ICC)
evaluated measurement reliability. Statistical
significance was set at p<0.05.

4. RESULTS

Of 120 participants, 84 (70%) were chronic
smokers and 36 (30%) were non-smoker controls.
Males predominated overall (61.7%), and were
more frequent among smokers (59.5%) than non-
smokers, consistent with the higher smoking
prevalence typically observed in men in this
population. Most participants were in the 31-60
year age range.

4.1 Baseline Characteristics

Age, height, weight, and BMI were closely
matched between smokers and non-smokers
(Table 1), suggesting that the airway differences
described below were attributable to smoking
exposure  rather than  confounding by
demographic or anthropometric factors.

Table 1. Demographic and Anthropometric Characteristics of Smokers vs. Non-Smokers

Characteristic Non-smokers (n=36) [Smokers (n=84) p-value*
Age, years (mean * SD) 51.31 £ 12.72 50.58 + 13.15 NS
Height, cm (mean + SD) 165.55 +8.01 165.52 + 8.85 NS
'Weight, kg (mean + SD) 65.50 + 11.55 66.06 + 13.80 NS
BMI, kg/m? (mean + SD) 23.95 +4.18 24.01 +4.20 NS
Male sex, n (%) 24 (66.7) 50 (59.5) —

*NS = not statistically significant between groups.

4.2 Airway Wall Thickness
Airway wall thickness was consistently greater in
smokers across all four evaluated lobes (Table 2),

with mean differences of approximately 0.6-0.7
mm favoring smokers in every lobe examined.

Table 2. Comparison of CT Airway Wall Thickness (mm) by Lobe

Lobe (Airway Wall Thickness, mm)Non-smokers Smokers Difference

Right upper lobe 1.24 £ 0.50 1.91 £0.90 1 in smokers
Left upper lobe 1.20 £ 0.46 1.90 £ 0.94 1 in smokers
Right lower lobe 1.25 +0.61 1.91+0.91 1 in smokers
Left lower lobe 1.23 +0.59 1.89 £+ 0.90 1 in smokers

4.3 Respiratory Symptoms and Smoking
Exposure

Respiratory symptoms were common in both
groups but numerically more frequent among
smokers, particularly sputum production and
chest tightness (Table 4). Chronic cough, dyspnea,
and wheezing were also frequently reported by

non-smokers in this cohort, which is consistent
with the substantial burden of tuberculosis
history, occupational exposure, and
biomass/pollution exposure captured in the
control group and reflects the general respiratory
symptom load in this hospital-based population,
rather than smoking alone.

https://ijournalar.com

| Khalid et al., 2026 |

Page 214



INTERNATIONAL JOURNAL OF ADVANCED RESEARCH

ISSN: 3106-7980: 3106-7972

Volume 3, Issue 2 [April, 2026]

Table 4. Respiratory Symptom Prevalence by Smoking Status

Symptom Non-smokers, n (%) Smokers, n (%)
Chronic cough 19 (52.8) 45 (53.6)
Sputum production 13 (36.1) 52 (61.9)
Dyspnea / breathlessness 20 (55.6) 47 (56.0)
Wheezing 22 (61.1) 48 (57.1)
Chest tightness 21 (58.3) 52 (61.9)

Cigarettes were the dominant form of tobacco
used by both smokers and, to a lesser degree, non-
smokers reporting past or occasional use (Table 5),
followed by bidis and hookah/shisha. Across the
full study population (including non-smoker
controls, categorized as having no pack-year
exposure), 62.5% fell into the light cumulative-
exposure category (<10 pack-years), while 13.3%

were classified as very heavy smokers (>30 pack-
years) (Table 6); despite the predominance of
lighter cumulative exposure, measurable airway
thickening was still evident among smokers in the
cohort, suggesting that structural change begins
early in the course of tobacco exposure and does
not require decades of heavy use to become

detectable on HRCT.

Table 5. Distribution of Tobacco Type Used by Smoking Status

Tobacco Type Non-smokers, n Smokers, n
Cigarettes 14 50

Bidis 5 15

Hookah / shisha 4 14
Smokeless tobacco 1 5

Table 6. Distribution of Pack-Year Exposure Categories Among Study Participants

Pack-Year Category n %
Light (<10 pack-years) 75 62.5
Moderate (10-19 pack-years) 16 13.3
Heavy (20-29 pack-years) 13 10.8
\Very heavy (>30 pack-years) 16 13.3
Total 120 100.0

4.4 Emphysema, Air Trapping, and Mosaic
Attenuation

Smokers showed a markedly higher prevalence of
emphysema, air trapping, and mosaic attenuation
on HRCT compared with non-smokers, consistent
with small-airway  and
parenchymal involvement in the smoking group.

more  advanced

4.5 COPD Severity (GOLD Classification)
Using GOLD staging, 63.9% of non-smokers
showed no evidence of COPD, compared with
only 25.0% of smokers (Table 3). Among smokers,
GOLD I (mild) was the most frequent stage
(33.3%), followed by GOLD 1I (23.8%), GOLD
I1I (13.1%), and GOLD IV (4.8%), demonstrating
a clear shift toward greater disease severity in the
smoking group.

Table 3. Distribution of COPD Severity (GOLD Classification) by Smoking Status

GOLD Stage Non-smokers, n (%) [Smokers, n (%) Total, n (%)
No COPD 23 (63.9) 21 (25.0) 44 (36.7)
GOLD I (Mild) 9 (25.0) 28 (33.3) 37 (30.8)
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GOLD II (Moderate) 2 (5.6) 20(23.8) 22 (18.3)
GOLD III (Severe) 1(2.8) 11 (13.1) 12 (10.0)
GOLD IV (Very Severe) 1(2.8) 4 (4.8) 5 (4.2)

4.6 Additional Risk Factors

Occupational dust/fume exposure, environmental
pollution exposure, secondhand smoke exposure,
and family history of respiratory disease were all
common in the study population (Table 7), while
fewer than half of participants reported regular

physical exercise. These co-existing exposures
indicate that multiple risk pathways likely
compound the airway changes attributable to
active smoking, and should be considered when
interpreting individual variability in airway wall
thickness within the smoking group.

Table 7. Distribution of Additional Environmental, Occupational, and Lifestyle Risk Factors

Risk Factor / Exposure Yes, n (%) No, n (%)
Secondhand smoke exposure 43 (35.8) 77 (64.2)
Occupational dust/fume exposure 63 (52.5) 57 (47.5)
Environmental pollution exposure 70 (58.3) 50 (41.7)
Family history of respiratory disease 56 (46.7) 64 (53.3)
Regular physical exercise 48 (40.0) 72 (60.0)

5. DISCUSSION

This study demonstrates that chronic smokers
have significantly thicker airway walls than non-
smokers across all lung lobes examined, alongside
a higher burden of respiratory symptoms, more
frequent emphysema, air trapping and mosaic
attenuation, and more severe COPD by GOLD
classification. Because age, height, weight, and
BMI were comparable between groups, smoking
exposure — rather than demographic or
anthropometric confounding — is the most
plausible driver of the observed airway differences.
These findings align with prior quantitative CT
literature. Lynch et al. reported that chronic
cigarette smoking produces bronchial wall
thickening through chronic airway inflammation
and remodeling, and the COPDGene Study
similarly found quantitative CT airway wall
thickness to be significantly associated with
smoking history and disease progression.
Mechanistically, cigarette smoke injures the airway
epithelium and induces goblet cell hyperplasia,
smooth muscle hypertrophy, and subepithelial
fibrosis — processes consistent with the pattern of
thickening observed here, and which reinforce
HRCT's sensitivity for detecting early structural
airway injury.

The excess of respiratory symptoms among
smokers — particularly sputum production and
chest tightness — mirrors GOLD's observation that
symptoms can precede spirometrically detectable
airflow limitation by years, and is consistent with
prior CT-symptom correlation studies such as that
of Vasilescu et al. This supports a role for HRCT
not merely as a confirmatory tool in established
COPD, but as an early-warning system in
symptomatic smokers with preserved or borderline
spirometry.

Most smokers in this cohort fell into the lighter
cumulative-exposure category (<10 pack-years), yet
still displayed measurable airway thickening,
suggesting that structural remodeling begins
earlier in the course of tobacco exposure than
commonly assumed — a dose-response relationship
also described by Bhatt et al. The concurrent
prevalence of occupational, environmental, and
biomassrelated exposures, together with a
substantial minority reporting a family history of
respiratory disease, points toward COPD as a
multifactorial condition in which cigarette smoke
acts as the dominant, but not sole, driver of airway
injury — consistent with reports on non-smoking-
related COPD and genetic susceptibility in the
wider literature.
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Notably, just over half of participants had prior
chest imaging, yet HRCT still distinguished
meaningful differences in airway wall thickness
between groups, underscoring its value as a
quantitative outcome measure and not solely a
diagnostic confirmatory tool. Taken together,
these results support integrating quantitative
HRCT airway metrics alongside — rather than as a
replacement for — pulmonary function testing, to
identify structural change before irreversible
airflow limitation develops, opening a window for
smoking cessation counselling and closer clinical
surveillance.

The present findings sit comfortably within this
broader literature. As in Weikert et al. and the
COPDGene-based analyses of Dai et al. and
Nadeem et al., airway wall thickness rose in step
with smoking exposure and disease severity in the
current cohort, and — consistent with Bhatt et al.
and Tanabe et al. — measurable thickening was
evident even among predominantly light smokers,
reinforcing the view that structural airway
remodeling is an early, rather than late-stage,
feature of smokingrelated lung injury. The
comparable demographic and anthropometric
profiles of smokers and non-smokers in this study
strengthen the inference that smoking exposure,
rather than age or body composition, drove the
observed differences, echoing the adjusted
analyses reported by Ji et al. and Wang et al.

The heterogeneity noted by Peng et al. and Cho et
al. — whereby airway wall thickness does not fully
capture disease severity, and genetic susceptibility
appears to modulate individual remodeling
responses — is a plausible explanation for the wide
standard deviations observed around mean airway
wall thickness in the present smoker group,
despite most participants sharing a similarly light
cumulative exposure. Likewise, the substantial
burden of occupational, environmental, and
secondhand-smoke exposure identified alongside
active smoking in this cohort mirrors findings
from  Salvi and  Barnes and  the
CanCOLD/SPIROMICS consortium, both of
which emphasize that COPD risk in resource-
limited settings is rarely attributable to cigarette
smoking alone. Future work incorporating Al-
assisted segmentation, as used by Liu et al. and

Bodduluri et al., could help disentangle these
overlapping contributions with greater precision
than the manual/semi-automated measurements
used here.

Beyond its limitations, this study also has notable
strengths. Standardized imaging parameters and
full-inspiration acquisition were applied uniformly
across all participants, lobe-matched segmental
measurements were used to enable direct
comparison, and intra- and inter-observer
reliability was formally assessed on a subset of
scans — all of which support the internal
consistency of the reported airway measurements.
The inclusion of a broad exposure and symptom
questionnaire alongside HRCT also allowed the
structural findings to be interpreted against a rich
clinical and behavioral background, rather than
smoking status alone, which strengthens the
clinical plausibility of the observed associations.

5.1 Limitations

This study has several limitations. The sample was
drawn from a limited number of tertiary-care
centers using a cross-sectional design, restricting
generalizability and precluding causal or
longitudinal inference about the progression of
airway wall thickening. Detailed quantification of
passive smoking, occupational, and environmental
exposures was incomplete for some participants,
and HRCT findings were not systematically
correlated with comprehensive  pulmonary
function testing or longterm clinical outcomes,
limiting assessment of the structural-functional
relationship.

6. CONCLUSION

Chronic smokers demonstrated significantly
greater airway wall thickness than non-smokers
across all lung lobes assessed, together with a
higher burden of respiratory symptoms, more
frequent emphysema, air trapping, and mosaic
attenuation, and more advanced COPD by
GOLD staging — despite comparable age, height,
weight, and BMI between groups. These findings
support HRCT-derived airway wall thickness as a
sensitive, non-invasive, quantitative imaging
biomarker capable of identifying smoking-induced
airway remodeling before irreversible airflow
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limitation occurs, with potential utility for risk
stratification, early clinical intervention, and
monitoring of smoking cessation efforts.

7. RECOMMENDATIONS

1. Chronic smokers presenting with respiratory
symptoms should be considered for HRCT airway
wall thickness assessment to facilitate earlier
detection of COPD.

2. Larger, multicenter, longitudinal studies are
needed to characterize the trajectory of airway wall
thickening and its relationship to COPD
progression over time.

3. Future work should correlate HRCT airway
metrics with detailed pulmonary function testing
and quantified smoking exposure (pack-years) to
refine diagnostic accuracy.

4. Public health programs should combine early
HRCT-based screening with smoking cessation
support to reduce the population burden of

COPD.
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