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Background: Western studies have reported associations between facial wrinkling and chronic obstructive pulmonary disease
(COPD), suggesting a shared susceptibility to tissue aging. However, data on Asian populations are limited, and population-specific
differences in skin biology may modify these relationships.

Objective: To investigate the association between facial wrinkle severity and COPD characteristics in Thai patients and to identify
independent predictors of wrinkle severity.

Methods: This cross-sectional study enrolled 93 Thai patients with COPD. Facial wrinkles were assessed using the Daniell grading
scale (a validated six-point subjective clinical grading system) and the Antera 3D imaging system (an objective three-dimensional
topographic imaging device). Multivariable linear and logistic regression analyses were performed to identify independent predictors
of wrinkle severity after adjustment for age, sex, body mass index (BMI), cumulative smoking exposure, occupational sun exposure,
and post-bronchodilator FEV| % predicted.

Results: Mean age was 72.6+8.8 years (90.3% male). Severe facial wrinkling, defined as a Daniell score >4, was present in 41.9% of
the patients. The Daniell grading scale and Antera 3D measurements showed a moderate-to-strong correlation (Spearman’s p=0.68,
p<0.001). In multivariable analyses, age was consistently associated with both objective wrinkle depth ($=0.08; 95% CI: 0.01-0.24;
p=0.042) and severe wrinkling (OR=1.15; 95% CI: 1.06-1.23; p<0.001). Higher body mass index was inversely associated with
objective wrinkle severity (B=-0.34; 95% CI: —0.65 to —0.03; p=0.031) but not with severe Daniell-grade wrinkling. COPD-related
characteristics, including FEV; % predicted, cumulative smoking exposure, and smoking-related COPD status, showed no significant
associations with wrinkle severity after adjustment.

Conclusion: Among Thai patients with spirometry-confirmed COPD, no significant association was detected between facial wrinkle
severity and the COPD-related characteristics assessed. Age was the most consistent independent predictor of wrinkle severity, while
higher BMI showed an inverse association with objective wrinkle measurements only. These findings differ from those reported in
Western populations and support population-specific validation before applying facial wrinkling as a cutaneous marker of COPD-
related disease burden.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major global health burden, affecting an estimated 174 million
individuals worldwide.! The disease is characterized by persistent airflow limitation resulting from chronic bronchial
inflammation and emphysematous destruction of lung parenchyma, leading to progressive dyspnea and reduced exercise
tolerance.” Cigarette smoking remains the predominant risk factor, while exposure to biomass fuel combustion also
contributes significantly in developing regions; however, only a subset of exposed individuals develop clinically
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significant disease, suggesting important host susceptibility factors.® In Thai and other Asian settings, both COPD risk
and visible skin aging may also be shaped by regionally variable environmental and lifestyle exposures.’

The pathogenesis of emphysema involves systemic inflammation, elevated levels of pro-inflammatory mediators,
oxidative stress, and protease-antiprotease imbalance.*> These mechanisms extend beyond the lung and contribute to
various COPD-related comorbidities, including osteoporosis, cardiovascular disease, skeletal muscle atrophy, and
accelerated skin aging.®'' COPD has also increasingly been conceptualized as a disorder of accelerated biological
aging, in which oxidative stress, mitochondrial dysfunction, telomere dysfunction, impaired autophagy, and cellular
senescence may contribute to airway and parenchymal injury as well as extrapulmonary manifestations.'>"* Cellular
senescence, including the senescence-associated secretory phenotype, has been linked to telomere dysfunction, DNA
damage, and oxidative stress in COPD.'*!> These overlapping aging-related pathways provide a biologically plausible
basis for examining cutaneous aging features as potential external correlates of COPD, while recognizing that such
associations may vary between populations.

Previous studies in predominantly Caucasian cohorts have reported associations between facial wrinkling, skin
connective tissue changes, and COPD or emphysema-related phenotype.'®'” Patel et al reported that Daniell facial
wrinkle grading correlated with computed tomography (CT)-assessed emphysema extent among smokers, while other
studies examined dermal elastic fibers, Daniell grading, total wrinkle length, or skin elasticity in relation to lung function
and emphysema.'®!” Although objective non-invasive assessment of skin elasticity has been incorporated in prior work,
COPD-focused studies of facial wrinkling have generally relied on clinical grading rather than objective measurements of
wrinkle characteristics, which provide an additional quantitative dimension to wrinkle evaluation.'®'? The biological
basis for a potential skin-lung connection centers on shared extracellular matrix (ECM) vulnerability, as cigarette smoke
exposure can accelerate cutaneous aging and promote inflammatory processes through oxidative stress, matrix metallo-
proteinase activation, and altered collagen-elastin homeostasis.”> 2*> These pathological changes overlap conceptually
with mechanisms involved in ultraviolet-induced photoaging.®>°

Ethnic and population-specific differences in cutaneous biology may be relevant when interpreting these associations.
Asian skin has been reported to differ from Caucasian skin in dermal architecture, fibroblast and collagen characteristics,
melanin distribution, and clinical aging phenotype.>* > Several studies suggest that coarse wrinkling may appear later or
be less prominent than pigmentary aging in many Asian populations, although these observations should be viewed as
potential modifiers rather than deterministic explanations.** > Visible wrinkle severity in Asian patients may also be
influenced by extrinsic factors such as photoprotection behavior, occupational sun exposure, air pollution, and occupa-
tional dust or particulate exposure.m’38 Therefore, associations between COPD-related systemic aging and visible
wrinkle formation observed in Western cohorts may not be directly generalizable to Asian patients without population-
specific validation.

Given the paucity of data from Thai and other Asian populations, this study aimed to investigate the relationship
between facial wrinkle severity and COPD characteristics in Thai patients using both subjective and objective assess-
ments and to identify independent predictors of wrinkle severity. Based on reported population differences in skin-aging
phenotype and environmental or behavioral exposures, we hypothesized that the positive association between facial
wrinkle severity and COPD severity reported in Western populations would be weaker, rather than completely absent, in
Thai patients with COPD.

Methods

This cross-sectional study was conducted at Ramathibodi Hospital, Bangkok, Thailand. The study was approved by the
Institutional Review Board for Ethics in Human Research (MURA2023/810), and written informed consent was obtained
from all participants. Because of the cross-sectional design, this study evaluated associations at a single time point and
was not designed to establish temporal or causal relationships.

Study Participants
Patients aged >40 years with suspected or physician-diagnosed COPD were screened if they had at least one of the
following criteria: (1) post-bronchodilator spirometry demonstrating airflow limitation defined as FEV/FVC ratio <0.70
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according to the 2025 Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines,*” or (2) radiographic
evidence of emphysema on high-resolution CT in the absence of an alternative diagnosis. High-resolution CT emphy-
sema was used as a secondary screening criterion to avoid missing emphysema-predominant patients who might
subsequently meet spirometric criteria; however, COPD for the final analytic cohort was defined strictly by post-
bronchodilator spirometric airflow obstruction. Patients with CT emphysema alone were therefore excluded from the
final analysis. Other exclusion criteria included a diagnosis of asthma with positive bronchodilator reversibility,
connective tissue diseases affecting the skin, and prior facial laser treatment. A total of 119 patients were initially
screened, of whom 93 had spirometry-confirmed COPD and were included in the final analysis; no CT-only patients were
included in the primary analytic cohort.

Demographic and Baseline Characteristic Assessment

The demographic information collected included age, sex, body mass index (BMI), ethnicity, and occupation.
Comorbidities were documented from the medical records. Current medication use, particularly inhaled and oral
corticosteroids, was systematically recorded. Occupational sun exposure was classified into three categories based on
the time spent outdoors: low exposure was defined as less than 2 hours per day, moderate exposure as 2—4 hours per day,
and high exposure as more than 4 hours per day. Sun-protective behaviors, including sunscreen use, hats, umbrellas,
long-sleeved clothing, and other physical photoprotection measures, were not systematically recorded and therefore were
not controlled for in the multivariable analyses. Recreational sun exposure, cumulative lifetime ultraviolet exposure, and
urban versus rural residence were also not systematically collected. Accordingly, occupational sun exposure was
interpreted as a limited proxy for outdoor work-related ultraviolet exposure rather than as a comprehensive measure of
cumulative lifetime photodamage.

Detailed smoking history was recorded in pack-years. Participants were classified as never smokers if they had
smoked fewer than 100 cigarettes in their lifetime, former smokers if they had quit more than six months prior to
enrollment, and current smokers if they were still smoking or had quit within the preceding six months. Patients with >10
pack-years of cumulative exposure were classified descriptively as having smoking-related COPD, following the
established methodology.*® Duration since smoking cessation, passive smoking exposure, and lifetime smoking intensity
patterns were not consistently available and therefore were not included in the multivariable models.

Spirometry results from the most recent assessment within 12 months were extracted from the medical records.
COPD severity was classified according to 2025 GOLD criteria as follows: GOLD stage 1 (mild disease) was defined as
FEV, >80% predicted, GOLD stage 2 (moderate disease) as FEV| 50-79% predicted, GOLD stage 3 (severe disease) as
FEV, 30-49% predicted, and GOLD stage 4 (very severe disease) as FEV,; <30% predicted.*

Facial Wrinkle Assessment
Facial wrinkles were evaluated using both subjective clinical grading and objective three-dimensional imaging to provide
complementary assessments of wrinkle severity. Standardized digital photographs of bilateral temporal regions were
obtained under controlled lighting conditions. Images were independently evaluated by a board-certified dermatologist
who was blinded to clinical data. Wrinkling was graded using the validated Daniell six-point scale with the following
criteria:'® Grade I indicates essentially unwrinkled skin with minimal to no visible lines; Grade II consists of several
wrinkles numbering 2—6 per side, each measuring <3 cm in length; Grade III includes several prominent wrinkles per
side, each measuring 3—4 cm long; Grade IV is defined by wrinkles extending both superiorly and inferiorly, each
measuring >5 c¢cm in length; Grade V involves extensive wrinkles extending from the crow’s feet area to the cheeks and
forehead; and Grade VI indicates profound wrinkling over most of the face. For analytical purposes, severe facial
wrinkling was defined as a Daniell score of >4.'¢

Quantitative wrinkle analysis was performed using a standardized three-dimensional imaging system (Antera 3D,
Miravex, Ireland). This device captures high-resolution skin surface topography to assess the wrinkle depth and severity.
Participants were asked to sit upright with a neutral facial expression. Hair was moved away from the temporal and
lateral periorbital region. Images were obtained in the same examination room under standardized lighting conditions.
The region of interest was standardized using the lateral canthus and temporal crow’s-feet area as anatomical landmarks.
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The device was calibrated according to the manufacturer’s instructions before image acquisition. Images were acquired
from both sides of the face by the same operator. Each side was measured twice by the same operator, and the mean
values from both sides were used for the final analysis to enhance the measurement reliability. The Antera 3D indentation
index was defined as the device-derived quantitative measure of negative skin-surface deviation within the selected
region of interest, reflecting wrinkle depth and severity. For intra-rater reliability assessment, duplicate Antera 3D
indentation-index measurements were used before final averaging. For each participant, a first bilateral mean was
calculated from the first right and left temporal measurements, and a second bilateral mean was calculated from
the second right and left temporal measurements. Reliability between these duplicate bilateral mean values was assessed
using a two-way mixed-effects, absolute-agreement intraclass correlation coefficient (ICC).

Statistical Analysis

Given the paucity of data on facial wrinkling in Asian COPD populations and the reported population-specific differences
in skin-aging patterns, we designed this exploratory cross-sectional study. While Western cohorts report a 30.8%
prevalence of severe wrinkling in patients with COPD,'® the expected prevalence in Asian populations remains uncertain.
Because robust prevalence estimates for severe facial wrinkling among Thai patients with COPD were unavailable, no
formal hypothesis-driven sample-size calculation was performed. We aimed to recruit a minimum of 90 participants to
enable multivariable regression analysis with adequate statistical power, following the guideline of at least 10 events per
predictor variable.*' A total of 93 participants were enrolled, yielding a 41.9% prevalence of severe wrinkling (39
events), which was considered sufficient for exploratory multivariable modeling. Given the modest cohort size, all
multivariable findings were interpreted cautiously, with particular attention to potential type II error and model
overfitting.

Normally distributed continuous data are presented as mean + standard deviation, whereas non-normally distributed
continuous data are presented as medians with interquartile ranges (IQR). Categorical variables were presented as
frequencies and percentages. Participants were stratified by smoking exposure level using a threshold of <10 pack-
years versus >10 pack-years. Groups were compared using independent t-tests for normally distributed continuous
variables or Mann—Whitney U-tests for non-normally distributed data. Categorical variables were compared using the
chi-squared or Fisher’s exact test.

Two analytical approaches were employed to identify the independent predictors of wrinkle severity. First, a multiple
linear regression was used to model the Antera 3D wrinkle score as a continuous outcome variable. Second, multiple
logistic regression was employed to identify predictors of severe wrinkling, defined as a Daniell score of >4. Candidate
variables were selected a priori based on biological plausibility and prior literature. These included age, sex, BMI,
occupational sun exposure, cumulative pack-years of smoking, smoking status, smoking-related COPD status, post-
bronchodilator FEV; % predicted, GOLD stage, diabetes mellitus, hypertension, dyslipidemia, inhaled corticosteroid use,
and oral corticosteroid use.

To reduce overfitting, the primary multivariable models used a prespecified parsimonious covariate set consisting of
age, sex, BMI, occupational sun exposure, cumulative pack-years of smoking, and post-bronchodilator FEV; %
predicted. All variables in the primary model were retained a priori regardless of statistical significance. Automated
backward stepwise selection was not used in the analysis. Multicollinearity was assessed using variance inflation factors
(VIFs) for the final predictor matrix. A VIF >5 was considered suggestive of potentially important multicollinearity.
Smoking status and continuous pack-years were not entered simultaneously in the model because of conceptual overlap
among smoking variables. Cumulative smoking exposure was modeled primarily as a continuous variable in pack-years
to preserve dose-response information and avoid loss of statistical power from dichotomization. The >10 pack-year
threshold was used for descriptive comparisons and sensitivity analyses only. For linear regression, model assumptions
were assessed by inspection of residual-versus-fitted plots, Q—Q plots of standardized residuals, homoscedasticity, and
influential observations using Cook’s distance. Pack-years were inspected for skewness, and sensitivity analyses using
smoking-exposure categories were performed where appropriate.

Sensitivity analyses using smoking-related COPD status and smoking-exposure categories were performed where
appropriate. Missing data were assessed for all variables included in the primary analyses. There were no missing data
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for the outcome or primary covariates; therefore, complete-case analysis was performed. No imputation was applied.
Statistical significance was set at a two-tailed a level of 0.05 for all analyses. All statistical analyses were performed
using SPSS version 30.0 (IBM Corp., Armonk, NY, USA).

Results

Demographic and Clinical Characteristics

Of the 119 initially screened patients, 93 patients had spirometry-confirmed COPD and were included in the study.
Participants were predominantly older and male, with a mean age of 72.6+8.8 years and 84 male patients, representing
90.3%. The cohort demonstrated mild-to-moderate disease severity, with mean post-bronchodilator FEV; of 63.9+18.8%
predicted and most patients classified as GOLD stage II (57.0%) or stage I (23.7%). The median smoking exposure was
20 pack-years (IQR 10-40), with 78.5% classified as having smoking-related COPD. Common comorbidities included
hypertension (59.1%), dyslipidemia (53.8%), and diabetes mellitus (24.7%). Most patients used inhaled corticosteroids
(63.4%), whereas oral corticosteroid use was uncommon (4.3%). The sun exposure distribution was relatively balanced
across low (37.6%), moderate (32.3%), and high (30.1%) categories. The complete baseline characteristics are presented
in Table 1.

Table | Characteristics of Patients with Chronic
Obstructive Pulmonary Disease in the Study

Characteristic Total (N = 93)

Demographics

Age (years) 726 + 88

Male, n (%) 84 (90.3%)

Sun exposure level

Low, n (%) 35 (37.6%)
Moderate, n (%) 30 (32.3%)
High, n (%) 28 (30.1%)
Body mass index (kg/m?) 239 £ 43

Smoking history

Smoking status

Never smoker, n (%) 10 (10.8%)
Former smoker; n (%) 72 (77.4%)
Current smoker, n (%) I (11.8%)
Pack—years of smoking, median (IQR) 20 (10—-40)
Smoking-related COPD, n (%) 73 (78.5%)

Clinical characteristics

Post-bronchodilator FEV, (% predicted) 639 + 188
GOLD stage
Stage |, n (%) 22 (23.7%)
Stage Il, n (%) 53 (57.0%)
Stage lll, n (%) 12 (12.9%)
Stage IV, n (%) 6 (6.5%)
(Continued)
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Comparison by Smoking Exposure

Participants were stratified according to cumulative smoking exposure into two groups: those with <10 pack-years (n=20)
and those with >10 pack-years (n=73). The groups were similar in age (p=0.50) and BMI (p=0.82), although the >10
pack-years group had a higher male representation (94.5% vs 75.0%, p=0.02). As expected, the smoking status differed
markedly (p<0.001). Notably, lung function parameters showed no significant differences between groups: the mean
FEV, % predicted was 69.24+17.7% in the <10 pack-year group versus 62.5£18.9% in the >10 pack-year group (p=0.45),
and the GOLD stage distribution was comparable (p=0.44). No significant differences emerged in the comorbidity

Table | (Continued).

Characteristic Total (N = 93)
Skin wrinkle assessment
Antera 3D indentation index, mean + SD | 21.7 + 5.9
Daniell wrinkle score, median (IQR) 3 (34
Severe wrinkles (Daniell 24), n (%) 39 (41.9%)

Comorbidities

Hypertension, n (%)
Dyslipidemia, n (%)

Others, n (%)

Diabetes mellitus, n (%)

Knee osteoarthritis, n (%)

23 (24.7%)
55 (59.1%)
50 (53.8%)
7 (7.5%)

18 (19.4%)

Medication use

Inhaled corticosteroids, n (%)

Oral corticosteroids, n (%)

59 (63.4%)
4 (4.3%)

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV/, forced
expiratory volume in | second; GOLD, Global Initiative for Chronic

Obstructive Lung Disease.

prevalence or medication use patterns between the smoking exposure groups (Table 2).

Table 2 Characteristics of Patients with Chronic Obstructive Pulmonary Disease by
Cumulative Smoking Exposure (<10 vs 210 Pack-years)

Variable <10 Pack-Years | =10 Pack-Years | P-Value
(n=20) (n=73)
Age (years) 73.8 £9.0 723 +88 0.50
Male, n (%) 15 (75%) 69 (94.5%) 0.02*
BMI (kg/m?) 24.1 £ 3.6 239 + 45 0.82
Sun exposure level, n (%) 0.33
High 6 (30.0%) 22 (30.1%)
Moderate 4 (20.0%) 26 (35.6%)
Low 10 (50.0%) 25 (34.2%)
Smoking status, n (%) <0.001*
Never 10 (50%) 0 (0%)
Former 9 (45%) 63 (86.3%)
Current I (5%) 10 (13.7%)
(Continued)
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Table 2 (Continued).

Variable <10 Pack-Years | =10 Pack-Years | P-Value
(n=20) (n=73)
Pack-years of smoking, median (IQR) 0.5 (0-3.2) 30 (15-45) <0.001*
Post-bronchodilator FEV, (% predicted) 692 £ 17.7 62.5 + 189 0.45
GOLD stage, n (%) 0.44
Stage | 4 (20%) 18 (24.7%)
Stage Il 14 (70%) 39 (53.4%)
Stage IlI 2 (10%) 10 (13.7%)
Stage IV 0 (0%) 6 (8.2%)
Skin wrinkle assessment
Antera 3D indentation index, mean * SD 19.6 + 4.8 223 + 6.1 0.07
Daniell wrinkle score, median (IQR) 3 (24) 3 (34 0.68
Severe wrinkles (Daniell 24), n (%) 7 (35%) 32 (43.8%) 0.61
Comorbidities
Diabetes mellitus, n (%) 4 (20%) 19 (26%) 0.77
Hypertension, n (%) 10 (50%) 45 (61.6%) 0.44
Dyslipidemia, n (%) 9 (45%) 41 (56.2%) 0.45
Knee osteoarthritis, n (%) 2 (10%) 5 (6.8%) 0.64
Others, n (%) 6 (30%) 12 (16.4%) 0.21
Medication use
Inhaled corticosteroid use, n (%) 14 (70%) 45 (61.6%) 0.60
Oral corticosteroid use, n (%) 0 (0%) 4 (5.5%) 0.57

Notes: *Statistically significant at p < 0.05.
Abbreviations: BMI, body mass index; FEV|, forced expiratory volume in | second; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; IQR, interquartile range.

Facial Wrinkle Assessment

Objective assessment using Antera 3D yielded a mean indentation index of 21.745.9 (range 10.7-40.6), and the duplicate
indentation-index measurements demonstrated good intra-rater reliability, with an ICC of 0.86 (95% CI: 0.82-0.97). The
subjective Daniell grading showed a median grade of 3 (IQR 3-4), with severe wrinkling (Daniell >4) present in 41.9%
of patients. The two methods demonstrated a moderate-to-strong positive correlation (Spearman’s p=0.68, p<0.001),
validating their complementary use. Examination by smoking exposure revealed no significant difference in the
prevalence of severe wrinkling: 35.0% in the <10 pack-year group versus 43.8% in the >10 pack-year group (p=0.61).
Preliminary collinearity assessment demonstrated elevated VIF values when FEV,| % predicted and GOLD stage were
included in the same model, with VIF values of 6.71 for FEV; % predicted and 6.54 for GOLD stage. Post-
bronchodilator FEV; % predicted was selected as the primary continuous lung-function variable because it preserves
more information than ordinal GOLD stage. After GOLD stage was removed, multicollinearity was reduced, and the
maximum VIF among retained predictors was 1.73.

In the linear regression model, age and BMI were statistically significant predictors of objective wrinkle severity. Age
was positively associated with objective wrinkle severity (f=0.08; 95% CI: 0.01-0.24; p=0.042), indicating that each
additional year was associated with a 0.08-unit increase in wrinkle score, whereas BMI showed an inverse association
(B=—0.34; 95% CI: —0.65, —0.03; p=0.031), suggesting that subcutaneous adipose tissue may attenuate wrinkle severity.
Importantly, no COPD-related parameters, including FEV, %, pack-years of smoking, or smoking-related COPD status,
were significantly associated. Similarly, the sun exposure categories, comorbidities, and corticosteroid use showed no
significant associations. The overall model had limited explanatory value, with R*=0.29 and adjusted R?=0.16 (Table 3).

International Journal of Chronic Obstructive Pulmonary Disease 2026:2 | hetps: 7



Suchonwanit et al

Table 3 Multivariable Linear Regression for Objective Wrinkle Assessment

Predictor Coefficient (95% CI) | P-Value
FEV, % predicted (per 1%1) —0.032 (—0.10 to 0.04) | 0.387
Age (per | yeart) 0.08 (0.0l to 0.24) 0.042%
Male —0.99 (-5.29 to 3.30) 0.646
BMI (per | kg/m*t) —0.34 (-0.65 to —0.03) | 0.031*

Pack-years of smoking (per | pack-yeart) | —0.003 (—0.027 to 0.02) | 0.789

Sun exposure

Low Reference -
Moderate 1.01 (—2.04 to 4.05) 0512
High 1.32 (—1.72 to 4.37) 0.390

Notes: The model was adjusted for age, sex, BMI, cumulative pack-years of smoking, occupa-
tional sun exposure, and post-bronchodilator FEV, % predicted. Model fit: R?=0.29, adjusted
R2=0.16. VIF range 1.00-1.73. Model assumptions assessed by residual-vs-fitted plots, Q-Q plots,
homoscedasticity, and Cook’s distance. *Statistically significant at p < 0.05.

Abbreviations: Cl, confidence interval; BMI, body mass index; FEV/, forced expiratory volume
in | second.

This indicates that the measured clinical covariates explained only a limited proportion of the variability in objective
wrinkle severity.

Logistic regression analysis yielded consistent findings for subjective wrinkle severity. Age remained independently
associated with severe wrinkling, with each additional year conferring a 15% increased odds of severe wrinkling
(OR=1.15; 95% CI: 1.06-1.23; p<0.001). This translates to 4-fold increased odds over a 10-year period, supporting
chronological age as the most consistent predictor of severe wrinkling in this cohort. All COPD-related parameters
remained non-significant. The model demonstrated acceptable calibration by the Hosmer-Lemeshow test (x°=8.26,
p=0.43) and explained moderate variance (Nagelkerke R?=0.36) (Table 4).

Table 4 Multivariable Logistic Regression for Severe Facial Wrinkling

Predictor OR (95% CI) P-Value
FEV| % predicted (per 1%7) 1.01 (0.99 to 1.04) | 0.586
Age (per | year?) 1.15 (1.06 to 1.23) | <0.001*
Male 0.34 (0.04 to 2.75) | 0.312
BMI (per | kg/m?1) 0.94 (0.83 to 1.08) | 0.385

Pack-years of smoking (per | pack-yeart) | 1.00 (0.99 to 1.01) | 0.940

Sun exposure

Low Reference -
Moderate 2.11 (0.56 to 7.95) | 0.269
High 2.67 (0.73 to 9.77) | 0.137

Notes: The model was adjusted for age, sex, BMI, cumulative pack-years of smoking,
occupational sun exposure, and post-bronchodilator FEV| % predicted. Severe wrinkling
was defined as Daniell score 24. Model fit: Hosmer-Lemeshow ?=8.26, p=0.43 (acceptable
calibration); Nagelkerke R*=0.36. VIF range 1.00-1.73. *Statistically significant at p < 0.05.
Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index; FEV,,
forced expiratory volume in | second.
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Sensitivity Analyses

Because no high-resolution CT-only patients were included in the final analytic cohort, sensitivity analysis excluding
high-resolution CT-only patients was not applicable. To evaluate whether the findings were influenced by non-smoking
COPD, sensitivity analyses were performed. After excluding never smokers, 83 patients remained. The direction and
statistical significance of the main findings were unchanged: age remained significantly associated with wrinkle severity,
whereas COPD-related variables, including FEV; % predicted and cumulative pack-years, remained not significantly
associated with objective wrinkle severity and severe wrinkling. In the smoking-related COPD subgroup with >10 pack-
years of exposure (n = 73), the results were similarly unchanged. No significant association was detected in this subgroup
between COPD-related variables and facial wrinkle severity. Expanded sensitivity models additionally including smok-
ing-related COPD status, diabetes mellitus, hypertension, dyslipidemia, inhaled corticosteroid use, and oral corticosteroid
use yielded similar findings; COPD-related variables remained non-significant.

Age-Wrinkle Relationship

Age and wrinkle severity showed a positive association, demonstrating a weak but statistically significant correlation
(Pearson’s r=0.22, p=0.037). The regression equation, Antera 3D score = 0.08 x age + 15.2, indicated that age explained
only a small proportion of the variability in objective wrinkle severity, supporting interpretation of the association as
statistically significant but small in magnitude.

Discussion

This cross-sectional study evaluated clinical correlates of facial wrinkle severity within a cohort of Thai patients with
spirometry-confirmed COPD, rather than determining whether COPD itself is associated with greater wrinkling com-
pared with non-COPD controls. No significant association was detected between facial wrinkle severity, assessed by both
subjective Daniell grading and objective Antera 3D imaging, and the COPD-related characteristics assessed, including
post-bronchodilator FEV; % predicted and cumulative smoking exposure. Instead, chronological age was the most
consistent predictor of wrinkle severity in all multivariable analyses, while higher BMI was inversely associated with
objective wrinkle severity measured by Antera 3D only. These findings differ from associations reported in Western
population studies; however, this difference should be interpreted cautiously because the present cohort included only
COPD patients, lacked non-COPD smoker and healthy control groups, and was predominantly composed of patients with
mild-to-moderate airflow limitation.

Previous studies in predominantly Western populations have reported positive associations between facial wrinkling,
smoking-related COPD, emphysema, and impaired lung-function parameters. Patel et al reported that severe facial
wrinkling (Daniell score >4) was independently associated with COPD presence and extensive emphysema on CT in
a predominantly Caucasian cohort, even after controlling for smoking exposure and age.'® Similarly, Szczegielniak et al
demonstrated significant negative correlations between total wrinkle length and spirometric parameters including FEV,
in a Polish COPD population.*> O’Brien et al showed that objective skin elasticity measurements correlated significantly
with CT emphysema metrics and circulating biomarkers of systemic inflammation and matrix degradation in American
smokers.** In contrast, our Asian cohort demonstrated no association between wrinkle severity and COPD diagnosis,
lung function impairment, disease severity stage, or smoking burden after adjustment. The divergence, therefore, may
appear to reflect genuine biological or population-specific differences.

The inverse association between BMI and objective wrinkle severity deserves specific consideration. In the linear
regression model, higher BMI was associated with lower Antera 3D wrinkle severity, suggesting that facial soft-tissue
volume or subcutaneous adipose tissue may partially attenuate objective wrinkle depth. This interpretation is consistent
with previous population-based data showing that lower BMI was associated with greater facial wrinkling in both men
and women.** In COPD, BMI also has clinical relevance beyond skin aging, because low BMI may reflect systemic
effects such as nutritional depletion, sarcopenia, or cachexia, and has been associated with poorer COPD prognosis in
prior studies.*> Therefore, BMI may influence the observed wrinkle phenotype through both mechanical effects on facial
soft tissue and systemic health status. Nevertheless, BMI was associated only with the objective Antera 3D measure and
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not with severe Daniell-grade wrinkling in this study; thus, this finding should be interpreted as exploratory and
hypothesis-generating rather than as evidence that BMI protects against facial aging or COPD-related systemic aging.

One possible explanation is that known ethnic differences in cutaneous structures and aging patterns may modify the
clinical expression of smoking- and COPD-related skin aging. Asian skin has been reported to differ from Caucasian skin
in dermal architecture, collagen organization, pigmentation, and clinical aging phenotype.’*>? These features may
influence whether systemic or environmental aging processes manifest predominantly as coarse wrinkling, pigmentary
change, laxity, or other skin-aging features. It is therefore conceivable that COPD-associated systemic aging processes in
Thai patients might be expressed through pigmentary or elasticity-related changes rather than coarse wrinkling.>*?
However, the present study did not directly measure dermal thickness, collagen content, elastin integrity, pigmentation,
matrix metalloproteinase activity, extracellular matrix remodeling, or photoprotection behavior. Therefore, ethnic or
population-specific skin biology should be considered a plausible hypothesis rather than a confirmed mechanism under-
lying the observed findings.

Smoking remains biologically central to both COPD pathogenesis and cutaneous aging. In this study, cumulative
smoking exposure was modeled as continuous pack-years in the multivariable analyses, and no significant association
was detected between pack-years and wrinkle severity after adjustment for age, BMI, occupational sun exposure, and
lung function. The >10 pack-year threshold was used for descriptive comparison rather than as the primary smoking-
exposure model. Nevertheless, the smoking analysis remains limited. Duration since smoking cessation, passive smoke
exposure, smoking intensity over time, and very high cumulative exposure subgroups were not consistently available.
Because smoking can affect skin aging through oxidative stress, inflammation, impaired collagen synthesis, and matrix
metalloproteinase activation, the absence of a statistically significant association in this cohort should not be interpreted
as evidence that smoking has no effect on facial aging. Rather, it indicates that no independent association was detected
using the smoking variables available in this dataset.

Cultural and behavioral factors provide an additional layer of complexity. Many Asian societies place strong cultural
emphasis on photoprotection through deliberate sun avoidance behaviors, preference for indoor activities, consistent use
of sunscreens, and use of physical sun protection, such as wide-brimmed hats, umbrellas, and long-sleeved clothing.**
However, the present study did not capture cumulative lifetime ultraviolet burden or detailed photoprotective practices,
including recreational sun exposure and urban versus rural residence, which are important determinants of extrinsic skin
aging. Ultraviolet radiation remains a major contributor to photoaging, and incomplete assessment of these factors may
have limited the ability to fully account for wrinkle severity.

Conversely, occupational and environmental exposures that are more prevalent in certain Asian populations, including
industrial air pollutants, biomass smoke, indoor particulate matter, occupational dust, and chemical irritants, may
represent region-specific extrinsic stressors that contribute to both pulmonary and cutaneous aging through oxidative
stress and inflammatory pathways.>> >’ These cumulative exposome factors were not systematically quantified in the
present study and may partly explain the limited explanatory value of the regression model.

The adjusted R? of the primary linear regression model was 0.16, indicating limited explanatory value, with measured
clinical variables accounting for only a small proportion of the variability in objective wrinkle severity. This finding
suggests that important unmeasured determinants of facial aging, including lifetime ultraviolet exposure, photoprotection
behavior, air pollution, biomass exposure, occupational particulate exposure, diet, skin-care practices, genetic suscept-
ibility, and hormonal factors, may have contributed substantially to wrinkle severity. The modest explanatory value of the
model also supports cautious interpretation of nonsignificant COPD-related predictors.

Supporting this conceptual framework is the observation from some Western studies that the association between skin
aging and COPD may be strongest when assessed through diffusion capacity rather than spirometric airflow limitation
alone.”** This suggests that the skin-emphysema link may be most robust when the disease is phenotyped through
physiological markers that directly reflect alveolar-capillary membrane integrity and gas exchange. The relatively
restricted COPD severity spectrum in the present study may also have attenuated detectable associations, as most
participants had mild-to-moderate airflow limitation, with 80.6% classified as GOLD stage I or II and a mean post-
bronchodilator FEV; of approximately 64% predicted. Therefore, the study may have had limited ability to detect
associations that might emerge in patients with more advanced emphysema, greater systemic inflammation, or more
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severe extracellular matrix degradation. In addition, diffusion capacity (DLCO) and quantitative CT-based emphysema
burden were not systematically available. This is relevant because emphysema-related connective-tissue destruction and
alveolar-capillary impairment may correlate more strongly with diffusion capacity or quantitative emphysema burden
than with spirometric airflow limitation alone. Therefore, subtle structural or diffusion-impaired COPD phenotypes may
have remained undetected. Future studies in Asian populations should incorporate a comprehensive assessment of
diffusion capacity along with alternative cutaneous aging biomarkers.

From a clinical perspective, facial wrinkling alone did not appear to function as a reliable marker of COPD-related
disease burden within this Thai COPD cohort. However, because this study lacked healthy Thai controls and non-COPD
smoker controls, it cannot determine whether COPD patients have more facial wrinkling than non-COPD individuals, nor
can it exclude possible associations in other Thai or Asian populations with broader COPD severity, heavier smoking
exposure, or different environmental exposures. Dermatologists evaluating Asian patients who present with premature
facial wrinkling should therefore exercise caution in attributing such findings to underlying emphysema or recommend-
ing pulmonary evaluation based on skin findings alone. The findings therefore support population-specific validation of
cutaneous markers rather than direct extrapolation from Western cohorts.

This study has several methodological strengths, including dual wrinkle assessment combining subjective clinical
grading with objective three-dimensional imaging, blinded dermatologist evaluation, spirometry-confirmed COPD in the
final analytic cohort, comprehensive adjustment for potential confounders in multivariable analyses, and a specific focus
on an Asian population that has been underrepresented in prior wrinkle-COPD research. However, several limitations of
this study warrant emphasis. The cross-sectional study design precludes causal or temporal inferences. The sample size
was substantially modest, which may have increased the risk of type II error, particularly for subtle associations and
subgroup analyses. Our cohort was predominantly older and male and consisted exclusively of Thai participants, which
limits its generalizability. Finally, potential selection bias may have been introduced through recruitment at a tertiary
referral center, which may have over-represented more severe or complex COPD cases compared to community-based
populations. Moreover, the study did not include non-COPD controls, DLCO, quantitative CT emphysema assessment,
objective cumulative ultraviolet measurement, detailed photoprotection behavior, recreational sun exposure, air-pollution
exposure, biomass exposure, passive smoking, smoking-cessation duration, or molecular and structural skin biomarkers.
Future studies should include longitudinal designs, control groups, broader COPD severity, quantitative CT and DLCO
phenotyping, and more sensitive skin-aging markers such as dermal elasticity, high-frequency ultrasonography, pigmen-
tation analysis, and extracellular matrix biomarkers.

Conclusion

In this cross-sectional study of Thai patients with spirometry-confirmed COPD, no significant association was detected
between facial wrinkle severity and the COPD-related characteristics assessed, including airflow limitation and cumu-
lative smoking exposure. Instead, chronological age was the most consistent predictor of wrinkle severity, while higher
BMI showed an inverse association with objective Antera 3D wrinkle severity only. These findings should be interpreted
cautiously because the study was cross-sectional, the sample size was modest, and most participants had mild-to-
moderate COPD, which may have limited the ability to detect subtle associations with advanced emphysema or COPD-
related systemic aging. Therefore, the findings describe associations rather than causal relationships and apply specifi-
cally to this Thai COPD cohort. Based on these results, facial wrinkling alone may not serve as a reliable standalone
screening or severity marker for COPD in Thai patients without further validation. Future studies should evaluate larger
multicenter cohorts with broader COPD severity, non-COPD controls, quantitative CT or DLCO phenotyping, and more

sensitive cutaneous aging markers.
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