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ABSTRACT
Introduction  The mechanisms through which body mass 
index (BMI) influences the prognosis of chronic obstructive 
pulmonary disease (COPD) remain poorly understood. 
This study investigates whether BMI influences all-cause 
mortality in patients with COPD through mediating effects 
of exacerbations and cardiovascular events.
Methods  Data were obtained from a multicentre 
prospective COPD cohort (NCT02800499). BMI was 
assessed both continuously and categorically as <23 
(low), 23–27 (normal) and >27 kg/m² (high). The 
primary outcome was all-cause mortality and secondary 
outcomes were moderate-to-severe exacerbations and 
cardiovascular events. Mediation analyses were applied to 
quantify the contribution of these events to the association 
between BMI and all-cause mortality.
Results  Among 3314 patients with COPD, those with 
low BMI had a higher risk of mortality (adjusted OR, 1.46; 
95% CI 1.04 to 2.07), whereas no significant difference 
was observed among those with high BMI. Mediation 
analyses indicated that exacerbations partially mediated 
the relationship between BMI and all-cause mortality, 
explaining 11.9% of the increased mortality among 
patients with low BMI and 21.9% of the reduced mortality 
among those with high BMI. Meanwhile, cardiovascular 
events showed mediating effects in the opposite direction, 
contributing to 5.2% lower mortality among patients with 
low BMI and 11.5% higher mortality among those with 
high BMI.
Conclusions  BMI was non-linearly associated with 
all-cause mortality in COPD. Exacerbations mediated 
the excess mortality risk among patients with low BMI, 
whereas the decreasing risk of cardiovascular events 
in this group contributed to a countervailing effect that 
tempered the overall association between low BMI and 
mortality.

INTRODUCTION
Chronic obstructive pulmonary disease 
(COPD) is a leading cause of morbidity and 
mortality worldwide, imposing a substan-
tial burden on patients and healthcare 
systems.1 Beyond airflow limitation, COPD 
is increasingly recognised as a systemic 
disorder in which extrapulmonary factors 

such as nutritional status, muscle wasting and 
comorbidities significantly influence disease 
progression and survival.2–4 Recently, atten-
tion has been drawn to the potential impor-
tance of evaluating and managing cardiovas-
cular risk and metabolic disorders in patients 
with COPD to improve prognosis.5–7

Body mass index (BMI) has emerged as an 
important marker of overall health status in 
COPD. Low BMI has been associated with 
lower lung function, more severe symptoms, 
adverse outcomes including reduced respira-
tory muscle strength, heightened vulnerability 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Low body mass index (BMI) in chronic obstructive 
pulmonary disease (COPD) is associated with in-
creased mortality, whereas high BMI paradoxically 
confers a survival advantage despite elevated car-
diovascular risk, but the mechanisms underlying this 
non-linear pattern remain poorly understood.

WHAT THIS STUDY ADDS
	⇒ Using counterfactual-based mediation analysis, this 
study demonstrates that exacerbations and cardio-
vascular events act as opposing mediators of the 
BMI–mortality relationship. In low-BMI patients, 
exacerbations partially account for excess mortali-
ty while cardiovascular events attenuate this effect, 
whereas in high-BMI patients, a lower exacerbation 
burden reduces mortality but increased cardiovas-
cular risk partially offsets this benefit.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ These findings suggest that BMI-stratified manage-
ment strategies in COPD should prioritise exacerba-
tion prevention and monitoring of body composition 
in underweight patients and systematic cardiovas-
cular risk assessment in those with high BMI. Future 
intervention trials targeting BMI in COPD should 
incorporate competing mediation frameworks to 
capture opposing pathway effects that aggregate 
analyses would otherwise obscure.
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to infections, frequent exacerbations and increased 
mortality.8–12 Meanwhile, overweight or moderately 
obese patients showed improved survival compared with 
underweight individuals.13 14 However, higher BMI is also 
a well-established risk factor for cardiovascular disease, 
which has been a leading cause of death in patients with 
COPD.15–18 The coexistence of these opposing effects of 
BMI on mortality in COPD has been described as the 
‘obesity paradox’, underscoring the presence of a non-
linear relationship between BMI and mortality that is 
likely driven by distinct biological mechanisms.19

Although many studies have applied non-linear 
approaches to evaluate the association between BMI and 
mortality in COPD, the underlying mechanisms are not 
fully understood.20 In particular, it remains uncertain 
whether BMI influences mortality directly or indirectly 
through mediating factors such as acute exacerbations or 
cardiovascular disease. Prior studies have reported these 
associations individually, but no study has formally quan-
tified the relative contributions of exacerbations and 
cardiovascular events as competing mediating pathways 
within a single analytical framework. Clarifying these 
mechanisms is clinically important, as it may help iden-
tify high-risk patients who could benefit from nutritional 
interventions to prevent underweight-related vulnera-
bility or from closer cardiovascular surveillance in those 
with elevated BMI.

Therefore, we investigated the association between BMI 
and all-cause mortality, incorporating non-linear model-
ling to capture potential threshold effects. We further 
assessed whether moderate-to-severe exacerbations and 
cardiovascular events mediate this relationship, in order 
to explain how BMI influences survival in COPD.

METHODS
Study design and population
We conducted a prospective longitudinal observational 
study within the Korean COPD Subtype Study (KOCOSS) 
including the patients with COPD across South Korea 
(​ClinicalTrials.​gov identifier: NCT02800499). The 
KOCOSS cohort recruited participants from 54 medical 
institutions using standardised protocols for baseline and 
follow-up assessments. Detailed information on the study 
design and methodology has been published previously.21

Eligible participants were adults aged 40 years or older 
with physician-diagnosed COPD, defined according 
to the Global Initiative for Chronic Obstructive Lung 
Disease criteria as the presence of persistent respiratory 
symptoms and a post-bronchodilator forced expiratory 
volume in 1 s to forced vital capacity ratio (FEV1/FVC) of 
less than 0.70.22 At the time of enrolment, patients were 
required to be in a stable condition, with no acute exac-
erbation for at least 4 weeks prior to baseline evaluation.

Exclusion criteria included inability to complete pulmo-
nary function testing, myocardial infarction or cerebro-
vascular event within the previous 3 months, pregnancy, 
rheumatoid disease, malignancy, irritable bowel disease 

and systemic corticosteroid use for conditions other than 
COPD exacerbation within 8 weeks before enrolment.

Clinical and laboratory variables
At baseline, demographic and clinical information 
were collected according to standardised protocols, 
including age, sex, BMI, educational level, place of resi-
dence (capital city or non-capital area) and smoking 
status (never, former or current). Medical history and 
comorbid conditions were documented, with a focus on 
the Charlson comorbidity index as well as the presence of 
bronchiectasis and tuberculosis-destroyed lung. Symptom 
burden was assessed using the modified Medical Research 
Council (mMRC) dyspnoea scale, the COPD Assessment 
Test (CAT) and the St. George’s Respiratory Question-
naire for COPD Patients (SGRQ-C). Exercise capacity 
was evaluated by the 6-Minute Walk Distance (6MWD). 
A history of exacerbation was recorded, including both 
moderate-to-severe and severe events.

Pulmonary function tests included post-bronchodilator 
FEV1, FVC, and the FEV1/FVC ratio, expressed as absolute 
values, percent predicted values and z-scores. Additional 
measurements included diffusing capacity for carbon 
monoxide (DLCO), alveolar volume-adjusted diffusing 
capacity, and total lung capacity (TLC), each reported as 
absolute and percent predicted values.

Laboratory tests comprised complete blood cell counts 
with differential, including white cell count, neutrophil, 
lymphocyte, monocyte, basophil and eosinophil counts. 
Blood eosinophil count was further categorised by abso-
lute counts and a threshold of >300 cells/µL.

Medication use was systematically documented, 
including inhaled therapies (long-acting beta-agonists 
(LABA), long-acting muscarinic antagonists (LAMA), 
inhaled corticosteroids (ICS), ICS/LABA combinations, 
LABA/LAMA combinations and triple therapy with ICS/
LABA/LAMA) and oral medications (phosphodiester-
ase-4 inhibitors, methylxanthines, erdosteine, N-acetyl-
cysteine and macrolides).

Body mass index categorisation
BMI was calculated as weight in kilograms divided by 
height in metres squared (kg/m²) at the time of enrol-
ment. For categorical analyses, patients were stratified 
into three groups: low (<23 kg/m²), normal (23–27 kg/
m², reference group) and high (>27 kg/m²). The selec-
tion of these cut-off values was based on evidence from 
a large-scale national health screening cohort in Korea, 
which demonstrated that all-cause mortality remained 
similar within the range of BMI 23–27 kg/m², whereas 
mortality increased progressively below 23 kg/m² and 
above 27 kg/m².23

Outcome measurement
Primary outcome was all-cause mortality confirmed 
through linkage with nationwide death statistics from 
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Statistics Korea. Secondary outcomes were moderate-
to-severe exacerbations and composite cardiovascular 
events. Moderate-to-severe exacerbations were defined 
as events requiring systemic corticosteroids, antibiotics 
or hospitalisation. Composite cardiovascular events were 
defined as newly occurring myocardial infarction, stroke 
or heart failure in patients without a prior history of 
these conditions. Clinical outcomes were ascertained at 
each annual follow-up visit and were additionally verified 
through medical record review.

Statistical analysis
Baseline characteristics were summarised according to 
BMI categories and compared using analysis of variance 
or the Kruskal-Wallis test for continuous variables and χ2 
tests for categorical variables, as appropriate. Continuous 
variables are presented as means with SDs or medians 
with IQRs, while categorical variables are presented as 
counts and percentages.

BMI was modelled using restricted cubic splines to 
assess potential non-linear relationships with mortality, 
exacerbations and cardiovascular events. The presence 
of non-linearity was evaluated by likelihood ratio tests 
comparing models with and without spline terms, and 
model fit was assessed using the Akaike information crite-
rion (AIC).

Owing to the fixed follow-up window and the annual 
assessment of outcome status, logistic regression was 
applied uniformly across all outcome and mediator 
models, ensuring the methodological consistency 
required for valid counterfactual-based mediation anal-
ysis. Confounders were selected a priori based on estab-
lished literature and clinical relevance to the relationship 
between BMI and COPD outcomes. Multivariable models 
were adjusted for potential confounders, including age, 
sex, educational level, smoking status, Charlson comor-
bidity index, history of prior exacerbations, lung func-
tion parameters, symptom burden (mMRC, CAT and 
SGRQ-C), 6MWD, laboratory parameters (blood counts) 
and medication use.

Mediation analysis was performed to quantify the 
extent to which exacerbations and composite cardio-
vascular events mediated the association between BMI 
and mortality. Natural direct and indirect effects were 
estimated using counterfactual-based mediation models, 
and the proportion mediated was calculated with corre-
sponding CIs derived from bootstrapping. These anal-
yses were conducted with the ‘mediation’ package in R.24 
Missing data were handled by complete case analysis, with 
each model fitted using all available observations for the 
variables of interest. Given the relatively low proportion 
of missing values and the absence of systematic patterns 
across covariates, no imputation procedure was applied.

All analyses were conducted using R software (V.4.5.0; 
R Foundation for Statistical Computing, Vienna, Austria). 
Two-sided P values <0.05 were considered statistically 
significant.

RESULTS
A total of 3476 patients with COPD were initially enrolled 
between January 2012 and December 2022. After 
excluding 112 patients without baseline lung function 
tests and 50 patients without CAT or SGRQ-C question-
naires, 3314 patients were included in the final analysis 
(online supplemental figure 1). Among them, 1633 
(49.3%) were classified as the low BMI group (<23 kg/
m²), 1250 (37.7%) as the normal BMI group (23–27 kg/
m²) and 431 (13.0%) as the high BMI group (>27 kg/
m²). The mean follow-up duration was 21.2±11.0 months.

Baseline characteristics
Baseline characteristics are presented in table 1. Patients 
with low BMI were more often male and current 
smokers, had a higher comorbidity burden including 
more frequent tuberculosis-destroyed lung and reported 
greater symptom burden with higher mMRC, CAT and 
SGRQ-C scores. They had shorter 6MWDs, more frequent 
prior exacerbations and worse lung function with lower 
FEV1, FEV1/FVC and DLCO. TLC tended to be higher in 
the low BMI group. Laboratory findings revealed higher 
neutrophil counts and lower lymphocyte counts in the 
low BMI group. Treatment patterns differed, with greater 
use of inhaled triple therapy, phosphodiesterase-4 inhibi-
tors and methylxanthines in the low BMI group, whereas 
LABA/LAMA use was more common in the high BMI 
group.

All-cause mortality
A total of 324 deaths were observed, corresponding to 
an overall mortality rate of 9.8%. The mortality rate 
was significantly higher in the low BMI group (12.6%) 
compared with 7.1% in the normal BMI group and 7.0% 
in the high BMI group (p<0.001). The low BMI group 
accounted for 63.6% of deaths, while only 9.3% of deaths 
occurred in the high BMI group. Clinical factors related 
to mortality are summarised in online supplemental 
table 1.

Restricted cubic spline analysis illustrated a non-
linear association between BMI and all-cause mortality 
(figure  1A). Mortality risk rose sharply at BMI values 
below 23 kg/m², reached its nadir within the 23–27 kg/
m² range and showed a modest but imprecise increase 
above 27 kg/m² due to wider CIs. Formal testing also 
supported the presence of non-linearity. Likelihood ratio 
tests comparing spline and linear models were statisti-
cally significant (p<0.05), and the AIC indicated better 
overall model performance for the spline specification.

In univariable analysis, each 1 kg/m² increase in BMI 
was associated with a lower risk of death (unadjusted OR 
(uOR)=0.908, 95% CI 0.877 to 0.940, p<0.001) (table 2). 
This association was attenuated in the multivariable model 
and did not reach statistical significance. When BMI was 
categorised, patients with BMI <23 kg/m2 consistently 
showed a significantly higher risk of mortality compared 
with those with BMI 23–27 kg/m2 in both univariable 
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Table 1  Baseline characteristics according to body mass index (BMI)

Variable
Low BMI <23 
(n=1633)

Normal BMI 23–27 
(n=1250)

High BMI >27 
(n=431) P value

Age, mean (SD) 68.6 (8.3) 68.4 (8.0) 68.3 (7.6) 0.713

Female, n (%) 103 (6.3) 104 (8.3) 46 (10.7) 0.005

BMI, mean (SD) 20.4 (1.9) 24.7 (1.1) 28.9 (2.0) <0.001

Education 0.321

 � Less than or equal to elementary school, n (%) 489 (29.9) 324 (25.9) 131 (30.4)

 � Middle school graduate, n (%) 355 (21.7) 284 (22.7) 89 (20.6)

 � High school graduate, n (%) 557 (34.1) 461 (36.9) 149 (34.6)

 � College graduate or higher, n (%) 232 (14.2) 181 (14.5) 62 (14.4)

Residence

 � Capital city, n (%) 276 (16.9) 255 (20.4) 78 (18.1) 0.055

Smoking status <0.001

 � Never smoker, n (%) 127 (7.8) 122 (9.8) 62 (14.4)

 � Ex-smoker, n (%) 1011 (61.9) 820 (65.6) 293 (68.0)

 � Current smoker, n (%) 495 (30.3) 308 (24.6) 76 (17.6)

Comorbidities

Charlson comorbidity index <0.001

 � 1–2, n (%) 203 (12.4) 197 (15.8) 90 (20.9)

 �  ≥3, n (%) 142 (8.7) 58 (4.6) 23 (5.3)

 � Bronchiectasis, n (%) 194 (11.9) 142 (11.4) 40 (9.3) 0.318

 � Tuberculosis-destroyed lung, n (%) 47 (2.9) 22 (1.8) 5 (1.2) 0.036

Symptom and functional status

 � mMRC, mean (SD) 1.4 (0.9) 1.2 (0.9) 1.3 (0.9) <0.001

 � CAT, mean (SD) 14.7 (8.2) 13.5 (7.9) 13.0 (7.9) <0.001

 � SGRQ-C, mean (SD) 31.6 (21.7) 27.3 (19.1) 28.7 (19.8) <0.001

 � 6MWD, mean (SD) 374 (98) 390 (102) 378 (89) <0.001

Previous history of exacerbation

 � Moderate-to-severe, n (%) 235 (14.4) 136 (10.9) 30 (7.0) <0.001

 � Severe, n (%) 131 (8.0) 57 (4.6) 9 (2.1) <0.001

Lung function parameters

 �   Post-BDR FEV1, L, mean (SD) 1.64 (0.63) 1.82 (0.60) 1.88 (0.57) <0.001

 �   Post-BDR FEV1, % predicted, mean (SD) 56.1 (19.4) 62.6 (17.7) 65.1 (17.6) <0.001

 �   Post-BDR FEV1, z-score, mean (SD) −2.17 (1.26) −1.75 (1.18) −1.58 (1.16) <0.001

 �   Post-BDR FVC, L, mean (SD) 3.21 (0.84) 3.27 (0.84) 3.18 (0.81) 0.064

 �   Post-BDR FVC, % predicted, mean (SD) 79.4 (17.2) 78.9 (16.4) 75.4 (16.1) <0.001

 �   Post-BDR FVC, z-score, mean (SD) −0.08 (1.34) 0.08 (1.25) −0.10 (1.28) 0.002

 �   Post-BDR FEV1/FVC, %, mean (SD) 49.6 (13.5) 54.2 (11.7) 58.1 (10.7) <0.001

 �   Post-BDR FEV1/FVC, z-score, mean (SD) −2.86 (1.16) −2.55 (0.97) −2.23 (0.93) <0.001

 �   DLCO, mL/min/mm Hg, mean (SD)
 �   (n=1385/1064/361)

12.0 (4.4) 14.6 (4.8) 15.2 (4.8) <0.001

 �   DLCO, % predicted, mean (SD)
 �   (n=1385/1064/361)

59.4 (17.7) 69.7 (18.5) 72.8 (18.3) <0.001

 �   DLCO/VA, mL/min/mmHg/L, mean (SD)
 �   (n=1379/1059/361)

2.8 (0.9) 3.4 (0.9) 3.6 (0.9) <0.001

 �   DLCO/VA, % predicted, mean (SD)
 �   (n=1379/1059/361)

68.7 (21.7) 82.0 (21.7) 86.1 (22.0) <0.001

Continued
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(uOR=1.854, 95% CI 1.435 to 2.396, p<0.001) and multi-
variable analyses (adjusted OR (aOR)=1.463, 95% CI 
1.039 to 2.074, p=0.031). By contrast, patients with BMI 
>27 kg/m2 showed no significant difference in mortality 
risk (aOR=1.131, 95% CI 0.650 to 1.919, p=0.654).

Exacerbation and cardiovascular event
Restricted cubic spline analysis revealed contrasting 
patterns in the associations of BMI with the two secondary 
outcomes. The risk of moderate-to-severe exacerbation 
increased sharply at lower BMI values, whereas the risk 

of composite cardiovascular events gradually increased at 
higher BMI levels (figure 1B,C).

Over the follow-up, moderate-to-severe exacerbations 
occurred in 393 patients (24.1%) in the low BMI group, 
228 patients (18.2%) in the BMI 23–27 kg/m2 group and 
70 patients (16.2%) in the high BMI group (p<0.001). 
The low BMI group accounted for 55.1% of all exacerba-
tion events. In univariable analysis, each 1 kg/m² increase 
in BMI was associated with a reduced risk of exacerba-
tion (uOR=0.942, 95% CI 0.919 to 0.966, p<0.001), and 
this association remained significant in the multivariable 

Variable
Low BMI <23 
(n=1633)

Normal BMI 23–27 
(n=1250)

High BMI >27 
(n=431) P value

 �   TLC, L, mean (SD)
 �   (n=1006/815/261)

6.2 (1.3) 5.8 (1.3) 5.6 (1.2) <0.001

 �   TLC, % predicted, mean (SD)
 �   (n=1006/815/261)

101.1 (14.2) 98.5 (17.0) 97.1 (15.1) <0.001

Laboratory findings

 � WBC, ×10⁹/L, mean (SD)
 � (n=1506/1156/406)

7.35 (2.45) 7.25 (2.10) 7.20 (2.29) 0.340

 � Neutrophil, ×10⁹/L, mean (SD)
 � (n=1469/1134/397)

4.51 (2.17) 4.26 (1.77) 4.21 (1.89) 0.001

 � Lymphocyte, ×10⁹/L, mean (SD)
 � (n=1477/1139/396)

1.95 (0.70) 2.11 (0.72) 2.10 (0.73) <0.001

 � Monocyte, ×10⁹/L, mean (SD)
 � (n=1472/1135/393)

0.56 (0.32) 0.55 (0.20) 0.58 (0.21) 0.346

 � Basophil, ×10⁹/L, mean (SD)
 � (n=1473/1133/395)

0.05 (0.03) 0.05 (0.03) 0.05 (0.03) 0.564

 � Eosinophil, ×10⁹/L, median (IQR)
 � (n=1474/1135/395)

0.15 (0.090–0.27) 0.17 (0.10–0.29) 0.18 (0.10–0.27) 0.453

 � Eosinophil >0.30×10⁹/L, n (%)
 � (n=1474/1135/395)

292 (20.8) 245 (22.5) 83 (22.1) 0.572

Inhaled therapy <0.001

 � LABA, n (%) 88 (5.4) 57 (4.6) 17 (3.9)

 � LAMA, n (%) 281 (17.2) 239 (19.1) 79 (18.3)

 � ICS/LABA, n (%) 164 (10.0) 149 (11.9) 54 (12.5)

 � LABA/LAMA, n (%) 446 (27.3) 335 (26.8) 144 (33.4)

 � ICS/LABA/LAMA, n (%) 373 (22.8) 215 (17.2) 61 (14.2)

Oral medication

 � PDE-4 inhibitor, n (%) 114 (7.0) 59 (4.7) 25 (5.8) 0.039

 � Methylxanthine, n (%) 402 (24.6) 273 (21.8) 85 (19.7) 0.050

 � Erdosteine, n (%) 60 (3.7) 48 (3.8) 10 (2.3) 0.320

 � N-acetylcysteine, n (%) 21 (1.3) 11 (0.9) 5 (1.2) 0.587

 � Macrolide, n (%) 5 (0.3) 3 (0.2) 3 (0.7) 0.354

For variables with missing values, the number of participants included in each analysis is indicated below the corresponding variable.
BDR, bronchodilator; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for 
carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; ICS, inhaled corticosteroid; LABA, long-acting beta 
agonist; LAMA, long-acting muscarinic antagonist; mMRC, modified Medical Research Council scale; 6MWD, 6-Minute Walk Distance; PDE-
4, phosphodiesterase-4; SGRQ-C, St. George’s Respiratory Questionnaire for COPD; TLC, total lung capacity; VA, alveolar volume; WCC, 
white cell count.

Table 1  Continued
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model (aOR=0.970, 95% CI 0.941 to 0.9996, p=0.047) 
(table 3). Patients with BMI <23 had a higher risk of exac-
erbation compared with those with BMI 23–27 kg/m2 in 
both univariable (uOR=1.424, 95% CI 1.188 to 1.706, 
p<0.001) and multivariable analyses (aOR=1.251, 95% CI 
1.015 to 1.544, p=0.036), whereas BMI >27 kg/m2 was not 
significantly associated with exacerbation risk.

Composite cardiovascular events were observed in 
12 patients (0.7%) in the low BMI group, 20 patients 
(1.6%) in the normal BMI group and 9 patients (2.1%) 
in the high BMI group (p=0.026). In both univariable 
(uOR=1.128, 95% CI 1.042 to 1.221, p=0.003) and multi-
variable analyses (aOR=1.112, 95% CI 1.015 to 1.214, 
p=0.020), each 1 kg/m² increase in BMI was associated 
with greater cardiovascular risk (table  3). Patients with 
BMI <23 kg/m2 showed a trend towards fewer cardiovas-
cular events compared with those with BMI 23–27 kg/
m2, although this did not reach statistical significance 
(aOR=0.509, 95% CI 0.238 to 1.053, p=0.073).

Mediation analysis
Mediation analysis was conducted to examine the roles of 
moderate-to-severe exacerbations and composite cardio-
vascular events in the association between BMI and all-
cause mortality (figure 2).

For low BMI (<23 kg/m2), the direct effect was asso-
ciated with greater risk of mortality and exacerbations 
further strengthened this association by mediating 11.9% 
of the overall association between low BMI and higher 
mortality (p=0.002). In contrast, cardiovascular events 
mediated a small indirect effect in the opposite direction 
(−5.2%, p<0.001), which attenuated the overall associa-
tion between low BMI and increased risk of mortality.

For high BMI (>27 kg/m2), the direct effect showed 
a trend towards lower mortality risk and exacerbations 
contributed to this protective association by mediating 
21.9% of the overall effect of high BMI on reduced 
mortality (p=0.004). Meanwhile, cardiovascular events 
mediated a small indirect effect in the opposite direction 

Figure 1  Restricted cubic spline analysis of body mass index (BMI) in relation to mortality, acute exacerbation and 
cardiovascular events. Non-linear association between BMI and outcomes ((A) all-cause mortality, (B) moderate-to-severe 
exacerbations and (C) composite cardiovascular events) in COPD, modelled by restricted cubic splines. Solid lines represent 
adjusted ORs and shaded areas indicate 95% CIs. AE, acute exacerbation.

Table 2  ORs for all-cause mortality according to body mass index (BMI)

Variable

Univariable regression model Multivariable regression model

uOR (95% CI) P value aOR (95% CI)* P value

BMI (per 1 kg/m2) 0.908 (0.877 to 0.940) <0.001 0.958 (0.912 to 1.006) 0.086

BMI category (reference: BMI 23–27)

 � BM I<23 1.854 (1.435 to 2.396) <0.001 1.463 (1.039 to 2.074) 0.031

 � BMI >27 0.999 (0.658 to 1.516) 0.996 1.131 (0.650 to 1.919) 0.654

*Multivariable models were adjusted for age, sex, education level, smoking status, Charlson Comorbidity Index, bronchiectasis and 
tuberculosis-destroyed lung on chest CT, dyspnoea score (mMRC), symptom burden (CAT and SGRQ-C scores), 6-Minute Walk Distance, 
history of prior exacerbations, post-bronchodilator FEV1/FVC z-score, diffusing capacity (DLCO % predicted), total lung capacity (% 
predicted), neutrophil and lymphocyte counts, inhaled treatment regimen and methylxanthine use.
aOR, adjusted OR; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for 
carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; mMRC, modified Medical Research Council scale; 
SGRQ-C, St. George’s Respiratory Questionnaire for COPD; uOR, unadjusted OR.
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Table 3  ORs for moderate-to-severe exacerbation and composite cardiovascular event according to body mass index (BMI)

Outcome and variable

Univariable regression model Multivariable regression model

uOR (95% CI) P value aOR (95% CI)* P value

Moderate-to-severe exacerbation

 � BMI (per 1 kg/m2) 0.942 (0.919 to 0.966) <0.001 0.970 (0.941 to 0.9996) 0.047

 � BMI category (reference: BMI 23–27)

 � BMI <23 1.424 (1.188 to 1.706) <0.001 1.251 (1.015 to 1.544) 0.036

 � BMI >27 0.847 (0.633 to 1.134) 0.264 0.926 (0.667 to 1.274) 0.640

Composite cardiovascular event

 � BMI (per 1 kg/m2) 1.128 (1.042 to 1.221) 0.003 1.112 (1.015 to 1.214) 0.020

 � BMI category (reference: BMI 23–27)

 � BMI <23 0.466 (0.232 to 0.934) 0.031 0.509 (0.238 to 1.053) 0.073

 � BMI >27 1.376 (0.643 to 2.944) 0.411 1.388 (0.608 to 2.977) 0.413

*Multivariable models were adjusted for age, sex, education level, smoking status, Charlson Comorbidity Index, bronchiectasis and 
tuberculosis-destroyed lung on chest CT, dyspnoea score (mMRC), symptom burden (CAT and SGRQ-C scores), 6-Minute Walk Distance, 
history of prior exacerbations, post-bronchodilator FEV1/FVC z-score, diffusing capacity (DLCO % predicted), total lung capacity (% 
predicted), neutrophil and lymphocyte counts, inhaled treatment regimen and methylxanthine use.
aOR, adjusted OR; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lung for 
carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; mMRC, modified Medical Research Council scale; 
SGRQ-C, St. George’s Respiratory Questionnaire for COPD; uOR, unadjusted OR.

Figure 2  Mediation effects of acute exacerbation and cardiovascular events on the association between low body mass 
index and all-cause mortality. Although the exposure and outcome were identical across analyses, the estimated total effects 
differ because each model incorporated a different mediator. These discrepancies reflect the use of distinct mediation 
structures rather than changes in the underlying exposure–outcome association. BMI, body mass index.
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(−11.5%, p=0.040), which weakened the overall associa-
tion between high BMI and lower mortality.

DISCUSSION
Our study revealed that the association between BMI 
and all-cause mortality in COPD was better described 
as a non-linear model. Patients with low BMI had a 
higher risk of mortality and experienced more frequent 
moderate to severe exacerbations. Mediation analysis 
indicated that these exacerbations partly accounted for 
the excess mortality risk observed in patients with low 
BMI. In contrast, low BMI was associated with fewer cardi-
ovascular events, which attenuated the overall impact of 
low BMI on mortality. Among patients with high BMI, 
the reduced risk of mortality was partly explained by a 
lower frequency of exacerbations. Conversely, high BMI 
was linked to an increased likelihood of cardiovascular 
events, which acted in the opposite direction by elevating 
mortality risk and weakening the protective association 
between high BMI and mortality. These findings suggest 
that nutritional support and prevention of exacerbations 
should be prioritised in patients with COPD and low BMI, 
whereas systematic screening and management of cardi-
ovascular risk may be particularly beneficial for those 
with high BMI. To our knowledge, this is the first study 
to formally quantify exacerbations and cardiovascular 
events as competing mediating pathways in the BMI–
mortality relationship in COPD, showing that these two 
pathways operate in opposing directions depending on 
BMI category. This mechanistic decomposition provides 
a more nuanced characterisation of the obesity paradox 
in COPD than has previously been reported.

Several biologic and clinical mechanisms likely underlie 
the observed association between low BMI and increased 
all-cause mortality in COPD, with increased susceptibility 
to exacerbations plausibly serving as a central link in this 
pathway. Low BMI in COPD may reflect a heterogeneous 
combination of processes, including advanced disease 
severity, systemic inflammation, cachexia, sarcopenia, 
smoking-related factors and comorbidity burden, rather 
than nutritional deficiency alone. Loss of fat-free mass 
and skeletal muscle, which are not captured by BMI, 
compromise respiratory muscle strength and reduce 
ventilatory reserve, thereby increasing vulnerability to 
exacerbations.25–27 Respiratory muscle weakness further 
diminishes the effectiveness of inhaled treatments, and 
each exacerbation accelerates systemic inflammation 
and worsens muscle and nutritional decline, potentially 
contributing to a cumulative deterioration in survival.28–30 
Longitudinal data further show that BMI loss over time 
is associated with both greater exacerbation frequency 
and increased mortality.31 Considered alongside existing 
evidence, these observations suggest the importance of 
strategies targeting both exacerbation prevention and 
the preservation of muscle mass and nutritional status in 
patients with COPD and low BMI.

In our study, high BMI was associated with a lower risk of 
all-cause mortality in COPD patients and mediation anal-
ysis indicated that this apparent survival benefit was partly 
explained by a reduced frequency of moderate-to-severe 
exacerbations. Prior studies have shown that overweight 
and obese patients experience fewer exacerbations and 
have a lower risk of mortality following an exacerbation 
compared with those of normal weight.13 32 The post hoc 
analysis of SUMMIT trial further identified that even in 
patients with extreme obesity, survival was not adversely 
affected, reinforcing the notion that greater body mass 
may buffer the adverse effects of acute illness.18 Increased 
adiposity may contribute to improved survival through 
mechanisms such as enhanced energy reserves during 
acute exacerbations, attenuation of catabolic burden 
and modulation of systemic immune responses.33 On the 
other hand, our study found that high BMI was associated 
with an increased incidence of cardiovascular events, 
consistent with extensive evidence linking obesity to 
cardiovascular comorbidity.15 Nevertheless, in our medi-
ation model, the cardiovascular pathway did not signifi-
cantly account for the overall mortality effect, suggesting 
that the protective influence of reduced exacerbation 
burden outweighed the adverse cardiovascular impact in 
this population. These findings suggest that while higher 
BMI may confer short-term protection against mortality 
by reducing exacerbation risk, it simultaneously increases 
cardiovascular burden. Clinically, these observations 
support a dual strategy for COPD patients with high 
BMI, combining systematic screening for cardiovascular 
disease, management of cardiovascular risk factors, while 
maintaining the potential protective effects that may be 
linked to preserved physiologic reserves.

This study has several limitations. First, mediation 
analysis rests on strong causal assumptions, including 
no unmeasured confounding of the exposure-mediator 
and mediator-outcome relationships and the absence 
of exposure-induced mediator-outcome confounding. 
These assumptions cannot be fully verified in an obser-
vational cohort, and the mediated effects reported here 
should be interpreted as hypothesis-generating rather 
than causally conclusive. Second, the mean follow-up 
duration was less than 3 years, which may have been 
insufficient to capture long-term trajectories of BMI 
change and the cumulative burden of cardiovascular 
consequences. This relatively short follow-up may have 
led to an underestimation of cardiovascular-mediated 
effects, and the mediation estimates involving the cardio-
vascular pathway should therefore be interpreted with 
caution. Third, the total number of composite cardiovas-
cular events was small, which limits the statistical power 
and robustness of the mediation estimates involving the 
cardiovascular pathway. The cardiovascular mediation 
findings should therefore be interpreted with caution 
and regarded as preliminary, pending replication in 
larger cohorts with longer follow-up. Fourth, BMI is a 
readily accessible but limited anthropometric measure 
that cannot differentiate fat mass from fat-free mass, and 
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therefore does not capture body composition compo-
nents that are more directly relevant to COPD prognosis, 
including skeletal muscle mass, sarcopenia and cachexia. 
The mechanistic discussion regarding respiratory muscle 
weakness and nutritional depletion is based on infer-
ences from existing literature rather than direct measure-
ments in this cohort, and the associations reported here 
should be interpreted as hypothesis-generating rather 
than mechanistically conclusive. Fifth, the BMI cut-offs 
applied in this study (<23, 23–27 and >27 kg/m²) were 
derived from Korean population data and differ from 
standard WHO definitions. While these thresholds are 
consistent with Asian-specific recommendations and are 
appropriate for the present cohort, they may limit the 
generalisability of the categorical findings to non-Asian 
populations, in whom different BMI thresholds may be 
more applicable. Sixth, low BMI in COPD may reflect 
advanced disease severity or frailty rather than represent 
an independent causal driver of mortality. Despite exten-
sive multivariable adjustment, residual confounding from 
unmeasured factors such as frailty and physical activity 
cannot be excluded, and causal inference regarding the 
BMI–mortality relationship is not warranted from the 
present observational data.

CONCLUSIONS
Our study showed a non-linear association between BMI 
and all-cause mortality in COPD. Exacerbations contrib-
uted to the excess mortality risk in patients with low BMI, 
whereas reduced exacerbation burden partly explained 
the survival advantage observed at high BMI. These find-
ings identify distinct risk profiles across BMI categories 
and suggest that exacerbation prevention should be 
prioritised in low BMI patients, while cardiovascular risk 
assessment warrants particular attention in those with 
high BMI.
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