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Purpose: A low body mass index (BMI) is a poor prognostic marker of acute exacerbations 

and mortality in patients with COPD. However, the impact of overweight and obesity on 

COPD-related outcomes is uncertain. The aim of this study was to examine whether a high 

BMI is associated with the frequent exacerbator phenotype ($2/year) in Taiwanese patients 

with COPD.

Patients and methods: Data were obtained from the Taiwan Obstructive Lung Disease study, 

a retrospective, observational nationwide survey of COPD patients conducted at 12 hospitals in 

Taiwan. Multivariate logistic regression models were used to explore the association between 

BMI and other factors with the frequency of COPD exacerbations in these patients.

Results: Among the whole study cohort (n=1,096), 735 (67.1%) had no exacerbations and 148 

(13.5%) were frequent exacerbators in the previous year. The BMI values of the patients with 0, 1, 

and $2 exacerbations were 23.6, 23.5, and 22.6 kg/m2, respectively. In all, 256 (23.4%) and 196 

(17.9%) patients were overweight (27 kg/m2 . BMI $24 kg/m2) and obese (BMI $27 kg/m2), 

respectively. Even after adjusting for multiple factors, overweight and obesity were associated 

with the frequency of exacerbations (odds ratio [95% confidence interval] 0.49 [0.28–0.87, 

P=0.015] and 0.49 [0.26–0.94, P=0.033], respectively).

Conclusion: Our results suggest that overweight and obesity are associated with a lower 

frequency of COPD exacerbations in Taiwan.

Keywords: acute exacerbation, COPD, obesity, overweight

Introduction
COPD is a significant health burden worldwide and, currently, the seventh leading 

cause of death in Taiwan.1 The natural history of COPD is punctuated by exacerbations, 

defined as acute worsening of symptoms. COPD exacerbations have been shown to be 

associated with an accelerated decline in pulmonary function, poorer health-related 

quality of life (HRQL), and higher mortality rate.2

Involuntary weight loss is a common complication in COPD, and between 20% 

and 70% of patients with COPD have been reported to be underweight depending 

on the population studied.3 A low body mass index (BMI) and cachexia have been 

associated with negative outcomes in these patients, independent of the degree of air-

flow limitation.4–7 Lin et al8 reported that a cross-sectional study in Taiwan indicated 

that lower BMI is associated with osteoporosis in patients with COPD. However, 

the impact of overweight and obesity on outcomes in patients with COPD remains 

controversial. Some studies have reported that overweight or obesity had a protective 

effect against mortality in patients with COPD,6,7,9 while others have reported a worse 
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HRQL, increased severity of dyspnea and frequency of severe 

exacerbations in obese patients with COPD.10–12 To the best 

of our knowledge, few studies have explored the relationship 

between overweight or obesity and the frequency of COPD 

exacerbations.12–15

Therefore, the aim of this study was to examine whether 

overweight and obesity are associated with the frequency of 

acute exacerbations in patients with COPD in Taiwan.

Patients and methods
study design and patients
The Taiwan Obstructive Lung Disease (TOLD) study was 

a retrospective, observational nationwide survey of patients 

with COPD conducted at 12 hospitals in Taiwan (includ-

ing seven medical centers and five regional hospitals) from 

December 2011 through November 2013. All patients 

enrolled in this survey were .40 years of age with a diagnosis 

of COPD based on the 2011 GOLD guidelines.16 The study 

protocol was reviewed and approved by the individual insti-

tutional review board of each center (see ‘Acknowledgment’ 

section), and all patients provided informed consent.

Data collection
Demographic and clinical data related to COPD were col-

lected, including age, gender, smoking history, concomitant 

diseases, presence of wheezing, grade and severity of pulmo-

nary function, reversibility of bronchodilator test, modified 

Medical Research Council (mMRC) dyspnea scale, COPD 

Assessment Test (CAT) score, exacerbation history, and 

maintenance pharmacological treatment. BMI was calculated 

as weight in kilograms divided by the square of the height 

in meters. BMI cutoff values were adopted as suggested 

by the Department of Health in Taiwan, including normal 

(18.5 kg/m2 # BMI ,24 kg/m2), overweight (24 kg/m2 # 

BMI ,27 kg/m2), and obese (BMI $27 kg/m2) categories.17 

A wheezing phenotype was defined as the documentation 

of two or more episodes of wheezing in the medical records 

during the past 1 year at the time of enrollment. An exacer-

bation was defined as the prescription of a short course of 

antibiotics and/or oral steroids or an emergency department 

visit/hospitalization due to an acute respiratory episode 

recorded in the medical records during the previous 1 year. 

A frequent exacerbator phenotype was defined as two or 

more exacerbations in 1 year.2 Spirometry within 6 months 

at enrollment was acceptable for record. Reversibility in the 

bronchodilator test was defined as an increase of 12% and 

200 mL in forced vital capacity (FVC) or forced expiratory 

volume in the first second (FEV
1
).

statistical analysis
Continuous parameters were presented as mean ± SD, and 

categorical parameters were presented as number and per-

centage. Statistical differences in clinical features between 

the patients with a BMI ,24 kg/m2 and those with a 

BMI $24 kg/m2 were determined using the chi-square test 

and Yates correction or Fisher’s exact test for categorical 

variables and the Student’s t-test for continuous variables 

where appropriate. The Wilcoxon rank-sum test was used 

if normal assumption was violated. One-way analysis of 

variance (ANOVA) or Kruskal–Wallis test was performed 

for analysis of more than two groups as appropriate. Mul-

tivariate logistic regression models were used to clarify the 

predictors of the frequent exacerbator phenotype ($2 times/

year) in the patients with COPD. All tests of significance 

were two sided, and a P-value of ,0.05 was considered 

to be statistically significant. All analyses were performed 

using SPSS 22.0 software (IBM Corporation, Armonk, NY, 

USA) for Windows.

Results
A total of 1,096 patients with COPD were included in the 

original TOLD study, and their demographic characteristics 

are summarized in Table 1. Of these patients, 9.2%, 49.5%, 

23.4%, and 17.9% were underweight, normal, overweight, 

and obese, respectively. The overweight and obese patients 

(n=452) accounted for 41.2% of all patients.

Figure 1 shows the patients with few (0–1 time/year) exac-

erbations had a significantly higher BMI than those with the 

frequent exacerbator phenotype (P=0.019). In addition, the 

patients with a BMI $24 had fewer COPD exacerbations than 

those with a BMI ,24, and the lowest rate of exacerbations 

was observed in the overweight patients, but the differences 

were not statistically significant (Figure 2). The patients with 

a higher BMI had a significantly higher rate of comorbidities 

(Table 2), of which cardiovascular disease, hypertension, 

diabetes mellitus, ischemic heart disease, and dyslipidemia 

were the most common.

The results of multivariate logistic regression analysis 

for the frequent exacerbator phenotype are summarized in 

Table 3. The wheezing phenotype and a higher mMRC score 

were positively associated with the frequent exacerbator phe-

notype, with odds ratios (ORs) of 4.52 (95% confidence inter-

val [CI] 2.84–7.20, P,0.001) and 1.36 (95% CI 1.07–1.73, 

P=0.011), respectively. In contrast, the overweight and obese 

patients were inversely related to the frequent exacerbator 

phenotype (OR 0.49 [95% CI 0.28–0.87], P=0.015, and 0.49 

[95% CI 0.26–0.94], P=0.033, respectively).
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Discussion
In this study, we retrospectively investigated the relationship 

between BMI and the frequency of COPD exacerbations in 

Taiwan. We found that overweight and obese patients with 

COPD were not uncommon in Taiwan and that these patients 

were associated with a lower frequent exacerbator phenotype. 

Moreover, the wheezing phenotype and a higher mMRC 

score were also related to this phenotype. These findings 

indicate that a high BMI is a predictor for a better outcome 

in terms of acute exacerbations in patients with COPD.

The prediction and prevention of COPD exacerbations 

are important goals in the management of COPD. BMI is an 

easily accessible parameter for patient assessment and risk 

stratification. It is well known that underweight increases the 

risk of mortality in patients with COPD. However, the impact 

of increased body weight on the outcomes of COPD was not 

conclusive. Cao et al7 conducted a meta-analysis of 22 studies 

with 21,150 participants and concluded that overweight 

and obese COPD patients were associated with a lower risk 

of mortality (risk ratio [RR] 0.47, 95% CI 0.33–0.68, and 

Table 1 Demographic characteristics of the study population by BMI category (n=1,096)

Characteristics BMI (kg/m2)

,18.5 18.5–23.9 24–26.9 27 P-value ,23.9 24 P-value

Patient number, n (%) 101 (9.2) 543 (49.5) 256 (23.4) 196 (17.9) 644 (58.8) 452 (41.2)
Male gender, n (%) 93 (92.1) 515 (94.8) 244 (95.3) 181 (92.3) 0.380 608 (94.4) 625 (94.0) 0.788
smoking history, n (%) 0.249 0.081

never 10 (10.2) 47 (9.0) 25 (10.1) 23 (12.0) 57 (9.2) 48 (10.9)
ex-smoker 52 (53.1) 292 (55.7) 157 (63.3) 107 (55.7) 344 (55.3) 264 (60.0)
Currently smoking 36 (36.7) 185 (35.3) 66 (26.6) 62 (32.3) 211 (35.5) 128 (29.1)

2006 GOLD criteria classification, n (%) ,0.001 ,0.001
stage 1 15 (14.9) 89 (16.4) 53 (20.7) 34 (17.3) 104 (16.1) 87 (19.2)
stage 2 22 (21.8) 221 (40.7) 113 (44.1) 103 (52.6) 243 (37.7) 216 (47.8)
stage 3 41 (40.6) 168 (30.9) 67 (26.2) 48 (24.5) 209 (32.5) 115 (25.4)
stage 4 23 (22.8) 65 (12.0) 23 (9.0) 11 (5.6) 88 (13.7) 34 (7.5)

2011 GOLD criteria classification, n (%) ,0.001 ,0.001
group a 5 (5.0) 87 (16.0) 50 (19.5) 37 (18.9) 92 (14.3) 87 (19.2)
group B 26 (25.7) 184 (33.9) 102 (39.8) 86 (43.9) 210 (32.6) 188 (41.6)
group C 11 (10.9) 49 (9.0) 29 (11.3) 10 (5.1) 60 (9.3) 39 (8.6)
group D 59 (58.4) 223 (41.1) 75 (29.3) 63 (32.1) 282 (43.8) 138 (30.5)

CaT score 0.252 0.172
number 101 542 255 196 643 451
Mean ± sD 12.6±8.0 11.4±7.4 10.5±6.4 11.1±7.0 11.6±7.5 10.8±6.7

CaT category, n (%) 0.267 0.222
10 61 (60.4) 291 (53.7) 125 (49.0) 105 (54.7) 352 (48.2) 230 (51.0)
,10 40 (39.6) 251 (46.3) 130 (51.0) 91 (46.4) 291 (45.3) 221 (49.0)

mMrC score 0.024 0.055
number 93 484 232 163 577 395
Mean ± sD 2.1±1.0 1.8±0.9 1.7±1.0 1.8±0.8 1.9±0.9 1.8±1.0

mMrC category, n (%) 0.034 0.045
2 68 (73.1) 306 (63.2) 130 (56.0) 101 (62.0) 374 (64.8) 231 (58.5)
0–1 25 (26.9) 178 (36.8) 102 (44.0) 62 (38.0) 203 (35.2) 164 (41.5)

Wheezing phenotype, n (%) 0.055 0.214
Yes 30 (29.7) 229 (42.2) 97 (37.9) 68 (34.7) 259 (40.2) 165 (36.5)
no 71 (70.3) 314 (57.8) 159 (62.1) 128 (65.3) 385 (59.8) 287 (63.5)

Bronchodilator responder, n (%) 0.021 0.214
Yes 0 (0.0) 34 (7.2) 22 (10.0) 10 (5.8) 34 (6.1) 32 (8.2)
no 82 (100.0) 440 (92.8) 197 (90.0) 161 (94.2) 522 (93.9) 358 (91.8)

no of aes within the past 1 year, n (%) 0.179 0.015
0 64 (63.4) 353 (65.0) 183 (71.5) 135 (68.9) 417 (64.8) 318 (70.4)
1 20 (19.8) 104 (19.2) 49 (19.1) 40 (20.4) 124 (19.3) 89 (19.7)
2 17 (16.8) 86 (15.8) 24 (9.4) 21 (10.7) 103 (16.0) 45 (10.0)

Note: Bronchodilator responder was defined as an increase of 12% and 200 mL in the FEV1 or FVC after bronchodilator drug treatment.
Abbreviations: ae, acute exacerbation; BMI, body mass index; CaT, COPD assessment Test; gOlD, global Initiative for Chronic Obstructive lung Disease; mMrC, 
modified Medical Research Council; SD, standard deviation.
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RR 0.59, 95% CI 0.38–0.91, respectively) than those with a 

normal BMI. On the other hand, a multicenter prospective 

cohort study conducted by Lambert et al12 found that obesity 

was associated with worse COPD-related outcomes, includ-

ing HRQL, dyspnea (mMRC score) during a 6-minute walk 

test, and severe exacerbations of COPD.

The results of our study are similar to a cross-sectional 

study reported by Cecere et al,18 which showed a trend toward 

a lower frequency of COPD exacerbations in overweight or 

obese patients compared to normal-weight patients. Another 

study conducted by Jacob et al14 also showed a lower incidence 

of hospitalized patient-treated exacerbations in overweight 

COPD patients. Other studies, however, have reported differ-

ent results, such as the study of Lambert et al that reported that 

obesity was associated with severe exacerbations of COPD.12 

The possible explanations for the contradictory results may 

include differences in ethnicity, obesity levels, comorbidities, 

and exacerbation types. Ethnic differences may affect the 

role of obesity due to body fat distribution.19 In addition, 

the current study compared overweight/obese patients to 

normal-weight patients, rather than obese patients to normal/

overweight patients in Lambert et al’s study. Furthermore, 

different cutoff points of obese level may have interfered 

with the outcomes in these studies. Finally, obesity was 

only associated with severe but not moderate exacerbations 

in Lambert et al’s study. However, we did not have data on 

the severity of the exacerbations. A large prospective cohort 

study conducted by Colak et al15 showed that only genetically 

determined, but not observationally determined, high BMI 

was associated with an increased risk of recurrent exacerba-

tions and pneumonias in individuals with COPD.

The mechanisms underlying the protection of a higher 

BMI against COPD exacerbations in this study are unclear. 

Overweight and obesity have been linked to a better prog-

nosis in patients suffering from various chronic diseases, 

especially cardiovascular disease, which has been termed 

the obesity paradox.20–23 The mechanism responsible for this 

phenomenon is still unclear.24 Circulating adipokines such as 

leptin and adiponectin may regulate metabolic and inflamma-

tory systems, which play important roles in obese patients.25 

It is well known that most obese individuals have higher 

levels of serum leptin and lower levels of serum adiponec-

tin compared to non-obese individuals, indicating chronic 

inflammation in obese patients.26 Krommidas et al27 reported 

a higher leptin/adiponectin ratio during COPD exacerbations 

and a lower ratio during the resolution period. However, the 

significance of the association between adipokines and COPD 

is still controversial. Wolk et al28 reported that patients with 

a low BMI with a high leptin/adiponectin ratio and patients 

with a high BMI with a low leptin/adiponectin ratio were 

associated with better cardiovascular outcomes, indicating 

the complexity of the underlying pathophysiology. In addi-

tion, cardiorespiratory fitness and physical activity may also 

have positive effects on reducing deconditioning and play an 

important role in the obesity paradox.29 In addition, the effects 

of overweight and obesity on exacerbations may be different 

in patients with asthma and COPD. A multicenter study of 

patients presented to the emergency department with asthma 

exacerbation showed that obese adults were at a higher risk 

of hospitalization compared with normal-weight adults.30 

This may reflect a difference in the perception of dyspnea, 

or it may reflect an underlying difference in asthma severity 

between the two groups. In a recent study by Denlinger et al,31 

patients with exacerbation-prone asthma (.3/year) had a 

higher BMI than patients with few or no exacerbations.

Figure 1 Frequency of COPD exacerbations in the previous year (overall, P=0.019).
Abbreviation: BMI, body mass index.



Figure 2 Frequency of COPD exacerbations by BMI category (overall, P=0.062).
Abbreviation: BMI, body mass index.
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There are several limitations to this study. First, the data 

were collected retrospectively, and only 12 hospitals in 

Taiwan were involved in the recruitment of patients in the 

TOLD cohort, which may lead to selection bias. However, 

the selection of the study sites (including medical centers 

and regional hospitals) and good geographic representation 

minimized this limitation. Second, a relatively small number 

of subjects with extreme and morbid obesity in the study 

population were involved, which may preclude the gener-

alization of our findings to these patients. Third, BMI was 

used as a sole measurement of obesity in this study. The 

type of obesity and fat distribution, as well as the amount of 

visceral fat, were not assessed. Further prospective study is 

necessary to clarify various anthropometric parameters and 

their clinical relevance in COPD patients.

Conclusion
Our findings suggest that a higher BMI is a predictor of a 

better outcome in terms of acute exacerbations in Taiwanese 

patients with COPD. The lowest frequency of COPD exac-

erbations was observed in the overweight patients. These 

findings cannot be extended to patients with extreme or 

morbid obesity because of the small number of such patients 

included in this study cohort.
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Table 2 Comorbidities of the study participants

Characteristics BMI (kg/m2) P-value BMI (kg/m2) P-value

,18.5 
(n=101)

18.5–23.9 
(n=543)

24–26.9 
(n=256)

27 
(n=196)

,23.9 
(n=644)

24 
(n=452)

Comorbidity, n (%)
Cardiovascular disease 33 (32.7) 229 (42.2) 141 (55.1) 120 (61.2) ,0.001 262 (40.7) 261 (57.7) ,0.001
hypertension 21 (20.8) 184 (33.9) 113 (44.1) 99 (50.5) ,0.001 205 (31.8) 212 (46.9) ,0.001
Diabetes mellitus 9 (8.9) 71 (13.1) 42 (16.4) 44 (22.4) 0.004 80 (12.4) 86 (19.0) 0.003
Ischemic heart disease 8 (7.9) 43 (7.9) 33 (12.9) 27 (13.8) 0.037 51 (7.9) 60 (13.3) 0.004
Dyslipidemia 1 (1.0) 31 (5.7) 20 (7.8) 26 (13.3) ,0.001 32 (5.0) 46 (10.2) ,0.001
Congestive heart failure 4 (4.0) 25 (4.6) 21 (8.2) 14 (7.1) 0.147 29 (4.5) 35 (7.7) 0.024
arrhythmia 3 (3.0) 18 (3.3) 11 (4.3) 14 (7.1) 0.129 21 (3.3) 25 (5.5) 0.065
lung cancer 1 (1.0) 15 (2.8) 2 (0.8) 5 (2.6) 0.248 16 (2.5) 7 (1.5) 0.287
Other malignancies 3 (3.0) 19 (3.5) 10 (3.9) 6 (3.1) 0.956 22 (3.4) 16 (3.5) 0.912
Osteoporosis 4 (4.0) 13 (2.4) 7 (2.7) 5 (2.6) 0.843 17 (2.6) 12 (2.7) 0.988
anxiety 2 (2.0) 10 (1.8) 6 (2.3) 4 (2.0) 0.974 12 (1.9) 10 (2.2) 0.685
Depression 1 (1.0) 10 (1.8) 4 (1.6) 5 (2.6) 0.785 11 (1.7) 9 (2.0) 0.730

Abbreviation: BMI, body mass index.

Table 3 Multivariate logistic regression analysis of the frequent 
exacerbator phenotype (ae 2/year)

Characteristics Multivariate

OR 95% CI P-value

BMI (kg/m2)
,18.5 1.21 0.61, 2.39 0.584
18.5–23.9 reference – –
24–26.9 0.49 0.28, 0.87 0.015
27 0.49 0.26, 0.94 0.033

age 0.99 0.96, 1.01 0.232
Male gender 1.07 0.38, 3.02 0.895
smoking history

ex-smoker versus never 
smoker

1.21 0.53, 2.74 0.652

Current smoker versus 
never smoker

0.69 0.29, 1.66 0.409

Previous medication 1.63 0.62, 4.28 0.319
Wheezing phenotype 4.52 2.84, 7.2 ,0.001
CaT score 10 1.02 0.99, 1.05 0.203
mMrC score 2 1.36 1.07, 1.73 0.011
Comorbidities

Cardiovascular disease 1.88 0.84, 4.23 0.126
Ischemic heart disease 0.87 0.41, 1.86 0.714
hypertension 0.80 0.37, 1.72 0.562
Diabetes 1.28 0.74, 2.23 0.381
Dyslipidemia 0.82 0.36, 1.85 0.626

Abbreviations: ae, acute exacerbation; BMI, body mass index; CaT, COPD assess-
ment Test; CI, confidence interval; mMRC, modified Medical Research Council; OR, 
odds ratio.
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