
O R I G I N A L  R E S E A R C H

Effect of Body Mass Index on Lung Function in 
Chinese Patients with Chronic Obstructive 
Pulmonary Disease: A Multicenter Cross-Sectional 
Study

This article was published in the following Dove Press journal: 
International Journal of Chronic Obstructive Pulmonary Disease

Jing Zhu,1,2,* Zhiling Zhao,3,* 
Bin Wu, 4 Zhihong Shi, 5 

Qingrong Nie,6 Zhen Fu,7 

Zhaofu Zeng,1 Weihua Hu,1 

Minglin Dong,1 Mengqing 
Xiong,1 Ke Hu 1

1Department of Respiratory and Critical 
Care Medicine, Renmin Hospital of 
Wuhan University, Wuhan, Hubei, 
People’s Republic of China; 2Department 
of Respiratory and Critical Care 
Medicine, The People’s Hospital of China 
Three Gorges University, Yichang, Hubei, 
People’s Republic of China; 3Department 
of Respiratory and Critical Care 
Medicine, Beijing Institute of Respiratory 
Medicine, Beijing Chaoyang Hospital, 
Capital Medical University, Beijing, 
People’s Republic of China; 4Institute of 
Respiratory Diseases, Department of 
Respiratory, The Affiliated Hospital of 
Guangdong Medical University, Zhanjiang, 
Guangdong, People’s Republic of China; 
5Pulmonary and Critical Care Medicine, 
The First Affiliated Hospital of Xian 
Jiaotong University, Xian, Shanxi, People’s 
Republic of China; 6Division of 
Respiratory Disease, Liangxiang Hospital 
of Yanjing Medical College, Capital 
Medical University, Beijing, People’s 
Republic of China; 7Department of 
Epidemiology and Biostatistics, School of 
Public Health, Tongji Medical College, 
Huazhong University of Science and 
Technology, Wuhan, Hubei, People’s 
Republic of China  

*These authors contributed equally to 
this work  

Objective: The aim of this study was to explain “obesity paradox” in chronic obstructive 
pulmonary disease (COPD) by evaluating the effect of body mass index (BMI) on lung 
function in Chinese patients with COPD.
Methods: A total of 1644 patients diagnosed with COPD were recruited from four Chinese 
tertiary hospitals and were divided into four groups including underweight, normal weight, 
overweight and obese according to BMI classification standard. The medical data of these 
patients were collected and used for the multiple linear regression analyses.
Results: After adjustment for age, sex, educational level, economic status, smoking status, 
alcohol consumption, duration of COPD history, events of acute exacerbation in previous year, 
hypertension, diabetes mellitus, cardiovascular disease, cerebrovascular disease and osteoporo-
sis, BMI had a curvilinear correlation with the forced expiratory volume in the first second (FEV1) 
in patients with Global Initiative for Obstructive Lung Disease (GOLD) 1–2 grade (first-order 
coefficient β, 0.09; 95% CI, 0.03–0.16; second-order coefficient β, −0.002; 95% CI, −0.003–- 
0.001; P<0.01). However, BMI had a positive correlation with FEV1 in patients with GOLD 3–4 
grade (β, 0.01; 95% CI, 0.008–0.017; P<0.01) when BMI was used as a quantitative variable. 
When BMI was used as a qualitative variable, only FEV1 in overweight group with GOLD 1–2 
grade was significantly higher than that of normal weight group (P<0.01). Interestingly, both 
overweight and obese groups had higher FEV1 in GOLD 3–4 grade compared with normal weight 
group (β, 0.06; 95% CI, 0.02–0.11; β, 0.11; 95% CI, 0.04–0.18; P<0.01). The effect of BMI on 
predicted percentage of FEV1 (FEV1%) was similar to that of FEV1 in different GOLD grades.
Conclusion: Obesity only had a protective effect on lung function in COPD patients with 
GOLD 3–4 grade rather than GOLD 1–2 grade.
Trial Registry: ClinicalTrials.gov, No.: NCT 03182309, URL: www.clinicaltrials.gov.
Keywords: overweight, obesity

Introduction
Chronic obstructive pulmonary disease (COPD), characterized by restricted airflow, 
is a common disease in the older population. The prevalence of COPD was 13.7% 
for people over 40 years of age in China.1 Obesity characterized by excessive 
accumulation of body fat can be evaluated by body mass index (BMI). Obesity is 
a common comorbidity of COPD, with estimates ranging from 6% to 54%.2–6 

However, the prevalence of obesity in Chinese patients with COPD remains 
unclear.
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The severity of COPD depends on degree of airflow limita-
tion reflected by impaired lung function of patients. Body 
weight has an independent effect on lung function apart from 
tobacco exposure.7 Many studies indicated that obesity was 
associated with decreased lung function in the general popula-
tion because of its effect on gas exchange, respiratory 
mechanics, muscular endurance and breath control.8,9 In addi-
tion, obesity could also contribute to decreased lung function 
through chronic low-grade inflammation.10 But less attention 
has been given to the association between obesity and lung 
function in patients with different diseases. Obesity is more 
likely associated with metabolic syndrome, type 2 diabetes 
mellitus, cardiovascular disease, obstructive sleep apnea and 
cancer, which all result in an increased risk of death.11,12 

Allison et al’s study from a multicenter prospective cohort 
suggested that obesity in patients with COPD might contribute 
to worse COPD-related health consequences such as acute 
exacerbation of COPD and dyspnea scores.13 Therefore, it is 
believed that obesity in patients with COPD should be treated 
with weight loss through exercise, which is conducive to 
improved lung function and reduced complications.14 

However, there have been studies that suggested that “over-
weight” and obesity could prolong survival in patients with 
chronic heart or kidney diseases.15,16 This phenomenon 
is referred to as the “obesity paradox”.15 The obesity paradox 
also existed in COPD patients because the mortality and 
exacerbation frequency of obese patients with COPD was 
lower than that of normal weight patients.17 It seems that 
obesity has a protective effect on the prognosis of COPD. 
Because of the obesity paradox, whether to treat obesity in 
COPD remains controversial for clinicians. The weight loss 
may improve cardiovascular outcomes but at the same time, 
the deteriorating respiratory outcomes will increase mortality 
of patients.18 Because the reference standards for obesity are 
different, it is necessary to explore the relationship between 
different BMIs and lung function of COPD patients in 
a Chinese population.

In this study, we tried to explain the obesity paradox by 
evaluating the effect of BMI on lung function of different 
Global Initiative for Obstructive Lung Disease (GOLD) 
grades in Chinese patients with COPD by multiple linear 
regression analyses.

Methods
Ethics Approval and Data Sharing Statement
This study was part of a national key research and devel-
opment program about COPD, which was a national 

clinical registration study initiated in January 2016 
(Clinical Trials ID: NCT 03182309). The procedure of 
this study was reviewed and approved by the Ethics 
Committee of Renmin Hospital of Wuhan University 
(No.2017K-C014). This study was performed in accor-
dance with the Declaration of Helsinki. Every patient 
included in this study was informed about the purpose of 
the study and written consent was signed. Regarding the 
data sharing, because this project will last for 5 years and 
multiple research centers participated, currently this pro-
ject is not fully completed, our present study is only one 
part of this project, which focused on studying the effect of 
BMI on lung function in COPD patients based on current 
clinical data, so these data cannot be shared until the 
project is fully completed.

Subjects
All participants were enrolled in the primary cohort from 
four Chinese tertiary hospitals. All the participants were 
more than 40 years of age and were not pregnant, and had 
been diagnosed with COPD using a spirometer. The partici-
pants who had a history of bronchial asthma, bronchiectasis, 
pulmonary fibrosis, tuberculosis, cancer, renal dysfunction, 
neuro-muscular disease, or mental illness were excluded. 
The data of the patients who refused to complete lung func-
tion test, or if their results were considered as unqualified by 
the operators because the patients could not fully cooperate 
with lung function test, were considered as incomplete data 
and were excluded (n=11). Finally, 1644 participants met the 
inclusion criteria for the study and were classified into four 
groups including underweight (BMI<18.5 kg/m2), normal 
weight (BMI:18.5–23.9 kg/m2), overweight (BMI: 
24–27.9 kg/m2) and obese (BMI≥28 kg/m2) according to 
BMI classification standard for Chinese population.19

Data Collection
A post-bronchodilator FEV1/forced vital capacity (FVC) 
ratio of <0.7 was diagnosed as COPD according to the 
GOLD guidelines.20 Lung function parameters, including 
the FVC, the FEV1, the predicted percentage of FEV1 

(FEV1%) and the FEV1/FVC%, were measured using 
a spirometer (Jaeger MasterScreen Body, Germany) after 
using bronchodilator.21 The other clinical data of partici-
pants including the general information, modified Medical 
Research Council (mMRC) dyspnea scale comorbidities 
such as hypertension, diabetes mellitus, cardiovascular 
disease and cerebrovascular disease, COPD history, events 
of COPD exacerbation in the previous year were collected 
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using the same standardized protocol from the multicenter 
study. Data could only be downloaded online by a third 
party, a special statistical expert who did not participate in 
the clinical study.

Statistical Analysis
Differences between multiple groups were compared using 
the Chi-squared test for categorical variables, the one-way 
ANOVA for normal quantitative variables and the 
Wilcoxon rank sum test for non-normal quantitative vari-
ables. The multiple linear regression models were used to 
determine the associations between different BMIs and 
lung function. Age, sex, educational level, economic sta-
tus, smoking status, alcohol consumption, duration of 
COPD history, events of acute exacerbation in 
previous year, hypertension, diabetes mellitus, cardiovas-
cular disease, cerebrovascular disease and osteoporosis 
were considered as covariates. Due to the curvilinear rela-
tion between the BMI and FEV1 during the quantitative 
data exploration, a second-order term of BMI was added in 
the model when BMI was used as a quantitative variable in 
the formal analysis. If the coefficient of the second-order 
term was not significant, then only the regular first-order 
term of BMI was retained. Collinearity of independent 
variables was also assessed and was negative. All analyses 
were performed using SAS 9.4 (SAS Institute Inc, Cary, 
NC) and a P<0.05 is considered statistically significant.

Results
Demographic Characteristics
The baseline characteristics of patients in this study are 
shown in Table 1. Among the 1644 COPD patients 
included in the study, a total of 198 patients were under-
weight (12.0%), 757 patients were normal weight (46.0%), 
460 patients were overweight (28.0%) and 229 patients 
were obese (14.0%). There were no significant differences 
in gender or economic status in these four groups 
(P>0.05).

Clinical Characteristics
There were significant differences in age, neck circumfer-
ence, degree of education, smoking status, acute exacerba-
tion of COPD in previous year, mMRC dyspnea scale, 
complication (hypertension, diabetes mellitus and cardio-
vascular disease), duration of COPD history, red blood 
cell count and hemoglobin in the four groups (P<0.05) 
(Table 1). The FVC, FEV1, FEV1% and FEV1/FVC% of 

the patients in overweight and obese COPD groups were 
significantly higher than that of the patients in underweight 
and normal weight COPD groups (P<0.01) (Figure 1A–D). 
However, there were no statistical differences in FVC, 
FEV1, FEV1% of the patients in overweight and 
obese COPD groups (P>0.05).

The Effect of BMI on Lung Function of 
Patients with COPD
To investigate the effects of BMI on lung function in 
COPD patients, we analyzed the correlation between 
BMI and lung function parameters by multiple linear 
regression. As shown in Figure 2A, when BMI was used 
as a quantitative variable, BMI had a significantly curvi-
linear correlation (quadratic polynomial curve) with the 
FEV1 (first-order coefficient β, 0.11; 95% CI, 0.06–-
0.16; second-order coefficient β, −0.002; 95% CI, 
−0.003–-0.001; P<0.01) after adjustment for age, sex, 
educational level, economic status, smoking status, alcohol 
consumption, duration of COPD history, events of acute 
exacerbation in previous year, hypertension, diabetes mel-
litus, cardiovascular disease, cerebrovascular disease and 
osteoporosis. When BMI was used as a qualitative variable 
and the normal weight group was designated as the refer-
ence level, both the overweight group (β, 0.22; 95% CI, 
0.15–0.28; P<0.01) and the obese group (β, 0.27; 95% CI, 
0.18–0.36; P<0.01) had higher FEV1 levels than the nor-
mal weight group after adjusting for the previously men-
tioned covariates (Figure 2B). The effect of BMI on FEV1 

% or FVC was similar to that of BMI on FEV1 (Figure 2C 
and D).

The Effect of BMI on Lung Function in 
GOLD Grades
We further investigated whether lung function in GOLD 
1–2 grade and GOLD 3–4 grade was affected by BMI 
using multiple linear regression analysis. As shown in 
Figure 3A, when BMI was used as a quantitative variable, 
BMI had a significantly curvilinear correlation with FEV1 

in GOLD 1–2 grade (first-order coefficient β, 0.09; 95% 
CI, 0.03–0.16; second-order coefficient β, −0.002; 95% CI, 
−0.003–-0.001; P<0.01) after adjustment for age, sex, 
educational level, economic status, smoking status, alcohol 
consumption, duration of COPD history, events of acute 
exacerbation in previous year, hypertension, diabetes mel-
litus, cardiovascular disease, cerebrovascular disease and 
osteoporosis. However, when BMI was used as 
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Table 1 Baseline Characteristics of COPD Patients with Different BMIs (n=1644)

Characteristics Underweight 
(n=198)

Normal Weight 
(n=757)

Overweight 
(n=460)

Obese (n=229) P value

Sex, male, n (%) 174 (87.9) 653 (86.3) 378 (82.2) 179 (78.2) 0.13

Age, yr 67.0±9.2 66.4±8.8 64.9±8.7 62.6±10.2 0.01

Neck Circumference, cm 35.1±2.7 37.4±2.6 39.5±3.0 42.3±4.3 <0.01

Degree of education, n (%) 0.03

Under college 182 (92.0) 662 (87.5) 385 (83.7) 198 (86.5)
Above college 16 (8.0) 95 (12.5) 75 (16.3) 31 (13.5)

Economic status, n (%) 0.51

Higher income 0 (0.0) 12 (1.6) 8 (1.7) 2 (0.9)

Middle income 19 (9.6) 74 (9.8) 48 (10.4) 18 (7.9)
Lower income 179 (90.4) 671 (88.6) 404 (87.9) 209 (91.2)

Smoking status, n (%) <0.01
Never 35 (17.7) 134 (17.7) 105 (22.8) 51 (22.3)

Former 50 (25.3) 188 (24.8) 130 (28.3) 75 (32.7)

Current 113 (57.0) 435 (57.5) 225 (48.9) 103 (45.0)

Alcohol consumption, n (%) 0.05

Never 129 (65.2) 461 (60.9) 262 (57.0) 136 (59.4)
Former 20 (10.1) 48 (6.3) 49 (10.6) 21 (9.2)

Current 49 (24.7) 248 (32.8) 149 (32.4) 72 (31.4)

FVC, L 2.35±0.81 2.60±0.88 2.88±0.97 2.80±1.02 <0.01

FEV1, L 1.05±0.57 1.29±0.62 1.56±0.72 1.67±0.74 <0.01

FEV1% Predicted 41.65±18.71 50.75±22.10 59.22±23.23 62.05±22.20 <0.01
FEV1/FVC% Predicted 44.95±12.67 49.14±12.73 55.75±12.16 58.88±9.93 <0.01

Severity of COPD, n (%) <0.01
GOLD 1 12 (6.1) 96 (12.7) 105 (22.8) 53 (23.1)

GOLD 2 38 (19.2) 241 (31.8) 172 (37.5) 103 (45.0)

GOLD 3 95 (48.0) 286 (37.8) 140 (30.4) 60 (26.2)
GOLD 4 53 (26.7) 134 (17.7) 43 (9.3) 13 (5.7)

mMRC dyspnea scale 2.02±0.96 1.79±0.96 1.58±0.97 1.55±1.00 <0.01
Hypertension, n (%) 43 (21.7) 257 (33.9) 218 (47.4) 147 (64.2) <0.01

Diabetes mellitus, n (%) 7 (3.5) 60 (7.9) 69 (15.0) 51 (22.3) <0.01

Cardiovascular disease, n (%) 34 (17.2) 163 (21.5) 131 (28.5) 1 (39.7) <0.01
Cerebrovascular disease, n (%) 10 (5.1) 73 (9.6) 50 (10.9) 24 (10.5) 0.12

Osteoporosis, n (%) 3 (1.5) 24 (3.2) 14 (3.0) 4 (1.7) 0.45

COPD history, month, median (Q1,Q3) 60 (24, 120) 54 (14, 120) 36 (2, 84) 12 (0, 60) <0.01

`Events in previous year

Acute exacerbation, n (%) 142 (71.7) 441 (58.3) 250 (54.3) 101 (44.1) <0.01
NIV, n (%) 11 (5.6) 51 (6.7) 24 (5.2) 23 (10.0) 0.10

Blood cell analysis
WBC, ×109/L 7.35±3.20 7.52±2.95 7.48±2.48 7.39±2.38 0.86

RBC, ×1012/L 4.30±0.56 4.50±0.61 4.56±0.54 4.73±0.59 <0.01

HB, g 129.2±16.16 136.7±17.5 140.2±16.17 143.0±17.4 <0.01

PLT, ×109/L 218.02±83.16 221.50±77.22 211.85±69.49 216.54±53.92 0.07

Notes: Continuous variables which are obviously skewed were presented as median (Q1, Q3), other continuous variables were described as means ±SD. Categorical 
variables were expressed as percentages. P value for the difference between the groups. 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; 
GOLD 1, FEV1 ≥80% predicted; GOLD 2, FEV1=50–79% predicted; GOLD 3, FEV1=30–49% predicted; GOLD 4, FEV1 <30% predicted; mMRC, modified Medical Research 
Council; NIV, non-invasive ventilation; WBC, white blood cells; RBC, red blood cells; HB, hemoglobin; PLT, platelets.
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a qualitative variable, FEV1 in overweight COPD patients 
was significantly higher than that of normal weight 
patients after adjustment for previously mentioned covari-
ates (β, 0.10; 95% CI, 0.03–0.18; P<0.01) (Figure 3B). 
Interestingly, among the GOLD 3–4 grade patients, BMI 
did not have the quadratic polynomial curvilinear relation-
ship but had straight linear positive correlation (β, 0.01; 
95% CI, 0.01–0.02; P<0.01) when BMI was used as 
a quantitative variable (Figure 3C). Moreover, when BMI 
was used as a qualitative variable, both overweight and 
obese had higher FEV1 in GOLD 3–4 grade compared 
with normal weight after adjustment for previously men-
tioned concomitant variable (β, 0.06; 95% CI, 0.02–0.11; 
β, 0.11; 95% CI, 0.04–0.18; P<0.01) (Figure 3D). BMI had 
similar effect on FEV1% in GOLD grades of COPD 
patients (Figure 4A and B). When BMI was used as 
a quantitative variable, BMI had a significantly curvilinear 
correlation with FVC both in GOLD 1–2 grade (first-order 
coefficient β, 0.15; 95% CI, 0.06–0.23; second-order coef-
ficient β, −0.003; 95% CI, −0.005–-0.001; P<0.01) and 
GOLD 3–4 grade (first-order coefficient β, 0.08; 95% CI, 

0.01–0.15; second-order coefficient β, −0.001; 95% CI, 
−0.003–0.000; P<0.05) after adjustment for previously 
mentioned variable (Figure 4C and D).

Discussion
Obesity was not only highly prevalent but also occurred 
more in COPD patients than in the general population.17 

Our multicenter study showed that the prevalence of obe-
sity in COPD was 14% in China. The prevalence of 
obesity in COPD reported by many research groups has 
variability.2–6 The difference mainly resulted from the 
difference in definition of obesity and the relatively 
lower prevalence of obesity in the general population of 
China. In addition, we found that obesity was most pre-
valent in COPD patients with GOLD 2 grade (45%) and 
least prevalent in COPD patients with GOLD 4 grade 
(5.7%), which were similar to the results reported by 
Steuten et al.5

In clinical practice, “underweight” is one of the most 
important concerns in COPD care. Being underweight 
might increase mortality risk of COPD patients as shown 

Figure 1 The differences in FVC, FEV1, FEV1% and FEV1/FVC% of the four groups of patients with COPD (A–D). Statistical analysis was performed using one-way ANOVA 
test. The data were represented as mean values ±SD. #p<0.05 indicating the statistical difference between overweight group with COPD and underweight or normal weight 
group. *p<0.05 indicating the statistical difference between obese group with COPD and underweight or normal weight group.  
Abbreviations: COPD, chronic obstructive pulmonary disease; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; FEV1%, predicted percentage 
of FEV1; FEV1/FVC%, percentage of FEV1 and FVC.
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in previous studies.18,22 In our present study, we found that 
underweight patients with COPD had lower lung function, 
higher dyspnea scores and acute exacerbation frequency of 
COPD in previous year than obese patients with COPD. 
This result is consistent with that of another retrospective 
study of 774 COPD patients in China.23 The phenomenon 
was explained by the fact that the underweight patients 
might have malnutrition, low muscularity and weak resis-
tance against respiratory infection, all of which increased 
the risk of COPD.24–26 In addition, we found that under-
weight patients with COPD were older and their disease 
duration was longer, mainly because these patients had an 
increased frequency of exacerbation, leading to a faster 
decline in lung function and a poorer quality of life.27

The most significant finding in our present study was 
that being overweight only had a positive correlation with 
lung function (FEV1 and FEV1%) in COPD patients with 
GOLD 1–2 grade, but both being overweight and 

obese had a positive correlation with lung function in 
COPD patients with GOLD 3–4 grade. Our results 
indicted that obesity had a protective effect on lung func-
tion in GOLD 3–4 grade rather than GOLD 1–2 grade, 
which may partially explain the obesity paradox in COPD. 
A meta analysis including 62 studies showed that “over-
weight” or obesity may be detrimental to lung function in 
adults with or without asthma and the damage in asthma 
was less severe than in healthy people.28 But the studies 
included in the meta analysis had mainly focused on sub-
jects with or without asthma. Moreover, COPD is charac-
terized by irreversible airflow obstruction, which is 
different from asthma. Our study indicated that obesity 
not only had no protective effect, but that further increased 
BMI, such as morbid obesity, may worsen lung function in 
GOLD 1–2 grade, which suggested that in the early stages 
of COPD, nutritional status was critical to maintaining the 
rate of decline in lung function, while excessive weight 

Figure 2 The effect of BMI on lung function in the patients with COPD. Statistical analysis was performed using multiple linear regression analysis. (A and B) BMI used as the 
quantitative and qualitative variable to assess the relation between BMI and FEV1. (C and D) BMI used as the quantitative variable to assess the relation between BMI and 
FEV1% or FVC. *p<0.05 vs normal weight group.  
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in the first second; FEV1%, predicted percentage of 
FEV1; FVC, forced vital capacity.
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gain may be counter-productive. In addition to BMI, lung 
function was also influenced by gender, age, history and 
acute exacerbation frequency of COPD. Studies by others 
also showed that “overweight” was highly prevalent and 
had the lowest mortality risk in patients with of COPD,18 

which was consistent with our results. The patients in 
GOLD 3–4 grade were liable to complicate with weight 
loss, mainly muscle loss, which could result in respiratory 
hypofunction and further worsen lung function and 
increase mortality. Obesity was not beneficial to lung 
function in the general population. Interestingly, our 
study found that increased BMI had a protective effect 
on lung function in GOLD 3–4 grade. Obese patients not 
only have more body fat, but also increased muscle mass. 
Nutritional status, which is of significant value for prog-
nosis of COPD, played an important role in lung function 
in later stage COPD patients.18 Sami et al’s cross-sectional 
study that included 72 male patients with COPD also 

showed that increased BMI had a positive relation with 
FEV1 in GOLD 4 grade.29 Landbo et al suggested that the 
relative risk for mortality seemed decreased in overweight 
and obese patients with COPD GOLD 3–4 grade, while it 
was increased in those with GOLD 1–2 grade.18 In addi-
tion, we found that the effect of BMI on FVC in patients 
with COPD had a curvilinear correlation in GOLD 1–2 
grade and GOLD 3–4 grade. Our results suggested that 
increasing BMI to a certain threshold might impair FVC in 
COPD patients, which might be related to airflow 
limitation.

Obesity tends to cause many comorbidities such as 
cardiovascular and metabolic diseases.11 The comorbid-
ities are also relatively common in COPD.30 In our present 
study we found that in COPD patients who were obese, 
rates of hypertension, diabetes mellitus and cardiovascular 
disease were significantly higher than in those with COPD 
with normal weight, which was in line with previous 

Figure 3 The effect of BMI on FEV1 in GOLD grade of COPD patients. Statistical analysis was performed using multiple linear regression analysis. (A and B) BMI used as the 
quantitative and qualitative variable to assess the relation of BMI and FEV1 in GOLD 1–2 grade. (C and D) BMI used as the quantitative and qualitative variable to assess the 
relation between BMI and FEV1 in GOLD 3–4 grade. *p<0.05 indicating the significant difference compared to normal weight group.  
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in the first second; GOLD, global initiative for 
obstructive lung disease.
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studies.30,31 The mechanism may be related to increasing 
BMI, aging, smoking and inflammatory status in obesity. 
The comorbidities may explain the reason why obese 
patients with COPD have higher hospitalization rates.32 

Therefore early detection and management of co-existing 
diseases may benefit quality of life and reduce mortality.

Although our study was not a prospective study, we 
found a low incidence of acute exacerbations in 
obese COPD patients in previous year, suggesting that 
obesity held some protective significance to COPD. In 
a recent study reported by Sun et al, they found that high 
BMI had a protective effect for rate of FEV1 decline.33 

The possible mechanism was that obese patients with 
COPD might receive medical attention earlier than under-
weight patients, which was beneficial to maintain the 
progressive decline of lung function. In terms of physical 

mechanisms, obese COPD patients may benefit from obe-
sity by reducing lung hyperinflation which may have 
a beneficial effect on lung function.34 However, in another 
meta analysis, the results indicated that the survival advan-
tage seems to diminish, when the BMI is above 
32 kg/m2.17 Therefore, cut off point of BMI for advantages 
in different GOLD grades needs to be further elucidated, 
because of the intricate relation between BMI and lung 
function in patients with COPD.

We acknowledge that there are some limitations in this 
study. First, in this study, we used only a single measure 
method of BMI to assess obesity reflecting the nutritional 
status of patients, while the distribution of body composi-
tion (fat distribution or muscle content) was ignored. For 
example, fat free mass index which was associated with 
COPD prognosis might better capture body composition, 

Figure 4 The effect of BMI on FEV1% and FVC in GOLD grade of COPD patients. Statistical analysis was performed using multiple linear regression analysis. The curve and 
the 95% CI area were obtained from the regression equation by fixing each covariate at a certain level. (A and B) BMI used as the quantitative variable to assess the relation 
of BMI and FEV1% in GOLD 1–2 grade and GOLD 3–4 grade. (C and D) BMI used as the quantitative variable to assess the relation between BMI and FVC in GOLD 1–2 
grade and GOLD 3–4 grade.  
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1%, predicted percentage of forced expiratory volume in the first second; FVC, 
forced vital capacity; GOLD, global initiative for obstructive lung disease.
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but the operation is more complicated than BMI.35 

Second, because our study was cross-sectional and had 
a relatively small sample size in subgroups, it was impos-
sible to determine a causal relationship between BMI and 
lung function in patients with COPD. Finally, the data 
obtained from multiple centers may have heterogeneity, 
but it was minimized using standard instruments, trained 
researchers, and a centralized electronic data acquisition 
and management system.

Conclusion
Our results in this study indicated that obesity only had 
a protective effect on lung function in COPD patients with 
GOLD 3–4 grade rather than GOLD 1–2 grade, which 
may be used to guide refined management of BMI in 
COPD patients with different GOLD stages. In future, 
the pathophysiological mechanism of causal relationship 
between BMI and lung function of COPD patients needs 
to be further studied.
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