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Associations between different body
mass index and lung function impairment
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Abstract

Objective The aim of this study was to explore the associations between different body mass index (BMI) levels and
different lung function impairment (LFI) in Chinese people aged over 40 years.

Methods We used a multi-stage stratified cluster random sampling method to investigate 3000 residents aged over
40 years from 5 areas in Hubei province of China in 2019-20. The data on questionnaire, physical measurements, and
spirometry of the participants were collected. The associations of different BMI levels with different LFI were analyzed
using multivariate logistic regressions after complex weighting. The spirometry data were analyzed using one-factor
analysis of variance (ANOVA), and post-hoc was performed using the least significance difference (LSD)-t test.

Results A total of 2860 subjects were included. The prevalence (95%C/) of obstructive lung disease (OLD), restrictive
lung disease (RLD), mixed lung disease (MLD), chronic obstructive pulmonary disease (COPD), COPD mild, and COPD
moderate/severe/very severe were 24.1% (95% Cl: 22.2-26.2), 11.6% (95% Cl: 10.3-12.9), 4.0% (95% Cl: 3.3-4.8), 12.6%
(95% Cl: 11.0-14.1), 7.2% (95% Cl: 6.0-8.4), and 5.3% (95% Cl: 4.3-6.4) respectively. After multivariate adjustment, the risk
of OLD, COPD, and COPD mild decreased with the increment of BMI levels (both P for trend < 0.05). When compared
to the normal weight group, the overweight group and obese group were at lower risk of experiencing OLD than
normal group, the ORs were 0.77 (95% Cl: 0.59-0.99) and 0.59 (95% Cl: 0.40-0.86) respectively. The obese group was at
lower risk for people with COPD mild (OR: 0.42, 95%Cl: 0.21-0.85). Participants in underweight group were more likely
to experience COPD and COPD moderate/severe/very severe, the ORs were 2.82 (95% Cl: 1.07-7.39) and 3.89 (95% Cl:
1.28-11.87) respectively.

Conclusion Higher BMI levels were associated with an decreased risk of OLD and COPD. Obesity had a protective
effect on lung function in OLD patients and COPD patients. However, there was no significant difference in RLD and
MLD prevalence between different BMI groups.
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Introduction

Lung function is a long-term predictor for overall sur-
vival rates and could be used as a tool in individual
lung health assessment as well as general health assess-
ment [1-3]. Lung function impairment (LFI) is a sign of
early respiratory injury and a syndrome of progressive
lung function decline. There are several lung diseases
accompanied by LFI, such as obstructive lung disease
(OLD), restrictive lung disease (RLD), mixed lung disease
(MLD), chronic obstructive pulmonary disease (COPD),
etc. It has been well documented that impaired lung
function is associated with various adverse clinical out-
comes such as all-cause mortality, stroke, heart failure,
coronary heart disease, and cognitive impairment [1, 4—
10]. The underlying causal mechanisms, such as chronic
systemic inflammation, hypoxia, and right ventricular
dysfunction have been considered to account for these
associations [11-13].

Apart from the unremitting health problems for indi-
viduals, LFI has also become a major public health threat
that deserves more attention. As the main and repre-
sentative disease of LFI, COPD has caused significant
morbidity and mortality with excessive health resource
consumption and health expenditures, making it one
of the major contributors for the rising burden of un-
communicable chronic diseases in China [14, 15]. The
prevalence and disease burden of COPD in China have
received considerable attention. In a large, nationally rep-
resentative sample of adults over 40 years, the prevalence
of COPD was reported as high as 13.7% [16]. Meanwhile,
the COPD prevalence at the provincial level in China
have been published elsewhere [17-20]. However, the
population-based studies on the prevalence of other lung
diseases such as OLD, RLD, and MLD in China are very
limited. Specifically, the studies focusing on the preva-
lence and spirometry parameters of different lung dis-
eases by different subgroups have been lacking.

Many factors influence the lung function values such as
age, sex, height, weight, ethnicity, etc., among which body
mass index (BMI) plays an very important role. The rela-
tionship of BMI with lung function and COPD has been
previously described in many studies, but the results
were inconsistent. A number of studies revealed that low
BMI and being underweight were linked to a reduced
FEV1 and higher risk of COPD than normal body com-
position [21-23]. A positive association between BMI
and lung function, measured using forced vital capac-
ity (FVC) and forced expiratory volume in 1s (FEV1),
has been demonstrated in a study of 22,743 participants
[24]. However, the exact correlation between obesity
and COPD remains controversial. There were studies
indicating that overweight and obesity were protective
factors for COPD [25-27], while a large cross-sectional
population-based study considered them as risk factors
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for COPD [28]. Moreover, it has also been reported that
there was no statistical significance between overweight
or obesity and COPD [29-31]. Some findings suggested
that poor exercise ability and muscle function in under-
weight people and oxidative stress as well as inflamma-
tion in obese people may be the factors contributing to
the pathogenesis of LFI [23, 32, 33].

Despite the increasing number of studies exploring the
associations between BMI and COPD, there is a lack of
studies on the association between different BMI catego-
ries and lung function in patients with different lung dis-
eases. There are also few epidemiological studies on the
prevalence of OLD, RLD, MLD in China. In this study, we
tried to provide an up-to-date estimate of the prevalence
of COPD as well as other lung diseases (OLD, RLD, and
MLD) in Hubei province of mid-China using data from
a survey done in 2019-20, which was a part of a nation-
ally cross-sectional study following a strict quality assur-
ance and control programme to ensure data validity and
reliability. Also, we aimed to examine the associations
between different BMI categories and different LFIs as
well as the effect of BMI on spirometric parameters.

Methods

Study population and design

This study was a part of nationwide cross-sectional study
of China using the integrated national disease surveil-
lance point (DSP) system from the Chinese Center for
Disease Control and Prevention [16, 34, 35]. We con-
ducted multi-center surveys using a complex, multi-
stage, and probability sampling strategy from five DSPs in
Hubei province of China from December 2019 to Decem-
ber 2020. Hubei province, located in the central part of
China and the middle reaches of Yangtze River, has an
area of 185,900 square kilometers and a population of
nearly 60 million. In the first stage, three sub-districts/
townships were randomly chosen in each DSP. Secondly,
two neighboring communities/villages were randomly
selected within each sub-districts/township. Thirdly, one
group of villagers with more than 150 households was
randomly chosen within each community/village. Finally,
100 households within each group of villagers were ran-
domly selected. From each household, one family mem-
ber aged over 40 years old was randomly selected using a
Kish grid sampling approach [16]. Residents with cogni-
tive/literal/mental disorders, pregnancy, cancers, or para-
plegia were excluded. A representative sample of adults
aged 40 years or older in Hubei Province in 2019-20 was
enrolled. All participants provided written informed con-
sent. The overall response rate defined according to the
American Association for Public Opinion research was
99.8% in this study (Table S1) [36].
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Procedures
All participants were invited to an face-to-face interview
by trained staff to obtain information on demographic
characteristics, medical history, influencing factors of
respiratory disease, and respiratory symptoms. Specifi-
cally, influencing factors of respiratory disease included
smoking status and family history of lung diseases.
Physical examination includes measurements of height,
weight, waistline, blood pressure, and heart rate. Body
weight was measured in light clothing to the nearest
0.1 kg with a calibrated balance beam scale. Height with-
out shoes on was measured to the nearest 0.5 cm using a
vertical ruler. Body mass index (BMI) was computed as
the ratio of body weight (kg) to height squared (m?). Body
weight status was defined as BMI based on World Health
Organization guidelines. BMI status was classified as
“low (<18.5 kg/m? ), “normal (18.5-23.9 kg/m?),” “over-
weight (24.0-27.9 kg/m?)” or “obese (>28.0 kg/m?)” [37].
Spirometry was conducted based on the recommenda-
tions by the American Thoracic Society using calibrated
spirometers (MasterScreen Pneumo, Jaeger, Germany)
[16, 38]. Prebronchodilator and post-bronchodilator
(15 min after administration of 400 pg salbutamol) forced
expiratory volume in 1s (FEV1), and forced vital capacity
(FVC) were measured. The detailed information on these
procedures (including definition of other COPD-specific
risk factors, full details of the spirometry method used,
and a quality grade method for spirometry results) is
described in the nationwide prevalence study [16]. Lung
function parameters, including the forced vital capac-
ity (FVC), the forced expiratory volume in the first sec-
ond (FEV1), and the ratio of FEV1/FVC, were collected
before and after using bronchodilator. The predicted
values of FEV1 for normal lung function and the lower
limited normal (LLN) of FEV1 from a nationwide study
of reference values for spirometry in the Chinese popula-
tion aged 4—80 years old [39]. The prediction equations
include age, sex, height, and weight. All results were
graded as A, B, C, D, and F based on acceptable operation
and repeatability of FVC and FEV1. Grades of A, B, and
C were regarded as acceptable for analyses. The severity
of airflow limitation was measured by the absolute FEV1,
the predicted FEV1, and by the ratio of absolute FEV1/
the predicted percentage of FEV1 (FEV1%).

Definitions

We defined different lung function impairments based
on the collected FEV1 (L), FVC (L), the predicted FEV1
(%), the predicted FVC (%), FEV1/FVC ratio (%), and the
predicted FEV1/FVC ratio (%). COPD was defined by a
post-bronchodilator FEV1/FVC<70% as per the rec-
ommendation of the 2018 Global Initiative for Chronic
Obstructive Lung Disease (GOLD) [40]. The four
GOLD severity grades are defned as GOLD stage I(mild,
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corresponding to FEV12>80% predicted), GOLD stage
II(moderate, FEV12>50% to <80% predicted), GOLD
stage III (severe, FEV1230% to <50% predicted), and
GOLD stage IV (very severe disease, FEV1<30% pre-
dicted). For other respiratory impairments. According
to the guidelines for pulmonary function tests (PFTs)
published by Chinese Thoracic Society [41], obstructive
lung disease (OLD), restrictive lung disease (RLD), and
mixed lung disease (MLD) were defined. (1) OLD: FEV1/
FVC<92% of predicted value; FEV1<80% predicted, and
FVC>80% predicted; meet any one of the above two
requirements. (2) RLD: FVC<80% predicted. (3) MLD:
simultaneously meeting the above (1)+(2) criteria.

Statistical analysis

Statistical analyses were performed with SAS version 9.4
software (SAS Institute, Cary, NC). Categorical variables
were expressed as number (n) or percentage (%) and con-
tinuous variables as meanzstandard deviation (SD). We
used Rao-Scott x? test for categorical variables for com-
parison. We calculated p values for trend using Cochran-
Armitage trend test for proportions. The association
between BMI and different lung function impairments
was evaluated using multivariable logistic regression after
complex weighting, and odds ratios (ORs) for different
lung function impairments were calculated after adjust-
ment for age, residence, gender, education level, occupa-
tion, smoking status, family history of lung diseases. All
hypothesis testing was judged at the 0.05 significance
level (two-sided). The spirometry parameters (means
and SD) were analyzed by univariate analysis of variance
(ANOVA) using the Proc GLM procedures of SAS, and
least-significant-difference (LSD) pairwise comparisons
was used to analyze differences in spirometry parameters
among different BMI categories.

Results

Characteristics of study subjects

Between December 2019 and December 2020, a total of
3000 subjects were contacted to take part in the survey,
of whom 2993 (99.8%) were interviewed. 133 individu-
als were not eligible for spirometry. 2860 participants
completed pre-bronchodilator spirometry examination,
among which 2830 participants completed post-bron-
chodilator examinations. Subjects with unacceptable
post-bronchodilator test results were excluded. In total,
2782 participants took part in the interview and had
acceptable post-bronchodilator spirometry examinations
(Fig. 1). Table 1 presents the demographic characteristics
and exposures of 2860 study participants. The proportion
of the age group of 50-59 years was the highest (42.8%).
Participants from rural areas (68.1%) were more than
those from urban areas (31.9%). For exposures of study
participants, 1204 (39.9%) participants had smoking
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Initial contact subjects (n=3000)
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Fig. 1 Flowchat on selection of participants in the study

status, of whom 940 (30.9%) were current smokers, 264
(8.9%) were former smokers, 593 (22.8%) had family his-
tory of lung diseases.

Prevalence of COPD and other lung function impairment

Among 2860 participants who had pre-bronchodilator
results, the prevalence of OLD, RLD, and MLD were
24.1% (95% CL: 22.2-26.2), 11.6% (95% CIL: 10.3-12.9),
and 4.0% (95% CI: 3.3-4.8) respectively. Among 2830
participants who had both pre-bronchodilator and post-
bronchodilator results, the prevalence of COPD, COPD
mild, and COPD moderate/severe/very severe was 12.6%
(95% CI: 11.0-14.1), 7.2% (95% CI: 6.0-8.4), and 5.3% (95%
CI: 4.3-6.4) respectively. The age-specific prevalence of
OLD, RLD, MLD, COPD, COPD mild, and COPD mod-
erate/severe/very severe rose significantly with increas-
ing age (P<0.05) and were significantly different between
urban and rural residence (P<0.001). Univariate analysis
demonstrated that lower education level (primary school
or lower) was correlated significantly with higher COPD
and COPD mild prevalence in this population. The

bronchodilator test results (n=48)

prevalence of those above differed significantly between
men and women (P<0.001) except for RLD (P>0.05).
Regarding smoking status, the prevalence of OLD, MLD,
COPD, COPD mild, and COPD moderate/severe/very
severe were significantly higher in current smokers and
former smokers than never smokers, while the preva-
lence of RLD was not significantly different. Subjects
with family history of lung diseases had significantly
higher prevalence in OLD and COPD than those without
(P<0.05).

Associations between different BMI and lung function
impairment

When BMI was used as a qualitative variable, the trend
analysis showed that lower BMI was positively corre-
lated with higher prevalence of OLD, COPD, and COPD
mild (P<0.05). For people diagnosed with COPD mod-
erate/severe/very severe, the prevalence was the highest
in underweight group (16.1%) compared to other BMI
groups, but the p value for trend was not significant
(Table 2). However, there was no significant difference
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Table 1 Demographic characteristics and exposures of study participants (n=2860)

Totalt OLD# RLD# MLD# COPD%* COPD mild¥ COPD
moderate/
severe/very
severef

Age group(years)

40~ 465 (17.6) 112 (224) 74 (9.6) 26(3.2) 20 (4.3) 1(1.7) 9(2.6)

50~ 1212 (42.8) 291 (21.8) 173 (94) 61(2.8) 136 (10.4) 86 (5.7) 50 (4.7)

60~ 851 (29.0) 240 (26.8) 169 (14.0) 64 (4.7) 141 (17.1) (10 2) 54 (6.9)

>70 332(10.5) 99 (29.2) 98 (17.6) 45 (8.8) 75(23.7) 3(15.3) 22 (85)

p value for trend 0.025* <0.001***  <0.001*** <0.001***  <0.001***  <0.001***
Gender

Male 1683 (56.9) 598 (33.8) 290 (11.3) 149 (5.7) 322 (19.1) 202 (11.1) 120 (8.0)

Female 1177 (43.1) 144 (11.4) 224 (12.0) 47 (1.8) 50 (4.0) 35(22) 15(1.8)

p value <0.001*** 0627 <0.007*** <0.001***  <0.001***  <0.001***
Residence

Urban 860 (31.9) 171(14.9) 153 (8.0) 46 (1.6) 70(5.9) 47 (3.9) 23(2.0)

Rural 2000 (68.1) 571 (285) 361 (13.3) 150 (5.2) 302 (15.7) 190 (8.8) 112(6.9)

p value <0.007*** <0.001***  <0.001*** <0.001***  <0.001***  <0.001***
Education level

Primary and lower 1624 (53.3) 401 (22.7) 326 (12.8) 126 (4.7) 215(13.7) 142 (8.5) 73(5.2)

Secondary school 920 (33.4) 257 (26.6) 135(10.4) 49(3.2) 119 (12.4) 69 (6.3) 50(6.1)

Higher or further education 316 (13.3) 84 (23.9) 53(9.7) 21(3.3) 38(8.8) 26 (4.7) 12 (4.0)

p value for trend 0334 0.055 0.101 0.044* 0.015* 0.806
Occupation

Agriculture 1810 (60.0) 485 (26.1) 277 (12.3) 106 (4.4) 255 (14.7) 150 (8.0) 105 (6.7)

Non-agriculture 590 (22.0) 166 (25.7) 155 (10.6) 61(3.7) 81(11.5) 65 (8.5) 16 (3.0)

Unemployed and houseworker 409 (15.8) 73(13.5) 67 (9.4) 23(3.0) 29 (6.1) 17 (2.2) 12 (3.9)

Retired 51(22) 18 (29.7) 15(18.9) 6 (4.7) 7(13.2) 5(9.9) 2(34)

p value <0.001***  (0.193 0515 0.004** 0.003** 0.053
Smoking status#

Never smoker 1654 (60.2) 275(13.8) 314(11.7) 85(2.5) 102 (5.1) 67 (2.8) 35(22)

Former smoker 264 (8.9) 101 (38.7) 57 (15.1) 33(9.0) 68 (27.7) 43 (15.7) 25(12.0)

Current smoker 940 (30.9) 366 (40.0) 143 (104) 78 (5.6) 202 (23.0) 127 (13.5) 75(9.5)

p value <0.001***  0.154 <0.001***  <0.001***  <0.001***  <0.0071***
Family history of lung diseases

No 2267(77.2) 551(22.7) 444 (12.4) 166 (4.2) 270(11.6) 181 (6.7) 89 (4.8)

Yes 593(22.8) 191(29.0) 70(9.1) 30(3.5) 102 (16.0) 56 (8.9) 46 (7.1)

p value 0.012* 0.054 0451 0.019* 0.137 0.078
Total 2860 (100.0) 742 (24.0) 514(11.6) 196 (4.0) 372(126) 237(7.2) 135(5.3)

Note: tData are presented as n (%). ¥Data are presented as n (prevalence rate). #Data missing for smoking status (n=2). *P<0.05; **P<0.01; ***P<0.001.

Abbreviations: OLD, obstructive lung disease; RLD, restrictive lung disease; MLD, mixed lung disease; COPD, chronic obstructive pulmonary disease

Table 2 Distribution of respiratory impairment among subjects with different body mass index

oLD RLD MLD COPD COPD mild COPD moderate/severe/very severe
Underweight 13(334) 9(7.7) 3(1.6) 9(25.8) 4(9.7) 5(16.1)
Normal 381(27.2) 240 (10.9) 102 (4.4) 215(14.9) 148 (9.4) 67 (5 5)
Overweight 272 (214) 200 (12.6) 74 (4.0) 119 (10.1) 68 (5.4) 14.7)
Obese 76 (19.4) 65 (12.1) 17 (3.0) 29 (8.9) 17 (4.1) 12 (4 8)
p value for trend 0.002** 0.239 0.39 0.001** <0.0071*** 0.24

Note: Data are presented as n (prevalence rate). *P<0.05; **P< 0.01; ***P<0.001.

Abbreviations: OLD, obstructive lung disease; RLD, restrictive lung disease; MLD, mixed lung disease; COPD, chronic obstructive pulmonary disease
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in RLD and MLD prevalence between different BMI
groups (P>0.05). Table 3 displayed associations of dif-
ferent BMI categories with lung function impairment.
When the normal weight group was designated as the
reference level after using adjusted logistic analysis, the
overweight group and obese group were at lower risk of
experiencing OLD than normal group, the ORs were 0.77
(95% CI: 0.59-0.99) and 0.59 (95% CI: 0.40-0.86) respec-
tively. However, the overweight group was at higher
risk of experiencing RLD (OR: 1.40, 95%CI: 1.04-1.87).
Compared to normal group, participants in underweight
group were more likely to experience COPD and COPD
moderate/severe/very severe, the ORs were 2.82 (95% CI:
1.07-7.39) and 3.89 (95% CI: 1.28-11.87) respectively.
The obese group was at lower risk for people with COPD
mild (OR: 0.42, 95%CI: 0.21-0.85). The negative dose
response relationships between different BMI groups and
the risk of OLD, COPD, and COPD mild were statisti-
cally significant (P value for trend <0.05).

The effect of BMI on lung function in lung function
impairments

To investigate the effect of BMI on lung function of dif-
ferent lung function impairment categories, we com-
pared the spirometry parameters using ANOVA analysis.
As shown in Table 4, there were statistically significant
differences of lung function measurements for differ-
ent BMI categories in people with OLD, COPD, COPD
mild, and COPD moderate/severe/very severe. For
people with OLD, the mean value of FEV1/FVC ratio
and FEV1/FVC%predicted increased significantly from
underweight to obese group (P<0.05). For people with
RLD, the mean value of FEV1/FVC ratio and FEV1/
FVC%predicted in overweight and obese group were sig-
nificantly higher when compared to the normal group
(P<0.05). For people with MLD, there was no signifi-
cant difference in spirometry parameters between dif-
ferent BMI categories (P>0.05). For people with COPD,
significant differences were observed in the mean value
of FEV1, FEV1%predicted, FEV1/FVC ratio and FEV1/
FVC%predicted between different BMI groups. Spe-
cifically, the FEV1 and FEV1%predicted in underweight
group were significantly lower than normal group, while
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the FEV1 in underweight group was also significantly
lower than overweight group and obese group (P<0.05).
For people with COPD moderate/severe/very severe,
the FEV1/FVC ratio and FEV1/FVC%predicted in over-
weight group and obese group were significantly higher
than those in normal group (2<0.05).

Discussion

This population-based and spirometry-based study fol-
lowed a stringent quality-control method which is the
first survey of COPD and other lung diseases in Hubei
province of mid-China. As a part of the nationwide sur-
vey, the study allows us to make a comparison between
COPD prevalence at provincial level and national estima-
tion in China. As a province located in the central part
of China, the prevalence of COPD of Hubei province
(12.6%) in our study was higher than the prevalence of
central China (10.2%) reported in the national survey,
but was lower than the national prevalence (13.6%) [16].
Compared to other regions of China, the prevalence was
lower than Kashi region, northwestern China (17.01%),
but was higher than Anhui province (9.8%), Hainan prov-
ince (5.07%), Jiangsu province (11.8%), and Shenzhen
municipality (5.92%) among adults aged over 40 years
[17, 19, 20, 42, 43]. A Global Burden of Disease Study of
COPD in Hubei province showed that although the mor-
tality of COPD in Hubei has been reduced, the absolute
number of COPD cases is increasing [44]. Therefore, sus-
tained attention to COPD control and ongoing surveil-
lance are of great importance. As for other lung diseases,
very little is currently known about the prevalence of
OLD, RLD, and MLD in China as well as other countries.
To the best of our knowledge, this is the first to report
the prevalence of OLD (24.1%), RLD (11.6%), and MLD
(4.0%) among the sampled people in China. A popula-
tion-based Korea National Health and Nutrition Exami-
nation Survey (KNHANES) reported that the RLD was
detected in 11.3% and OLD was detected in 13.2% among
16,151 subjects aged over 40 years [45, 46]. A national
spirometric surveillance data in the United States showed
that 13.5% of participants had OLD and 6.5% had RLD
[47]. Both OLD, RLD, and COPD impose a significant
burden on individuals through progressive symptoms,

Table 3 Adjusted prevalence ratios (95% confidence interval) for different categories of respiratory impairment by body mass index

Underweight Normal Overweight Obese p value for trend
OoLD 1.94 (0.77~4.90) 1.00 0.77 (0.59~0.99) 0.59 (0.40~0.86) <0.0071***
RLD 0.79 (0.29~2.14) 1.00 1.40 (1.04~1.87) 1.25(0.81~1.93) 0.059
MLD 049 (0.13~1.91) 1.00 1.10 (0.69~1.74) 0.75(0.36~1.56) 0.807
COPD 2.82(1.07~7.39) 1.00 0.76 (0.55~1.06) 0.59 (0.34~1.02) 0.006**
COPD mild 1.36 (0.30~6.19) 1.00 0.69 (0.46~1.01) 0.42 (0.21~0.85) 0.004**
COPD moderate/severe/very severe 3.89(1.28~11.87) 1.00 0.95 (0.58~1.57) 0.94 (0.44~2.02) 0.397

Note: Adjusted for age, residence, gender, education level, occupation, smoking status, family history of lung diseases. ¥*P<0.05; **P<0.01; ***P<0.001.

Abbreviations: OLD, obstructive lung disease; RLD, restrictive lung disease; MLD, mixed lung disease; COPD, chronic obstructive pulmonary disease
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Table 4 Spirometry parameters (means and SD) for different categories of respiratory impairment
FEV1,L FEV1, FVC, L FVC, FEV1/FVC FEV1/
%predicted %predicted ratio FVC ratio,
%predicted
OLD
Underweight 205+0.64 80.75+2422 3.04+£079 9288+1872 5920+11.65 751111431
Normal 259+0.841 9228+2606 327+£098 9259+24.73 65.30+£9.031 81.99+11.03
Overweight 261077t 90.76+2327 335+1.00 9260+2296 6630+8.11t# 82.99+9.82t
Obese 259+£0.721  91.17£2342 332+093  9261+£2450 67.64+802t# 8443+£9911
p value 0227 0.235 0.95 0.919 <0.007*** <0.007***
RLD
Underweight 246+0.70 9191+£2420 227+049 6624+835 7445+1341 93.55+16.70
Normal 243+0.83 9206+2433 220+£060 6579£1253 71.64+£11.92 90.50+£14.99
Overweight 2.34+0.76 89.81+2298 2224055 6737£10.74 7330+11.05# 9237+13.82#
Obese 237+0.72 90.06+2230 225+048 68.10£10.50 75.74+9.78# 95.14+12.16#
p value 0.086 0.731 0.57 0.205 012 0.142
MLD
Underweight 242+0.86 9429+4221 2224044 6594+764 59.86+3.69 74.77 £5.90
Normal 245+0.99 8849+3083 213+£069 6039+£1539 6156+11.39 777111417
Overweight 2.37£0.90 86.52+29.76  220+£059 6292+£1284 62.05+9.48 78.30£11.80
Obese 2.57+0.94 9548+32.17 224+£056 66.00£1287 64.25£10.95 80.48+13.76
p value 0474 0.263 0.848 0.226 0.784 0.804
COPD
Underweight 1.79+£0.52 69.00£17.20 289+090 87.16£23.85 58.16+15.52 73.97+19.27
Normal 2480841  90.59+2834t 322+091 9259£2325 6446+10.75 81.45+13.61
Overweight 224+£0691t# 8095+2392# 323+092 91.36+21.51 63.04+9.72 79.46+12.28
Obese 252+£0911 8747+£2939 334+088 9209+£19.96 65.10+11.21 81.66+14.24
p value <0.001***  <0.001*** 0.849 0.881 0.004** 0.006**
COPD mild
Underweight 2.16£0.26 84.33+5.82 280+£1.25 8289+3360 6855+13.99 87.73+16.82
Normal 286068t 10459+2095 3.39+088 9767+£2270 6891+7.35 87.13£9.26
Overweight 261+0.53 9598+1637# 340+£093 98.01£2183 6741+6.21 85.08+7.86
Obese 3020761 104.82+£2328 3.61+080t 9948+17.16 69.19+7.73 86.65+10.23
p value 0.007** 0.014* 0.61 0.498 0378 0417
COPD moderate/severe/very severe
Underweight 1.49+049 56.74+1197 297+£065 9058+16.06 49.85+11.86 6295+13.77
Normal 1.65+£0.50 59.66+£14.70 285+£086 81352047 5463+£1057 68.88+13.30
Overweight 1.75+£0.57 6092+1657 3.00+£085 824941767 5722+1052# 71.97+13.154#
Obese 1.81+£0.60 62.89+1691 296+088 81.63£1956 5932+13.061# 74.58+1645#
p value 0.812 0.735 0.768 0.605 0.045* 0.029*

Note: tP<0.05 indicating the statistical difference comparing with underweight group. #°<0.05 indicating the statistical difference comparing with normal group.

*P<0.05; **P<0.01; ***P<0.001.

Abbreviations: OLD, obstructive lung disease; RLD, restrictive lung disease; MLD, mixed lung disease; COPD, chronic obstructive pulmonary disease; FEV1, forced
expiratory volume in the first second; FVC, forced vital capacity; %predicted, percentage of predicted

acute pulmonary exacerbations, worsening quality of life,
and premature death [48].

The higher smoking exposure in men than women may
explain the reason why the prevalence of OLD, MLD,
and COPD were significantly higher in men than women
[49]. It is well known that smoking habits are important
determinants in reduced lung function and developed
COPD [50]. The higher prevalence rates of OLD, RLD,
MLD, and COPD in rural areas than those in urban areas
can also be explained by the fact that cigarette smoking
is more prevalent in rural areas [51]. Therefore, smoking

may be the primary cause behind the observed disparities
between different regions and different gender. Neverthe-
less, there was no significant disparity in RLD prevalence
between male and female as well as with different smok-
ing status. A community-based, cross-sectional study
conducted in Taiwan showed that smoking was indepen-
dently associated with obstructive or mixed types of lung
impairment, but not for restrictive type [52]. Another
longitudinal study revealed that individuals with the
obstructive-only and mixed patterns, but not the restric-
tive-only pattern, had a significanly higher prevalence of
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adult smoking compared with the reference pattern. A
Italian mulicentric study also proved that smoking was
associated with obstructive ventilatory pattern, but not
with restrictive ventilatory capacity [53]. It was reported
that smoking would harm the airways with less than
2 mm internal diameter, so it results in airway obstruc-
tion [54]. The restrictive-only pattern might characterize
individuals with poor lung development in childhood,
but was found to have true lung restriction by middle age
[55].

The effect of body mass index on the lung function
have received considerable attention. It is widely demon-
strated that being underweight or losing weight increased
the risk of COPD exacerbation which leads to reduced
lung function and increased risk of mortality [21-24, 27].
In our study, we found that underweight patients had
higher prevalence of OLD and COPD than other BMI
groups. Being underweight was shown to be a risk factor
for COPD as well as COPD moderate/severe/very severe.
This result is consistent with that of a cross-sectional
study of 13,023 participants in low- and middle-income
countries, which showed that individuals with lower BMI
were more likely to have COPD and had lower lung func-
tion compared to those in higher BMI [21]. Although the
exact cause of unplanned weight loss with a reduced BMI
in COPD has not been clearly understood, the under-
weight patients might have malnutrition, low muscular-
ity and weak resistance against respiratory infection [56].
Also, Rawal and Yadav (2015) concluded that several fac-
tors such as a raised resting energy expenditure, inflam-
mation, hypoxia and medication use may contribute to
the increasing risk of COPD [57]. On the other hand, the
causal relationship between underweight and COPD can
also work in the opposite direction. COPD can lead to
weight loss and poor nutritional status over a prolonged
period of time through appetite loss, diminished general
physical activity, a depressive tendency, dyspnea while
eating, enhanced energy expenditure due to increased
work of breathing, and increased production of inflam-
matory cytokines [58]. A recent study has estimated that
25-40% of COPD patients are underweight while 35% of
patients have severely low fat-free mass index [57]. There-
fore, low body weight have been recognized as unfavor-
able prognostic factors in patients with COPD, especially
in those with COPD moderate/severe/very severe level.

Another finding in our study was that the negative
dose-response relationship between BMI levels and risk
of OLD was significant among participants. Compared
to participants with normal BMI, those who were over-
weight and obese have decreased risk for OLD. Also,
participants with obesity had decreased risk for COPD
mild. A meta-analysis of thirty articles with 1,578,449
participants concluded that overweight and obesity
might reduce the risk of COPD while underweight might
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increase the risk of COPD [59]. A cross-sectional study
of 32,033 subjects also showed that slight obesity was a
protective factor for lung function in people at risk of
COPD, but being severely obese were associated with
reduced lung function [60]. The reduced risk of OLD
and COPD in overweight or obese participants might be
explained by several mechanisms. Firstly, patients with
OLD or COPD need high respiratory muscle mass to deal
with increased airway. resistance and airflow obstruction
[61]. Secondly, obese COPD patients has the protective
effect of higher fat-free mass (FFM), which is a substitute
for skeletal muscle mass [62]. Moreover, obese COPD
patients have smaller expiratory reserve volume and end-
expiratory lung volume [63]. Although being overweight
or obesity seemed to have protective effect on the preva-
lence of OLD and COPD, the mechanisms underlying the
“obesity paradox” require further studies and elucidation.
On the other hand, being overweight increased the risk
of RLD. These findings in our study can be confirmed
by a longitudinal study, which showed that adult obesity
was significantly more prevalence in individuals with the
restrictive-only pattern and less prevalent in the obstruc-
tive-only pattern, but was not associated with the mixed
pattern [55]. Another longitudinal population-based
study from Vienna also revealed that restrictive lung
function was strongly modified by high fat mass, cen-
tral obesity, and adiposity [64]. It has been implied that
BMI increase may mostly relate to the development of a
restrictive rather than obstructive lung function pattern
[65].

We conducted further analysis about spirometry
parameters to explore the effect of BMI on lung function
for different lung diseases. Spirometry is considered as a
tool in various clinical scenarios, including the diagnosis
of lung diseases, the monitoring of disease progression,
and the assessment of its severity. The data obtained via
spirometry can be used in order to detect abnormalities
in individuals, among which FVC, FEV1, and the ratio
of FEV1 to FVC are commonly used to assess lung func-
tions. In our study, FEV1 and FVC of patients with OLD
and COPD from underweight groups were the lowest
compared to other BMI groups. The same finding was
found in two studies that low BMI was associated with
a lower FEV1 and FVC [66, 67]. Our study extended
the findings to show that low BMI is associated with
decreased lung function represented by parameters such
as FEV1, predicted FEV1(%), FVC, and predicted FVC(%)
in people with OLD and COPD, but not in people with
RLD and MLD. The association between overweight/
obesity and spirometry parameters remains controver-
sial. A positive and negative association between over-
weight/obesity and FEV1/FVC have been both reported
before [21, 24, 32, 60, 63]. In our study, significant higher
FEV1/FVC was found in overweight/obesity than normal
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BMI group in people with OLD and COPD moderate/
severe/very severe. For people with RLD, the FEV1/FVC
and FEV1/FVC%predicted of overweight and obesity
group were significantly higher than those of normal BMI
group. Study by Jing Zhu also found that increased BMI
had a protective effect on lung function in COPD GOLD
3—4 grade, which was consistent with our result [68].
Since nutritional status plays a significant role in the lung
function in later stage COPD patients, the prognostic
value of BMI was particularly convincing in patients with
severe COPD [69].

Our study does have a major strength in our ability to
use spirometry measurements for identifying different
lung function impairment. Of note, there were some lim-
itations to our study. First, it was a cross-sectional study,
so we cannot evaluate any temporal relationships and
establish any causality. Second, the different reference
equations and diagnostic criteria may lead to overdiagno-
sis or underdiagnosis of lung function impairment. Third,
although the sampled size was not small, the relatively
smaller sample size in several subgroups could limit the
estimated precision. Moreover, we cannot eliminate the
possibility that we misclassified people with different
lung diseases.

Conclusion

Our results in this study indicated that lower BMI was
positively correlated with higher prevalence of OLD and
COPD. Obesity had a protective effect on lung function
in OLD patients and COPD patients. However, there was
no significant difference in RLD and MLD prevalence
between different BMI groups. Future longitudinal stud-
ies are needed to clarify the direction of the association
between BMI and lung function.
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