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a b s t r a c t

Background: Obesity is a risk factor for severe and difficult-to-treat asthma. However, the impact of
different physiques on long-term outcomes is poorly understood. We aimed to investigate the correlation
between obesity and asthma-associated long-term mortality in Japanese adults.
Methods: From the data on 3146 individuals with air pollution-related respiratory diseases in the Omuta
City Air Pollution-Related Health Damage Cohort Program, 697 adult patients with asthma were
analyzed. Hazard ratios for long-term all-cause and respiratory disease -related mortality were compared
in patients with different physiques using the Cox proportional hazard models. The classification of
physiques was based on the WHO obesity criteria.
Results: Of the 697 patients, 439 died during the median observation period of 26.3 years. The number (%
of total) of underweight, normal-weight, pre-obese, and obese class IeIII individuals were 75 (10.8%), 459
(65.9%), 140 (20.1%), and 23 (3.3%), respectively. The Cox proportional hazard model (adjusted hazard
ratio [95% confidence interval], P value) showed that pre-obese group had a significantly reduced risk for
all-cause (0.65 [0.51 to 0.83], P < 0.05) and respiratory disease (0.55 [0.37 to 0.81], P < 0.05)-related
mortality related to normal-weight group.
Conclusions: Our cohort program demonstrated that being slightly overweight may reduce the risk of
long-term mortality in patients with asthma. However, the influence of obesity on long-term outcomes
remains unclear in asthma, because of the small number of obese patients included in our study. Our
findings suggest that interventions, including nutrition and exercises, should be provided to Japanese
patients with asthma.
Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Between 2001 and 2010, the age-standardized asthmamortality
rate was 9.34 per million for all ages.1,2 However, a Japanese
updated survey report has indicated that the number of deaths due

to asthma has been decreasing in the last few decades from 5926 in
1996 to 1511 in 2015.3,4

Severe diseases and their poor control affect asthma-related
mortality.5,6 Previous cluster analyses have demonstrated that
obesity is associated with severe and difficult-to-treat asthma.7e10

Obesity is also associated with asthma exacerbations and hospi-
talization.11e13 However, no significant correlation has been re-
ported between physiques and the long-term mortality rates in
patients with asthma, including those from Japanese.14e16

In accordance with the Pollution-related Health Damage
Compensation Act since 1973, the Omuta City Air Pollution-Related

* Corresponding author. Division of Respirology, Neurology, and Rheumatology,
Department of Medicine, Kurume University School of Medicine, 67 Asahi-machi,
Kurume, 830-0011, Japan.

E-mail address: kawayama_tomotaka@med.kurume-u.ac.jp (T. Kawayama).
Peer review under responsibility of Japanese Society of Allergology.

Contents lists available at ScienceDirect

Allergology International

journal homepage: ht tp: / /www.elsevier .com/locate/al i t

https://doi.org/10.1016/j.alit.2020.09.009
1323-8930/Copyright © 2020, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Allergology International xxx (xxxx) xxx

Please cite this article as: Yano C et al., Overweight improves long-term survival in Japanese patients with asthma, Allergology International,
https://doi.org/10.1016/j.alit.2020.09.009

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kawayama_tomotaka@med.kurume-u.ac.jp
www.sciencedirect.com/science/journal/13238930
http://http://www.elsevier.com/locate/alit
https://doi.org/10.1016/j.alit.2020.09.009
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.alit.2020.09.009


Health Damage Cohort Program prospectively monitors residents
who have been certified as having air pollution-related chronic
respiratory diseases such as asthma, chronic bronchitis and pul-
monary emphysema.3 In general, obesity is diagnosed based on the
Global World Health Organization (WHO) obesity criteria.17 Using
data from the cohort program, this study primarily aimed to
investigate the correlation between obesity and asthma-associated
long-term mortality in Japanese adults. The secondary aim was to
investigate the same correlation in patients diagnosed with obesity
according to the Asian WHO obesity criteria.18

Methods

Cohort program and study design

The Omuta City Air Pollution-Related Health Damage Cohort
Program (Omuta, Fukuoka, Japan) established by the Pollution-
related Health Damage Compensation Act was conducted be-
tween 1974 and 1988 (Supplementary Method 1). During this
period, 3146 victims with air pollution-related respiratory diseases
were registered. All information on adult Japanese patients (certi-
fied age �20 years) with asthma were obtained from the Depart-
ment of Health and Welfare, Omuta City. Baseline characteristics
including age, gender, height, weight, smoking status, diagnosis of
chronic respiratory diseases, and spirometry data were collected at
the certification. However, the study did not assess data from blood
tests and medicines for the management of asthma. The Act did not
collect any information regarding comorbid disease. The date and
cause of death were obtained from the death certificate. The main
cause and classification of mortality were selected based on the
code for the International Statistical Classification of Diseases and
Related Health Problems 10th Revision (ICD-10 Version 2016)
(Supplementary Method 2).19 To investigate the correlation be-
tween obesity and prognosis, long-term all-cause and respiratory
disease-related mortality were compared between individuals of
different physiques according to the Global and AsianWHO obesity
criteria.17,18

Ethical considerations

The study was conducted in accordance with the Good Clinical
Practice guidelines and was approved by the local ethics board of
the Kurume University (No.15e135, September 11, 2015). The study
protocol was registered in the University Hospital Medical Infor-
mation Network (UMIN) Center (UMIN No. 000031509) on
February 28, 2018. The participation of patients with asthmawas by
an opt-out methodology between the date of certification and
August 31, 2015. The investigators signed a contract with the Omuta
City for permission to use the data on August 27, 2015 (updated on
August 19, 2016).

Quality control of spirometry data

To obtain adequate data on forced expiratory volume in 1 s
(FEV1) and forced vital capacity (FVC) for quality control of
spirometry, the shape of the maximal expiratory flowevolume
curve was re-evaluated according to the recommendations for
standardization of lung function testing (Supplementary Method
3).20 The % FEV1 and %FVC predicted were calculated according to
the Japanese Respiratory Society recommendations.21

Diagnosis of asthma and chronic obstructive pulmonary disease

Diagnosis of asthma was based on the criteria stipulated in the
Pollution-related Health Damage Compensation Act, which

included symptoms such as occasional spasmodic, repeated, and
fluctuating wheezing and dyspnea. Other respiratory diseases were
excluded on the basis of chest roentgenograms by each physician.
However, the diagnosis of asthmatic bronchitis was considered as
asthma. Chronic obstructive pulmonary disease (COPD) was
defined as a comorbid disease according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) reports 201922 based on
the following criteria: baseline age �40 years, history of smoking,
and a post-bronchodilation FEV1/FVC ratio of <0.7. However, based
on the Pollution-related Health Damage Compensation Act, post-
bronchodilation spirometry data is not needed. Consequently, the
term COPD-like features, not COPD, was used in accordance with
age�40 years, history of smoking, and a pre-bronchodilation FEV1/
FVC ratio of <0.7 in this study.

Classification of BMI by WHO obesity criteria

Body mass index (BMI) was defined as the weight in kilograms
divided by the square of the height in meters. Patients with asthma
were classified into six different physique groups by BMI, according
to the Global WHO obesity criteria for adults.17 Underweight,
normal-weight, pre-obese, and obese class I, class II, and class III
individuals had a BMI of <18.50, 18.50e24.99, 25.00e29.99, and
30.00e34.99, 35.00e39.99, and �40.00 kg/m2, respectively
(Supplementary Table 1). For sub-analyses, the participants were
also classified according to the Asian obesity criteria,18 which
defined underweight, normal-weight, pre-obese, and obese class I,
class II, and class III individuals as those with a BMI of <18.50,
18.50e22.99, 23.00e27.49, and 27.50e32.49, 32.50e37.49, and
�37.50 kg/m2, respectively (Supplementary Table 1). The effect of
BMI on the long-term mortality should be considered a time-
dependent cofounder. However, our study only included BMI at
certification. Consequently, no repeated measurements were
available in this study. However, the effect of this might bemarginal
as the analysis of the effects of obesity stratified by age at entry
(<50 or �50 years) did not lead to significant improvement in
model fitting.

Statistical analyses

Baseline characteristics were expressed as mean ± standard
deviation (SD) and number (%) of patients. Using the Global and
Asian WHO obesity criteria,17,18 the characteristics were compared
among different physique groups using analysis of variance
(ANOVA) and Pearson's chi-squared tests. Supplementary Table 2
shows the comparative analyses between survivors and non-
survivors. The Cox proportional hazard models were used to esti-
mate the hazard ratios (95% confidence interval [CI]) for all-cause
and respiratory disease-related mortality in the underweight,
pre-obese, and obese class I, class II, and class III groups relative to
the normal-weight group (see full analyses according to Global and
AsianWHO obesity criteria in Supplementary Table 3A, B, 4A-C, and
5A-C). To evaluate the hazard ratio, we considered the following
two models. Model 1 estimated hazard ratios adjusted for age,
gender (men orwomen), smoking status (non-, ex-, or current), and
%FEV1 predicted, which were selected as potential confounders
based on previous studies.15,23 In model 2, %FVC predicted,
although was available, was not considered a potential confounder
to avoid multicollinearity due to its strong correlation with %FEV1
predicted. The model 1, but not model 2, was accepted, because the
%FEV1 predicted appeared to be a better indicator of the outcomes
than %FVC predicted in the study. In addition to the analysis for
respiratory disease-related mortality, mortality from subtypes such
as asthma attacks or exacerbations (asthma), and respiratory tract
infections, were separately analyzed (see the correlations among
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confounders in Supplementary Fig. 1, 2). P-values less than 0.05
were considered as statistically significant. Statistical analyses were
performed using JMP version 14.2.0 software package (SAS Institute
Japan Inc., Tokyo, Japan).

Results

Study population

From 3146 victims with chronic respiratory diseases, a total of
697 adult patients with asthma were analyzed (Fig. 1) (see classi-
fication based on the Asian WHO obesity criteria in Supplementary
Fig. 3). The median (25th and 75th percentile [range]) observation
period was 26.3 years (17.4 and 30.2 years [0.9 and 40.9 years],
respectively). Among these 697 patients with asthma, 439 died
during the observation period (Supplementary Table 2). The most
common cause of mortality (number of deaths; % of 439 deaths)
was respiratory diseases (n ¼ 191; 43.5%) including asthma and
respiratory tract infections, followed by neoplasms (n ¼ 90; 20.5%),
cardiovascular diseases (n ¼ 53; 12.1%), accidents (n ¼ 22; 5.0%),
and central nervous system diseases (n¼ 22; 5.0%) (Supplementary
Fig. 4). Themean (±SD) BMIwas 22.7± 3.6 (range 14.2e36.2) kg/m2

for the total study population. The mean BMI of women
(23.0 ± 3.9 kg/m2) was significantly higher than that of men
(22.3 ± 2.9 kg/m2) (P ¼ 0.0171) (Supplementary Fig. 1a). Using the
Global WHO obesity criteria,17 the number (% of total) of under-
weight, normal-weight, pre-obese, and obese class I, class II, and
class III individuals were 75 (10.8%), 459 (65.9%),140 (20.1%), and 20
(2.9%), 3 (0.4%), and 0 (0%), respectively. In this study, the risk of
long-termmortality was compared between underweight, normal-
weight, pre-obese, and obese class I/II groups. The complete data
comparing underweight, normal-weight, pre-obese, obese class I,
and obese class II (i.e., obese class I and II separately) patients are
shown in Supplementary Table 3A, 4A, and 5A.

Baseline characteristics of patients

Table 1 shows significant differences in the proportion of men
(P ¼ 0.0009), mean of %FVC predicted (P ¼ 0.0067) and FEV1/FVC
ratio (P ¼ 0.0127), events of respiratory disease-related deaths

(P ¼ 0.0087) and mean ages at death (P ¼ 0.0037) among the
different physique groups (see full data according to the Global and
Asian WHO obesity criteria in Supplementary Table 3A,B).

Adjusted hazard risks associated with different physiques for long-
term mortality

As shown in Table 2, based on the Global WHO criteria, while
pre-obese individuals were at a significantly reduced risk of all-
cause (0.65 [0.51 to 0.83], P ¼ 0.0005) and respiratory disease-
related (0.55 [0.37 to 0.81], P ¼ 0.0027) mortality (see full data in
Supplementary Table 4A, C, and each result under other cause-
related mortality in Supplementary Table 6, and the
KaplaneMeier curves in Supplementary Fig. 5A,B). Pre-obese in-
dividuals were at a significantly reduced risk of asthma- (0.32 [0.17
to 0.63], P ¼ 0.0009), but not respiratory tract infection-related
(0.73 [0.44 to 1.24], P > 0.05), mortality. Underweight, and obese
class I/II individuals did not have a significantly higher risk of any
long-term outcome than normal-weight individuals (both
P > 0.05). Based on the Asian WHO obesity criteria18

(Supplementary Table 4B), pre-obese individuals had a signifi-
cantly lower adjusted hazard ratio for all-cause mortality (0.80
[0.65 to 0.99], P ¼ 0.0420), whereas underweight individuals had a
significantly higher adjusted hazard ratio (1.55 [1.01 to 2.37]) for
respiratory-relatedmortality (P¼ 0.0459) compared to the normal-
weight individuals. When obese class I and class II are analyzed
separately (Supplementary Table 4C), obese class I individuals had
significantly lower adjusted hazard ratios for respiratory disease
(0.37 [0.16 to 0.86], P ¼ 0.0209)-, and asthma (0.23 [0.06 to 0.97],
P ¼ 0.0449)-related mortality.

Gender differences

Regarding gender differences, men had a significantly and
independently higher risk of all-cause and respiratory disease-
related-mortality than women; the adjusted hazard ratios (95%
CI) for men were 1.32 (1.06e1.66) (P ¼ 0.0142) for all-cause, 1.57
(1.12e2.20) (P ¼ 0.0093) for respiratory disease-related, 1.13
(0.71e1.80) (P ¼ 0.5983) for asthma-related, and 2.23 (1.33e3.72)
(P ¼ 0.023) for respiratory tract infection-related mortality

Fig. 1. Study design. Different physiques were classified according to the Global WHO obesity criteria. y The 73 patients with other pulmonary diseases including old pulmonary
tuberculosis (n ¼ 39), pneumoconiosis (n ¼ 19), bronchiectasis (n ¼ 11), and interstitial pneumonitis (n ¼ 4) were excluded on the basis of chest radiograms at certification.
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compared to women with cofounders, including age, BMI, %FEV1
predicted, and smoking status. Table 3 shows the hazard ratios for
long-term mortality among different physiques based on the
Global WHO obesity criteria for each gender (see full data in
Supplementary Table 5A). Both pre-obese men and women were
at significantly reduced risk of all-cause, respiratory disease-
related, and asthma-related mortality. However, pre-obese men,
but not women, were at a significantly reduced risk of respiratory
tract infection-related mortality. Based on the Asian WHO obesity
criteria (Supplementary Table 5B, Supplementary Fig. 5B), there
was no difference in the risk of long-term mortality among
different physiques for men and women, whereas only obese class
I women were at a significantly reduced risk of respiratory
disease-related mortality when obese class I and obese class II are
analyzed separately (Supplementary Table 5C, Supplementary
Fig. 5B).

Discussion

Only a few previous studies have examined the long-term out-
comes in patients with asthma.15,24e26 Our long-term cohort study
shows that some physiques affect all-cause and respiratory disease-
related mortality in Japanese adult patients with asthma, based on
data from the Omuta City Air Pollution-Related Health Damage
Cohort Program. The Cox proportional hazard models found that
being pre-obese [25.00e29.99 and 23.00e27.49 kg/m2, respec-
tively], based on the Global and AsianWHO obesity criteria,17,18 was
an independent factor for all-cause survival in patients with
asthma, even after adjustment for age, gender, smoking status, and
lung functions. Besides, pre-obese [25.00e29.99 kg/m2] and obese
class I [27.50e32.49 kg/m2] individuals based on the Global and
Asian WHO obesity criteria,17,18 respectively, showed at a signifi-
cantly reduced risk of respiratory disease-related mortality

Table 1
Baseline characteristics of patients with different physiques classified based on the Global WHO obesity criteria.

Characteristics Underweight Normal-weight Pre-obese Obese class I/II P value

Number (% of total) 75 (10.8) 459 (65.8) 140 (20.1) 23 (3.3)
Age, years, mean ± SD 53.0 ± 15.4 52.9 ± 13.3 55.7 ± 11.9 51.1 ± 11.4 0.1
Men, n (%) 49 (65.3) 258 (56.2) 45 (32.1) 2 (8.7) 0.0009*
Body mass index, kg/m2, mean ± SD 17.2 ± 1.0 21.9 ± 1.8 26.8 ± 1.3 32.1 ± 1.9 <0.0001*
Smoking status, n (%)
Non- 32 (42.7) 234 (51.0) 79 (56.4) 17 (74.0)
Ex- 21 (28.0) 109 (23.8) 28 (20.0) 3 (13.0)
Current 22 (29.3) 116 (25.3) 33 (23.6) 3 (13.0) 0.2

Lung function, mean ± SD
FVC, L 2.20 ± 0.89 2.43 ± 0.89 2.16 ± 0.74 2.29 ± 0.83 0.0034*
%FVC predicted, % 73.1 ± 18.5 79.2 ± 18.5 75.8 ± 15.4 82.9 ± 17.4 0.0067*
FEV1, L 1.70 ± 0.82 1.82 ± 0.72 1.70 ± 0.60 1.82 ± 0.76 0.2
%FEV1 predicted, % 67.3 ± 21.6 71.1 ± 21.3 72.0 ± 17.9 78.4 ± 23.1 0.1
FEV1/FVC ratio 0.76 ± 0.13 0.75 ± 0.14 0.79 ± 0.12 0.79 ± 0.13 0.0127*

COPD-like feature as comorbidity, n (%) 16 (21.3) 72 (15.7) 15 (10.7) 1 (4.4) 0.1
Events of deaths, n (%)
All-cause 49 (65.3) 293 (63.8) 83 (59.3) 14 (60.9) 0.8
Respiratory disease-related 31 (41.3) 126 (27.5) 31 (22.1) 3 (13.0) 0.0087*

Age at death, years, mean ± SD 79.2 ± 10.2 78.1 ± 9.7 82.6 ± 9.7 79.2 ± 8.3 0.0037*

No obese class III patients were enrolled in the study. Data are expressed as number (% of each group) of patients and mean ± standard deviation (SD). According to the Global
WHO obesity criteria, underweight, normal-weight, pre-obese, and obese class I/II individuals had BMIs of <18.50, 18.50e24.99, 25.00e29.99, and�30.00 kg/m2, respectively.
*P < 0.05 among groups.
COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; SD, standard deviation; WHO, World Health Organization.

Table 2
Adjusted hazard ratios for all-cause and respiratory disease-related, and asthma- and respiratory tract infection-related, mortality in different physique groups based on the
Global WHO obesity criteria.

Classification All-cause mortality Respiratory disease-related mortality

Events/Total Adjusted hazard ratio (95% CI) P value Events/Total Adjusted hazard ratio (95% CI) P value

Underweight 49/75 1.06 (0.78e1.44) 0.7 31/75 1.46 (0.97e2.20) 0.1
Normal-weight 293/459 1.00 125/459 1.00
Pre-obese 83/140 0.65 (0.51e0.83) 0.0005* 32/140 0.55 (0.37e0.81) 0.0027*
Obese class I/II 14/23 1.17 (0.68e2.01) 0.6 3/23 0.68 (0.21e2.13) 0.5

Classification Asthma-related mortality Respiratory tract infection-related mortality

Events/Total Adjusted hazard ratio (95% CI) P value Events/Total Adjusted hazard ratio (95% CI) P value

Underweight 18/75 1.41 (0.83e2.40) 0.2 13/75 1.57 (0.83e2.97) 0.2
Normal-weight 71/459 1.00 54/459 1.00
Pre-obese 10/140 0.32 (0.17e0.63) 0.0009* 20/140 0.73 (0.44e1.24) 0.2
Obese class I/II 2/23 0.65 (0.16e2.69) 0.6 1/23 0.72 (0.10e5.35) 0.8

Each hazard ratio (95%CI) was adjusted for confounding factors such as age, gender, smoking status, and %FEV1 predicted. Among the 191 dead, two patients died due to acute
exacerbations of interstitial pneumonia except for asthma attack and respiratory tract infections. According to the Global WHO obesity criteria, underweight, normal-weight,
pre-obese, and obese class I/II individuals had BMIs of <18.50, 18.50e24.99, 25.00e29.99, and �30.00 kg/m2, respectively.
*P < 0.05 when compared with the normal-weight group as reference.
BMI, body mass index; CI, confidence interval; FEV1, forced expiratory volume in 1 s; n/a, not available; WHO, World Health Organization.
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compared to normal-weight individuals. Taken together, our study
demonstrates that being slightly overweight, but not underweight,
was predictive of significantly better long-term survival compared
to being normal-weight. A previous Japanese cohort study on the
healthy general population demonstrated that lowest risk of mor-
tality for BMI 21e27 kg/m2 in the middle-aged and elderly popu-
lation.27 The discrepancy in the results of the study including the
Japanese cohort and our study might be attributed to the differ-
ences in the sample size, endpoints (e.g., causes of mortality), and
subject population (i.e., healthy people or patients with asthma). A
15-year follow-up cohort study14 demonstrated that obesity
significantly reduced the risk of all-cause mortality among asth-
matics. Being underweight may increase the risk of mortality in
patients with asthma, but not in healthy subjects.14,27

An “obesity paradox” that obese or overweight patients have
better clinical outcomes than normal-weight or underweight pa-
tients is well-known for several diseases such as COPD,28e30 chronic
kidney disease,31 and acute myocardial infarction after a percuta-
neous coronary intervention.32,33 However, obesity is strongly
associated with increased overall morbidity and mortality and with
cardiovascular risk factors, including diabetes mellitus, hyperten-
sion, and dyslipidemia.34e37 The reasons for this paradox remain
unclear. In our study based on the Asian WHO obese criteria,18 un-
derweight individuals had at a higher risk of respiratory disease-
related mortality than normal-weight individuals (Supplementary
Table 4A, C). Underweight patients are likely to have latent cardiac
cachexia and those with severe or advanced diseases may even be
malnourished, with inadequate calorie and protein intake.38,39 Be-
ing underweight negatively impacts some capacities for emergen-
cies such as during an asthma attacks and acute exacerbations
compared to being of normal-weight or overweight.

In previous studies on severe asthma,10,40 the obese population
with BMI �30.00 kg/m2 in Japan was smaller (5%e7%) than that
reported in the United States (37%). There were few obese patients
based on the global WHO obese criteria.17 Our study could not
confirm the risk of long-term mortality in patients with asthma,

although obesity may be a significant risk factor for mortality
among the Japanese healthy adult population.27 When using the
Asian WHO obesity criteria,18 which have a lower BMI range for
obesity than the Global criteria,17 obese class I individuals had
significantly lower respiratory disease-related and asthma-related
mortality (Supplementary Table 4B), and obese class I/II in-
dividuals did not have any increased risk of long-term mortality
(Supplementary Table 4C). The risk of long-term mortality remains
unclear in obese patients with asthma.

To investigate the correlation between physique and mortality
in asthma, we studied several confounders, including age, gender,
smoking status, and lung functions. Gender has been shown to
affect the severity and mortality in asthma, with the incidence of
difficult-to-treat asthma higher among obese women compared to
obese men.10e14,40,41 Gender affects the BMI in Japanese patients
with asthma (Supplementary Fig. 1a). Our Cox proportional hazard
models found that the risk of long-term mortality was 25e40% less
among women when compared to men. However, the adjusted
hazard ratios for all-cause and respiratory disease-relatedmortality
for the different physiques were similar between men and women.
There was no correlation between BMI and age in men and women
(Supplementary Fig. 1b). No significant difference was seen in the
proportion of non-, ex- and current smokers in both men and
women, although smoking may reduce body weight and therefore
affect BMI (Supplementary Fig. 1a). Our Cox proportional hazard
models found that the risk of long-term mortality is increased by
1.3e1.5 folds in current smokers compared to non- and ex-smokers.
However, there was no significant difference in the risks between
non- and ex-smokers (data not shown). With regards to BMI and
lung functions, %FEV1 predicted showed a very weak association
with BMI (Supplementary Fig. 2). Considering the complicated re-
lationships among BMI, age, gender, smoking status, and lung
functions, we set the presence or absence of COPD-like feature as
comorbidity (Supplementary Fig. 1). Patients with COPD-like
feature had a significantly lower BMI than non-COPD-like feature
patients (Supplementary Fig. 1c). The proportion of underweight

Table 3
Adjusted hazard ratios for all-cause and respiratory disease-related mortality in men and women with different physiques based on the Global WHO obesity criteria.

Classification All-cause mortality Respiratory-disease related mortality

Events/Total Adjusted hazard ratio (95% CI) P value Events/Total Adjusted hazard ratio (95% CI) P value

Men
Underweight 18/26 1.19 (0.72e1.96) 0.5 10/26 1.23 (0.62e2.47) 0.6
Normal-weight 143/201 1.00 69/201 1.00
Pre-obese 30/45 0.58 (0.39e0.87) 0.0081* 15/45 0.51 (0.29e0.90) 0.0208*
Obese class I/II 1/2 1.41 (0.19e10.34) 0.7 1/2 6.03 (0.78e46.67) 0.1

Women
Underweight 31/49 0.98 (0.66e1.46) 0.9 21/49 1.53 (0.91e2.58) 0.1
Normal-weight 150/258 1.00 57/258 1.00
Pre-obese 53/95 0.67 (0.49e0.91) 0.0119* 16/95 0.54 (0.31e0.93) 0.0258*
Obese class I/II 13/21 1.21 (0.68e2.14) 0.5 2/21 0.50 (0.12e2.07) 0.3

Classification Asthma-related mortality Respiratory tract infection-related mortality

Events/Total Adjusted hazard ratio (95% CI) P value Events/Total Adjusted hazard ratio (95% CI) P value

Men
Underweight 6/26 1.38 (0.55e3.41) 0.5 4/26 1.23 (0.62e2.47) 0.6
Normal-weight 34/201 1.00 35/201 1.00
Pre-obese 5/45 0.37 (0.14e0.96) 0.0417* 9/45 0.51 (0.29e0.90) 0.0208*
Obese class I/II 1/2 11.82 (1.43e97.46) 0.0218* 0/2 6.03 (0.78e46.67) 0.1

Women
Underweight 12/49 1.39 (0.71e2.72) 0.3 9/49 1.93 (0.83e4.50) 0.1
Normal-weight 37/258 1.00 19/258 1.00
Pre-obese 5/95 0.26 (0.10e0.68) 0.0054* 11/95 0.85 (0.40e1.83) 0.1
Obese class I/II 1/21 0.35 (0.05e2.54) 0.3 1/21 0.98 (0.13e7.46) 1.0

Each hazard ratio (95%CI) was adjusted for confounding factors such as age, smoking status and %FEV1 predicted. According to the Global WHO obesity criteria, underweight,
normal-weight, pre-obese, and obese class I/II individuals had BMIs of <18.50, 18.50e24.99, 25.00e29.99, and �30.00kg/m2, respectively.
*P < 0.05 when compared with the normaleweight group as reference.
BMI, body mass index; CI, confidence interval; FEV1, forced expiratory volume in 1 s; n/a, not available; WHO, World Health Organization.
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patients with COPD-like feature was higher, but not statistically
significance, compared to other physique groups (Table 1 and
Supplementary Table 3A,B). Underweight patients with COPD
should, therefore, be diagnosed and provided the necessary sup-
port and nutritional education early on.

Our study has several limitations. First, we classified different
physiques by only BMI. The severity of asthma may be associated
with not only body physiques but also body shapes such as waist
size and body composition such as fat mass.41,42 To understand the
“obesity paradox,” these parameters should be evaluated in the
future. Previous studies have demonstrated a correlation between
visceral or abdominal fat mass and pathogenesis of difficult-to-
treat asthma.43e46 Changes in the airway and gastrointestinal
microbiota composition47 and altered pro-inflammatory macro-
phages in adipose tissue48 due to systemic inflammation were
associated with disease severity in obese patients with asthma.
Second, we only used data on baseline patient characteristics. BMI
can change during the median 26 years of observation, as in this
study. Japanese long-term cohort studies49e51 have demonstrated
that BMI showed a stable or decreasing trend among women,
whereas, in overweight and obese men, it increased from 1951 to
2014. The changes in BMI were not assessed in the study. Third,
adult patients were enrolled between 1974 and 1988. The phy-
siques 30e40 years ago were different from those in the present
day. In the past, mean BMI was lower thanwhat it is now, and obese
patients with a BMI of �30.00 kg/m2 were few. The correlation
between the higher degree of obesity and long-term mortality is
still unclear. Fourth, the symptoms,52,53 disease control levels,54

history of exacerbation,55 duration of disease,56 and comorbid
diseases, including other allergic diseases,57 are important risk
factors that affect prognosis. Fifth, pharmacological treatmentsmay
contribute to the mortality of asthma. However, this study did not
assess medications, such as inhaled corticosteroids and long-acting
bronchodilators.58 Our cohort study showed that the age at death
seemed to increase year by year (see in Supplementary Figs. 6(a)e
6(c)). The relationship between mortality and medication regimen
remains unclear; however, the development of treatment may
improve mortality in patients with asthma. Further studies are
required to evaluate these important risk factors affecting the
prognosis, development, and severity of airflow obstruction.

In conclusion, our study evaluates the long-term all-cause and
respiratory disease-related mortality in Japanese patients of
different physiques with asthma. Slightly overweight patients were
significantly associated with low long-term all-cause and respira-
tory disease-related mortality compared to normal-weight and
underweight patients. Appropriate nutrition and exercise may help
reduce all-cause and respiratory disease-related mortality among
Japanese patients with asthma.
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Supplementary Method 1. Cohort program 

 The Omuta City Air Pollution-Related Health Damage Cohort Program (Omuta, 

Fukuoka, Japan) established by the Act was conducted between 1974 and 1988. During this 

period, 3,146 victims with air pollution-related respiratory diseases were registered. Each 

victim was required to complete a self-report questionnaire inquiring about the respiratory 

symptoms and smoking status, and undergo chest roentgenography, electrocardiography, 

and spirometry once a year after providing written consent to participate in the cohort 

program. In case of a victim's death, bereaved families were required to submit a death 

certificate to the Omuta City. The terms “air pollution-related asthma” and “victims” were only 

used in this cohort program by the Act. While the terms “asthma and patients” are used for 

medical purposes, “air pollution-related asthma and victims” are strictly used for legal 

purposes because the program did not confirm that the development of asthma was 

associated with air pollution by any medical tests or validated questionnaires. The 

questionnaire had two questions to evaluate the patient's smoking status. The first was, “Do 

you smoke now?” If the answer was no, the second question was, “Have you ever smoked 

before?” The non-smokers, ex-smokers, and current smokers were identified as those who 

answered “no” to both Questions 1 and 2, “no” to Question 1 and “yes” to Question 2, and 

“yes” to Question 1, respectively. However, the number of cigarettes smoked per day, 

duration of smoking, data on blood eosinophils, levels of serum total immunoglobulin E, and 

spirometry data after the use of bronchodilators were not essential for this cohort program. 

 However, the data of patients with other chronic respiratory diseases such as 

pulmonary tuberculosis, bronchiectasis, pneumoconiosis, and interstitial pneumonia 

confirmed by chest roentgenography were not included in the analyses. 

 

Supplementary Method 2. Definition of mortality 

 The main cause and classification of mortality was accepted in accordance with the 

code for International Statistical Classification of Diseases and Related Health Problems 10th 

Revision (ICD-10 Version 2016).1 

 We classified the causes of mortality into 10 categories as follows: Diseases of the 

respiratory system (J00-J99) such as asthma (J45, J46), respiratory failure (J96), respiratory 

infections (influenza and pneumonia, J10-J22) and interstitial pulmonary disease (other 

respiratory diseases principally affecting the interstitium, J80-84, and suppurative and 

necrotic conditions of lower respiratory tract, J84-86), neoplasm-related (C00-D48), 

cardiovascular-related (diseases of the circulatory system, I00-52), cerebrovascular-related 

(I60-69), digestive disease-related (diseases of the digestive system, K00-K93), renal failure-
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related (N17-N19), accident-related (external causes of morbidity and mortality, V01-Y98), 

senility-related (R54), others and unknown (R69, R95-99). 

 

Supplementary Method 3. Quality control of spirometry data  

 To obtain adequate data for forced expiratory volume in 1 second (FEV1) and forced 

vital capacity (FVC) for quality control of spirometry, the shape of the maximal expiratory flow-

volume curve was re-evaluated in accordance with recommendations for standardization of 

lung function testing.2 The acceptance criteria were as follows: 1) time from the start of forced 

expiration to peak flow < 120 ms, 2) expiratory flow velocity declined from the peak flow 

without interruption, and 3) data were reproducible (differences in values for FEV1 and FVC 

< 200 mL). Data for cases of suspected central airway obstruction were excluded from 

analyses. Re-evaluation of the data was performed by two independent respiratory 

physicians. 
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Supplementary Table 1. Different physiques classified by the ranges of body mass index 

based on the Global and Asian WHO obesity criteria 

 

Classification of physiques 

Body mass index (kg/m2) according to 

WHO obesity classification  

Global criteria1  Asian criteria2 

Underweight  Underweight <18.50  <18.50 

Normal-weight  Normal-weight 18.50 - 24.99  18.50 - 22.99 

Overweight 

 Pre-obese 25.00 - 29.99  23.00 - 27.49 

 Obese class I 30.00 - 34.99  27.50 - 32.49 

 Obese class II 35.00 - 39.99  32.50 - 37.49 

 Obese class III ≥40.00  ≥37.50 

 

Note: According to the Global WHO obesity criteria,1 underweight, normal-weight, and overweight 

individuals had BMIs of <18.50, 18.50–24.99, and ≥25.00 kg/m2, respectively. Among the Global overweight 

individuals, pre-obese, obese class I, class II, and class III groups were recognized as those with BMIs of 

25.00–29.99, 30.00–34.99, 35.00–39.99, and ≥40.00 kg/m2, respectively. 

 To investigate the correlation between obesity and long-term mortality in Japanese patients with 

asthma, sub-analyses were performed using the Asian WHO obesity criteria. Underweight was defined as a 

BMI of <18.50 kg/m2 by both the Global and Asian WHO obesity criteria.1, 2 However, normal-weight and 

overweight were defined as BMIs of 18.50–22.99 and ≥23.00 kg/m2, respectively, according to the Asian 

WHO obesity criteria.2 Among the Asian overweight, pre-obese, obese class I, class II and class III groups 

were recognized as those with BMIs of 23.00–27.49, 27.50–32.49, 32.50–37.49, and ≥37.50 kg/m2, 

respectively. 

  



3 

 

Supplementary Table 2. Comparison of baseline characteristics between survivors and 

non-survivors due to all-cause and respiratory disease-related deaths 

 

 

Note: Data were expressed as number (% of each group) of patients and mean ± standard deviation (SD). 

Characteristics were compared among between groups by chi-square tests and student T tests. 

 

* P < 0.05 between groups 

** Definition of COPD-like feature was diagnosed by using criteria follow as age ≥40 years, presence of 

smoking history including ex- and current smokers, and an FEV1/FVC ratio <0.7 in accordance with GOLD 

reports [3]. However, the data of the FEV1/FVC ratio were accepted pre-bronchodilation. 

 

Abbreviation: COPD = chronic obstructive pulmonary disease, FEV1 = forced expiratory volume in 1 second, 

FVC = forced vital capacity, GOLD = Global Initiative for Chronic Obstructive Lung Disease, SD = standard 

deviation, WHO = World Health Organization  

Characteristics Survivors 

Non-

survivors 

due to all-

cause 

deaths 

Survivors vs 

non-survivors 

due to all-cause 

deaths 

 

 

 

P value 

Non-survivors 

due to 

respiratory 

disease-related 

deaths 

Survivors vs 

non-survivors 

due to 

respiratory 

disease-related 

deaths 

 

P value 

Number (% of total) 258 439  191  

Age, years, mean ± SD 43.1 ± 11.4 59.5 ± 10.2 <0.0001* 61.5 ± 9.3 <0.0001* 

Men, n (%) 82 (31.8) 192 (43.7) 0.0022* 95 (49.7) 0.0001* 

Body mass index, kg/m2, mean 

± SD 
22.9 ± 3.5 22.6 ± 3.6 0.3033 22.0 ± 3.5 0.0088* 

Global WHO obesity criteria      

Underweight 

Normal-weight 

Pre-obese 

Obese class I 

Obese class II 

26 (10.1) 

166 (64.3) 

57 (22.1) 

8 (3.1) 

1 (0.4) 

49 (11.2) 

293 (66.7) 

83 (18.9) 

12 (2.7) 

2 (0.5) 

0.8737 

31 (16.2) 

126 (66.0) 

31 (16.2) 

2 (1.1) 

1 (0.5) 

0.1178 

Smoking status, n (%)      

Non- 165 (64.0) 197 (44.9)  78 (40.8)  

Ex- 43 (16.7) 118 (26.9)  57 (29.8)  

Current 50 (19.4) 124 (28.3) <0.0001* 56 (29.3) <0.0001* 

Lung function, mean ± SD      

FVC, L 2.71 ± 0.91 2.13 ± 0.70 <0.0001* 2.05 ± 0.65 <0.0001* 

%FVC predicted, % 83.9 ± 16.9 74.5 ± 16.9 <0.0001* 71.7 ± 16.8 <0.0001* 

FEV1, L 2.13 ± 0.77 1.58 ± 0.59 <0.0001* 1.45 ± 0.53 <0.0001* 

%FEV1 predicted, % 77.1 ± 19.6 67.5 ± 20.7 <0.0001* 63.7 ± 19.6 <0.0001* 

FEV1/FVC ratio 0.79 ± 0.08 0.75 ± 0.06 <0.0001* 0.73 ± 0.06 <0.0001* 

COPD-like feature** as 

comorbidity, n (%) 
16 (6.2) 88 (20.1) <0.0001* 47 (24.6) <0.0001* 
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Supplementary Table 3A. Baseline characteristics of patients in different physique groups 

based on the Global WHO obesity criteria. 

 

 

Note: No obese class III patients were enrolled in the study. Data are expressed as number (% of each 

group) of patients and mean ± standard deviation (SD). According to the Global WHO obesity criteria, 

underweight, normal-weight, pre-obese, obese class I, class II, and class III individuals had BMIs of <18.50, 

18.50–24.99, 25.00–29.99, 30.00–34.99, 35.00–39.99, and ≥40.00 kg/m2, respectively. 

 

* P < 0.05 among groups 

 

Abbreviation: COPD = chronic obstructive pulmonary disease, FEV1 = forced expiratory volume in 1 second, 

FVC = forced vital capacity, WHO = World Health Organization  

Characteristics Underweight Normal-weight 

Overweight 

P value 
Pre-obese 

Obese 

Class I Class II 

Number (% of total) 75 (10.8) 459 (65.8) 140 (20.1) 20 (2.9) 3 (0.4)  

Age, years, mean ± SD 53.0 ± 15.4 52.9 ± 13.3 55.7 ± 11.9 51.3 ± 11.8 49.7 ± 9.3 0.2267 

Men, n (%) 49 (65.3) 258 (56.2) 45 (32.1) 2 (10.0) 0 (0) 0.0022* 

Body mass index, kg/m2, 

mean ± SD 
17.2 ± 1.0 21.9 ± 1.8 26.8 ± 1.3 31.6 ± 1.2 35.9 ± 0.9 <0.0001* 

Smoking status, n (%)       

Non- 32 (42.7) 234 (51.0) 79 (56.4) 15 (75.0) 2 (66.7)  

Ex- 21 (28.0) 109 (23.8) 28 (20.0) 3 (15.0) 0 (0)  

Current 22 (29.3) 116 (25.3) 33 (23.6) 2 (10.0) 1 (33.3) 0.3157 

Lung function, mean ± SD       

FVC, L 2.20 ± 0.89 2.43 ± 0.89 2.16 ± 0.74 2.34 ± 0.85 1.95 ± 0.62 0.0065* 

%FVC predicted, % 73.1 ± 18.5 79.2 ± 18.5 75.8 ± 15.4 83.9 ± 17.8 75.7 ± 15.1 0.0124* 

FEV1, L 1.70 ± 0.82 1.82 ± 0.72 1.70 ± 0.60 1.84 ± 0.80 1.75 ± 0.54 0.3623 

%FEV1 predicted, % 67.3 ± 21.6 71.1 ± 21.3 72.0 ± 17.9 78.1 ± 24.4 80.5 ± 15.5 0.2292 

FEV1/FVC ratio 0.76 ± 0.13 0.75 ± 0.14 0.79 ± 0.12 0.77 ± 0.12 0.91 ± 0.14 0.0074* 

COPD-like feature as 

comorbidity, n (%) 
16 (21.3) 72 (15.7) 15 (10.7) 1 (5.0) 0 (0) 0.1544 

Events of deaths, n (%)       

All-cause 49 (65.3) 293 (63.8) 83 (59.3) 12 (60.0) 2 (66.7) 0.8723 

Respiratory disease-

related 
31 (41.3) 126 (27.5) 31 (22.1) 2 (10.0) 1 (33.3) 0.0149* 

Age at death, years, mean ± 

SD 
79.2 ± 10.2 78.1 ± 9.7 82.6 ± 9.7 81.2 ± 6.6 67.0 ± 8.4 0.0018* 
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Supplementary Table 3B. Baseline characteristics of patients in different physique groups 

based on the Asian WHO obesity criteria. 

 

 

Note: None with obese class III were enrolled in the study. Data were expressed as number (% of each 

group) of patients and mean ± standard deviation (SD). Characteristics were compared among different 

physique groups by Pearson’s chi-square tests and analysis of variance tests. There was significant 

difference in proportion of men (P = 0.0174), %FVC predicted (P = 0.0480), events of respiratory-related 

deaths (P = 0.0035), and mean age at death (P = 0.0115) among groups. According to the Asian WHO 

obesity criteria, underweight, normal-weight, pre-obese, obese class I, class II, and class III individuals had 

BMIs of <18.50, 18.50–22.99, 23.00–27.49, 27.50–32.49, 32.50–37.49, and ≥37.50 kg/m2, respectively. 

 

* P < 0.05 among groups 

 

** Definition of COPD-like feature was diagnosed by using criteria follow as age ≥40 years, presence of 

smoking history including ex- and current smokers, and an FEV1/FVC ratio <0.7 in accordance with GOLD 

reports [3]. However, the data of the FEV1/FVC ratio were accepted pre-bronchodilation. 

 

Abbreviation: COPD = chronic obstructive pulmonary disease, FEV1 = forced expiratory volume in 1 second, 

FVC = forced vital capacity, GOLD = Global Initiative for Chronic Obstructive Lung Disease, SD = standard 

deviation, WHO = World Health Organization  

Characteristics Underweight 
Normal-

weight 

Overweight 

P value 

Pre-obese 

Obese 

Class I Class II 

Number (% of total) 75 (10.8) 317 (45.5) 241 (34.6) 57 (8.2) 7 (1.0)  

Age, years, mean ± SD 53.0 ± 15.4 52.3 ± 15.4 54.6 ± 12.4 54.8 ± 12.0 55.4 ± 11.3 0.2783 

Men, n (%) 49 (34.7) 139 (43.9) 94 (39.0) 15 (26.3) 0 (0) 0.0174* 

Body mass index, kg/m2, 

mean ± SD 
17.2 ± 1.0 20.9 ± 1.3 24.9 ± 1.2 29.2 ± 1.4 34.5 ± 1.4 <0.0001* 

Smoking status, n (%)       

Non- 32 (42.7) 90 (28.4) 53 (22.0) 8 (14.0) 1 (14.3)  

Ex- 21 (28.0) 73 (23.0) 55 (22.8) 11 (19.3) 1 (14.3)  

Current 22 (29.3) 154 (48.6) 133 (55.2) 38 (66.7) 5 (71.4) 0.1242 

Lung function, mean ± SD       

FVC, L 2.20 ± 0.89 2.42 ± 0.82 2.31 ± 0.84 2.32 ± 0.82 1.80 ± 0.43 0.0702 

%FVC predicted, % 73.1 ± 18.5 79.0 ± 18.2 77.5 ± 16.5 80.9 ± 15.6 72.8 ± 13.4 0.0515 

FEV1, L 1.70 ± 0.82 1.82 ± 0.72 1.76 ± 0.68 1.83 ± 0.67 1.53 ± 0.49 0.5155 

%FEV1 predicted, % 67.3 ± 21.6 67.3 ± 21.6 71.1 ± 18.9 77.0 ± 18.6 74.7 ± 23.3 0.1194 

FEV1/FVC ratio 0.76 ± 0.13 0.75 ± 0.14 0.77 ± 0.13 0.79 ± 0.11 0.84 ± 0.15 0.0757 

COPD-like feature* as 

comorbidity, n (%) 
16 (21.3) 52 (16.4) 30 (12.4) 6 (10.5) 0 (0) 0.1823 

Mortality, n (%)       

All-cause 49 (65.3) 201 (63.4) 152 (63.1) 32 (56.1) 5 (71.4) 0.8156 

Respiratory-related 31 (41.3) 84 (26.5) 68 (28.2) 6 (10.5) 2 (28.6) 0.0035* 

Age at death, years, mean 

± SD 
79.2 ± 10.2 77.5 ± 10.1 80.9 ± 9.4 81.5 ± 1.5 75.3 ± 10.6 0.0115* 
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Supplementary Table 4A. Adjusted hazard ratios for all-cause and respiratory disease-

related, asthma attack- and respiratory tract infection-related, mortality in different physiques 

based on the Global WHO obesity criteria 

 

Classification 

All-cause mortality  Respiratory disease-related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Underweight 49/75 1.06 (0.78 to 1.44) 0.7182  31/75 1.46 (0.97 to 2.20) 0.0687 

Normal-weight 293/459 1.00   125/459 1.00  

Pre-obese 83/140 0.65 (0.51 to 0.83) 0.0005*  32/140 0.55 (0.37 to 0.81) 0.0027* 

Obese class I 12/20 1.04 (0.58 to 1.87) 0.8909  2/20 0.46 (0.11 to 1.86) 0.2744 

Obese class II 2/3 4.60 (1.13 to 18.72) 0.0330*  1/3 9.11 (1.24 to 67.08) 0.0300* 

        

Classification 

Asthma-related mortality  Respiratory tract infection-related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Underweight 18/75 1.41 (0.83 to 2.40) 0.2095  13/75 1.57 (0.83 to 2.97) 0.1650 

Normal-weight 71/459 1.00   54/459 1.00  

Pre-obese 10/140 0.32 (0.17 to 0.63) 0.0009*  20/140 0.73 (0.44 to 1.24) 0.2469 

Obese class I 1/20 0.34 (0.05 to 2.44) 0.2814  1/20 0.73 (0.10 to 5.42) 0.7608 

Obese class II 1/3 8.80 (1.18 to 65.80) 0.0341*  0/3 0.00 (n/a) 0.9997 

 
Note: Each hazard ratio (95%CI) was adjusted for confounding factors such as age, gender, smoking status, 

and %FEV1 predicted. Among the 191 dead, two patients died due to acute exacerbations of interstitial 

pneumonia except for asthma attack and respiratory tract infections. According to the Global WHO obesity 

criteria, underweight, normal-weight, pre-obese, obese class I, class II, and class III individuals had BMIs of 

<18.50, 18.50–24.99, 25.00–29.99, 30.00–34.99, 35.00–39.99, and ≥40.00 kg/m2, respectively. 

 Kaplan-Meier curves of survival probability for all-cause and respiratory-related mortality were 

showed among different physique groups based on the Global WHO obesity criteria in total study population 

in Supplementary Figure 5A. 

 

* P < 0.05 when compared with the normal-weight group as reference. 

 

Abbreviation: CI = confidence interval, n/a = not available.  
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Supplementary Table 4B. Adjusted hazard ratios for all-cause and respiratory disease-

related, asthma attack- and respiratory tract infection-related, mortality among underweight, 

normal-weight, pre-obese, and obese class I/II groups based on the Asian WHO obesity 

criteria 

 

Classification 

All-cause mortality  Respiratory disease-related mortality 

Events/Total 
Adjusted hazard 

ratio (95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Underweight 49/75 1.07 (0.77 to 1.47) 0.6948  31/75 1.55 (1.01 to 2.37) 0.0459* 

Normal-weight 201/317 1.00   83/317 1.00  

Pre-obese 152/241 0.80 (0.65 to 0.99) 0.0420*  69/241 0.89 (0.64 to 1.23) 0.4722 

Obese class I/II 37/64 0.89 (0.63 to 1.28) 0.5354  8/64 0.48 (0.23 to 0.99) 0.0481* 

        

Classification 

Asthma -related mortality  Respiratory tract infection-related mortality 

Events/Total 
Adjusted hazard 

ratio (95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Underweight 18/75 1.55 (0.88 to 2.71) 0.1296  13/75 1.62 (0.83 to 3.13) 0.1564 

Normal-weight 45/317 1.00   38/317 1.00  

Pre-obese 35/241 0.84 (0.54 to 1.31) 0.4488  32/241 0.93 (0.57 to 1.50) 0.7504 

Obese class I/II 3/64 0.33 (0.10 to 1.07) 0.0644  5/64 0.66 (0.25 to 1.70) 0.3861 

 

Note: Each hazard ratio (95%CI) was adjusted with confounders such as age, gender, smoking status 

and %FEV1 predicted. According to the Asian WHO obesity criteria, underweight, normal-weight, pre-obese, 

and obese class I/II individuals had BMIs of <18.50, 18.50–22.99, 23.00–27.49, and ≥27.50 kg/m2, 

respectively. However, number of obese class I and class II were few, then the hazard ratio of obese class 

I/II was analyzed. 

 Kaplan-Meier curves of survival probability for all-cause and respiratory-related mortality were 

showed among different physique groups based on the Asian WHO obesity criteria in total study population 

in Supplementary Figure 5A. 

 

* P < 0.05 when compared with normal range as reference. 

 

Abbreviation: CI = confidence interval. 
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Supplementary Table 4C. Adjusted hazard ratios for all-cause and respiratory disease-

related, asthma attack- and respiratory tract infection-related, mortality in different physiques 

based on the Asian WHO obesity criteria 

 

Classification 

All-cause mortality  Respiratory disease-related mortality 

Events/Total 
Adjusted hazard 

ratio (95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Underweight 49/75 1.07 (0.78 to 1.47) 0.6863  31/75 1.55 (1.01 to 2.37) 0.0449* 

Normal-weight 201/317 1.00   83/317 1.00  

Pre-obese 152/241 0.80 (0.65 to 0.99) 0.0425*  69/241 0.89 (0.64 to 1.23) 0.4771 

Obese class I 32/57 0.81 (0.56 to 1.19) 0.2888  6/57 0.37 (0.16 to 0.86) 0.0209* 

Obese class II 5/7 2.43 (0.99 to 5.97) 0.0522  2/7 3.03 (0.73 to 12.53) 0.1269 

        

Classification 

Asthma -related mortality  Respiratory tract infection-related mortality 

Events/Total 
Adjusted hazard 

ratio (95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Underweight 18/75 1.55 (0.88 to 2.72) 0.1281  13/75 1.62 (0.83 to 3.14) 0.1551 

Normal-weight 45/317 1.00   38/317 1.00  

Pre-obese 35/241 0.84 (0.54 to 1.31) 0.4501  32/241 0.93 (0.57 to 1.50) 0.7539 

Obese class I 2/57 0.23 (0.06 to 0.97) 0.0449*  4/57 0.54 (0.19 to 1.54) 0.2502 

Obese class II 1/7 1.93 (0.26 to 14.27) 0.5185  1/7 5.35 (0.70 to 40.86) 0.1061 

 

Note: Each hazard ratio (95%CI) was adjusted with confounders such as age, gender, smoking status 

and %FEV1 predicted. According to the Asian WHO obesity criteria, underweight, normal-weight, pre-obese, 

obese class I, class II, and class III individuals had BMIs of <18.50, 18.50–22.99, 23.00–27.49, 27.50–32.49, 

32.50–37.49, and ≥37.50 kg/m2, respectively. 

 Kaplan-Meier curves of survival probability for all-cause and respiratory-related mortality were 

showed among different physique groups based on the Asian WHO obesity criteria in total study population 

in Supplementary Figure 5A. 

 

* P < 0.05 when compared with normal range as reference. 

 

Abbreviation: CI = confidence interval. 
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Supplementary Table 5A. Adjusted hazard ratios for all-cause and respiratory disease-

related, asthma-and respiratory tract infection-, related mortality in men and women with 

different physiques based on the Global WHO obesity criteria  

 

Classification 

All-cause mortality  Respiratory-disease related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard ratio 

(95% CI) 
P value 

Men        

Underweight 18/26 1.19 (0.72 to 1.96) 0.5006  10/26 1.23 (0.62 to 2.47) 0.5536 

Normal-weight 143/201 1.00   69/201 1.00  

Pre-obese 30/45 0.58 (0.39 to 0.87) 0.0081*  15/45 0.51 (0.29 to 0.90) 0.0208* 

Obese class I 1/2 1.41 (0.19 to 10.34) 0.7343  1/2 6.03 (0.78 to 46.67) 0.0853 

Obese class II 0    0   

Women        

Underweight 31/49 0.98 (0.66 to 1.46) 0.9268  21/49 1.53 (0.91 to 2.58) 0.1122 

Normal-weight 150/258 1.00   57/258 1.00  

Pre-obese 53/95 0.67 (0.49 to 0.91) 0.0119*  16/95 0.54 (0.31 to 0.93) 0.0260* 

Obese class I 11/18 1.06 (0.57 to 1.97) 0.8430  1/18 0.26 (0.04 to 1.87) 0.1807 

Obese class II 2/3 4.66 (1.13 to 19.18) 0.0332*  1/3 7.72 (1.02 to 58.61) 0.0480* 

        

Classification 

Asthma-related mortality  Respiratory tract infection-related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard ratio 

(95% CI) 
P value 

Men        

Underweight 6/26 1.38 (0.55 to 3.41) 0.4929  4/26 1.11 (0.37 to 2.47) 0.8478 

Normal-weight 34/201 1.00   35/201 1.00  

Pre-obese 5/45 0.37 (0.14 to 0.96) 0.0417*  9/45 0.59 (0.28 to 1.26) 0.1729 

Obese class I 1/2 11.82 (1.43 to 97.46) 0.0218*  0/2 n/a  

Obese class II 0    0   

Women        

Underweight 12/49 1.38 (0.70 to 2.72) 0.3451  9/49 1.93 (0.83 to 4.50) 0.1278 

Normal-weight 37/258 1.00   19/258 1.00  

Pre-obese 5/95 0.26 (0.10 to 0.68) 0.0056*  11/95 0.85 (0.40 to 1.83) 0.6845 

Obese class I 0/18 n/a   1/18 1.00 (0.13 to 7.58) 0.9980 

Obese class II 1/3 7.45 (0.97 to 57.52) 0.0540  0/3 n/a  

 
Note: Each hazard ratio (95%CI) was adjusted for confounding factors such as age, smoking status 

and %FEV1 predicted. According to the Global WHO obesity criteria, underweight, normal-weight, pre-obese, 

obese class I, class II, and class III individuals had BMIs of <18.50, 18.50–24.99, 25.00–29.99, 30.00–34.99, 

35.00–39.99, and ≥40.00 kg/m2, respectively. 

 Kaplan-Meier curves of survival probability for all-cause and respiratory disease-related mortality 

were showed among different physique groups in men and women populations based on the Global WHO 

obesity criteria in Supplementary Figure 5B. 

 

* P < 0.05 when compared with the normal–weight group as reference. 

 

Abbreviation: CI = confidence interval.  
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Supplementary Table 5B. Adjusted hazard ratios for all-cause and respiratory disease-

related mortality in men and women among underweight, normal-weight, pre-obese, and 

obese class I/II groups based on the Asian WHO obesity criteria  

 

Classification 

All-cause mortality  Respiratory-related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Men        

Underweight 18/26 1.16 (0.70 to 1.94) 0.5592  10/26 1.31 (0.65 to 2.68) 0.4419 

Normal-weight 104/139 1.00   48/139 1.00  

Pre-obese 61/94 0.73 (0.53 to 1.01) 0.0585  34/94 0.88 (0.56 to 1.38) 0.5689 

Obese class I/II 9/15 0.79 (0.39 to 1.56) 0.4930  3/15 0.60 (0.19 to 1.96) 0.4014 

Women        

Underweight 31/49 0.97 (0.64 to 1.47) 0.8905  21/49 1.54 (0.88 to 2.71) 0.1334 

Normal-weight 97/178 1.00   36/178 1.00  

Pre-obese 91/147 0.79 (0.59 to 1.05) 0.1083  34/147 0.80 (0.50 to 1.29) 0.3604 

Obese class I/II 28/49 0.91 (0.59 to 1.40) 0.6742  5/49 0.40 (0.15 to 1.03) 0.0581 

        

Classification 

Asthma-related mortality  Respiratory tract infection-related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Men        

Underweight 6/26 1.58 (0.62 to 4.04) 0.3362  4/26 1.14 (0.38 to 3.42) 0.8136 

Normal-weight 22/139 1.00   26/139 1.00  

Pre-obese 16/94 0.93 (0.48 to 1.79) 0.8276  17/94 0.83 (0.44 to 1.57) 0.5721 

Obese class I/II 2/15 0.83 (0.19 to 3.56) 0.7979  1/15 0.44 (0.06 to 3.32) 0.4256 

Women        

Underweight 12/49 1.45 (0.71 to 2.99) 0.3114  9/49 1.80 (0.71 to 4.55) 0.2134 

Normal-weight 23/178 1.00   12/178 1.00  

Pre-obese 19/147 0.74 (0.40 to 1.36) 0.3273  15/147 0.87 (0.40 to 1.90) 0.7316 

Obese class I/II 1/49 0.14 (0.02 to 1.02) 0.0521  4/49 0.66 (0.19 to 2.23) 0.5023 

 

Note: Each hazard ratio (95%CI) was adjusted for confounders such as age, smoking status and %FEV1 

predicted. According to the Asian WHO obesity criteria, underweight, normal-weight, pre-obese, and obese 

class I/II individuals had BMIs of <18.50, 18.50–22.99, 23.00–27.49, and ≥27.50 kg/m2, respectively. 

However, number of obese class I and class II were few, then the hazard ratio of obese class I/II was 

analyzed. 

 Kaplan-Meier curves of survival probability for all-cause and respiratory disease-related mortality 

were showed among different physique groups in men and women populations based on the Asian WHO 

obesity criteria in Supplementary Figure 5B. 

 

* P < 0.05 when compared with the normal–weight as reference. 

 

Abbreviation: CI = confidence interval, n/a = not available. 
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Supplementary Table 5C. Adjusted hazard ratios for all-cause and respiratory disease-

related mortality in men and women with different physiques based on the Asian WHO 

obesity criteria  

 

Classification 

All-cause mortality  Respiratory-related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Men        

Underweight 18/26 1.16 (0.70 to 1.94) 0.5592  10/26 1.31 (0.65 to 2.68) 0.4419 

Normal-weight 104/139 1.00   48/139 1.00  

Pre-obese 61/94 0.73 (0.53 to 1.01) 0.0585  34/94 0.88 (0.56 to 1.38) 0.5689 

Obese class I 9/15 0.79 (0.39 to 1.56) 0.4930  3/15 0.60 (0.19 to 1.96) 0.4014 

Obese class II 0 n/a   0 n/a  

Women        

Underweight 31/49 0.97 (0.64 to 1.47) 0.8855  21/49 1.53 (0.87 to 2.70) 0.1391 

Normal-weight 97/178 1.00   36/178 1.00  

Pre-obese 91/147 0.79 (0.59 to 1.05) 0.1065  34/147 0.80 (0.50 to 1.28) 0.3554 

Obese class I 23/42 0.80 (0.51 to 1.28) 0.3548  3/42 0.25 (0.08 to 0.83) 0.0235* 

Obese class II 5/7 2.35 (0.95 to 5.82) 0.0649  2/7 2.69 (0.63 to 11.33) 0.1781 

        

Classification 

Asthma-related mortality  Respiratory tract infection-related mortality 

Events/Total 
Adjusted hazard ratio 

(95% CI) 
P value  Events/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Men        

Underweight 6/26 1.58 (0.62 to 4.04) 0.3362  4/26 1.14 (0.38 to 3.42) 0.8136 

Normal-weight 22/139 1.00   26/139 1.00  

Pre-obese 16/94 0.93 (0.48 to 1.79) 0.8276  17/94 0.83 (0.44 to 1.57) 0.5721 

Obese class I 2/15 0.83 (0.19 to 3.56) 0.7979  1/15 0.44 (0.06 to 3.32) 0.4256 

Obese class II 0    0   

Women        

Underweight 12/49 1.45 (0.70 to 3.00) 0.3136  9/49 1.76 (0.70 to 4.43) 0.2335 

Normal-weight 23/178 1.00   12/178 1.00  

Pre-obese 19/147 0.73 (0.40 to 1.36) 0.3235  15/147 0.86 (0.40 to 1.88) 0.7111 

Obese class I 0/42 n/a   3/42 0.49 (0.13 to 1.92) 0.3083 

Obese class II 1/7 1.69 (0.23 to 12.63) 0.6096  1/7 4.77 (0.58 to 39.43) 0.1476 

 

Note: Each hazard ratio (95%CI) was adjusted for confounders such as age, smoking status and %FEV1 

predicted. According to the Asian WHO obesity criteria, underweight, normal-weight, pre-obese, obese class 

I, class II, and class III individuals had BMIs of <18.50, 18.50–22.99, 23.00–27.49, 27.50–32.49, 32.50–

37.49, and ≥37.50 kg/m2, respectively. 

 Kaplan-Meier curves of survival probability for all-cause and respiratory disease-related mortality 

were showed among different physique groups in men and women populations based on the Global and 

Asian WHO obesity criteria in Supplementary Figure 5B. 

 

* P < 0.05 when compared with the normal–weight as reference. 
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Abbreviation: CI = confidence interval, n/a = not available. 
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Supplementary Table 6. Adjusted hazard ratios for each other disease-related mortality in 

different physiques based on the Global, but not Asian, WHO obesity criteria 

 

Causes of mortality 

and 

classified physiques 

Global WHO obesity criteria  Asian WHO obesity criteria 

Events 

/Total 

Adjusted hazard 

ratio (95% CI) 
P value  Events 

/Total 

Adjusted hazard 

ratio (95% CI) 
P value 

Neoplasms-related        

Underweight 5/75 0.50 (0.20 to 1.25) 0.1362  5/75 0.48 (0.19 to 1.22) 0.1125 

Normal-weight 35/459 1.00   47/317 1.00  

Pre-obese 16/140 1.17 (0.43 to 3.22) 0.7574  27/241 0.63 (0.39 to 1.01) 00537 

Obese class I 4/20 1.57 (0.56 to 4.38) 0.3925  10/57 1.19 (0.59 to 2.38) 0.6301 

Obese class II 0/3 n/a   1/7 2.03 (0.27 to 15.01) 0.4486 

Lung cancer-related        

Underweight 4/75 1.39 (0.46 to 4.25) 0.5604  4/75 1.86 (0.57 to 6.10) 0.3046 

Normal-weight 20/459 1.00   11/317 1.00  

Pre-obese 3/140 0.35 (0.10 to 1.20) 0.0945  12/241 0.68 (0.21 to 2.18) 0.5163 

Obese class I 0/20 n/a   0/57 n/a  

Obese class II 0/3 n/a   0/7 n/a  

Hepatocellular carcinoma-related      

Underweight 1/75 0.53 (0.07 to 4.22) 0.5480  1/75 0.46 (0.06 to 3.79) 0.4730 

Normal-weight 11/459 1.00   9/317 1.00  

Pre-obese 4/140 0.89 (0.28 to 2.85) 0.8405  3/241 0.78 (0.08 to 7.71) 0.8333 

Obese class I 0/20 n/a   3/57 2.24 (0.57 to 8.81) 0.2470 

Obese class II 0/3 n/a   0/7 n/a  

Cardiovascular diseases-related      

Underweight 6/75 1.31 (0.54 to 3.18) 0.5562  6/75 1.22 (0.49 to 3.05) 0.6645 

Normal-weight 32/459 1.00   23/317 1.00  

Pre-obese 13/140 0.72 (0.21 to 1.92) 0.5148  19/241 0.70 (0.27 to 1.77) 0.4458 

Obese class I 2/20 1.26 (0.29 to 5.36) 0.7587  5/57 1.01 (0.38 to 2.71) 0.9779 

Obese class II 0/3 n/a   0/7 n/a  

Heart failure-related        

Underweight 4/75 1.78 (0.58 to 5.48) 0.3173  4/75 1.50 (0.47 to 4.74) 0.4923 

Normal-weight 15/459 1.00   12/317 1.00  

Pre-obese 8/140 0.71 (0.21 to 2.41) 0.5842  9/241 0.52 (0.16 to 1.74) 0.2922 

Obese class I 1/20 1.27 (0.16 to 9.92) 0.8190  3/57 1.13 (0.31 to 4.12) 0.8477 

Obese class II 0/3 n/a   0/7 n/a  

Acute coronary disease-related      

Underweight 1/75 0.99 (0.12 to 8.28) 0.9925  1/75 1.18 (0.13 to 10.67) 0.8818 

Normal-weight 9/459 1.00   5/317 1.00  

Pre-obese 3/140 0.77 (0.08 to 7.53) 0.8203  6/241 0.99 (0.11 to 8.56) 0.9916 

Obese class I 1/20 2.90 (0.34 to 24.77) 0.3315  2/57 1.82 (0.33 to 3.86) 0.7990 

Obese class II 0/3 n/a   0/7 n/a  

Accident-related        

Underweight 1/75 0.41 (0.05 to 3.11) 0.3895  1/75 0.31 (0.04 to 2.35) 0.2565 
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Normal-weight 17/459 1.00   15/317 1.00  

Pre-obese 4/140 1.66 (0.18 to 15.00) 0.6532  2/241 0.37 (0.13 to 1.01) 0.0531 

Obese class I 0/20 n/a   1/57 0.38 (0.05 to 2.88) 0.3469 

Obese class II 1/3 27.9 (3.30 to 235.5) 0.0022*  1/7 7.22 (0.87 to 59.85) 0.0671 

Suffocation-related        

Underweight 1/75 0.88 (0.11 to 7.16) 0.9035  1/75 0.69 (0.08 to 5.68) 0.7282 

Normal-weight 8/459 1.00   7/317 1.00  

Pre-obese 2/140 0.77 (0.07 to 8.67) 0.6264  2/241 0.31 (0.06 to 1.54) 0.1537 

Obese class I 0/20 n/a   1/57 0.94 (0.11 to 7.95) 0.9581 

Obese class II 0/3 n/a   0/7 n/a  

Digestive disease-related        

Underweight 2/75 1.06 (0.23 to 4.96) 09412  2/75 1.41 (0.27 to 7.28) 0.6831 

Normal-weight 12/459 1.00   6/317 1.00  

Pre-obese 4/140 0.67 (0.12 to 3.76) 0.6496  7/241 1.13 (0.38 to 3.38) 0.8272 

Obese class I 2/20 2.86 (0.63 to 13.06) 0.1746  4/57 2.47 (0.67 to 9.10) 0.1730 

Obese class II 0/3 n/a   1/7 6.43 (0.72 to 57.67) 0.0963 

Liver cirrhosis-related        

Underweight 1/75 0.80 (0.09 to 6.86) 0.8412  1/75 1.28 (0.13 to 12.87) 0.8334 

Normal-weight 7/459 1.00   3/317 1.00  

Pre-obese 3/140 1.13 (0.29 to 4.43) 0.8597  5/241 1.98 (046 to 8.45) 0.3567 

Obese class I 1/20 2.23 (0.27 to 18.46) 0.4557  2/57 2.89 (0.47 to 17.95) 0.2545 

Obese class II 0/3 n/a   1/7 11.5 (1.12 to 118.7) 0.0397* 

 

Note: Different physiques were classified based on the Global, but not Asian, WHO obesity criteria. All 

hazard ratio (95%CI) were adjusted by confounders as age, gender, smoking status, %FEV1 predicted. 

Number of patients were expressed as the classification of underweight, normal-weight and overweight 

based on the Global WHO obesity criteria (Supplementary Table 1). According to the Global WHO obesity 

criteria, underweight, normal-weight, pre-obese, obese class I, class II, and class III individuals had BMIs of 

<18.50, 18.50–24.99, 25.00–29.99, 30.00–34.99, 35.00–39.99, and ≥40.00 kg/m2, respectively. According 

to the Asian WHO obesity criteria, underweight, normal-weight, pre-obese, obese class I, class II, and class 

III individuals had BMIs of <18.50, 18.50–22.99, 23.00–27.49, 27.50–32.49, 32.50–37.49, and ≥37.50 kg/m2, 

respectively. 

 Among other neoplasm-related deaths, numbers of patients were 12 (12 normal-weight) due to 

colon cancer, 9 (7 normal-weight and 2 overweight) due to gastric cancer, 5 (3 normal-weight and 2 

overweight) due to leukemia and lymphoma, 3 (2 normal-weight and 1 overweight) due to breast cancer, 3 

(2 normal-weight and 1 overweight) due to pancreas cancer, 2 (2 overweight) due to brain tumor, 2 (1 normal-

weight and 1 overweight) due to bladder cancer, 2 (2 normal-weight ) due to cervical cancer, 2 (2 overweight) 

due to gall bladder cancer, 1 (1 normal-weight) due to Cattleman’s disease, 1 (1 normal-weight) due to 

duodenal papillary carcinoma, 1 (1 normal-weight) due to oral cancer, 1 (1 overweight) due to prostate cancer, 

1 (1 normal-weight) due to renal cancer, and 2 (1 normal-weight and 1 overweight) due to unknown origin 

cancer, respectively. 

 Among other cardiovascular diseases-related deaths, numbers of patients were 5 (4 normal-

weight and 1 overweight) due to aortic aneurysm, 3 (3 normal-weight) due to arrhythmia, 2 (1 normal-weight 

and 1 overweight) due to congenital heart diseases and 1 (1 underweight) due to venous thrombosis, 

respectively. 

 Among other accident-related deaths, numbers of patients were 9 (7 normal-weight and 2 

overweight) due to trauma, 1 (1 normal-weight) due to dehydration, 1 (1 normal-weight) due to hypothermia, 

and 1 (1 overweight) due to general debility, respectively. 

 Among 21 (13 normal-weight and 8 overweight) central nerve-related deaths, numbers of patients 

were 20 (13 normal-weight and 7 overweight) due to cerebrovascular diseases and 1 (1 overweight) due to 
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Parkinson’s disease, respectively. 

 Among other digestive disease-related deaths, numbers of patients were 3 (3 normal-weight) due 

to acute cholecystitis, 2 (1 normal-weight and 1 overweight) due to gastrointestinal hemorrhage, 2 (1 normal-

weight and 1 overweight) due to gastrointestinal perforation and 1 (1 normal-weight) due to ileus, respectively. 

 Among other minor causes, numbers of patients were 5 (2 normal-weight and 3 overweight) due 

to systemic infection, 4 (3 normal-weight and 1 overweight) due to renal diseases (3 urinal tract infections 

and 1 chronic renal failure), 2 (2 normal-weight) due to natural deaths and 30 (3 underweight, 22 normal-

weight and 5 overweight) due to unknown causes, respectively. 

 

* P < 0.05 when compared with normal-weight as reference 

 

Abbreviation: CI = confidence interval, n/a = not available. 
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Supplementary Figure 1. Correlation between body mass index and gender difference, 

smoke status, and age and generations. 

 

 

 

Note: Mean body mass index (BMI) (±SD) was 22.7 ± 3.6 (range 14.2 to 36.2) kg/m2 in total study population. 

a) The BMI in women [n = 274 (39.3%)] was significant higher than men [n = 423 (60.7%)]. There was no 

significant difference in the BMI among non-, ex- and current smokers in men [n = 54 (19.7%), n = 112 

(40.9%)] and n = 108 (39.4%), respectively] and women [n = 308 (72.8%), n = 49 (11.6%) and n = 66 (15.6%), 

respectively]. b) There was no significant correlation between BMI and age in total study population, and 

men and women populations. The BMI of middle-age (40 to 65 years) was significant higher than other age 

groups in total study population and women, but not men, population. c) The BMI in patients with COPD-like 

feature were significant less than that with non-COPD-like feature. The difference in BMI was found in only 

women, but not men. 
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Supplementary Figure 2. Correlation between BMI and lung functions. 

 

 

 
Note: In total study population, BMI was significant associated with %FEV1 predicted (r = 0.092, P = 0.0151) 

and an FEV1/FVC ratio (r = 0.108, P = 0.0043), but not %FVC predicted (r = 0.038, P = 0.3142). Among men, 

there was not significant correlation between BMI and %FEV1 predicted (r = 0.064, P = 0.2899), %FVC 

predicted (r = 0.042, P = 0.2835) and an FEV1/FVC ratio (r = 0.054, P = 0.3722), whereas among women, 

BMI was significantly associated with an FEV1/FVC ratio (r = 0.114, P = 0.0188), but neither %FEV1 (r = 

0.085, P = 0.0798) nor %FVC predicted (r = 0.016, P = 0.7375). %FEV1 and %FVC predicted were calculated 

by Japanese Respiratory Society recommendations.1 
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Supplementary Figure 3. Classification of different physiques based on the Asian WHO 

obesity criteria. 

 

 

 
Note: Patients with underweight, normal-weight, pre-obese, and obese class I and class II were classified 

in accordance with Asian WHO obesity criteria.2 
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Supplementary Figure 4. Pie graphs showing number (%) of survivors and non-survivors, 

and number of non-survivors (%) in each cause of mortality. 

 

 

 

Note: a) Number (% of total, n = 697) of patients with survivors and non-survivors, b) Number (% of non-

survivors, n = 439) of patients in each cause of mortality,3 c) Number (% of 191 deaths) of patients in each 

respiratory disease-related mortality, d) Number of patients (% of 90 deaths) in each neoplasm-related 

mortality, e) Number (% of 53 deaths) of patients in each cardiovascular diseases-related mortality.  
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Supplementary Figure 5A. Kaplan-Meier curves of survival probability for all-cause and 

respiratory-related mortality among different physique groups based on the Global and Asian 

WHO obesity criteria in total study population. 

 

 

 
Note: The survival probability for all-cause (panel a) and respiratory disease-related mortality (panel b) was 

compared among underweight, normal-weight, pre-obese, obese class I, and class II based on the Global 

and Asian WHO obesity criteria by Log-rank tests. The survival probability for all-cause (panel c) and 

respiratory disease-related mortality (panel d) was also compared among underweight, normal-weight, pre-

obese, and obese class I/II based on the Global and Asian WHO obesity criteria by Log-rank tests. 

Underweight group was significant shorter survival probability for respiratory disease-related mortality than 

other groups based to both the Global and Asian WHO obesity criteria.2, 4 
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Supplementary Figure 5B. Kaplan-Meier curves of survival probability for all-cause and 

respiratory disease-related mortality among different physique groups in men and women 

populations based on the Global and Asian WHO obesity criteria. 

 

 
 

Note: The survival probability for all-cause (panel a) and respiratory disease-related mortality (panel b) in 

men and women was compared among underweight, normal-weight, pre-obese, obese class I, and class II 

based on the Global and Asian WHO obesity criteria by Log-rank tests. In only women, the survival 

probability for all-cause (panel c) and respiratory disease-related mortality (panel d) was also compared 

among underweight, normal-weight, pre-obese, and obese class I and class II by Log-rank tests. 

Underweight women group was a significant shorter survival probability for respiratory disease-related 

mortality than other groups based on the Asian, not but Global, WHO obesity criteria.2, 4 
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Supplementary Figure 6. Number of certificated and dead patients, and age of deaths in 
respiratory-related and all-cause mortality from 1984 to 2015. 

 

 

 
Note : a) Number of certificated (green) and dead patients (red) show from 1984 to 2015. The number of 

certificated patients was highest in 1988, the last year of certification by the Act. The number of deaths was 

almost flat during the observation period. b and c) There was weakly and positively significant correlations 

between death age of the victims and observational periods in respiratory-related (B, r = 0.27, P < 0.0001) 

and non-respiratory-related mortality (C, r = 0.30, P < 0.0001) by nonparametric Spearman test. The death 

age was increased among the individuals with asthma year by year. Comparison between before and after 

2000, the number of mortalities age < 65 years after Year 2000 were reduced than that before 2000.  

 In Japan, inhaled beclomethasone dipropionate was used as a respiratory medicine for asthma 

for the first time. In 2000 and 2005 survey, penetration rates of inhaled corticosteroids were 12% and 18%, 

respectively.5 Recently the rate were about 50% of 90% of patients with asthma.6,7 Long acting beta agonists 

and long acting muscarinic antagonists were used for patients with asthma since 2007 and 2016, 

respectively. 
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