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Associations of obesity with chronic GEE

inflammatory airway diseases and mortality
in adults: a population-based investigation
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Abstract

Background The association between obesity and respiratory diseases has been confirmed. However, few studies
have reported the relationship between obesity and the risk and mortality of chronic inflammatory airway disease
(CIAD). The aim of this study was to reveal the association between obesity and the risk of CIAD, and mortality

in patients with CIAD.

Methods The study was conducted using data from the National Health and Nutrition Examination Survey (NHANES)
2013 to 2018 among adults aged 20 years and above. All participants were grouped according to body mass index
(BMI) and waist circumference (WC) levels to study the relationship between obesity and CIAD. Multivariate logistic
regression analysis was utilized to examine the connection between CIAD and obesity in a cross-sectional study. The
association between obesity and all-cause mortality in individuals with CIAD was examined using multiple cox regres-
sion models and smooth curve fitting in a prospective cohort study.

Results When stratified based on BMIin comparison to the normal weight group, the ORs with 95%Cls of CIAD

for underweight and obesity were 1.39 (1.01-1.93) and 1.42 (1.27-1.58), respectively. The OR with 95%CI of CIAD

for obesity was 1.20 (1.09-1.31) when stratified according to WC. Additionally, underweight was associated

with a higher mortality (HR=2.44, 95% Cl=1.31-4.55), whereas overweight (HR=0.58,95% Cl=0.39-0.87) and obe-
sity (HR=0.59,95% Cl=0.4-0.87) were associated with a lower mortality (P for trend < 0.05). There was a non-linear
association between BMI and all-cause mortality (P for non-linear=0.001). An analysis of a segmentation regression
model between BMI and all-cause mortality revealed a BMI turning point value of 32.4 kg/m?. The mortality of CIAD
patients was lowest when BMI was 32.4 kg/m?. When BMI < 32.4 kg/m? BMI was inversely associated with all-cause
mortality in patients with CIAD (HR: 0.92, 95%CI:0.88-0.97). However, when BMI > 32.4 kg/m?, there was no association
between BMI and all-cause mortality (HR:1.02, 95%Cl:0.97-1.06).

Conclusion Compared to normal weight, underweight and obesity were associated with the increased risk of CIAD.
Underweight was associated with increased all-cause mortality, while overweight was associated with reduced all-
cause mortality. There was a non-linear association between BMI and all-cause mortality in patients with CIAD. The
all-cause mortality was lowest when BMI was 32.4 kg/m”.
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Introduction

Chronic obstructive pulmonary disease (COPD),
asthma and chronic bronchitis are collectively referred
to as chronic inflammatory airway diseases(CIAD)
and have become an important cause of the increas-
ing global disease burden [1, 2]. According to the
Global Burden of Disease 2017 data reported, smok-
ing, household air pollution from solid fuels and
ambient particulate matter were the leading risk fac-
tors for chronic respiratory disease-related disability
[2]. In 2017, an estimated 3.91 million fatalities were
attributed to chronic respiratory diseases, marking an
increase of 18% compared to 1990 data. Chronic res-
piratory diseases have become the third leading cause
of mortality globally, following cardiovascular diseases
and cancer [3]. COPD and asthma are two primary
types of chronic respiratory diseases. Both conditions
are intricately associated with chronic airway inflam-
mation. In 2019, 212.3 million people worldwide had
COPD, resulting in 3.3million deaths and 74.4 million
disability adjusted life years [4]. Furthermore, asthma
represents a diverse clinical syndrome impacting
over 300 million individuals globally, with 25 million
affected in the United States alone [5].

Obesity is a pressing global public health concern,
and the persistently rising burden is expected to inten-
sify even further [6]. In 2017, there were 4 million
people died as a result of being overweight or obese
according to global burden of disease statistics [7]. An
investigation shown that a total of 124,076 deaths were
attributed to obesity-related causes from 1999 to 2020
in the United States [8]. It is well known that obesity
is a risk factor for many chronic diseases. Studies have
confirmed that obesity affects lung function and out-
comes in COPD patients. Another study proposed that
body mass index(BMI) and abdominal obesity were
associated with the risk of airflow obstruction [9]. Spe-
cifically speaking, abdominal obesity increases risk of
airway obstruction compared with normal weight pop-
ulation. Additionally, overweight are associated with
increased risk of asthma attacks, and population with
obesity are at increased risk of asthma exacerbations
and hospitalizations [10]. However, despite numerous
studies on the relationship between obesity and res-
piratory diseases, there is no consistent conclusion.
Moreover, few studies have reported the relationship
between obesity and the risk and mortality of CIAD.
Thus we analyzed the data from the National Health
and Nutrition Examination Survey (NHANES) 2013—
2018 to contribute more scientific evidence and opin-
ions for the prevention and treatment of CIAD.
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Materials and methods

Data source and participants

NHANES is a national study investigating the nutrition
and health status of Americans with a 2-year survey
cycle, which is a free and open database that research-
ers around the world can download for free for academic
research analysis. The entire research study passed the
ethical review of the National Center for Health Statistics
(NCHYS) in the United States, and informed consent was
obtained from all participants.

Adults over 20 who answered the chronic inflamma-
tory airway disease questionnaire between 2013 and 2018
were included in our study. Initially, a total of 29,400
patients were collected. Participants with missing data on
BMI (1 =3584), waist circumference (WC)(n=4825) and
CIAD (n=7674) and pregnancy (n=167) were excluded.
Finally, 15,124 eligible participants were included in the
analysis. The specific inclusion and exclusion flow chart
is shown in Fig. 1.

Exposure variables

The values of BMI and WC were obtained from NHANES
examination data (Body Measures section). BMI is calcu-
lated using the formula of weight (kg) divided by height
(m) squared. Based on guidance from the National Heart,
Lung, and Blood Institute (NHLBI) of the USA and the
WHO, we divide BMI into four categories: underweight
(<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), over-
weight (25-29.9 kg/m?), and obesity (>30 kg/m?) [11,
12]. WC is an obesity indicator that measures visceral fat.
Males > 102 cm and females > 88 cm are defined as obese,
and other participants are defined as normal.

Outcome variables

The outcome variables of this study are whether the par-
ticipant had any self-reported CIAD, including COPD,
asthma, and chronic bronchitis. These variables were
obtained from NHANES questionnaire data in which
participants had been told by a doctor or other health
professional that they have or have had chronic bronchi-
tis, asthma, or COPD. Participants who provided a clear
answer of “yes” for any of CIAD were defined as partici-
pants having this disease.

Mortality

To assess the impact of obesity on all-cause mortality
in participants with CIAD, we conducted a prospec-
tive cohort analysis. In NHANES, study participants
who had died were identified from the death certifi-
cate records from the National Death Index (NDI) in
December 31st, 2019. All-cause mortality records for
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29400 participants

14276 Excluded: pregnancy and BMI, WC, CIAD

missing

15124 participants were included in the analysis

Participants with
non-CIAD(n=12,192)

Participants with CIAD(n=2,932)

5 Excluded: death data missing

Study population for survival
analysis(n=2,927)

Fig. 1 Flowchart of participants’selection. BMI: body mass index; WC: waist circumference; CIAD: chronic inflammatory airway disease

participants were obtained via the 2019 Linked Mortal-
ity File (LMF). Follow-up time was counted from the
date of interview to the date of death or the end of the
mortality period.

Covariates

Information regarding covariates for analysis was col-
lected from demographics, questionnaires, dietary,
examination and laboratory data in NHANES. This
study divided the covariates into four categories, includ-
ing baseline demographic data (age, gender, BMI, WC,
ethnicity, education level and poverty-income ratio),
lifestyle (physical activity, energy intake, drinking status
and smoking status), laboratory data (blood eosinophil
counts), and comorbidities (hypertension and cardiovas-
cular disease). And measurement details for all covariates
are described on the NHANES website. Regarding the
classification and definition of covariates, the study refers
to other related studies [1, 13]. Education level was cate-
gorized as below high school, high school and above high
school. Information on comorbidities, including hyper-
tension and cardiovascular disease was self-reported.
Cardiovascular diseases (CVD) included coronary heart
disease, angina, heart failure, heart attack, and stroke.

Statistical analysis

Continuous variables were presented as mean with
standard deviation (mean+SD) or as the median (inter-
quartile range), while categorical variables were shown
as absolute values and/or frequency (%). Missing data
for covariates were filled using the imputation approach.
According to the presence or absence of CIAD, all par-
ticipants are divided into two groups. One-way analyses
of variance (ANOVA) (normal distribution), Kruskal-
Wallis test (skewed distribution), and x* test (categorical
variables) were conducted to compare the baseline char-
acteristics between the two groups.

In order to evaluate the relationship between BMI,
WC, and CIAD, univariate and multivariate logistic
regression analyses were conducted after adjusting for
correlated covariates in the three models. Covariates
were identified based on previous CIAD-related stud-
ies and clinical relevance. Model 1 was adjusted for age.
Model 2 was adjusted for age, sex, race, poverty-income
ratio (PIR), education level, energy intake and physical
activity. Model 3 was adjusted for Model 2 plus smoking
status, drink status, blood eosinophil counts, hyperten-
sion and CVD. Furthermore, all participants were divided
into four groups based on BMI:<18.5 kg/m? (under-
weight), 18.5-24.9 kg/m? (normal weight), 25-29.9 kg/
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m? (overweight), and>30 kg/m? (obesity), and normal
weight was used as a reference for comparison. And
according to WC, all participants were divided into obese
group and normal group. To explore the possible non-
linear dose—response association between BMI, WC and
CIAD, we further conducted restricted cubic spline to
develop smooth curves. In addition, we performed strati-
fied analyzes among different subgroups.

In prospective cohort analysis, cox proportional-
hazards regression models were employed to estimate
the association between obesity and all-cause mortality.
Additionally, we utilized restricted cubic spline models
to generate smooth curves to assess potential nonlin-
ear dose-response relationship between BMI, WC and
all-cause mortality in patients with CIAD. In the mod-
els, BMI and WC were treated as a continuous variable
with four knots (at the 5th, 35th, 65th, and 95th per-
centiles), as recommended by Harrell [14]. Nonlinear-
ity was assessed using a likelihood ratio test, comparing
the model with only a linear term against the model with
both linear and cubic spline terms. If a nonlinear associa-
tion was detected, a two-piecewise regression model was
conducted to calculate the threshold effect of BMI and
WC on all-cause mortality, as depicted in the smoothing
plot.

All analyses were performed with R Statistical Software
(https://www.R-project.org, The R Foundation) and Free
Statistics software versions 1.9. A two-tailed P<0.05 was
considered to be significant for all analyses.

Results

Baseline characteristics

As shown in Fig. 1, a total of 15,124 participants were
included in the final analysis, including 2932 individu-
als with CIAD and 12,192 non-CIAD participants. In
the prospective cohort study, 5 CIAD participants with
missing mortality follow-up data were excluded from
survival analysis. Finally, a total of 2927 participants were
included in survival analysis. The baseline characteris-
tics of all participants were shown in Table 1. The aver-
age age of the study population was 49.8 + 17.4 years and
7398 (48.9%) were male. The prevalence rates of CIAD,
asthma, chronic bronchitis, and COPD were 19.4%,
14.9%, 5.9% and 3.7%. The mean BMI was 29.4+7.0 kg/
m?, and the mean WC was 100.0+16.7 cm. Compared to
the non-CIAD participants, the participants with CIAD
were more likely to be older, to be female and to have
higher BMI and WC. Participants in the CIAD group
were more likely to smoke.

Associations between BMI, WC and CIAD
The associations between BMI, WC and CIAD are pre-
sented in Table 2. We found that BMI and WC have a
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significant association with the risk of CIAD (including
asthma, chronic bronchitis and COPD). After adjust-
ing for potential covariates, it was found that for each
unit increase in BMI, the incidence of CIAD increased
to 2.7%. And for each unit increase in WC, the inci-
dence of CIAD increased to 1.2%. Stratifying according
to BMI, and using normal weight group as a reference,
we found that the risk of CIAD in underweight and obese
groups increased by 39% and 42%, respectively (p for
trend <0.001). The incidence of CIAD is not increased
in overweight group (OR=1.06, 95% CI: 0.94-1.19;
P=0.32). Stratifying according to WC, we found that
the risk of CIAD in obese population increased by 20%
(OR=1.20, 95% CI: 1.09-1.31; P<0.001). Furthermore,
the dose—response relationship between BMI, WC and
incidence of CIAD is presented in Fig. 2. There were non-
linear associations between BMI, WC and CIAD (P for
nonlinearity < 0.05).

Subgroup analysis

In order to further assess the potential association
between BMLWC and CIAD, we conducted the sub-
group analysis (Figs. 3 and 4), with stratification factors
including sex (male, female), age (<40, 40-59,>60), PIR
(<1.0, 1.0-2.99,>3.0), educational attainment (below
high school, high school, above high school), physical
activity (inactive, insufficiently active, active), smoking
status (never smokers, former smokers, current smok-
ers), hypertension (yes, no), CVD (yes, no). In the strati-
fied analysis of BMI, all subgroups had no significant
interactions. The result revealed that the relationship
between obesity and CIAD is consistent in all subgroups
(all P for interactions>0.05). In the stratified analysis of
WC, the result found that there was a significant asso-
ciation between obesity with CIAD in female population
(OR=1.31, 95%CI:1.14-1.5, P<0.001) but not in male
population (OR=1.1, 95%CI:0.97-1.26, P=0.15) (P for
interactions <0.05). There were no interactions in other
subgroups.

Associations between obesity and mortality among adults
with CIAD

In prospective cohort study, the median follow-up
time is 47 months (mean+SD, 48.1+21.1 months).
There are 186 (6.4%) all-cause deaths among 2,927
participants with CIAD. After cox regression analysis,
we found that compared with normal weight group,
underweight was associated with a higher mortality
(HR=2.44, 95% CI1:1.28-4.44, P=0.005), whereas over-
weight (HR=0.58, 95% CI:0.39-0.87, P=0.009) and
obesity (HR=0.59, 95% CI:0.4-0.87, P=0.008) were
associated with a lower mortality (P for trend <0.05).
And the results were the same when stratified by
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Table 1 Baseline characteristics of adult participants in NHANES 2013-2018

Variables Total (n=15,124) Non CIAD(n=12,192) CIAD (n=2932) P-value
BMI, kg/m? 294+7.0 29.0+6.7 309481 <0.001
WC, cm 100.0+16.7 99.1+16.2 103.6+185 <0.001
Age, years 498+174 495+173 506+17.8 0.002
Sex, n (%) <0.001
Male 7398 (48.9) 6116 (50.2) 1282 (43.7)

Female 7726 (51.1) 6076 (49.8) 1650 (56.3)

Race/ethnicity, n (%) <0.001
Mexican American 2227 (14.7) 1954 (16) 273(9.3)

Other Hispanic 1602 (10.6) 1319(10.8) 283(9.7)

Non-Hispanic White 5589 (37.0) 4236 (34.7) 1353 (46.1)

Non-Hispanic Black 3248 (21.5) 2571(21.1) 677 (23.1)

Other race 2458 (16.3) 2112(17.3) 346 (11.8)

poverty-income ratio, n (%) <0.001
<10 2823(20.7) 2161 (19.8) 662 (24.6)

1.0-2.99 5824 (42.7) 4648 (42.5) 1176 (43.7)

>30 4981 (36.5) 4126 (37.7) 855(31.7)

Education level, n (%) 0.026
Below high school 3217 (21.3) 2635(21.6) 582 (19.9)

High school 3428 (22.7) 2718(22.3) 710 (24.2)

Above high school 8467 (56.0) 6831 (56.1) 1636 (55.9)

Energy intake, kcal/day 2110.2+1003.2 21147+993.0 2092.0+1044.2 0.288
Smoking status, n (%) <0.001
Never smoker 8655 (57.3) 7326 (60.1) 1329 (45.4)

Former smoker 2936 (19.4) 2150 (17.6) 786 (26.8)

Current smoker 3524 (23.3) 2709 (22.2) 815 (27.8)

Drinking status, n (%) <0.001
Never drinker 1964 (13.9) 1664 (14.7) 300(10.8)

Former drinker 2523 (17.9) 1932(17) 591 (21.2)

Mild drinker 4876 (34.5) 3941 (34.7) 935 (33.6)

Moderate drinker 3240 (22.9) 2580 (22.7) 660 (23.7)

Heavier drinker 1523 (10.8) 1226 (10.8) 297 (10.7)

Physical activity, n (%) <0.001
Inactive 8651 (57.5) 7074 (58.3) 1577 (54.1)

Insufficiently active 3793 (25.2) 2975 (24.5) 818 (28.1)

Active 2599 (17.3) 2081 (17.2) 518(17.8)

hypertension, n (%) <0.001
No 10,624 (70.3) 8813 (72.4) 1811 (61.8)

Yes 4478 (29.7) 3359 (27.6) 1119 (38.2)

CVD, n (%) <0.001
No 13,464 (89.4) 11,107 (91.5) 2357 (80.9)

Yes 1589 (10.6) 1033 (8.5) 556 (19.1)

Asthma, n (%) <0.001
No 12,873 (85.1) 12,192 (100) 681(23.2)

Yes 2251 (14.9) 0(0) 2251 (76.8)

Chronic bronchitis, n (%) <0.001
No 14,230 (94.1) 12,192 (100) 2038 (69.5)

Yes 894 (5.9) 0(0) 894 (30.5)

COPD, n (%) <0.001
No 14,559 (96.3) 12,192 (100) 2367 (80.7)

Yes 565 (3.7) 0(0) 565 (19.3)

Blood eosinophil counts, 10%/L 0.2(0.1,0.3) 0.2(0.1,0.2) 02(0.1,03) <0.001

Data are presented as the mean +SD or median (interquartile range) for skewed variables or as numbers (%) for categorical variables
CIAD chronic inflammatory airway disease, BMI body mass index, WC waist circumference, CVD Cardiovascular diseases, COPD chronic obstructive pulmonary disease
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Table 2 Multivariate logistic regression analyses of obesity and CIAD
Model 1 Model 2 Model 3
OR (95%(Cl) P-value OR (95%Cl) P-value OR (95%Cl) P-value
BMI (kg/m?)
Continuous 1.04 (1.03-1.04) <0.001 1.03 (1.03-1.04) <0.001 1.03 (1.02-1.03) <0.001
Clinical cutoffs
<185 1.64 (1.20-2.25) 0.0018 1.50 (1.09-2.06) 0.0118 1.39(1.01-1.93) 0.045
18.5-24.9 1(Ref) 1(Ref) 1(Ref)
25-299 1.04 (0.93-1.17) 04871 1.08 (0.97-1.22) 0.1686 1.06 (0.94-1.19) 0316
>30 1.56 (1.41-1.73) <0.001 1.57 (1.41-1.75) <0.001 142 (1.27-1.58) <0.001
Trend test 1.16 (1.12-1.20) <0.001 1.16 (1.12-1.20) <0.001 1.12(1.08-1.16) <0.001
WC (cm)
Continuous 1.02 (1.01-1.02) <0.001 1.02(1.01-1.02) <0.001 1.01 (1.01-1.01) <0.001
Clinical cutoffs
Normal 1(Ref) 1(Ref) 1(Ref)
Obese 143 (1.31-1.56) <0.001 1.32(1.20-1.45) <0.001 1.20 (1.09-1.31) <0.001

Model 1 was adjusted for age; Model 2 was adjusted for age, sex, race, PIR, education level, energy intake and physical activity; Model 3 was adjusted for Model 2 plus

smoking status, drink status, blood eosinophil counts, hypertension and CVD. Normal weight group is the reference group

CIAD chronic inflammatory airway disease, BMI body mass index, WC waist circumference, PIR poverty-income ratio, CVD Cardiovascular disease

:
10.0 P for non-linearity: 0.001

5.0

2.0

Odds Ratio of CIAD
5
I

0.5

0.2

T T T T T T
20 30 40 50 60 70
(a) BMI(kg/m?)

Fig. 2 Restricted cubic spline analyses the association of BMI (a),
WC (b) and the risk of chronic inflammatory airway diseases (CIAD).
Adjusted for age, sex, race, PIR, education level, energy intake,
physical activity, smoking status, drinking status, blood eosinophil
counts, hypertension and CVD. Abbreviations: BMI: body mass index;
PIR: poverty-income ratio; CVD: Cardiovascular diseases

waist circumference (HR=0.68, 95% CI=0.49-0.95,
P=0.023). The results are presented in Table 3.

By restricted cubic spline model and smooth curve
fitting (after adjusting for age, gender, race, PIR,

education level, energy intake, physical activity, smok-
ing status, drinking status, blood eosinophil counts,
hypertension and CVD), we found that there was a
non-linear association between BMI and all-cause mor-
tality (P for non-linear =0.001, Fig. 5). A turning point
value of BMI (32.4 kg/m?) was found by a segmentation
regression model between BMI and all-cause mortal-
ity. The mortality of CIAD patients was lowest when
BMI was 32.4 kg/m> When BMI < 32.4 kg/m?, BMI was
inversely associated with all-cause mortality in patients
with CIAD (HR: 0.92, 95%CI:0.88-0.97, P<0.001).
However, when BMI > 32.4 kg/m? there was no asso-
ciation between BMI and all-cause mortality (HR:1.02,
95%CI1:0.97-1.06, P=0.52). P value for likelihood ratio
test (LRT) was 0.001. The results indicated that model
II (two-segment non-linear model) was more suitable
to describe the relationship between BMI and the risk
of all-cause mortality in CIAD patients, as presented in
Table 4.

Discussion

We conducted a cross-sectional study to analyze the
relationship between obesity and the incidence of CIAD
using NHANES 2013-2018 data. The results found that
a positive association between BMI, WC and the risk
of CIAD, which were non-linear associations. When
grouped by BMI and WC, we found that underweight
and obesity were positively associated with a higher
prevalence of CIAD compared with normal weight.
Grouped according to BMI, this positive association
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Subgroup Variable  Total Event (%) OR (95%Cl) P for interaction
Age 0.093
<doyears
under weight 120 20 (16.7) 0.93(0.56~1.56) —_—
normal weight 1607 261 (16.2)  1(Ref) *
overweight 1384 244 (17.6)  1.21(0.99~1.47)
obesity 1812 399 (22) 1.47 (1.23~1.77) ——
40-59years
undorweight 54 16(296) 17 (0.89-3.26) —_—
normal weight 1211 184 (15.2)  1(Ref) *
overweight 1636 230 (14.1)  0.95 (0.76~1.19) ——
obesity 2214 501(226)  1.43(1.17~176) ——
260yesrs
underweight 61 20(328)  2.1(1.17-3.79) B —
normal weight 1190 203 (17.1)  1(Ref) *
overweight 1846 350 (19) 1.12 (0.92~1.37) ——
obesity 1989 504(253)  1.47(1.2-1.79) ——
Sex 0135
male
under weight 100 25 (25) 1,62 (1-2.64) _—
normal weight 1887 291 (15.4)  1(Ref) *
overweight 2743 436 (159)  1.07 (091.26) ——
obesity 2668  530(19.9)  1.3(1.1~1.54) ——
female
under weight 135 31(23) 126 (0.82-1.95) B
normal weight 2121 367 (16.8)  1(Ref) *
overweight 2123 388(183)  1.05(0.89~1.23) ——
obesity 3347 874(26.1) 15(1.29-1.74) —-
Educational attainment .919
below high school
under weight 50 11(22) 108 (052-227) ———————
normal weight 766 122(159)  1(Ref) *
overweight 1116 170(152)  1.09 (0.83~1.43) ——
obesity. 1290 262 (21.9)  1.56(12-2.02) —
high school
underweight 51 15(20.4) 1.4 (0.77-2891) —_—
normal weight 853 150 (17.6)  1(Ref) *
overweight 1071 200 (18.7)  1.1(0.86~1.4) ——
obesity 1456 345(237) 133 (1.06~167) ——
above high school
underweight 134 30 (22.4) 1.4 (0.93~2.22) —_——
normal weight 2389 376 (15.7)  1(Ref)
over weight 2679 454 (16.9)  1.06 (0.91~1.24) -
obesity 3260 777(238)  1.43 (1.23~1.65) -
smoking status 0267
never smokers
underweight 118 14(119)  0.87 (0.48~155) —————
normal weight 2401 303 (12.6)  1(Ref) *
overweight 2735 372 (136)  1.09 (0.92~1.29) ——
obesity 3404 640(188) 1.43(1.22-167) ——
former smokers
under weight 92 31(337)  152(0.94~2.46) —_——
normal weight 887 206 (23.2)  1(Ref) *
over weight 893 216(24.2)  1.08 (0.86~1.35) —
obesity 1065 334 (31.4)  1.45(1.17~1.8) ——
curtent smokers
under weight 25 11 (44) 2.88 (1.24~6.69) —_——
normal weight 720 139 (12.3)  1(Ref) *
overweight 1238 236(19.1)  0.99 (0.78~127) —
obesity 1546 430 (27.8)  1.39 (1.1~1.75)
PR 0435
<1.0
under weight 69 20 (29) 1.4 (0.78-251) B e —
normal weight 804 147 (183)  1(Ref) *
overweight 1101 198(18)  1.05(0.82~134) ——
obesity 1215 348 (286)  1.77 (1.4~2.24) ——
10-299
under weight 107 25 (23.4) 1.38 (0.85~2.24) ——
normal weight 1631 273 (16.7)  1(Ref) *
overweight 2043  355(17.4)  1.04 (0.87~1.25) -
obesity 2572 616 (24) 1.38 (1.17~1.64) ——
230
undorweight 59 11(186)  1.38(0.7-2.74) _—
normal weight 1573 228 (14.5)  1(Ref) *
overweight 1722 271(157) 1.1 (0.91~136) ——
obesity. 2228 440(19.7)  1.26(1.04~1.52) ——
Hypertension 0.104
No
under weight 203 42 (20.7) 1.3 (0.9~1.88) —_——
normal weight 3309 484 (14.6)  1(Ref) *
overweight 3480  522(15)  1.07 (0.93~1.23) -
obesity 3643 764 (21) 151 (1.33~1.73) -
Yes
under weight 32 14(43.8) 4(0.96-4.34 *>
normal weight 699 164 (23.5)  1(Ref) *
overweight 1386 302(21.8)  1.01(0.81~127) ——
obesity. 2072 640(27)  1.23(0.99~1.52) —
cvp 0709
No
under weight 215 45 (20.9) 1.35 (0.95~1.91) ——
normal weight 3682 552 (15) 1(Ref) *
overweight 4346 670 (15.4)  1.06 (0.94~121)
obesity 5279  1105(209) 1.39 (1.23~156) -
Yes
under weight 20 11 (55) 1.67 (0.64~4.31) —_——
normal weight 326 96 (29.4)  1(Ref) *
overweight 520  154(296)  1.05(0.76~1.45) —
obesity 736 299 (40.6) 1.6 (1.17~2.18)
T 1
050

0.80 1.0

Effect(95%Cl)

Fig. 3 Subgroup analysis of the association between BMI and the risk
of CIAD. Adjusted for age, sex, race, PIR, education level, energy intake,
physical activity, smoking status, drinking status, blood eosinophil
counts, hypertension and CVD. Abbreviations: BMI: body mass index;
PIR: poverty-income ratio; CVD: Cardiovascular diseases

between obesity and the risk of CIAD remain robust
after adjusting for related variables and consistent across
all subgroups. Grouped according to WC, a signifi-
cant association between obesity and the risk of CIAD
was revealed only in female population, not in male
population.
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Subgroup Variable Total Event(%) OR (95%CI) P for interaction
Age 0.067
<doyears

nomal 2653 463(175)  1(Re) *

obesity 2270  461(20.3) 1.7 (1~137) ——
40-59years

normal 2009 272(13.5)  1(Ref) 3

obesity 3106 659 (21.2)  1.20(1.081.53) ——
260yesrs

normal 1630 278(17.1)  1(Ref) L 2

obesity 3456 799 (23.1)  1.22(1.03~1.44) ——
Sex 0.006
male

nomal 4026 643(16)  1(Ref) L 2

obesity 3372 639 (19) 1.1 (0.97~1.26) -
fomale

normal 2266 370(163)  1(Re) ¢

obesity 5460 1280 (23.4) 1.31(1.14~15) - =
Educational attainment 0642
below high school

ol 1307 198(150) 1(Re) *

obesity 1915 387 (202) 123 (0.98~1.53) _—
high school

normal 1332 230(17.3)  1(Ref) <

obesty 2099 480(229)  1.18(097~1.44) ——
above high school

normal 3653 585(16)  1(Ref) L 2

obesity 4818 1052 (21.8) 1.2 (1.06~1.36) -
smoking status 0.802
never smokers

normal 3640 468(129)  1(Ref) L 2

obesity 5018 861(17.2) 1.2(1.05~1.37) ——
former smokers

normal 1377 307 (22.3)  1(Ref) 3

obesity 1560 480 (30.8)  1.24 (1.03~15) ——
current smokers

normal 1275 238(187)  1(Ref) <

obesity 2254 578(256)  1.16 (0.96~1.4) ——
PIR 0242
<10

normal 1319 237 (18) 1(Ref) L3

obesity 1870  476(255)  1.45(1.19~1.78) ——
1.0-2.99

nomal 253 419(165)  1(Ref) L 2

obesity 3817 850 (22.3)  1.14(0.98~1.32) ——
230

normal 2437 357 (14.6)  1(Ref) 3

obesty 8145  593(189)  1.13(0.961.32) - =
hypertension 0.094
No

normal 5188 763(14.7)  1(Ref) 3

obesity 5447 1049 (19.3) 1.27 (1.14~143) -
Yes

normal 1104 250(226)  1(Re) <

abesty a5 870057 1.03(086-1.22 ——
cvD 0.4
No

normal 5819 880 (15.1)  1(Ref) L3

obesity 7703 1492 (19.4) 1.17(1.06~1.29) -
Yes

nomal 473 133(28.1)  1(Ref) L 2

obesity 1120 427 (37.8)  1.36 (1.04~1.76) ——

050 20

Oéﬁc«(és%cw)
Fig. 4 Subgroup analysis of the association between WC and the risk
of CIAD. Adjusted for age, sex, race, PIR, education level, energy intake,
physical activity, smoking status, drinking status, blood eosinophil
counts, hypertension and CVD. Abbreviations: BMI: body mass index;
PIR: poverty-income ratio; CVD: Cardiovascular diseases

Several studies confirmed that obesity is an inde-
pendent risk factor for chronic respiratory diseases,
especially asthma and COPD [15-18]. A Mendelian
randomization study revealed that obesity increases
the possibility of COPD (BMI: OR=1.429; WC:
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Table 3 Multivariable-adjusted HRs and 95% Cls for obesity in relation to all-cause mortality
Model 1 Model 2 Model 3
HR (95%Cl) P-value HR (95%Cl) P-value HR (95%Cl) P-value
BMI (kg/m?)
<185 3.1(1.7-5.62) <0.001 2.85(1.56-5.22) 0.001 244 (131-4.55) 0.005
18.5-24.9 1(Ref) 1(Ref) 1(Ref)
25-29.9 0.66 (0.45-0.98) 0.04 0.65 (0.43-0.96) 0.032 0.58 (0.39-0.87) 0.009
>30 0.71(0.49-1.02) 0.066 0.7 (048-1.02) 0.065 0.59 (0.4-0.87) 0.008
Trend test 0.86 (0.76-0.97) 0.012 0.86 (0.76-0.97) 0.013 0.82 (0.72-0.93) 0.002
WC (cm)
Normal 1(Ref) 1(Ref) 1(Ref)
Obese 0.7 (0.52-0.94) 0.02 0.77 (0.56-1.06) 0.107 0.68 (0.49-0.95) 0.023

Model 1 was adjusted for age; Model 2 was adjusted for age, sex, race, PIR, education level, energy intake and physical activity; Model 3 was adjusted for Model 2 plus

smoking status, drinking status, blood eosinophil counts, hypertension and CVD

Abbreviations: Normal weight group is the reference group. BMI body mass index, WC waist circumference, PIR poverty-income ratio, CVD Cardiovascular diseases

'
10.0 P for non~linearity: 0.001
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Fig. 5 Restricted cubic spline analyses the association of BMI (a),
WC (b) and all-cause mortality in patients with chronic inflammatory
airway diseases (CIAD). Adjusted for age, sex, race, PIR, education
level, energy intake, physical activity, smoking status, drinking status,
blood eosinophil counts, hypertension and CVD. Abbreviations: BMI:
body mass index; PIR: poverty-income ratio; CVD: Cardiovascular
diseases

OR=1.591), asthma (BMI: OR=1.358; WC: OR=1.515)
and acute bronchitis (BMI: OR=1.252;WC: OR=1.237)
[19]. A cross-sectional survey has demonstrated that
obesity is related to symptoms of dyspnea, and about
1/4 of dyspnea symptoms are caused by obesity [20].
This is consistent with the research results of Marta
et al. [16], who found that both general and abdominal
obesity were associated with respiratory symptoms.

Additionally, they divided obese people into abdominal
obesity and general obesity based on WC and BMI. The
result revealed that after adjusting for relevant covari-
ates, abdominal obesity was independently associated
with asthma and chronic bronchitis, while general obe-
sity was significantly associated with COPD and asthma
after adjustment for abdominal obesity. Both a cohort
study and a prospective study have affirmed that in the
asthmatic population, individuals with obesity have
lower predictive values of forced expiratory volume
in one second (FEV1) and forced vital capacity (FVC)
compared with individuals with non-obesity [21, 22].
Moreover, obesity increases frequency and severity of
asthma exacerbations [23]. However, a cross-sectional
study from western China suggested that overweight
and obesity are protective factors for COPD, the odds
ratio (OR) were 0.614 (95% CI 0.517-0.730, P<0.001)
and 0.572 (95% CI 0.449-0.721, P<0.001), respectively.
The inconsistent results may be due to inconsistencies
in study populations and sample sizes. Therefore, we
need more studies with larger sample sizes and more
rigorous research designs.

Obesity is the consequence of an excessive accumu-
lation of adipose tissue, which is an active endocrine
organ that can secrete a variety of cytokines and hor-
mones [24-26]. CIAD (including COPD, asthma and
chronic bronchitis) are closely related to inflamma-
tion, while adipokine that promotes the occurrence
and development of inflammation mainly originates
from adipose tissue. Therefore, as a low-grade systemic
inflammation driven by phenotypic changes in adipose
tissue-related macrophages, obesity is very likely to
cause inflammatory airway diseases such as asthma and
COPD [27, 28]. On the other hand, patients with obesity
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Table 4 Threshold effect analysis for the relationship between BMI and all-cause mortality
BMI (kg/m?) groups All-cause mortality
HR (95%(Cl) P-value
Model I: The linear model <185 244 (1.31-4.55) 0.005
18.5-24.9 1(Ref)
25-299 0.58(0.39-0.87) 0.009
>30 0.59 (0.4-0.87) 0.008
Trend test 0.82 (0.72-0.93) 0.002
Model II: Two-segment non-linear model The turning point of BMI (kg/m?)
<324 (slopel) 0.92 (0.88-0.97) <0.001
>32.4 (slope2) 1.02 (0.97-1.06) 0.52
LRT 0.001

Adjusted for age, sex, race, PIR, education level, energy intake, physical activity, smoking status, drinking status, blood eosinophil counts, hypertension and CVD.

Normal weight group is the reference group

Abbreviations: BMI body mass index, PIR poverty-income ratio, CVD Cardiovascular diseases, LRT likelihood ratio test

have an increase in peripheral blood leukocytes, which
may lead to increased inflammation and the production
of more pro-inflammatory mediators [29]. The inflam-
matory process underlying both diseases could be one
of the potential connecting links between both diseases.
However, the precise relevance of inflammation as a
mediator between both processes has yet to be fully
elucidated [30]. Additionally, obesity has an impact on
the ventilatory mechanics of the population, which may
play an important role in the association between CIAD
and obesity [31].

In our prospective cohort study, results suggest that
BMI and WC are inversely related to mortality in popu-
lation with CIAD. Moreover, the CIAD mortality rate
among underweight population was nearly 2.5 times
higher than that among normal-weight, while over-
weight and obesity were significantly associated with a
decreased risk of all-cause mortality compared to normal
weight population.

Obesity is a major risk factor for chronic non-com-
municable diseases worldwide and is associated with
increased diseases incidence and mortality [7, 23, 32].
Obesity can lead to low-grade chronic systemic inflam-
mation, which predisposes individuals to an increased
risk of morbidity and mortality. In contrast, numerous
researches have shown that obesity is a protective fac-
tor for COPD mortality [10, 33], which is known as the
"obesity paradox”. Yet the relationships between obe-
sity and mortality in patients with COPD and asthma
were also inconsistent [34]. A dose—response meta-
analysis revealed a nonlinear dose-response relation-
ship between BMI and mortality in COPD patients
[35]. When the BMI was 30 kg/m?, the mortality rate
was lowest, and when the BMI was greater than 32 kg/

m?, the BMI was not related to the mortality rate. The
results are basically consistent with our study. We found
there was a non-linear association between BMI and all-
cause mortality, and the turning point value of BMI was
32.4 kg/m?. The mortality of CIAD patients was lowest
when BMI was 32.4 kg/m? When BMI < 32.4 kg/m?, all-
cause mortality decreased with increasing BMI. How-
ever, when BMI>32.4 kg/m?, there was no association
between BMI and all-cause mortality.

There are many different explanations for the obesity
paradox, but there is currently no unified understand-
ing. One of the most accepted explanations is that cur-
rent obesity indicators cannot effectively distinguish
body composition, including fat mass and muscle mass
[10, 36]. Another explanation is the influence of con-
founding factors, such as smoking status. Research has
found that the obesity paradox does not exist in non-
smoking patients [37]. At last, most researches ignore
the possible bias caused by obesity levels. Our study
suggests that when BMI < 32.4 kg/m? obesity was posi-
tively associated with all-cause mortality, while when
BMI > 32.4 kg/m?, obesity has no significant association
with all-cause mortality.

The major strength of our study is that we used both
BMI and waist circumference to analysis the relationship
between obesity and CIAD. BMI and waist circumfer-
ence are predictors of different obesity types, which can
avoid some possible biases. Second, our study is repre-
sentative of a large sample of the population, which made
our research conclusions more reliable. Third, in this
study, we established three models, adjusting for major
covariates that may affect the risk of CIAD, including age,
gender, ethnicity, poverty-income ratio, education level,
physical activity, energy intake, drinking status, smoking
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status, blood eosinophil counts, and comorbidities
(hypertension and cardiovascular disease). After adjust-
ing for potential confounders, our findings remained rel-
atively stable. At last, we collected death data on CIAD
patients to analysis the association between different
body weights and the risk of all-cause mortality. Addi-
tionally, our conducted two models (the linear model and
two-segment non-linear model) to analyze the associa-
tion between BMI and all-cause mortality and found the
turning point of BMI. This may contribute to providing
an appropriate weight range for the prevention and prog-
nosis of CIAD.

There are several limitations in this study. First, this
study is an observational study and cannot determine the
causal relationship between obesity and CIAD. Second,
the diagnosis of CIAD came from self-reported question-
naires, which is prone to bias and may miss some patients
who have never seen a doctor. Third, in multivariate anal-
ysis and cox regression analysis, we adjusted for many
major confounders, but there may still be some unknown
confounders. Moreover, we adjusted for smoking status
among all participants, but we did not conduct strati-
fied analyzes by smoking amount and smoking duration,
which may cause certain biases. Finally, we investigated
the association between obesity and the incidence of total
CIAD (including asthma, COPD and chronic bronchi-
tis) as well as all-cause mortality in patients with CIAD.
CIAD (including asthma, COPD and chronic bronchi-
tis) is not a specific respiratory disease, but a type of res-
piratory disease, mainly related to airway inflammatory
response. There have been numerous researchers on the
link between a particular respiratory disease and obesity.
However, the aim of this study is to investigate the rela-
tionship between obesity and a certain type of respiratory
disease to provide an overall impression and to facilitate
further research.

Conclusion

In conclusion, our study found that underweight and
obesity were associated with the increased risk of CIAD
compared to normal weight. Underweight was associ-
ated with increased all-cause mortality, while overweight
was associated with reduced all-cause mortality. There
was a non-linear association between BMI and all-cause
mortality in patients with CIAD. The mortality of CIAD
patients was lowest when BMI was 32.4 kg/m® When
BMI < 32.4 kg/m?, BMI was positively associated with all-
cause mortality, while when BMI > 32.4 kg/m?, BMI had
no significant association with all-cause mortality. There-
fore, overweight and mild obesity (BMI < 32.4 kg/m?) are
beneficial for the prognosis of CIAD, while being under-
weight is detrimental to the prognosis of CIAD.
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