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Abstract

Background Gaps concerning general adiposity and chronic obstructive pulmonary disease (COPD) are delaying
policies for weight interventions in COPD prevention, especially adiposity in early adulthood and weight changes
during adulthood.

Methods Based on the China Kadoorie Biobank, a prospective cohort between 2004-2008 covering 5 urban and 5
rural areas, we included 138,764 males and 194,159 females aged 35~ 70 years. Weight change was defined as the
difference between directly measured weight at baseline and self-reported weight at age 25. Incident COPD events
were followed-up until the end of 2018. Cox proportional hazard models were conducted to estimate the hazard
ratios (HRs) and 95% confidence intervals (Cls) for associations of adulthood weight change and early adulthood body
mass index (BMI) with COPD risk.

Results During a mean follow-up of 11.9 years, 3,732 and 3,154 incident COPD events occurred in males and females,
respectively. In males, weight change and early adulthood BMI were inversely associated with COPD risk, while early
adulthood obesity (BMI>28.0 kg/mz) was associated with an increased risk of COPD (HR=1.76; 95% Cl: 1.01, 3.08),
compared with the 18.5~23.9 kg/m? early adulthood BMI group, among non-current smokers. In females, extreme
weight loss and gain were associated with increased COPD risk. The effects of weight loss and gain on COPD were
enhanced in the underweight and obese population, respectively, in early adulthood.

Conclusions Weight change and early adulthood BMI were inversely linked to COPD risk in males, while in females,
both extreme weight loss or gain increased COPD risk.
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Introduction

With economic development, accompanied by shifts
in dietary patterns and the adoption of sedentary life-
styles [1], the global prevalence of obesity has exhibited a
marked trend of getting higher and younger. Early adult-
hood represents a critical juncture for weight gain, during
which many individuals experience an accumulation of
excess adiposity [2]. This period is often characterized by
significant life-course transitions, like childbirth, which
may presage future obesity [3]. Studies have found that
overweight and obesity in early adulthood and weight
changes during adulthood are associated with a range of
adverse health outcomes, including cardiometabolic dis-
eases [4—6], digestive tract cancer’, and breast cancer [2].
Despite these associations, weight management during
early adulthood is frequently overlooked, as the health
implications of modest weight gain may not yet be suf-
ficiently pronounced to prompt medical consultation [3].

In 2019, chronic obstructive pulmonary disease
(COPD) ranked third in the cause of death both glob-
ally and in China, imposing a substantial burden on pub-
lic health [7]. Previous research has yielded inconsistent
conclusions concerning general adiposity and COPD as
well as lung function [8-10]. Gaps are delaying public
health policies for weight interventions in COPD preven-
tion. To our knowledge, no studies have focused on the
associations of adiposity in early adulthood and weight
changes during adulthood with the risk of COPD. None-
theless, existing literature indicates that the duration of
overweight or obesity is an independent risk factor for
impaired lung function [11], and being overweight or
obese in early adulthood means prolonged exposure to
obesity. Clarifying the association of general adiposity
in early adulthood and adulthood weight changes with
the risk of COPD bears great public health significance.
Such exploration is crucial for a obtaining comprehen-
sive understanding of the impact of obesity, controlling of
obesity-related chronic diseases, and promoting of popu-
lation health.

Based on the China Kadoorie Biobank (CKB) study
of middle-aged and elderly individuals, we investigated
associations of weight change since early adulthood and
early adulthood body mass index (BMI) with COPD risk.
Given the sex heterogeneity in weight and COPD, all
associations were independently examined in males and
females.

Methods

Study population

The design of CKB has been described extensively else-
where [12, 13]. Briefly, a community-based cohort
recruiting ~ 500,000 participants from five urban and
five rural areas in China was established between 2004
and 2008. Among the 470,028 participants aged 35~ 70
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years, we excluded those with self-reported or screened
COPD (n=30,638) and other self-reported major chronic
diseases (diabetes, heart disease, stroke, cancer, asthma,
and tuberculosis; 7=46,625), missing baseline val-
ues of weight (n=1) and self-reported weight at age 25
(n=59,569), and implausible baseline forced expiratory
volume in one second (FEV1) and forced vital capacity
(FVC) values (FEV1/FVC>1, n=272). Finally, 138,764
males and 194,159 females remained in the primary
analysis.

Assessment of weight and height

The middle or late adulthood weight and height were
directly measured via calibrated gauges by trained tech-
nicians at the baseline survey. Early adulthood weight
data were collected based on self-reports by participants
through reflections on their weight at approximately age
25 years. The reported early adulthood weight obtained
during baseline was consistent with that recorded at the
first resurvey in 2008 among the 11,602 participants who
took part in both surveys, with an Pearson’s correlation
coefficient of 0-81. The weight change was calculated as
the difference between the weight at baseline and the
weight around age 25 years.

BMI is an index that calculates weight for height. Early
adulthood BMI was computed as the ratio of weight
(kg) at approximately age 25 years to baseline height (m)
squared.

Assessment of covariates and lung function

Age, sex, and region were determined according to the
household registry and identity number. Additional
sociodemographic information, including household
income, occupation, education and marital status, was
gathered by interviewer-administered questionnaires,
along with lifestyle factors [14]. Among ever-smokers, we
collected data on the type, frequency, and daily amount
of tobacco consumption, as well as the age at smoking
initiation. The duration of smoking was calculated by
subtracting the age at initiation from the age at base-
line. The reason for quitting smoking was further inves-
tigated among former smokers. Alcohol consumption
was inquired about frequency and volume, while food
consumption was collected on frequency. Physical activ-
ity levels were calculated by multiplying the metabolic
equivalent tasks (METs) values by the duration of each
activity, and then summing them [15]. Pre-bronchodila-
tor lung function was assessed by calibrated spirometers,
with two successful blows recorded. Larger FEV1 and
FVC values were utilized in our definition of screened
COPD (EEV1/EVC <70%) [16].
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Ascertainment of outcome

All CKB participants were followed up by periodic links
through the national inpatient health insurance data-
base, local disease surveillance system, death registry,
and active contact with local communities or relatives
[13]. In the present study, COPD events were defined as
the 10th revision of the International Classification of
Diseases: J41-J44 [17, 18]. All participants were followed
until death, loss to follow-up, or global censoring date of
December 31, 2018.

Statistical analysis

The weight change for the primary analysis were catego-
rized into six groups: (1) <-5.0, (2) -5.0~-0.1, (3) 0~ 4.9,
(4) 5.0~9.9, (5) 10.0~14.9, and (6)=15.0 kg. Owing to
the limited sample size in certain groups, we grouped
the population into four groups: (1) <-0.1, (2) 0~9.9, (3)
10.0~14.9, and (4)>15.0 kg in the subsequent joint and
subgroup analyses, respectively. For early adulthood BMI,
participants were categorized into four groups accord-
ing to the criteria specific to the Chinese: (1) <18.5, (2)
18.5~23.9, (3) 24.0 ~27.9, (4) >28.0 kg/m? [19]. All analy-
ses were performed by sex separately.

Baseline characteristics were compared across these
groups using linear or logistic regression models for
continuous or categorical variables correspondingly.
Linear trends of exposure with respect to baseline char-
acteristics were further assessed by substituting original
exposure categories with medians of corresponding cate-
gories for participants in models. Distributions of weight
change since early adulthood were presented accord-
ing to early adulthood BMI, and average weight changes
across early adulthood BMI groups were adjusted for age
and study region.

Cox proportional hazard regression models were
employed to estimate hazard ratios (HRs) and 95% con-
fidence intervals (ClIs) for the risk of COPD associated
with weight change since early adulthood or early adult-
hood BMI. Cox models were stratified jointly by age
groups in 5-year intervals and 10 study areas, with age
as the underlying time scale. Model 1 was adjusted for
educational attainment and marital status. Model 2 was
additionally adjusted for early adulthood BMI or weight
change since early adulthood, where appropriate. Four
lifestyle factors (smoking, alcohol consumption, physical
activity, consumption frequency of meat, fresh vegeta-
bles, and fresh fruit) were further included in Model 3,
reflecting effects independent of lifestyle factors. No vio-
lations of the proportional hazard assumption for weight
change since early adulthood or early adulthood BMI
were identified. Linear trends of associations were exam-
ined using the procedures described above. The relation-
ship between weight change or early adulthood BMI and
COPD was further modeled using restricted cubic splines

Page 3 of 10

with knots at the 5th, 35th, 65th, and 95th percentiles of
the exposure of our interest based on Model 3. Likeli-
hood ratio tests comparing models with and without
cubic spline terms were utilized to determine potential
non-linearity. The joint effects of weight change and early
adulthood BMI were evaluated by deriving the 4-by-4
composite exposure, and the interactions between them
were examined using likelihood ratio tests by comparing
models with and without their product terms.

We further delved into the associations stratified by
sociodemographic (age groups, education level) and life-
style factors (smoking, physical activity level) at base-
line. Among females, the associations were additionally
examined stratified by menopause status. The interac-
tions between early adulthood BMI or weight change and
the stratifying variables were inspected using likelihood
ratio tests and statistical significance was Bonferroni-cor-
rected for multiple comparisons (P}, eration < 0-05/30).

We performed sensitivity analyses by bootstrap our
samples 100 times with replacement, further adjusting
for household income and occupation, further adjust-
ing for passive smoking and solid fuel use in cooking
and heating; excluding participants whose self-reported
weight changes were >2.5 kg within the last year at base-
line; excluding participants with follow-up of<2 years;
using a Fine and Gray model, which extends the Cox
model to competing risks of non-COPD death; apply-
ing the lower limit of normal (LLN) criterion to define
screened COPD cases at baseline [20]; and using the
World Health Organization (WHO) criterion for grading
early adulthood BMI [21].

We used Stata (version 17.0) for statistical analyses.
Statistical significance was defined as the two-sided
P-values <0.05.

Results

Among the 332,923 participants, the mean (SD) baseline
age was 49.6 (8.9) years, 58.3% were women, and 46.4%
were from urban areas. For males, the mean (SD) BMI
at age 25 years and baseline was 21.8 (2.3) kg/m? and
23.6 (3.2) kg/m?, respectively, and the mean (SD) weight
change over the period was 5.1 (9.2) kg. The counter-
parts for females were 21.8 (2.6) kg/m? 23.9 (3.4) kg/m?,
and 5.0 (8.3) kg, respectively. Participants who gained
more weight tended to live in urban and northern areas,
be married, be physically inactive, consume meat and
fresh fruit more frequently, and have a higher baseline
BMI and a lower early adulthood BMI for both males
and females. While males with greater weight gain were
younger, with higher education, and less likely to smoke
tobacco, females with 0~9.9 kg weight gain were the
youngest, most highly educated, and least likely to smoke
(Table 1). Early adulthood BMI was positively associated
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Table 1 Baseline characteristics of participants according to weight change since early adulthood
Characteristics Weight change since early adulthood (kg) Pirend
<-5.0 -5.0~-0.1 0~4.9 5.0~9.9 10.0~14.9 =15.0
Males
No. of participants 17,874 24,652 29,651 26,577 20,166 19,844
Age at baseline, years 54.5 51.0 494 49.2 49.0 49.1 <0.001
Urban area, % 26.1 31.8 39.8 494 56.5 65.1 <0.001
South area, % 62.6 66.1 62.2 59.6 56.3 50.7 <0.001
Married, % 928 94.0 94.5 95.5 96.0 96.2 <0.001
> 6 years of education, % 58.7 59.6 62.7 65.1 67.0 68.2 <0.001
Regular smoker?, % 79.3 734 68.7 64.7 63.2 624 <0.001
Excessive alcohol drmkingb, % 26.1 242 246 237 238 243 <0.001
Physical activity, MET h/d 256 257 24.7 237 227 214 <0.001
Food consumption >4 d/w, %
Meat 50.1 512 538 56.6 584 60.1 <0.001
Fresh vegetable 98.7 98.6 98.8 98.9 98.8 98.9 0.004
Fresh fruit 194 20.2 227 24.7 26.1 279 <0.001
Baseline BMI, kg/m? 20.6 214 226 24.2 256 27.7 <0.001
Early adulthood BMI, kg/m2 238 223 218 216 212 206 <0.001
Females
No. of participants 19,185 32,308 49,074 44,257 27,570 21,765
Age at baseline, years 52.7 49.1 476 484 496 509 <0.001
Urban area, % 36.6 40.2 459 509 54.9 579 <0.001
South area, % 69.9 69.2 64.9 604 56.7 488 <0.001
Married, % 90.6 914 91.8 92.1 925 929 <0.001
> 6 years of education, % 476 49.7 519 525 51.9 503 <0.001
Regular smoker?, % 33 2.1 1.7 1.7 1.7 2.1 <0.001
Excessive alcohol drmkingb,% 1.2 1.0 1.0 1.1 1.2 14 <0.001
Physical activity, MET h/d 226 22.1 216 212 20.8 203 <0.001
Food consumption >4 d/w, %
Meat 454 459 480 49.1 494 49.8 <0.001
Fresh vegetable 98.9 99.0 99.1 99.2 99.3 99.1 <0.001
Fresh fruit 30.7 333 354 37.1 374 378 <0.001
Baseline BMI, kg/m? 20.7 21.8 229 243 259 284 <0.001
Early adulthood BMI, kg/m2 244 227 218 21.3 209 203 <0.001

The distribution of basic characteristics were presented as means or percentages across each category of weight change since early adulthood, with adjustment for
age and regions, where appropriate, using either linear regression or logistic regression

aCurrent smokers and former smokers who quit because of illness
PDefined as those who drank =30 g/d of pure alcohol or have stopped drinking

with baseline BMI and negatively associated with weight
change since age 25 (Table S1 & Figure S1).

Over a mean (minimum-maximum, SD) follow-up of
11.9 (0.0-14.5, 1.9) years, we documented 3,732 and 3,154
incident COPD events in males and females, respectively.
Among males, after adjustment for educational attain-
ment, marital status, and early adulthood BMI, the HRs
(95% Cls) for participants of<-5.0, -5.0~-0.1, 5.0~9.9,
10.0~14.9, and>15.0 kg changes in weight were 1.59
(1.44, 1.76), 1.12 (1.01, 1.24), 0.85 (0.76, 0.96), 0.93 (0.82,
1.06) and 0.81 (0.70, 0.93), respectively, compared with
those with 0~ 4.9 kg weight gain. The estimates remained
robust after further adjustment for lifestyle factors. The
fully-adjusted HRs (95% ClIs) for females were 1.33 (1.18,
1.50), 1.04 (0.93, 1.17), 1.11 (0.99, 1.25), 1.24 (1.09, 1.41),

and 1.44 (1.26, 1.65), respectively (Table 2). In males,
we observed a monotonically decreasing relationship
between weight change and COPD risk. In contrast, in
females, a U-shaped association was identified (both P
for non-linearity <0.001) (Fig. 1).

Among males, compared with those with an early
adulthood BMI of 18.5~23.9 kg/m? after full adjust-
ment for potential confounders, especially for weight
change, the HRs (95% Cls) for participants in the<18.5,
24.0 ~27.9, and >28.0 kg/m? early adulthood BMI groups
were 1.32 (1.15, 1.53), 0.86 (0.78, 0.94), and 0.95 (0.73,
1.23), respectively. The corresponding HRs (95% Cls)
for females were 1.13 (1.00, 1.28), 1.01 (0.92, 1.11), and
1.17 (0.96, 1.42), respectively (Table S2). In males, the
curve for early adulthood BMI and COPD risk trended
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Table 2 Association between weight change since early adulthood and risk of COPD
Weight change (kg) <-5.0 -5.0~-0.1 0~49 5.0~9.9 10.0~14.9 =215.0 Pirend
Males
No. of case 1,086 814 711 478 356 287
Incidence density (/1000 person-year) 5.37 2.83 203 1.52 148 1.22
Model 1 144 (131,159) 1.09(0.98,1.21) 1.00 0.87(0.77,097) 096 (0.85,1.09) 0.86(0.750.99) <0.001
Model 2 1.59(144,1.76) 1.12(1.01,1.24) 1.00 0.85(0.76,0.96) 0.93(0.82,1.06) 081(0.70,093) <0.001
Model 3 1.50(1.36,1.67) 1.09(0.99,1.21) 1.00 0.87(0.77,097) 0.95(0.83,1.08) 0.83(0.72,096) <0.001
Females
No. of case 596 535 606 598 429 390
Incidence density (/1000 person-year)  2.62 1.37 1.02 1.12 1.29 1.50
Model 1 1.36(1.21,1.52) 1.05(0.94,1.18) 1.00 1.12(1.00,1.25) 1.25(1.10,142) 147(1.29,167) 0.052
Model 2 140(1.24,1.58) 1.06(0.95,1.20) 1.00 1.11(0.99,1.24) 123(1.09,140) 143(1.25163) 0.146
Model 3 1.33(1.18,1.50) 1.04(0.93,1.17) 1.00 1.11(0.99,1.25) 124(1.09,141) 144(1.26,1.65) 0.021

Data were presented as hazard ratios (95% Cls) unless otherwise stated. In Model 1, hazard ratios were adjusted for education and marital status; Model 2 was further
adjusted for early adulthood BMI based on Model 1; In Model 3, four lifestyle factors (smoking, alcohol consumption, physical activity, and dietary habits) were
further included. Former smokers who quitted because of illness were classified as current smokers. The analyses were stratified according to age and region. The

P value for sex interaction was <0.001 in Model 3

downward and leveled off at a BMI of 24.0 kg/m? (P for
non-linearity =0.008). In contrast, early adulthood BMI
exhibited a steady linear association with COPD risk in
females (P for non-linearity =0.134) (Fig. 1).

Interactions between early adulthood BMI and
weight change on COPD risk were observed for females
(Pinteraction = 0.029). The effect of weight loss on COPD
was more substantial in the<18.5 kg/m? early adult-
hood BMI group, while the risk of COPD associated
with weight gain was higher in the>24.0 kg/m? early
adulthood BMI group. Similar findings were observed
among males, although interactions were not statistically
significant (P, eraction =0-515). Besides, weight gain in
the<18.5 kg/m? early adulthood BMI group and weight
loss in the>28.0 kg/m? early adulthood BMI group were
positively associated with COPD risk, compared with
a weight gain of 0~4.9 kg in the 18.5~23.9 kg/m? early
adulthood BMI group (Table 3).

We also analyzed the associations between weight
change since early adulthood or early adulthood BMI
and total COPD incidence according to other poten-
tial baseline risk factors. The associations were con-
sidered consistent across subgroups stratified by age,
education, smoking status, and level of physical activity
(all Pjpieraction > 0-05). Among male non-current smokers,
a BMI>28.0 kg/m? in early adulthood was associated
with an increased risk of COPD (HR =1.76; 95% CI: 1.01,
3.08). We also observed that increased COPD risk caused
by obesity was no longer statistically significant among
females with higher levels of physical activity (Tables S3
& S4).

In the sensitivity analyses, the associations did not alter
appreciably with bootstrap with replacement, further
adjusting for household income and occupation, fur-
ther adjustment for passive smoking and solid fuel use in
cooking and heating, excluding participants with <2 years

of follow-up, considering the competing risk of non-
COPD mortality, or applying the LLN criterion to define
screened COPD cases at baseline. After excluding partic-
ipants who self-reported a>2.5 kg weight change within
the last year at baseline, the effects of<-5.0 and>15.0
kg changes in weight and<18.5 kg/m? early adulthood
BMI on COPD became less pronounced overall (Tables
S5 & S6). Applying the WHO criterion for BMI grading
had a minimal impact on the results, although the risk of
COPD conferred by a high BMI at the age of 25 became
more evident (Table S7 & S8).

Discussion

In this large prospective study, we observed an inverse
association of COPD risk with adulthood weight
change and early adulthood BMI in males. In contrast,
a U-shaped association of weight change with COPD
risk was identified in females; namely, extreme weight
changes, whether loss or gain, were associated with
increased COPD risk. Early adulthood underweight
was marginally associated with elevated COPD risk in
females. There were synergetic effects of early adult-
hood BMI and weight change on COPD risk in females.
The patterns also revealed potential heterogeneity in
male non-current smokers and females with higher lev-
els of physical activity regarding early adulthood BMI and
COPD risk.

Our study was the first to assess the impact of weight
change from early through middle or late adulthood, as
well as BMI in early adulthood, on COPD risk. Our find-
ings consistently demonstrated that excessive weight loss
and underweight status in early adulthood were associ-
ated with an elevated risk of COPD among both males
and females. Low weight indicates malnutrition and a
paucity of muscular mass and weight decline is invari-
ably accompanied by muscle loss, potentially leading
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Fig. 1 Association of weight change since early adulthood and early adulthood BMI with the risk of COPD: restricted cubic spline (RCS). Note: panel (a-b):
association of weight change since early adulthood with the risk of COPD; panel (c-d): association of early adulthood BMI with the risk of COPD; panel
(a) & (c): in males; panel (b) & (d): in females. Estimates were adjusted for education, marital status, early adulthood BMI or weight change, and lifestyle
factors (smoking, alcohol consumption, physical activity, and dietary habits), stratified by age and region. Former smokers who quitted because of illness
were classified as current smokers. Solid lines represent multivariable-adjusted hazard ratios, with the shaded area showing 95% confidence intervals.
Reference lines indicating no association were plotted as the dashed lines at a hazard ratio of 1.00. The reference of weight change since early adulthood
and early adulthood BMI was set at median values, namely, weight change of 4.5 kg for males and 4.6 kg for females, and early adulthood BMI of 21.7 kg/
m?2 for males and 21.6 kg/m2 for females. Since estimates around the spline edges were unstable, only graphs of weight change or BMI falling in the 5%
to 95% range were presented

to diminished respiratory muscle strength. Previous underweight was a risk factor for COPD [23]. The study
research has underscored the critical role of nutrition further indicated interventions targeting underweight
and extra-thoracic muscle mass in COPD management and weight loss for COPD prevention should be initiated
[22]. A national cross-sectional study of Chinese indi- early in life.

viduals aged 20 years or older also reported that being
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Table 3 Joint association of early adulthood BMI and weight
change with COPD risk

Early adult- Weight change (kg) Pinteraction
hoodBMI  <_g.1 0~49 50~99 =100
(kg/m?)
Males
<185 1.75(1.24, 131 1.00(0.70, 1.07(0.87, 0.515
2.46) (097, 141) 1.33)
1.77)
185~239 1.23(1.11, 1.00 0.86 (0.76, 0.89(0.79,
1.36) 0.98) 1.01)
240~279 1.10(098, 0.80 0.82(0.59, 1.08(0.79,
1.24) (0.62, 1.13) 1.50)
1.02)
>280 1.31(0.99, 1.00 142 (035, 292(0.94,
1.72) (0.32, 5.72) 9.11)
3.12)
Females
<18.5 156 (1.04, 143 1.50(1.20, 1.28(1.07, 0.029
2.34) (1.07, 1.89) 1.54)
1.90)
185~239 1.21(1.07, 1.00 1.10(096, 1.41(1.24,
1.38) 1.25) 1.60)
240~279 1.13(099, 101 126 (0.99, 1.60(1.25,
1.30) (0.82, 1.60) 2.04)
1.25)
>280 127 (1.02, 145 0.63(0.16, 2.30(0.95,
1.59) (0.83, 2.52) 5.57)
2.52)

Hazard ratios were estimated by deriving the 4-by-4 composite exposure
of early adulthood BMI and weight change. Results were based on Model 3,
adjusted for education, marital status, and lifestyle factors (smoking, alcohol
consumption, physical activity, and dietary habits), stratified by age and region.
Former smokers who quitted because of illness were classified as current
smokers

Previous studies have shown that being overweight or
obese are well-established risk factors for mortality and
cardiovascular diseases, even in early adulthood [24-27].
A longitudinal study involving 857 Australian partici-
pants demonstrated incident obesity during follow-up
was associated with an accelerated decline in post-bron-
chodilator FEV1 and FVC from age 45-53 years [28]. The
study likewise revealed that too much weight gain during
adulthood was linked to increased COPD risk in female
participants, irrespective of menopausal status. Adipose
tissue can be an active endocrine and paracrine organ,
which secretes various cytokines, including leptin, adi-
ponectin, interleukin-6, and tumor necrosis factor-a [29].
These bioactive substances can induce multiple physi-
ological effects, such as pro-inflammation, resulting in
structural changes and dysfunction in the body [29]. In
addition, the accumulation of fat in the chest wall and
abdomen tends to restrict the capacity and endurance
of gas exchange [30]. However, the finding was not sus-
tained in males. Weight gain and obesity advantages were
observed referring to COPD risk, which was consistent
with the so-called “obesity paradox” [31]. The underlying
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mechanism for the “obesity paradox” is still under debate.
Some believe that not all fat is equal, with fat type, dis-
tribution, and function playing crucial roles [32]. The
proportion of muscular mass is also an explanation [8].
Another longitudinal study of 654 young Australian
adults found adjustment for childhood lean body mass
eliminated any apparent positive influence of childhood
BMI on FEV1 or FVC at age 27 ~ 36 years [33]. Further-
more, we found the effect of weight changes on COPD
became less prominent after excluding participants who
recently experienced relative weight fluctuations. Excess
weight change in the short term might incur a higher risk
of COPD, which suggests maintaining steady and gradual
weight changes is generally more beneficial for pulmo-
nary health.

Overall, the effect of weight loss and gain on COPD was
strengthened in the underweight and obese population
in early adulthood, respectively, whether their BMI was
categorized by Chinese or WHOQO’s criterion. In a Danish
population-based longitudinal study of men aged 25~ 48
years, an inverse relationship between current BMI and
lung function was seen among those currently over-
weight and obese, whereas the association vanished in
the non-obese [34]. A previous study in smokers followed
for a median period of 6 years found the ratio of FEV1/
FVC improved with weight gain among those with a BMI
of 18.5-30 kg/m? while it was stable among the obese
[35]. In addition, excessive weight gain and early obesity
were positively associated with COPD risk in the analysis
of males. The findings further stressed the importance of
sophisticated weight management, suggesting the opti-
mal range of weight change should be determined based
on early adulthood weight. To be specific, the under-
weight should avoid more weight loss, while weight loss
is expected in the obese. In addition, the risk of COPD
led by underweight and obesity could not be fully off-
set by later weight catch-up and loss, respectively. Thus,
advancing the window of weight management appears
necessary from the perspective of COPD prevention.

The stratified analysis revealed most of the associa-
tions were unlikely to be confounded. However, among
male non-current smokers, there presented positive asso-
ciations between young obesity and COPD risk, which
contrasted with the associations observed in the overall
male population. Therefore, we caution against the nega-
tive association of young adulthood obesity with COPD,
especially for non-current smokers. Furthermore, asso-
ciations between obesity and COPD risk faded into sta-
tistical insignificance among females active in physical
activity, suggesting physical activity may attenuate this
relationship. Engaging in exercise and increasing muscle
mass may help neutralize the harmful effects of obesity. A
previous CKB study also observed that being overweight
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was associated with a lower risk of COPD only among
those who were physically active [8].

This study has several strengths worthy of mention.
The study was relatively abundant in the sample size, so
the joint effect of weight change and BMI in early adult-
hood could be first inspected simultaneously. All analyses
could be conducted in males and females separately, con-
sidering the physiological disparity between the sexes.
Also, subgroup analyses were enabled among partici-
pants according to potential confounders, mainly smok-
ing status. Prospective design with long-term follow-up
and outcome linkage to extensive datasets with wide
coverage were also highlights of our study. Sorts of sen-
sitivity analyses enhanced the robustness of our primary
findings.

The limitations of note are as follows. The sensitivity
analysis excluding recent weight change suggests pat-
terns of weight change may matter. However, our study
only included weight data from two timepoints and the
findings only reflected total weight change over years,
rather than patterns of change. Like in most previous
observational studies, weight in early adulthood was col-
lected based on recall in our study, which may introduce
information bias [2, 36, 37]. However, the baseline self-
reported values showed good consistency with those
obtained at the first resurvey with all Pearson's correla-
tion coefficient of>0.75 across weight fluctuation since
early adulthood groups and baseline age groups (data
not shown) among participants attending both surveys
[27]. Furthermore, participants who can recall their early
weight may be younger and have better social-economic
conditions, thus our results should be extrapolated cau-
tiously. Routine spirometry was not feasible within such
a large cohort, necessitating reliance on existing database
linkages. Although the CKB study has ascertained out-
comes through linkages to health datasets with nearly
full coverage, underdiagnosis of COPD is common in
China [38], especially for the mild subtypes. In addi-
tion, comorbidities among the obese may mask breath-
ing problems [39], leading to results that tend towards
null and even reverse directions. Some misclassification
of incident COPD remains possible, though we adjudi-
cated ~ 1,000 randomly selected cases in 2016 by review-
ing hospital medical records and 85% were supported
[40]. And reverse causation, like weight loss caused by
preclinical COPD, may have contributed to the above
findings. Nonetheless, the analyses were repeated exclud-
ing participants with follow-up of<2 years, and the pri-
mary results proved reliable. We additionally adjusted
for occupational category, but residual confounding due
to unmeasured workplace exposures cannot be fully
excluded. Although we controlled for passive smoking
and solid fuel use in sensitivity analysis, the likelihood of
residual confounding due to uncontrolled environmental
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variables, such as outdoor air pollution, still existed. Not-
withstanding, a previous CKB study observed that per-
sonal exposure levels of fine particles correlated more
strongly with household levels than community levels
[41]. Lifestyle factors were controlled for in our study,
which demonstrated the robustness of our findings but
was accompanied by the possibility of underestimation.
The CKB study areas were selected to represent major
regional differences in disease patterns, lifestyle, and
economic levels. Therefore, our findings are likely gen-
eralizable to diverse populations across China. Whether
the conclusion can be generalized to other populations
remains to be validated.

Conclusion

Weight change and early adulthood BMI were inversely
linked to COPD risk in males, while females faced an
elevated risk of COPD with either extreme weight loss
or weight gain. Our study highlights the importance of
maintaining a healthy weight beginning in young adult-
hood, with a specific emphasis on promoting weight
gain in the underweight and weight loss in the obese as
potential measures for reducing COPD risk. This further
underscores that weight fluctuations should be main-
tained steadily and softly.
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