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

Association Between Serum Total Bilirubin Level
and Lung Function Decline in Patients with
COPD: Results from a Pooled Study
Cuiqiong Dai *, Zihui Wang*, Zhishan Deng , Fan Wu , Huajing Yang, Shan Xiao, Xiang Wen ,
Youlan Zheng, Jianwu Xu, Lifei Lu, Ningning Zhao , Peiyu Huang , Yumin Zhou, Pixin Ran

State Key Laboratory of Respiratory Disease, National Clinical Research Center for Respiratory Disease, Guangzhou Institute of Respiratory Health,
the First Affiliated Hospital of Guangzhou Medical University, Guangzhou Medical University, Guangzhou, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Pixin Ran; Yumin Zhou, The State Key Laboratory of Respiratory Disease, National Clinical Research Center for Respiratory Disease,
Guangzhou Institute of Respiratory Health, the First Affiliated Hospital of Guangzhou Medical University, Guangzhou Medical University, No. 195
Dongfeng Xi Road, Guangzhou, 510000, People’s Republic of China, Tel +86-020 83205187, Fax +86-020 81340482, Email pxran@gzhmu.edu.cn;
zhouyumin410@126.com

Background: Serum total bilirubin has been reported to have antioxidant properties against chronic respiratory diseases. The
objective of our study is to evaluate the association of total bilirubin (TB) with annual lung function decline in COPD patients with
different GOLD stages.
Methods: This study used pooled data from two observational and prospective cohorts of 612 COPD patients whose TB levels were
measured at baseline. The associations between TB and postbronchodilator FEV1, FEV1pred, FVC, FVCpred, FEV1/FVC, and the rate
of their decline were all determined using linear regression models in the total population and strata of GOLD stages.
Results: Serum TBwas positively related to FEV1 and FVC in the total group (β 0.02, 95% CI 0.001~0.02, P = 0.025 and β 0.02, 95% CI
0.002~0.03, P = 0.022, respectively). Additionally, TB was inversely associated with the annual decline in FEV1 and FEV1pred (β 4.91,
95% CI 1.68~8.14, P = 0.025 and β 0.21, 95% CI 0.06~0.36, P = 0.022, respectively) when adjusted for multivariables. After
stratification, the significant associations merely persisted in COPD patients with GOLD 2 and GOLD 3–4.
Conclusion: Increased TB level was related to less annual decline in FEV1 as well as FEV1pred in moderate-to-severe COPD but not
mild COPD, which indicated the different status of TB in different COPD severity and the possible role as potential biomarker merely
in moderate-to-severe COPD. Future researches to determine whether TB could be served as biomarker for COPD and the mechanisms
should be focused on some target patients with a certain disease severity.
Keywords: total bilirubin, COPD, lung function, GOLD stage, decline

Introduction
Serum total bilirubin (TB), an end product of heme degradation, is demonstrated to scavenge oxidation free radicals and thus
suppress oxidative stress.1 Experimental evidence from animal models indicated that TB could protect respiratory tissues
against environmental stressors by cytoprotective properties.2,3 Additionally, accumulating clinical studies supported that
mild higher bilirubin levels could decrease the risk of cardiovascular disease (CVD) and CVD-related diseases.4–6 An
increased total bilirubin level is also associated with a lower risk of chronic respiratory diseases, including lung cancer and
chronic obstructive pulmonary disease (COPD), as well as all-cause mortality.7–9 Furthermore, Kirstin E. et al found that
elevated bilirubin concentrations would decrease the acute exacerbation of COPD.10

A few longitudinal cohort studies have explored the relationship between total bilirubin and the rate of lung function
decline. For example, Ah YL et al11 showed that serum bilirubin concentration was significantly related to the annual
changes in FEV1, FVC, and FEV1 /FVC in general Koreans adjusted for sex, age, body mass index (BMI), and baseline
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lung function. Similarly, only in mild COPD, serum bilirubin is inversely related to the rate of FEV1 decline over 3 to 9
years.12 In a Swiss general population sample, per interquartile range increase of bilirubin exposure is concomitant with
1.1% increase in FEV1/FVC and 116.2 mL in FEF25-75% in smokers with high BMI.13 Also, David M. et al demonstrated
that TB is significantly associated with higher FEV1 and FVC in baseline lung function in AIDS individuals.14 However,
all these studies focused on the general or specific target population. And the data between bilirubin concentrations and
the annual decline in lung function in all different GOLD stages of COPD have not been reported before. To fill this
evidence gap, we hypothesized that higher TB level is associated with less annual lung function decline in COPD patients
with different GOLD stages. To test the hypothesis, we pooled data from two observational and prospective cohort
studies to assess the relationship between serum TB and lung function decline in the total COPD population and then
further in different GOLD stage subgroups.

Methods
Study Subjects
The data were pooled from two population-based, multi-center, and prospective cohort studies, including the National Key
Technology Research and Development Program of the 12th National 5-year Development Plan (2012–2015 Program; Trial
registration number ChiCTR-OO-14004264) and the Early COPD (ECOPD; Trial registration number
ChiCTR1900024643). The details of these two cohorts have been reported previously.15,16 Briefly, two cohorts recruited
participants aged 20 years or older and completed bilirubin measurement, questionnaires, and lung function tests at baseline.
Subjects included in this study completed spirometric measurements again for an interval of 7 to 9 years follow-up duration
in 2012–2015 Program as well as 1 to 2 years in ECOPD. Only participants defined as COPD (postbronchodilator FEV1

/FVC <0.7)17 with reliable data were included in our analysis. Participants were excluded if they had any comorbidity that
might significantly influence bilirubin, such as hemolytic disorders, hepatobiliary diseases, or renal insufficiency by self-
report. Additionally, TB concentrations >1.75 mg/dL for women and >2.34 mg/dL for men were also excluded for suspicious
Gilbert syndrome, a benign hereditary disease caused by UGT1A1 genotypes.18 The original two studies were performed in
line with the principles of the Declaration of Helsinki. Besides, the two studies were approved by the Ethics Committee of
Scientific research project review of the First Hospital of Guangzhou Medical University (No.2013–37 for 2012–2015
Program and N0.2018–53 for ECOPD) and written informed consent was also attained from all the participants.

Bilirubin Measurement
At baseline, venous blood samples were collected from eligible participants required to fast for more than 8 hours by
trained and professional staff. The samples will be stored at room temperature for at least 30 min and then quantified by
biochemical assays performed by the clinical laboratory to test total bilirubin. Bilirubin concentrations were measured or
transformed to the nearest 0.06 mg/dL (1 μmol/L).

Lung Function Measurement
Spirometry was performed by well-trained staff using a portable spirometer (CareFusion™ MasterScreen Pneumo,
Germany) on the same day of bilirubin detection. Only at least three acceptable curves and two reproducible tests can
be considered as acceptable for our study. We also performed postbronchodilator Spirometry (salbutamol sulfate aerosol,
400 μg 20min later) and then recorded and retrieved postbronchodilator FEV1, FVC, FEV1pred, FVCpred, and FEV1

/FVC. Annual Lung function decline was calculated as the parameters at follow-up minus corresponding baseline values
divided by the number of years for follow-up duration. All spirometric maneuvers and quality control were performed
following European Respiratory Society/American Thoracic Society standards.19 The definition of GOLD stages in our
study was in line with GOLD criteria for COPD, and we considered GOLD 3–4 COPD as severe COPD.17

Questionnaire
A questionnaire interview was carried out using a standardized questionnaire recommended by Zhong N et al.20 We
abstracted information about demographic characteristics, risk factors (smoke, occupational exposure, comorbidities, and
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family history of respiratory diseases), and respiratory symptoms, including any one of wheeze, cough, sputum
production, and dyspnea. We classified smoking status as never smoker, former smoker, and current smoker. Subjects
who have smoked less than 100 cigarettes in the past are identified as never smokers. Current smokers are referred to
someone who were smoking at baseline, and the others are regarded as former smokers. The definition of the smoking
index is multiplying the number of packs of cigarettes smoked per day by the number of years the person smoked. We
took subjects whose parents, siblings, or children had any of the listed respiratory diseases (chronic bronchitis,
emphysema, asthma, COPD, cor pulmonale, bronchiectasis, lung cancer, interstitial lung disease, obstructive sleep
apnea hypopnea syndrome) as having a family history of respiratory diseases.

Statistical Analysis
All variables are expressed as mean ± SD or number (%). Characteristics of participants among GOLD 1, GOLD 2, and
GOLD 3–4 compared using One-Way analysis of variance (ANOVA) test for continuous variables and the χ2 or Fisher's
exact test for categorical variables. The associations of TB with pulmonary function parameters at baseline or annual
lung function decline were assessed using univariable and multivariable regression models. All linear regression models
were adjusted for age, sex, BMI, smoking status, smoke index, passive smoker, occupational exposure, comorbidities,
and family history of respiratory diseases. To ensure the authenticity of the data, there was no imputation for missing
values of interest in our analysis. Data analysis was performed using IBM SPSS Version 25.0 and the statistical software
R version 4.0.3. Two-sided p < 0.05 were considered statistically significant.

Results
Baseline Characteristics
Of the 1053 patients with COPD, 442 were excluded for various reasons (Figure 1). The remaining 612 subjects were
divided into three subgroups by GOLD stages. Characteristics of the total group and three subgroups are presented in
Table 1. Compared with patients with mild COPD (GOLD 1), patients with moderate-to-severe COPD (GOLD 2, 3 and 4)
were more likely to be old, female, breathless and have lower BMI, heavier smoking exposure, more comorbidities, more
family history of respiratory diseases as well as worse lung function. There was no significant difference in TB levels
among the three subgroups (P = 0.486). The mean follow-up duration for our patients was about two years.

Associations of Total Bilirubin with Baseline Lung Function Parameters
Univariable and multivariable linear regressions of baseline pulmonary function parameters such as FEV1, FEV1pred,
FVC, FVCpred, and FEV1/FVC on TB concentrations are shown in Table 2. After adjustment for age, sex, BMI, smoking
status, smoke index, passive smoker, occupational exposure, comorbidities, and family history of respiratory diseases, TB
level (μmol/L) was significantly related to FEV1 and FVC in the total COPD patients (β 0.02, 95%CI 0.001~0.02, P = 0.025
and β 0.02, 95%CI 0.002~0.03, P = 0.022, respectively). Stratified by GOLD stages, the relationship between TB and FEV1

was only present in GOLD 1 stage (β 0.01, 95% CI 0.001~0.02, P = 0.032), whereas FVC became tending to be slightly
associated with bilirubin (P = 0.054).

Total Bilirubin and Annual Lung Function Decline
Totally, higher bilirubin concentrations were associated with a reduced rate of decline in lung function, which is
consistent in the univariable and multivariable regression analysis approximately (Figure 2). In the total COPD group,
we found that per 1 μmol/L increase in TB will reduce 4.91 mL/L decline in FEV1 (P = 0.003), 0.21% decline in
FEV1pred (P = 0.005), 6.26 mL/L decline in FVC (P = 0.039), and 0.23% in FVCpred (P = 0.023). However, following
stratification according to GOLD stages and multi-adjustments, the similar associations of FEV1 and FEV1pred with TB
merely existed in GOLD 2 and GOLD 3–4 patients. Besides, bilirubin only showed a protective effect on the rate of
decline in airflow limitation (FEV1/FVC) in severe COPD (GOLD 3–4).
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Discussion
In the pooled data from two prospective and longitudinal cohort studies, we found that TB was positively associated with
FEV1 in the total COPD population at baseline. Besides, TB also significantly reduced the rate of FEV1 and FEV1pred
decline in the total COPD group at follow-up duration after adjustment for age, sex, BMI, smoking status, smoke index,
passive smoker, occupational exposure, comorbidities, as well as family history of respiratory diseases. Surprisingly,
when stratifying by disease severity according to GOLD stages, relationships significantly persisted only in patients with
moderate-to-severe COPD. To our best knowledge, our study was the first to explore TB and lung function in the target
COPD population with different GOLD stages.

What we found between TB and FEV1 were in line with those of Ah YL et al11 who found that higher TB
concentration was associated with higher FEV1 and less annual FEV1 decline in the general Koreans and those of
Apperley S et al12 who also showed that consistent associations in mild-to-moderate COPD after adjusting for age, sex,
race, BMI and baseline measures of lung function. All these demonstrations indicated the potential protective role of TB
played on lung function. We could reasonably speculate about the mechanisms of mild higher TB level protecting lung
function. Summarily, the most important heme oxygenase that influences the biochemical production of bilirubin is heme
oxygenase-1 (HO-1),21 which would be up-regulated by oxidative stress22 and hypoxia.23,24 HO-1 is expressed in
pulmonary cells including type II pneumocytes and alveolar macrophages.25 COPD is a chronic pathological process
accompanied by endogenously or exogenously produced oxidative stress and inflammation.26,27 Higher HO-1 levels
expressed in COPD would increase TB concentrations. Furthermore, bilirubin has been reported to be an endogenous

Subjects completed bilirubin measurement from
two studies 

N=2871

Subjects with COPD (FEV1/FVC<0.7) 
N=1053

50 subjects excluded:
9 subjects without baseline post-bronchodilator test; 
13 subjects with unreliable lung function data;
8 subjects without questionnaire data;
18 subjects with comorbidities influenced bilirubin level; 
2 subjects with possible Gibert syndrome

Subjects included in the analysis 
N=1003

391 subjects excluded:
363 subjects without follow-up lung function  test; 
28 subjects only completed pre-bronchodilator test

Subjects included in final analysis 
N=612

Figure 1 Flow chart of participant selection.
Note: COPD was diagnosed by postbronchodilator FEV1/FVC <0.7.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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bioactive substance possessing substantial antioxidant activities by several experiments.28–30 Thus, TB may improve the
lung function in COPD in this way.

Another extended finding was that the significant protection effects merely persisted in moderate-to-severe COPD. It
may be implied that only when oxidative stress increased to a certain degree can bilirubin perform a function against
oxidation. We can get some evidence from the current studies. A Mendelian Randomization analysis using UK Biobank
showed that smokers with genetically raised serum bilirubin levels have lower rates of lung cancer and these relation-
ships are strongest in current heavy smokers (20 or more cigarettes per day),31 whereas Hyun et al found that high serum
TB was not significantly associated with the presence of COPD in never-smokers.32 Likewise, our data showed that
patients in GOLD 2 and GOLD 3–4 had more smoking exposure (more smoking index, pack-yrs). As we know, heavy
cigarettes exposure aggravated inflammation and oxidative damage of COPD, which would be suppressed by bilirubin
reduction to attenuate pulmonary injury.33 Differently from previous studies,11,13 we found no significant association
between TB and airflow limitation (FEV1/FVC) in the total group. The conflicting results may be attributed to the

Table 1 Baseline Characteristics of the Study Subjects

Characteristics Total Group
(n=612)

GOLD 1
(n=285)

GOLD 2
(n=270)

GOLD 3–4
(n=57)

P values

Sex, male 543(88.7) 240(84.2) 246(91.1) 57(100) 0.001

Age, yr 63.7±7.3 63.1±7.2 63.8±7.6 66.2±5.4 0.011

BMI, kg/m 2 22.1±3.4 22.5±3.1 22.1±3.6 19.8±3.0 <0.001

Smoking status※ <0.001
Never smoker 99(16.2) 59(20.7) 37(13.7) 3(5.3)
Former smoker 179(29.2) 65(22.8) 76(28.1) 38(66.7)

Current smoker 333(54.4) 160(56.1) 157(58.1) 16(28.1)

Smoke index, pack-yrs 30.9±29.8 29.0±30.0 29.5±26.9 46.7±36.9 <0.001

Passive smoker 186(30.4) 80(28.1) 83(30.7) 23(40.4) 0.181

Occupational exposure※ 368(60.1) 159(55.8) 171(63.3) 38(66.7) 0.253

Comorbidities 414(67.6) 165(57.9) 205(75.9) 44(77.2) <0.001

Family history of respiratory
diseases#

115(18.8) 39(13.7) 57(21.1) 19(33.3) 0.007

Respiratory symptom 375(61.3) 139(48.8) 187(69.3) 49(86.0) <0.001

mMRC score※ 0.47±0.73 0.27±0.60 0.62±0.91 0.98±0.88 <0.001

TB, μmol/L 11.8±4.0 11.9±4.2 11.6±3.7 12.2±4.0 0.486

Lung function
FVC, L 3.32±0.77 3.71±0.72 3.08±0.62 2.56±0.62 <0.001
FVCpred,% 103.7±19.8 117.1±16.0 95.5±12.4 76.4±15.8 <0.001
FEV1, L 1.96±0.59 2.37±0.47 1.71±0.35 1.04±0.23 <0.001
FEV1pred,% 77.2±20.2 94.2±11.5 67.1±8.3 39.9±7.8 <0.001
FEV1/FVC,% 58.6±9.4 64.2±4.6 56.3±8.2 41.4±7.2 <0.001

Follow-up duration, yr 1.8±1.9 2.0±2.1 1.6±1.6 2.0±2.2 0.095

Notes: Data are presented as the n (%) for or the mean ± SD. Characteristics of participants among GOLD 1, GOLD 2 and GOLD 3–4 compared using One-Way analysis of variance
(ANOVA) test for continuous variables and the χ2 or Fisher exact test for categorical variables.※There is one subject excluded in the analysis of smoking status, occupational exposure
and mMRC score variables respectively due to missing values of interest. #Means that seven people were excluded for unknown family history of respiratory diseases. Pack-yrs is a unit
of smoking index. It indicates multiplying the number of packs of cigarettes smoked per day by the number of years the person smoked. P values marked bold indicate that the value is
statistically significant. BMI was calculated by dividing the weight in kilograms by the square of height in meters (kg/m2).
Abbreviations: GOLD, the Global Initiative for Chronic Lung Disease; mMRC, modifiedMedical Research Council dyspnea; BMI, Body Mass Index; TB, Total Bilirubin; %, percent;
FVC, Forced vital capacity; FVC, % predicted, the ratio of FVC to its predicted value; FEV1, Forced expiratory volume in the first second; FEV1%predicted, the ratio of FEV1 to its
predicted value; FEV1/FVC, the ratio of FEV1 to FVC.
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differences of adjusted covariates in the proportion of sex, distribution of age, BMI, smoking status and index,
comorbidities, as well as family history of respiratory diseases.

Our study also has a few limitations. First, the sample size in moderate-to-severe COPD was small, so we could not
respectively evaluate the relationship of TB and GOLD 3 COPD or GOLD 4 COPD, given that the participants were
community-based. However, GOLD 3 and GOLD 4 were usually incorporated as severe COPD in clinical epidemiology.
Second, we only collected one blood sample, which did not allow for continuous evaluation of intraindividual
variability, although bilirubin levels are demonstrated to keep stable after adolescence.34 Besides, we could not exclude
the influence of alcohol intake on TB for lacking the related information. However, we have excluded other factors
affecting bilirubin as we can by incorporating hepatic disease into comorbidities, which may be caused by heavy alcohol
consumption.

Conclusions
In conclusion, we confirmed again that TB is inversely associated with annual lung function decline in FEV1 and
FEV1pred in COPD. And that association persists only in moderate-to-severe COPD adjusted for multi-covariates,
which implicated the different functional status of TB being in different degrees of COPD severity. It is also suggested
that TB may be a biomarker for only moderate-to-severe COPD but not mild COPD. We should focus more on the

Table 2 Univariable and Multivariable Linear Regression Analysis for TB and Baseline Lung Function Parameters in the Total Group
and Subgroups by GOLD Stages

Univariable Multivariable

β Estimate (95% CI) P values β Estimate (95% CI) P values

Total group
FEV1, L 0.008(−0.003~0.02) 0.157 0.02(0.001~0.02) 0.025
FEV1pred,% 0.15(−0.25~0.55) 0.465 0.32(−0.06~0.69) 0.097

FVC, L 0.01(−0.001~0.03) 0.063 0.02(0.002~0.03) 0.022
FVCpred,% 0.15(−0.24~0.54) 0.458 0.26(−0.11~0.63) 0.170

FEV1/FVC,% −0.01(−0.20~0.17) 0.893 0.07(−0.10~0.25) 0.416

GOLD 1
FEV1, L 0.01(−0.003~0.02) 0.123 0.01(0.001~0.02) 0.032
FEV1pred,% 0.16(−0.15~0.48) 0.308 0.25(−0.06~0.04) 0.117
FVC, L 0.02(−0.002~0.04) 0.076 0.01(0.00~0.03) 0.054

FVCpred,% 0.16(−0.28~0.60) 0.473 0.24(−0.17~0.66) 0.254

FEV1/FVC,% −0.03(−0.16~0.10) 0.660 0.03(−0.1~0.15) 0.686

GOLD 2
FEV1, L 0.004(−0.01~0.02) 0.451 0.01(−0.003~0.01) 0.215
FEV1pred,% 0.05(−0.22~0.32) 0.716 0.08(−0.19~0.35) 0.561

FVC, L 0.004(−0.02~0.02) 0.702 0.01(−0.01~0.02) 0.515

FVCpred,% −0.05(−0.45~0.35) 0.791 −0.05(−0.45~0.36) 0.825
FEV1/FVC,% 0.07(−0.19~0.34) 0.580 0.09(−0.18~0.35) 0.517

GOLD 3–4
FEV1, L 0.01(−0.007~0.02) 0.284 0.01(−0.01~0.03) 0.298

FEV1pred,% 0.16(−0.36~0.69) 0.537 0.27(−0.30~0.84) 0.343
FVC, L 0.03(−0.012~0.07) 0.155 0.03(−0.02~0.07) 0.222

FVCpred,% 0.61(−0.45~1.66) 0.253 0.69(−0.48~1.86) 0.241

FEV1/FVC,% −0.21(−0.69~0.27) 0.389 −0.11(−0.63~0.41) 0.667

Notes: P values marked bold indicate that the value is statistically significant. Multivariable linear regression analysis models were adjusted for age, sex, BMI, smoking
status, smoke index, passive smoker, occupational exposure, comorbidities and family history of respiratory diseases. β estimates from Multivariate linear regression
analysis were the unstandardized β estimates. Other abbreviations see Table 1.
Abbreviation: CI, confidence interval.
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specific COPD patients with a certain disease severity when validating bilirubin as a biomarker of COPD potentially in
future studies, given the protective effects of TB. Besides, further researches are also needed to investigate the
mechanisms of TB action on different severity levels of COPD to explain the different influences on lung function
decline.

Abbreviations
TB, total bilirubin; COPD, chronic obstructive pulmonary disease; GOLD, the Global Initiative for Chronic Lung
Disease; mMRC, Modified Medical Research Council dyspnea; BMI, body mass index; FVC, forced vital capacity;
FVC, %predicted, the ratio of FVC to its predicted value; FEV1, forced expiratory volume in the first second; FEV1,%
predicted, the ratio of FEV1 to its predicted value; FEV1/FVC, the ratio of FEV1 to FVC; ANOVA, analysis of variance;
SD, standard deviation; CI, confidence interval; CVD, cardiovascular disease; ECOPD, the early COPD; HO-1,
oxygenase-1.

Data Sharing Statement
The datasets used and analyzed in this study are available from the corresponding author on reasonable request.

Ethics Approval and Consent to Participate
The original two studies were performed in line with the principles of the Declaration of Helsinki. All the participants
from two studies gave written informed consent and two studies were approved by the Ethics Committee of the First
Affiliated Hospital of Guangzhou Medical University (No.2013-37 and No. 2018-53 respectively).

Parameters
Total group
FEV1,mL
FEV1pred,%
FVC,mL
FVCpred,%
FEV1/FVC,%
GOLD 1
FEV1,mL
FEV1pred,%
FVC,mL
FVCpred,%
FEV1/FVC,%
GOLD 2
FEV1,mL
FEV1pred,%
FVC,mL
FVCpred,%
FEV1/FVC,%
GOLD 3-4
FEV1,mL
FEV1pred,%
FVC,mL
FVCpred,%
FEV1/FVC,%

Crude β(95%CI)

4.58(1.39 to 7.77)
0.18(0.03 to 0.32)

5.46(-0.56 to 11.5)
0.21(-0.009 to 0.42)

0.03(-0.08 to 0.14)

2.39(-1.61to 6.38)
0.08(-0.14 to 0.29)
5.75(-1.90 to 13.4)
0.20(-0.11 to 0.51)

-0.06(-0.21 to 0.08)

6.12(0.34 to 11.9)
0.25(0.02 to 0.49)

6.79(-3.08 to 16.65)
0.27(-0.05 to 0.59)
0.06(-0.12 to 0.24)

10.58(1.06 to 20.1)
0.42(0.04 to 0.79)

1.69(-23.9 to 27.3)
0.03(-0.78 to 0.84)
0.40(0.11 to 0.70)

Crude p values

0.005
0.019
0.075
0.06

0.564

0.24
0.487
0.14

0.195
0.396

0.038
0.038
0.177
0.095
0.53

0.03
0.031
0.895
0.944
0.008

adj.β(95%CI)

4.91(1.68~8.14)
0.21(0.06~0.36)

6.26(0.33~12.19)
0.23(0.03~0.44)

0.07(-0.04~0.17)

3.56(-0.50~7.63)
0.16(-0.05~0.37)

5.23(-2.42~12.88)
0.20(-0.10~0.49)
0.03(-0.11~0.16)

6.19(0.47~11.92)
0.28(0.04~0.51)

8.21(-1.61~18.02)
0.29(-0.01~0.59)
0.06(-0.12~0.24)

13.51(3.81~23.20)
0.57(0.21~0.92)

17.1(-5.15~39.4)
0.53(-0.16~1.13)
0.33(0.03~0.63)

adj.p values

0.003
0.005
0.039
0.023
0.212

0.085
0.143
0.179
0.186
0.71

0.034
0.022
0.101
0.059
0.501

0.007
0.002
0.129
0.104
0.033

Total group
FEV1,mL
FEV1pred,%
FVC,mL
FVCpred,%
FEV1/FVC,%

4.58(1.39 to 7.77)
0.18(0.03 to 0.32)

5.46(-0.56 to 11.5)
0.21(-0.009 to 0.42)

0.03(-0.08 to 0.14)

0.005
0.019
0.075
0.06

0.564

4.91(1.68~8.14)
0.21(0.06~0.36)

6.26(0.33~12.19)
0.23(0.03~0.44)

0.07(-0.04~0.17)

0.003
0.005
0.039
0.023
0.212

GOLD 2
FEV1,mL
FEV1pred,%
FVC,mL
FVCpred,%
FEV1/FVC,%

6.12(0.34 to 11.9)
0.25(0.02 to 0.49)

6.79(-3.08 to 16.65)
0.27(-0.05 to 0.59)
0.06(-0.12 to 0.24)

0.038
0.038
0.177
0.095
0.53

6.19(0.47~11.92)
0.28(0.04~0.51)

8.21(-1.61~18.02)
0.29(-0.01~0.59)
0.06(-0.12~0.24)

0.034
0.022
0.101
0.059
0.501
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Figure 2 Linear regression analysis for the relationship between bilirubin and annual lung function decline, by overall COPD population and stratified by GOLD stages.
Notes: Annual Lung function decline was calculated as the parameters at follow-up minus corresponding baseline values divided by the number of years for follow-up
duration. Multivariable linear regression analysis models were adjusted for age, sex, BMI, smoking status, smoke index, passive smoker, occupational exposure, comorbidities
and family history of respiratory diseases. Per unit increase of TB in all these models is 1 μmol/L. Crude β means the unstandardized β estimate from univariable analysis,
Crude P values mean the P values from univariable analysis, adj.β means the unstandardized β estimate from the multivariable analysis, adj.P values mean the P values from
multivariable analysis. Abbreviations see abbreviation section in Table 1.
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