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Abstract 

The impact of blood eosinophil counts on the development of chronic obstructive lung 

disease (COPD) is unknown. We investigated whether a higher blood eosinophil counts was 

associated with the risk of developing obstructive lung disease (OLD) in a large cohort of 

men and women free lung disease at baseline. 

Cohort study of 359,456 Korean adults without a history of asthma and without OLD at 

baseline who participated in health screening exams including spirometry. OLD was defined 

as pre-bronchodilator FEV1/FVC < 0.7 and FEV1 <80% predicted.  

After a median follow-up of 5.6 years (interquartile range, 2.9–9.2), 5,008 participants 

developed incident OLD (incidence rate, 2.1 per 1,000 person-years; 95% CI, 2.1–2.2). 

In the fully-adjusted model, the HR (95% CI) for incident OLD comparing eosinophil 

counts of 100-<200, 200-<300, 300-<500 and ≥500 cells/μL to <100 cells/μL were 1.07 

(1.00–1.15), 1.30 (1.20–1.42), 1.46 (1.33–1.60) and 1.72 (1.51–1.95) (P for trend <0.001). 

These associations were consistent in clinically relevant subgroups, including never, former, 

and current smokers.  

In this large longitudinal cohort study, blood eosinophil counts were positively associated 

with the risk of developing of OLD. Our findings indicate a potential role of eosinophil count 

as an independent risk factor for developing COPD. 

 

Keywords: Blood eosinophil counts; cohort study; lung function; obstructive lung disease; 

spirometry 

 

  



Introduction 

Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disease 

associated with a substantial global burden of mortality, morbidity, and health care costs [1]. 

COPD is characterized by persistent respiratory symptoms and airflow limitation, but the 

symptoms and pathophysiological features show a marked variation from patient to patient 

despite a similar degree of airflow obstruction [2, 3]. There is substantial interest in 

identifying factors that could explain the high degree of variability observed in COPD 

patients.   

Eosinophils are inflammatory cells that may be involved in the pathophysiology of 

COPD and may partially explain between-patient variability. Some COPD patients show 

increased numbers of eosinophils in lung tissue and sputum compared to healthy controls [4, 

5], but the number of lung eosinophils varies considerably across COPD patients [5-7]. 

Airway eosinophilic inflammation is present in a subset of patients with COPD even when 

asthma or allergy are carefully excluded [8, 9], and higher tissue or blood eosinophil counts 

in COPD patients are associated with an increased gene expression of T helper type 2-high 

signature [10, 11]. In mouse models, lung eosinophilia was associated with elevated matrix 

metalloprotease -12 levels, a predictor of emphysema [12]. Furthermore, the number of 

eosinophils in lung tissue and blood are correlated in COPD patients [13-15], and higher 

blood eosinophil counts predicted a greater response to inhaled corticosteroids in several 

COPD randomized controlled trials [16-20]. Some studies have also reported that increased 

blood eosinophil counts were are associated with an increased frequency of exacerbations in 

COPD, although this association has been inconsistent [21-24]. 

Several cross-sectional and case-control studies have found an association between 

blood eosinophil counts and the presence of COPD or reduced lung function [25-30], but 

there is no available data on the association of blood eosinophil counts and the risk of 



developing COPD during longitudinal follow up. Thus, we conducted a large longitudinal 

cohort study in men and women without COPD and without a history of asthma to investigate 

whether a higher blood eosinophil count was associated with the risk of developing 

obstructive lung disease (OLD) using pre-bronchodilator spirometry data. 

 

Patients and Methods  

Study population 

The Kangbuk Samsung Health Study is a cohort study of adult men and women who 

underwent a comprehensive health examination at the clinics of the Total Healthcare Center 

of the Kangbuk Samsung Hospital in Seoul and Suwon, South Korea, since January 1, 2002 

[31]. More than 80% of participants were employees of various companies or local 

governmental organizations, or their spouses. In Korea, annual or biennial health screening 

exams of employees are required by the Industrial Safety and Health Law and provided free 

of cost. The remaining participants voluntarily purchased health checkup exams at the center 

clinics. 

The present cohort study included participants who underwent a comprehensive 

health examination between 2002 and 2017 and had at least one follow-up visit through 

December 31, 2019 (N = 411,903; Figure 1). We excluded participants with the following 

exclusion criteria at the baseline visit: missing data on body mass index, lung function, or 

blood eosinophil counts (n = 4,843); a self-reported history of physician diagnosed asthma or 

COPD or of surgery for lung or heart disease (n = 7,138); a history of malignancy including 

lung cancer (n = 5,639); abnormal lung function defined as either forced expiratory volume at 

1 second (FEV1)/forced vital capacity (FVC) < 0.7 (n=7,692), or FVC < 80% predicted 

(n=26,277); or blood white blood cells > 11,000 /mm
3
 (n=3,487). Since some participants 

fulfilled more than one exclusion criteria, the final number of study participants was 359,456. 



This study was approved by the institutional review board of Kangbuk Samsung 

Hospital (KBSMC 2020-06-055), which waived the requirement for written informed consent 

due to the use of de-identified data obtained as part of routine health screening examinations. 

 

Data collection 

At baseline and at each follow-up visit, data on demographic characteristics, medical 

history, medication use and lifestyle habits, including smoking status, were collected via 

standardized self-administered questionnaires. Smoking status was categorized into never, 

former, or current smoker. Alcohol intake was categorized into none, <20 g of ethanol/day, 

and ≥20 g of ethanol/day. The frequency of moderate or vigorous intensity physical activity 

was categorized into <3, and ≥3 times/week. Education level was categorized into less than 

college graduate and college graduate or more. 

Anthropometric parameters and sitting blood pressure were measured by trained 

nurses. Body mass index (BMI) was calculated as weight in kilograms divided by height in 

meters squared. Obesity was defined as BMI 25 kg/m
2
, according to the proposed cutoff for 

obesity in Asians [32]. Hypertension was defined as a systolic blood pressure of ≥140 mmHg, 

a diastolic blood pressure of ≥90 mmHg, or current use of antihypertensive medication. 

Each screening visit also included a spirometry test (without bronchodilator) 

performed according to the recommendations of the American Thoracic Society [33] using 

Vmax 22 spirometers (SensorMedics, Yorba Linda, CA, USA). Absolute values of FEV1 and 

FVC were obtained, and the percentage of FEV1 and FVC predicted values were calculated 

using a reference equation from a representative sample of Koreans [34]. OLD was defined 

as FEV1/FVC < 0.7 and FEV1 <80% predicted [35].  

Blood samples were obtained after participants had fasted for at least 10 hours. 

Fasting blood measurements included glucose, lipid profile, insulin, high-sensitivity C-reative 



protein (hsCRP), and glycated hemoglobin (HbA1c). Insulin resistance was assessed with the 

homeostatic model assessment for insulin resistance (HOMA-IR) equation as fasting blood 

insulin (uU/mL) × fasting blood glucose (mmol/L) / 22.5. Diabetes was defined as a fasting 

serum glucose ≥126 mg/dL, an HbA1c ≥6.5%, or current use of insulin or antidiabetic 

medications. White blood cell counts including differential counts were measured using an 

XE-2100 hematology analyzer (Sysmex Corporation, Kobe, Japan).[36] Absolute eosinophil 

counts were calculated by multiplying the total number of white blood cells by the percentage 

of eosinophils. Blood eosinophil counts were categorized into <100, 100-<200, 200-<300, 

300-<500 and ≥500 cells/μL.  

 

Statistical analyses 

Intraclass correlation coefficient (ICC) and Kappa coefficient were used to assess the 

repeatability of blood eosinophil counts over time. 

The primary endpoint was the development of OLD defined as FEV1/FVC <0.7 and 

FEV1 <80% predicted. Participants were followed up from the baseline examination until the 

visit of endpoint development or their last health examination, whichever occurred first. The 

incidence of OLD is evaluated at each visit and, therefore, the exact time of OLD 

development cannot be accurately identified and we can only determine that OLD occurred 

between the visits. To appropriately account for this type of censoring (interval censoring), 

we used a parametric proportional hazards model with natural cubic splines of log time with 

3 internal knots at the 25
th

, 50
th

, and 75
th

 percentiles which allows for the estimation of 

smoothed baseline log cumulative hazards (Stata package stpm) [37]. We estimated the 

hazard ratios (HR) and 95% confidence intervals (CIs) for incident OLD comparing each 

category of blood eosinophil counts to the reference category of blood eosinophil counts 

<100 cells/μL. In addition to categorical analysis, we modeled blood eosinophil counts as 



restricted cubic splines with knots at the 5
th

, 35
th

, 65
th

, and 95
th

 percentiles of the sample 

distribution to provide a flexible estimate of the concentration-response relationship between 

blood eosinophil counts and incident OLD. 

Models were first age- and sex-adjusted and then were further adjusted for other 

potential baseline confounders including study center (Seoul or Suwon), year of screening 

exam (1-year categories), smoking status (never, former, or current), alcohol intake (none, 

<20 g/day, ≥20 g/day, or unknown), BMI, history of pulmonary tuberculosis, hsCRP and 

blood neutrophil counts. In addition to using baseline eosinophil count as the primary 

exposure, we conducted additional analyses using blood eosinophil counts and potential 

confounders as time-varying covariates in the models. The proportional hazards assumption 

was assessed by examining graphs of estimated log(-log) survival curves. No violation of the 

proportional hazards assumption was found. 

Because of the key role of smoking in the development of OLD, we performed 

subgroup analyses by smoking status. Additionally, we performed subgroup analyses by age 

(<40 vs. ≥40 years), sex (women vs. men), BMI (<25 vs. ≥25 kg/m
2
), smoking (never, former, 

current), alcohol intake (<20 vs. ≥20 g/day), regular exercise (<3 vs. ≥3 time per week), and 

hsCRP (<1.0 vs. ≥1.0 mg/L). Interactions of blood eosinophil counts and participant 

characteristics, including smoking status, were tested using likelihood ratio tests that 

compared models with versus without interaction terms.  

In sensitivity analysis, instead of using blood eosinophil counts, we used blood 

eosinophil percentage as exposure, categorized as <1, 1-<2, 2-<3, 3-<4, and ≥4%. In addition, 

we repeated the analysis after excluding participants with eosinophil count ≥600 cells/L at 

baseline, after excluding participants with incident asthma over follow-up, and after including 

a self-reported physician-diagnosis of COPD in the questionnaire as part as the definition of 

incident OLD. All analyses were performed using Stata version 16 (StataCorp LP, College 



Station, TX, USA). All p-values <0.05 were considered statistically significant. 

 

Results  

At baseline, the mean (SD) age of study participants was 36.7 (7.8) years, and 55.6% 

of participants were male (Table 1). The median blood eosinophil count at baseline was 127.7 

cells/μL (interquartile range, 75.3–211.5). The frequency of participants with eosinophil 

counts <100, 100-<200, 200-<300, 300-<500 and ≥500 cells/μL at baseline were 38.0, 34.5, 

14.8, 9.5, and 3.2%, respectively. The ICC of the eosinophil counts using repeated visits of 

study participants throughout follow-up was 0.53. The Kappa statistic for eosinophil count 

categories (<100, 100–299, and ≥300) comparing the 1
st
 and 2

nd
 visits in each participant was 

0.44. The proportion of participants who remained in the same category of eosinophil count 

in the 1
st
 and 2

nd
 was 70.4% among those with <100 cells/L in the 1

st
 visit, 67.3% among 

those with 100–299 cells/μL and 51.9% among those with ≥300 cells/μL. 

Participants with higher eosinophil counts were more likely to be male, current 

smokers, and alcohol drinkers, had a higher prevalence of obesity, hypertension, diabetes, and 

cardiovascular disease, had a less favorable lipid profile, and had higher average HOMA-IR, 

hs-CRP, and blood neutrophil counts. 

After a median follow-up of 5.6 years (interquartile range, 2.9–9.2; maximum, 

17.8 years; person-years, 2,349,412), 5,008 participants developed incident OLD 

(incidence rate, 2.1 per 1,000 person-years; 95% CI, 2.1–2.2). Among them, the 

proportion of never, former and current smokers were 36.0%, 26.7% and 37.4%, 

respectively. In the fully-adjusted model, the HR (95% CI) for incident OLD comparing 

eosinophil counts of 100-<200, 200-<300, 300-<500 and ≥500 cells/μL to <100 cells/μL 

were 1.07 (1.00–1.15), 1.30 (1.20–1.42), 1.46 (1.33–1.60) and 1.72 (1.51–1.95) (P for trend 

<0.001; Table 2). The adjusted HR for incident OLD associated with an increase of 100 



cells/μL in eosinophil counts was 1.08 (95% CI 1.06–1.09). In spline regression models, the 

incidence of OLD increased throughout the range of eosinophil counts but the association 

was stronger at lower eosinophil counts (P value for nonlinear spline terms, < 0.001; Figure 

2). The results were similar when blood eosinophil count and other confounders were treated 

as time-varying covariates (Table 2). 

In sensitivity analyses, the findings were similar when we used eosinophil percentage 

instead of eosinophil count (Supplementary Table S1), when we excluded participants with 

incident asthma over follow up or with eosinophil count ≥600 cells/L at baseline 

(Supplementary Table S2), or when we included a self-reported physician-diagnosis of 

COPD in the questionnaire as part as the definition of incident OLD (Supplementary Table 

S3). 

In subgroup analyses stratified by smoking status, the concentration-response 

relationship between eosinophil count and risk of incident OLD was consistently observed 

among never, former, and current smokers (Table 3 and Figure 3). The association of 

eosinophil count with the risk of OLD was also observed across clinically relevant subgroups, 

without significant interactions (Supplementary Figure 1). 

 

Discussion 

In this large cohort of 359,456 Korean adults with normal lung function and without 

COPD or asthma at baseline, blood eosinophil counts showed a progressive and independent 

association with the risk of developing incident OLD over follow-up. Participants with a 

blood eosinophil counts of ≥500 cells/μL had almost 2 times the risk of developing OLD 

compared to those with <100 cells/μL at baseline. This association was observed in never, 

former, and current smokers, and in all clinically relevant subgroups examined. These 

findings are consistent with the hypothesis that implicates blood eosinophils in the 



pathophysiological process of OLD development [38].   

Previous cross-sectional analyses using data from the Clinical Practice Research 

Datalink [26, 28] or general population data from Austria [25] reported that the blood 

eosinophil counts were significantly increased in COPD patients compared with control 

subjects. Another study showed that the blood eosinophil counts were significantly higher in 

COPD patients compared to smoker and to non-smoker controls (210, 140 and 120 cells/μL 

respectively), even after excluding asthma and atopy [27]. The novelty and strength of this 

study is the longitudinal analysis in a large cohort of relatively young subjects and the 

collection of detailed information which allowed us to investigate the association between 

blood eosinophil count and the development of incident OLD accounting for potential 

confounders.  

Smoking is a major risk factor for COPD and is also associated with a higher 

eosinophil count [25]. Importantly, the prospective association between eosinophil count and 

COPD was evident in all groups of smokers, including never-smokers. Non-smoking COPD 

is increasingly recognized as a major subgroup of COPD cases [39, 40]. In our population, 36% 

of incident OLD cases originated in never smokers, including most cases of OLD in women. 

In addition to smoking, risk factors for COPD development include outdoor air pollution, 

exposure to biomass fuel, occupational exposure to dusts and gases, a history of tuberculosis, 

and poor socioeconomic status [40], but there is very limited data on the cellular and 

mediator profiles of airway inflammation in never-smoker COPD [41]. Our study suggests a 

potential role of eosinophils for COPD development in never smokers, which should be 

investigated further in mechanistic studies of never-smoker COPD pathogenesis. 

In our study, the ICC of eosinophil counts over follow-up was 0.53 with moderate   

agreement for measurements obtained at different visits. Eosinophil counts can have high 

within-person variability, particularly for higher eosinophil counts, as inflammation is a 



“dynamic” process and the level of inflammation is not constant in an individual [42, 43]. 

The results using eosinophil count at baseline, however, were similar to those using 

eosinophil counts as a time-varying variable, which accounts for changes in eosinophil counts 

over follow-up, suggesting that the association is driven by eosinophil counts over longer 

time periods.  

Parasitic infection is one of the common causes of high eosinophil counts, but we did 

not collect information on the presence of parasitic infections. The distribution of blood 

eosinophil counts in our study population (median [interquartile range] 127.7 [75.3–211.5]), 

however, was similar to that from studies of other countries with lower prevalence of 

parasitic infection. For example, in Austria where the prevalence of parasitic infection was 

0.24% between 1990–2000 [44], the median blood eosinophil count of 3,641 healthy 

individuals was 110 cells/μL (IQR:70–180) [25]. In another study from the United Kingdom, 

the median blood eosinophil counts of healthy smokers (n=46) and non-smokers (n=81) were 

140 and 120 cells/μL, respectively [27]. In addition, most of our cohort participants were 

younger and had higher socioeconomic status than then general population in Korea, and the 

prevalence of parasitic infection in our study population is expected to be lower than in the 

general population. 

The mechanisms underlying the association between blood eosinophil counts and 

COPD remain unclear. Noxious particles such as cigarette smoke can cause lung and 

systemic inflammation, including eosinophil activation; it is well known that cigarette 

smokers can develop acute eosinophilic pneumonia [45], while there is increasing recognition 

that inhalation of other products can also cause this [46, 47]. In support of this argument, we 

found that current smokers had higher eosinophil counts, a phenomenon that was also 

observed in an Austrian general population study [25]. In COPD patients, a high blood 

eosinophil count is associated with a higher number of lung eosinophils and with increased 



levels of various inflammatory proteins in bronchoalveolar lavage and greater tissue 

remodeling [6, 7]. In our data, we observed a positive association between blood eosinophil 

counts and systemic inflammatory markers such as hsCRP and blood neutrophil counts, 

further implicating blood eosinophil counts as a biomarker connected to an increased 

inflammatory burden. However, the association between eosinophil counts and incident OLD 

persisted even after adjusting for hsCRP and blood neutrophil counts, suggesting that the role 

of eosinophils in COPD development depends on inflammatory mechanisms not fully 

captured by commonly used biomarkers. Future longitudinal research needs to establish the 

risk factors of eosinophilia and how eosinophil counts are associated with pathological 

changes in the lung in healthy (non-COPD) subjects. 

The present study, however, has several limitations. First, our large longitudinal 

cohort used only spirometry testing without bronchodilator since post-bronchodilator 

spirometry was not routinely performed in health screening exams. We thus defined a 

FEV1/FVC <0.7 and FEV1 <80% predicted in pre-bronchodilator spirometry as OLD, not 

COPD [35]. However, since we excluded participants with a history of asthma, the presence 

of moderate-to-severe airflow limitation is likely to reflect COPD. Furthermore, our findings 

were virtually identical when we excluded participants who developed asthma over follow-up, 

and when our definition of incident OLD included a self-reported physician-diagnosis of 

COPD. Therefore, participants identified as having incident OLD using spirometric criteria in 

our study were likely to reflect those with incident COPD. Further studies using post-

bronchodilator spirometry are necessary to corroborate the findings for COPD. Second, we 

did not measure some risk factors for COPD such as environmental or occupational 

exposures. Finally, the study population consisted of young and middle-aged Korean men and 

women who regularly attended health screening exams, which limits the generalizability of 

our findings to other populations. We note, however, that the distribution of eosinophil counts 



in our study was similar to that of a general population study in Austria [25], and to that of a 

study of healthy non-COPD participants in the UK [27]. 

In conclusion, in this large cohort study, blood eosinophil counts were positively 

associated with the risk of developing OLD even among healthy individuals free of COPD or 

asthma and with normal lung function. The association between blood eosinophil counts and 

the risk of OLD was consistent in all subgroups examined, including never, former, and 

current smokers. Our findings suggest that individuals with higher eosinophil counts may 

benefit from closer monitoring of lung function in order to facilitate early detection and 

intervention of OLD. 
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Figure legends  

 

Figure 1. Flow chart of study participants. 

 

Figure 2. Multivariable-adjusted hazard ratios (95% CI) for incident OLD by blood eosinophil 

counts. 

The curves represent adjusted hazard ratios (solid line) and their 95% confidence intervals (dashed 

lines) for incident OLD based on restricted cubic splines for blood eosinophil counts with knots at 

the 5
th

, 35
th

, 65
th

, and 95
th
 percentiles (blood eosinophil counts 32.7, 92.7, 169.9, and 429.1 cells/μL, 

respectively) of their sample distribution. The reference value (diamond dot) was set at the 10
th

 

percentile (blood eosinophil count 48.1 cells/μL). The model was adjusted for age, sex, center, year 

of screening exam, BMI, smoking status, alcohol intake, history of pulmonary tuberculosis, hsCRP, 

and blood neutrophil counts. 

Abbreviations: BMI, body mass index; hsCRP, high-sensitivity C-reactive protein; OLD, 

obstructive lung disease. 

 

Figure 3: Multivariable-adjusted hazard ratios for incident OLD by blood eosinophil counts for 

never, former, and current smokers.  

The curves represent adjusted hazard ratios for incident OLD based on restricted cubic splines for 

blood eosinophil counts with knots at the 5
th

, 35
th

, 65
th

, and 95
th

 percentiles of their sample 

distribution. The reference value (diamond dot) was set at the 10
th

 percentile. Estimates were 

adjusted by age, sex, center, year of screening exam, BMI, alcohol intake, history of pulmonary 

tuberculosis, hsCRP, and blood neutrophil counts.  

Abbreviations: BMI, body mass index; hsCRP, high-sensitivity C-reactive protein; OLD, 

obstructive lung disease. 



 

 

Supplement Figure 1 

Multivariable-adjusted hazard ratios (95% CI) for incident OLD comparing ≥ 500 cells/μL to < 100 

cells/μL of eosinophil count category in pre-specified subgroups. 

Models were adjusted for age, sex, center, year of screening exam, BMI, smoking status, alcohol 

intake, history of pulmonary tuberculosis, hsCRP, and blood neutrophil counts. 

Abbreviations: BMI, body mass index; hsCRP, high-sensitivity C-reactive protein; OLD, 

obstructive lung disease. 



Table 1. Baseline characteristics of study participants. 

 

Characteristics Overall 
Eosinophil count category (cells/μL) 

<100 100-199 200-299  300-499 ≥ 500 

Number 359,456 136,587 124,034 53,256 34,238 11,341 
Age (years)a 36.7 (7.8) 36.5 (7.9) 36.7 (7.8) 36.9 (7.7) 37.1 (7.6) 37.8 (7.9) 

Male (%) 55.6 43.0 57.7 67.7 72.5 76.3 
BMI (kg/m2) 23.3 (3.3) 22.6 (3.1) 23.5 (3.3) 23.9 (3.3) 24.0 (3.3) 24.2 (3.2) 
Obesity (%)f 28.0 20.9 29.7 34.9 35.6 38.3 
Current smoker (%) 23.0 13.1 23.5 32.7 38.7 44.0 
Alcohol intake (%) c 18.3 14.1 18.4 22.5 24.3 29.3 
Regular exercise (%) d 14.2 14.3 14.2 14.1 13.9 14.3 
High education level (%) e 81.0 79.6 81.6 82.4 82.6 79.7 

Comorbidities       
Diabetes (%) 2.3 1.8 2.4 2.9 3.0 3.5 
Hypertension (%) 10.9 8.9 11.2 12.8 13.6 15.0 
History of pulmonary TB 
 (%) 

2.9 
2.8 3.0 3.0 3.0 3.1 

History of CVD (%) 2.1 1.9 2.1 2.1 2.4 2.7 
Laboratory findings       

FBG (mg/dl) a 93.6 (13.7) 92.6 (12.8) 93.8 (13.8) 94.5 (14.5) 94.8 (14.9) 95.3 (15.0) 

Total cholesterol 
(mg/dL)a 

192.4 (34.1) 189.4 (33.6) 193.2 (34.2) 194.9 (34.3) 196.1 (34.0) 197.4 (34.6) 

LDL-C (mg/dl) a 115.5 (30.9) 112.7 (30.5) 116.3 (31.0) 118.0 (31.0) 119.0 (30.7) 119.2 (31.7) 
HDL-C (mg/dl) a 57.8 (14.4) 60.3 (14.8) 57.2 (14.2) 55.6 (13.7) 54.9 (13.4) 54.2 (13.0) 
Triglycerides (mg/dL)b

 93 (65-138) 81 (59-117) 96 (68-142) 105 (73-157) 110 (77-163) 118 (80-175) 
ALT (U/L)b 19 (13-29) 17 (12-25) 19 (14-29) 21 (15-32) 22 (15-33) 23 (16-34) 
hsCRP (mg/L)b 0.3 (0.1-0.4) 0.3 (0.1-0.4) 0.3 (0.1-0.4) 0.3 (0.2-0.4) 0.3 (0.2-0.4) 0.3 (0.3-0.5) 

HOMA-IR b 1.21 (0.81-1.79) 1.13 (0.75-1.66) 1.25 (0.83-1.85) 1.29 (0.86-1.92) 1.30 (0.86-1.93) 1.30 (0.86-1.98) 

Neutrophil count 3110.0 (2503.8-
3871.6) 

2962.4 (2370.0-
3726.0) 

3124.6 (2535.8-
3864.1) 

3240.9 (2624.9-
3996.0) 

3320.5 (2692.2-
4096.3) 

3442.5 (2805.8-
4218.5) 

Pulmonary function test       

FEV1 (L) 3.41 (0.62) 3.28 (0.62) 3.44 (0.62) 3.55 (0.59) 3.59 (0.57) 3.62 (0.56) 

FEV1 (% pred) 101.9 (13.9) 102.0 (13.7) 101.9 (14.1) 101.7 (14.1) 101.5 (14.1) 101.6 (14.5) 

FVC (L) 4.11 (0.81) 3.92 (0.80) 4.14 (0.81) 4.29 (0.77) 4.35 (0.74) 4.40 (0.72) 

FVC (% pred) 99.3 (12.3) 99.4 (12.3) 99.3 (12.4) 99.1 (12.3) 98.9 (12.1) 99.0 (12.2) 

FEV1/FVC 85.7 (6.5) 86.2 (6.5) 85.6 (6.4) 85.2 (6.5) 85.0 (6.5) 84.7 (6.6) 



Number of visits b 7 (4-10) 6 (4-10) 7 (4-10) 7 (4-11) 7 (4-11) 7 (4-11) 

Interval between each visit 
(years) b 

1.2 (1.0-2.0) 1.2 (1.0-2.0) 1.2 (1.0-2.0) 1.2 (1.0-2.0) 1.1 (1.0-2.0) 1.1 (1.0-2.0) 

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; CVD, cardiovascular disease; FBG, fasting blood glucose; FEV1, forced expiratory 
volume in 1 second; FVC, forced vital capacity; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity C-reactive protein; 
TB, tuberculosis.  
Values in Table are amean (standard deviation), bmedian (interquartile range), or percentage.  
c ≥ 20 g/day; d ≥ 3 times/week; e ≥ College graduate; f BMI ≥ 25kg/m2. 
  



Table 2. Hazard ratios (95% confidence intervals) for the development of OLD by eosinophil count categories. 

  

 
Eosinophil count category (cells/μL) Per 100 (cells/μL) 

increase in 

eosinophil counts 
<100 100-199 200-299  300-499 ≥ 500 

Person-years (PY) 856,106.9 821,839.7 359,837.4 233,849.3 77,778.2  

Incident cases 1,428 1,623 936 714 307  

ID (cases per 10
3
 PY) 1.7 2.0 2.6 3.1 3.9  

Multivariable-adjusted 

HR (95% CI)
b
 

 
 

 
   

 Model 1 Reference  1.11 (1.03-1.19) 1.39 (1.28-1.51) 1.59 (1.45-1.75) 1.95 (1.72-2.21) 1.09 (1.08-1.11) 

Model 2 Reference 1.07 (1.00-1.15) 1.30 (1.20-1.42) 1.46 (1.33-1.60) 1.72 (1.51-1.95) 1.08 (1.06-1.09) 

HR (95% CI)
c 
in time-

varying model 
Reference 1.11 (1.04-1.20) 1.36 (1.25-1.48) 1.43 (1.30-1.57) 1.85 (1.62-2.10) 1.06 (1.05-1.07) 

a Values are median (range). 
b Estimated from parametric proportional hazards models. Model 1: adjusted for age and sex. Model 2: Model 1 plus adjustment for center, year of screening 
exam, BMI, smoking status, alcohol intake, history of pulmonary tuberculosis, hsCRP, and blood neutrophil counts. 
c Estimated from parametric proportional hazard models with baseline age, sex, center, and year of screening exam as time-fixed variables and blood 

eosinophil count categories, BMI, smoking status, alcohol intake, history of pulmonary tuberculosis, hsCRP and neutrophil counts as time-varying variables. 
 

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; hsCRP, high sensitivity C-reactive protein: ID, incidence density; OLD, 
obstructive lung disease. 
 

  



Table 3. Hazard ratios (95% confidence intervals) for the development of OLD by eosinophil count and smoking status categories. 
 

Subgroup Eosinophil count category (cells/μL) 

<100 100-199 200-299 300-499 ≥500 

Never smokers      
 Total Number 86,263 62,683 21,939 12,244 3,526 

Incident cases 709 556 228 159 66 

 HR (95% CI) Reference 1.04 (0.93-1.16) 1.19 (1.03-1.39) 1.47 (1.24-1.75) 1.93 (1.50-2.49) 

Former smokers      

 Total Number 26,215 27,549 12,295 7,803 2,565 

Incident cases 349 473 224 159 69 

 HR (95% CI) Reference 1.23 (1.07-1.41) 1.26 (1.06-1.50) 1.40 (1.16-1.69) 1.80 (1.39-2.33) 

Current smokers      

 Total Number 16,996 27,741 16,598 12,651 4,793 

Incident cases 278 530 447 373 159 

 HR (95% CI) Reference 1.06 (0.92-1.23) 1.47 (1.26-1.71) 1.57 (1.35-1.84) 1.65 (1.36-2.01) 
a Estimated from parametric proportional hazards models adjusted for age, sex, center, year of screening exam, BMI, alcohol intake, history of pulmonary 
tuberculosis, hsCRP and blood neutrophil counts. 
The number of incident OLD patients with missing information on smoking status was 229 (4.6%).    

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; OLD, obstructive lung disease. 

 

 

 

 

Supplementary appendix 

Table S1. Hazard ratios (95% confidence intervals) for the development of OLD by eosinophil % categories. 

  

 
Eosinophil % category 

<1.0 1.0-1.9 2.0-2.9 3.0-3.9 ≥4.0 

Person-years (PY) 273,391.6 702,031.5 533,311.3 327,889.7 512,787.6 



Incident cases 408 1,273 1,083 780 1,464 

ID (cases per 10
3
 PY) 1.5 1.8 2.0 2.4 2.9 

Multivariable-adjusted 

HR (95% CI)
 a
 

 
 

 
  

 Model 1 Reference 1.15 (1.03-1.29) 1.25 (1.11-1.40) 1.41 (1.25-1.59) 1.63 (1.46-1.82) 

Model 2 Reference 1.13 (1.01-1.27) 1.21 (1.08-1.36) 1.35 (1.20-1.53) 1.55 (1.38-1.74) 

HR (95% CI)
b 

in time-

varying model 
Reference 1.00 (0.90-1.11) 1.07 (0.96-1.20) 1.21 (1.08-1.36) 1.35 (1.21-1.51) 

a Estimated from parametric proportional hazards models. Model 1: adjusted for age and sex. Model 2: Model 1 plus adjustment for center, year of screening 
exam, BMI, smoking status, alcohol intake, history of pulmonary tuberculosis, hsCRP and blood neutrophils (percentage). 
b Estimated from parametric proportional hazard models with baseline age, sex, center, and year of screening exam as time-fixed variables and blood 
eosinophil % categories, smoking status, alcohol intake, BMI, history of tuberculosis, hsCRP and blood neutrophil percentage as time-varying variables. 
Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; hsCRP, high sensitivity C-reactive protein: ID, incidence density; OLD, 
obstructive lung disease. 
 

 

 

 

 

 

 

 

  



Table S2. Multivariable-adjusted hazard ratios (95% confidence intervals) for the development of OLD by eosinophil count categories after 

applying additional exclusion criteria. 

 

 
Eosinophil count category (cells/μL) 

<100 100-199 200-299  300-499 ≥ 500 

After excluding 

participants with 

incident asthma over 

follow-up (a) 

Reference 1.06 (0.98-1.14) 1.25 (1.15-1.37) 1.31 (1.19-1.45) 1.55 (1.36-1.78) 

After excluding 

participants with 

eosinophil count 

≥600 at baseline (b) 

Reference 1.07 (1.00-1.15) 1.31 (1.20-1.43) 1.47 (1.34-1.61) 1.65 (1.37-1.99) 

(a) + (b) Reference 1.06 (0.98-1.14) 1.25 (1.15-1.37) 1.31 (1.19-1.45) 1.50 (1.23-1.83) 

Hazard ratios and 95% confidence intervals estimated from parametric proportional hazard models adjusted for age, sex, center, year of screening exam, BMI, 
smoking, alcohol intake, history of pulmonary tuberculosis, hsCRP and blood neutrophil counts. 
Abbreviations: BMI, body mass index; hsCRP, high sensitivity C-reactive protein; OLD, obstructive lung disease. 
 

  



Table S3. Multivariable-adjusted hazard ratios (95% confidence intervals) for the development of OLD by eosinophil count categories according 

to different criteria to identify incident OLD (lung function test, self-reported of a physician-diagnosis, or both) 
 

 
Eosinophil count category (cells/μL)  

<100 100-199 200-299  300-499 ≥ 500 

Lung function test (pre-

bronchodilator 

FEV1/FVC < 70% & 

FEV1 < 80% pred (a) 

Reference 1.07 (1.00-1.15) 1.30 (1.20-1.42) 1.46 (1.33-1.60) 1.72 (1.51-1.95) 

Self-reported of a 

physician-diagnosis 

of COPD (b) 

Reference 1.13 (1.05-1.21) 1.11 (1.02-1.21) 1.25 (1.14-1.37) 1.30 (1.14-1.49) 

(a) + (b) Reference 1.11 (1.05-1.16) 1.20 (1.13-1.27) 1.33 (1.24-1.42) 1.49 (1.36-1.64) 

Hazard ratios and 95% confidence intervals estimated from parametric proportional hazard models adjusted for age, sex, center, year of screening exam, BMI, 
smoking, alcohol intake, history of pulmonary tuberculosis, hsCRP and blood neutrophil counts. 
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; hsCRP, high sensitivity C-reactive protein; OLD, obstructive lung 
disease. 
 
 

 

 

 

 

  



 

  



 

  



 



 


