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Body mass index (BMI) is associated with chronic obstructive pulmonary disease (COPD) risk. We 
investigated the association between BMI and the risk of COPD among young individuals. Using 
the Korean National Health Information Database, we screened individuals aged 20–39 years who 
participated in the national health examination between 2009 and 2012. We identified 6,304,769 
eligible individuals, and 13,784 had newly developed COPD. BMI was categorized according to the 
Asian BMI criteria. We performed multivariate Cox proportional hazards models to estimate the 
adjusted hazard ratio (aHR) of risk factors for COPD development. Their mean age was 30.8 ± 5.0 years, 
and 3,732,656 (59.2%) were men. The incidence rate for developing COPD was 0.22/1,000 person-
years. Compared to individuals with normal BMI (18.5–22.9 kg/m2), those who were underweight 
(< 18.5 kg/m2) had higher risks of COPD development (aHR: 1.37, 95% confidence interval [CI]: 
1.29–1.46). Meanwhile, overweight or obese individuals (23–24.9 or 25–29.9 kg/m2) had lower risks 
for COPD development (aHR 0.90, 95% CI 0.86–0.95, and aHR 0.90, 95% CI 0.85–0.94, respectively). 
Although males showed tendencies similar to those of the total population, the risk was increased 
with increasing BMI among females. In the subgroup analysis, the risk reduction was not observed 
among non-smokers as BMI increased. In young individuals, being underweight was associated with 
an increased risk for COPD development, whereas being overweight and obese were associated with a 
decreased risk for COPD.
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PY  person-years

Chronic obstructive pulmonary disease (COPD) is defined as a heterogeneous lung condition presenting 
chronic respiratory symptoms caused by the airways and/or alveoli abnormalities, which cause persistent and 
progressive airflow limitations1. Traditionally, prolonged exposure to noxious gases, particularly cigarette smoke, 
is a well-established cause of COPD2,3. However, the recently updated COPD classification in Global Initiative 
for Chronic Obstructive Lung Disease 2023 guidelines require more attention to risk factors other than cigarette 
smoking, including biomass fuel, occupational exposures, air pollution, low birth weight, genetic variants, 
childhood respiratory illness, male sex, low socioeconomic status, respiratory infections, and asthma1–3.

The prevalence of COPD increases with aging, and COPD has been regarded as a disease of older adults3. 
However, some individuals aged < 50 years were also diagnosed with COPD1, and it was estimated that 
49.3 million aged 30–39 years had COPD worldwide in 2019, with a prevalence of approximately 4%3. In this 
context, early recognition of young individuals with modifiable risks for COPD is essential, particularly other 
than cigarette smoking.

Being underweight is a well-established risk factor for COPD4,5 and is also associated with sarcopenia and 
malnutrition as risk factors for COPD6,7. On the contrary, the relationship between being overweight/obese and 
COPD has been inconsistent in previous studies5,8. Obesity causes substantial changes to the mechanics of the 
respiratory system and is also associated with increased inflammatory cytokines and immune cells that might lead 
to COPD9. Although obesity is associated with restrictive lung mechanics and diseases9, the obese population 
had a lower risk for airflow obstruction10. A meta-analysis concluded that being overweight and obese might 
reduce the risk of COPD; meanwhile, most included studies had limitations in that participants were aged > 40 
years, sample sizes were small, and a small number of studies were included in the subgroup analysis stratified 
by sex4. Therefore, we evaluated the association between body mass index (BMI) and COPD development in 
young individuals (20–39 years) using the nationwide retrospective cohort, with further comparison by sex and 
stratified analysis by smoking status.

Materials and methods
Data source
The Korean National Health Insurance Service (NHIS) has provided the Korean National Health Information 
Database (NHID), which contains data on sociodemographic information, medical treatment, insurance claims 
information, health care use, national health examination, and mortality of the entire South Korean population 
since 200111,12. The NHIS is a single insurer, a mandatory universal public health insurance system covering 
approximately 97% of the Korean population. The other 3% of the population in the lowest income bracket 
receives public assistance, medical aid; however, the NHIS also oversees all the administrative processes for 
medical aid beneficiaries.

Since 1995, the NHIS has provided national health examinations for preventing and early detecting diseases13. 
Until 2018, all adult employees or adults aged ≥ 40 years with national health insurance received a national 
health examination every two years (every year for manual workers), including anthropometric measurements, 
laboratory tests, simple chest radiographs, and self-report questionnaires about lifestyle behaviors and medical 
history12,14.

Study population
Individuals aged 20–39 years who received the national health examination between 2009 and 2012 were eligible 
for inclusion. Among initially screened 6,891,400 individuals, we excluded 5,265 individuals with any medical 
insurance claim of International Classification of Diseases 10th Revision (ICD-10) codes for COPD (J43–J44) 
prior to their health examination (COPD wash-out), 577,714 individuals with insufficient medical records, 
and 3,652 individuals who were identified with insurance claims of COPD within one year after their health 
examination (one-year lag period). The one-year lag period was applied to exclude the over-detection of COPD 
after the health examination.

Subsequently, the remaining 6,304,769 eligible individuals were included and started follow-up one year after 
the index date. Follow-ups occurred until December 2019, and the follow-ups ceased at (1) COPD development 
(study outcome), (2) death, or (3) censors (e.g., out-migration). Finally, 13,784 individuals were identified with 
newly developed COPD (Fig. 1).

COPD and BMI definition
The study outcome was newly diagnosed COPD, which was defined as medical insurance claims of the ICD-10 
codes for COPD (J44.x) or emphysema (J43.x), except for J43.0 (unilateral pulmonary emphysema, Macleod’s 
syndrome) ≥ three times per year for at least two years15–17.

Body weight and height were measured during the national health examination within two years prior to 
the index date. BMI was calculated by dividing body weight by the square of height (kg/m2) and categorized 
according to the BMI criteria for Asians: underweight (< 18.5 kg/m2), normal (18.5–22.9 kg/m2), overweight 
(23–24.9 kg/m2), obesity (25–29.9 kg/m2), and severe obesity (≥ 30 kg/m2)18.

Covariates
Information on anthropometric measurements (body weight, height, waist circumference, and blood pressure) 
and participant’s lifestyle behaviors from self-reported questionnaires were collected during the national health 
examination within two years prior to the index date. Smoking status was categorized into non-, former, and 
current smokers. A former smoker was defined as a person who had smoked at least 100 cigarettes or cigars 
during their lifetime but did not smoke at the time of the health examination. Alcohol consumption was 
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categorized into none, mild (< 30 g/day), and heavy (≥ 30 g/day). Regular exercise was defined as > 30 min 
of moderate exercise at least five times per week or > 20  min of strenuous exercise at least three times per 
week19. The household income level was categorized into a quartile (Q1 = the lowest, Q4 = the highest) based on 
the payer’s annual national health insurance premium. Medical aid beneficiaries were also included in the Q1 
category.

Previous respiratory diseases were defined as follows15: (1) asthma, insurance claims of ICD-10 codes for 
asthma (J45) ≥ three times per year and within five years prior to COPD diagnosis; (2) pneumonia, an insurance 
claim of hospitalization with ICD-10 codes for pneumonia (J10.0, J11.0, J12–J18, or A481) within five years prior 
to COPD diagnosis.

Using the NHIS and national health examination data within one year prior to the index date, 
metabolic syndrome was identified as ≥ three of the following five criteria20: (1) abdominal obesity: waist 
circumference ≥ 90 cm for males and ≥ 85 cm for females (Korean specific cutoffs)21; (2) elevated triglycerides: 
fasting blood triglyceride concentration ≥ 150 mg/dL or prescription of medications for elevated triglyceride; 
(3) reduced high-density lipoprotein cholesterol: blood high-density lipoprotein cholesterol concentration of 
< 40 mg/dL for males and < 50 mg/dL for females; (4) elevated blood pressure: blood pressure ≥ 130/85 mmHg 
or prescription of antihypertensive medications; (5) elevated fasting plasma glucose: fasting blood glucose 
concentration ≥ 100 mg/dL or prescription of anti-diabetes medications.

Statistical analysis
Continuous variables are presented as mean ± standard deviation, and categorical variables are presented as 
numbers (percentage). Student’s t-test and χ2 test were used to compare continuous and categorical variables, 
respectively. The incidence rate of COPD was calculated as the ratio between the number of newly developed 
COPD cases and the number of person-years (PY) at the risk of COPD (per 1,000). A multivariate Cox 
proportional hazards model was used to evaluate the effect of risk factors on the time-to-event of COPD 
development. The proportional hazards assumption was checked using the Schoenfeld residuals test. Model 1 
was non-adjusted. In Model 2, the covariates included age (as a continuous variable) and sex. Model 3 included 
the covariates in Model 2 and cigarette smoking, alcohol consumption, regular exercise, asthma, and pneumonia. 
Model 4 (the main analysis model) contained the covariates in Model 3 and metabolic syndrome. For Model 4, 

Fig. 1. Flow chart of the inclusion process.
 COPD: chronic obstructive pulmonary disease.
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subgroup analysis stratified by smoking status was performed to evaluate any interactive effect of smoking on 
the association between BMI and COPD. All p-values were two-tailed, with statistical significance set at P < 0.05. 
All statistical analyses were performed using SAS version 9.4 (SAS institute, Cary, NC, United States), and the 
PHREG procedure was used for the Cox proportional hazards model.

Results
Baseline characteristics
Table 1 shows the baseline characteristics of the study population according to the BMI category. The mean 
age of all participants was 30.84 ± 5.00 years, with men accounting for 59.2%. Underweight individuals were 
predominantly female (79.2%) and non-smokers (77.9%), whereas overweight, obese, and severely obese 
individuals were predominantly male (75.2%, 82.5%, and 77.3%, respectively) and current smokers (40.5%, 
47.0%, and 48.6%, respectively). Compared by sex, 30.8% of males were non-smokers, whereas 90.8% of 
females were non-smokers. These proportions of smoking status were consistent regardless of BMI category 
(Supplementary Tables 1, 2, 3).

Risk of COPD development according to BMI category
Compared with individuals with normal BMI, underweight individuals had an increased risk of developing 
COPD (adjusted hazard ratio [aHR] 1.37, 95% confidence interval [CI] 1.29–1.46). Whereas overweight and 
obese individuals had decreased risks of developing COPD (aHR 0.90, 95% CI 0.86–0.95, and aHR 0.90, 95% 
CI 0.85–0.94, respectively), severely obese individuals had an increased risk of developing COPD (aHR 1.11, 
95% CI 1.02–1.21). Compared by sex, males showed similar tendencies to the total population, whereas females 
showed increased risks even in overweight and obese individuals (Table 2; Fig. 2, Supplementary Tables 4, 5, 6).

Risk of COPD development according to BMI category stratified by smoking status
Underweight individuals showed consistently increased risks of developing COPD regardless of smoking status. 
Among overweight and obese individuals, former and current smokers showed decreased risks of developing 
COPD, similar to the total population, while non-smokers showed a tendency to increase the risk of developing 
COPD as BMI increased (Table 3). Regardless of smoking status, underweight males showed increased risks 

Total < 18.5 kg/m2 18.5–22.9 kg/m2 23.0–24.9 kg/m2 25.0–29.9 kg/m2 ≥ 30.0 kg/m2

6,304,769 479,465 2,950,675 1,208,895 1,397,745 267,989

Age, years 30.84 ± 5.00 28.57 ± 4.79 30.21 ± 5.06 31.62 ± 4.82 32.16 ± 4.63 31.44 ± 4.72

< 30 years 2,668,156 (42.32) 297,020 (61.95) 1,417,418 (48.04) 432,384 (35.77) 425,984 (30.48) 95,350 (35.58)

≥ 30 years 3,636,613 (57.68) 182,445 (38.05) 1,533,257 (51.96) 776,511 (64.23) 971,761 (69.52) 172,639 (64.42)

Male sex 3,732,656 (59.20) 99,928 (20.84) 1,364,031 (46.23) 908,734 (75.17) 1,152,716 (82.47) 207,247 (77.33)

Income, lowest Q1 1,366,698 (21.68) 124,404 (25.95) 696,283 (23.60) 233,558 (19.32) 252,360 (18.05) 60,093 (22.42)

Smoking status

Non 3,485,089 (55.28) 373,492 (77.90) 1,898,831 (64.35) 560,928 (46.40) 545,375 (39.02) 106,463 (39.73)

Former 632,360 (10.03) 19,826 (4.14) 228,044 (7.73) 158,092 (13.08) 195,218 (13.97) 31,180 (11.63)

Current 2,187,320 (34.69) 86,147 (17.97) 823,800 (27.92) 489,875 (40.52) 657,152 (47.02) 130,346 (48.64)

Alcohol consumption

Non 2,387,538 (37.87) 245,515 (51.21) 1,241,992 (42.09) 394,182 (32.61) 416,266 (29.78) 89,583 (33.43)

Mild 3,363,223 (53.34) 218,131 (45.49) 1,523,550 (51.63) 686,908 (56.82) 794,359 (56.83) 140,275 (52.34)

Heavy 554,008 (8.79) 15,819 (3.30) 185,133 (6.27) 127,805 (10.57) 187,120 (13.39) 38,131 (14.23)

Regular exercise 807,446 (12.81) 31,451 (6.56) 336,996 (11.42) 181,159 (14.99) 216,445 (15.49) 41,395 (15.45)

Metabolic syndrome 649,198 (10.3) 1,883 (0.39) 54,741 (1.86) 88,632 (7.33) 349,136 (24.98) 154,806 (57.77)

Asthma 182,603 (2.90) 14,715 (3.07) 86,608 (2.94) 32,746 (2.71) 39,133 (2.80) 9,401 (3.51)

Pneumonia 26,538 (0.42) 2,777 (0.58) 12,856 (0.44) 4,506 (0.37) 5,171 (0.37) 1,228 (0.46)

Waist circumference, cm 77.49 ± 10.01 64.62 ± 4.99 72.17 ± 6.15 80.27 ± 5.38 86.81 ± 6.08 97.80 ± 8.17

Systolic blood pressure, mmHg 117.71 ± 13.19 109.72 ± 11.18 114.20 ± 11.90 119.70 ± 12.06 123.78 ± 12.66 129.99 ± 14.47

Diastolic blood pressure, mmHg 73.76 ± 9.46 69.19 ± 8.21 71.48 ± 8.62 74.81 ± 8.83 77.66 ± 9.34 81.99 ± 10.61

Fasting blood glucose, mg/dL 90.87 ± 16.65 87.01 ± 12.07 88.74 ± 13.54 91.57 ± 16.29 94.46 ± 19.96 99.30 ± 27.37

Total cholesterol, mg/dL 184.51 ± 33.82 171.15 ± 28.22 177.43 ± 30.49 188.24 ± 33.58 197.15 ± 35.69 203.52 ± 37.22

HDL cholesterol, mg/dL 57.34 ± 21.95 64.92 ± 23.93 60.63 ± 23.19 54.95 ± 20.28 51.48 ± 18.32 48.89 ± 16.96

LDL cholesterol, mg/dL 104.63 ± 34.40 92.52 ± 29.87 99.46 ± 32.55 108.52 ± 34.28 113.84 ± 35.78 117.60 ± 36.85

* Triglyceride, mg/dL 96.61 (96.56–96.65) 66.14 (66.06–66.22) 79.42 (79.37–79.47) 108.04 (107.93–108.15) 136.93 (136.79–137.06) 161.15 (160.80–161.49)

Table 1. Baseline characteristics of the study population according to the body mass index category. Data 
are presented as the mean ± standard deviation or number (%), unless otherwise indicated. *Triglyceride is 
presented as the geometric mean (95% confidence interval). HDL: high-density lipoprotein; LDL: low-density 
lipoprotein.
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of developing COPD, which decreased among overweight and obese males. Meanwhile, the risks were not 
significantly different among females (Supplementary Tables 7, 8).

Discussion
In this study, we investigated the association between BMI and COPD development among young individuals 
in South Korea. Compared to individuals with a normal BMI, individuals who were underweight and severely 
obese had increased risks of developing COPD. Males showed a trend of risks for COPD similar to those of the 
total population, whereas females showed increasing risks for COPD as BMI increased over the normal range. In 
the subgroup analysis, underweight individuals had consistently increased risks of COPD regardless of smoking 
status. Being overweight and obese were associated with decreased risks of COPD in the total population 
and males; meanwhile, the risk reduction was not observed in females. These results demonstrate that being 
underweight is a significant risk factor for developing COPD among young individuals, and the risk might vary 
in overweight and obese individuals according to sex and smoking status.

Being underweight is a well-established risk factor for COPD4,5, and the risk might be associated with reduced 
skeletal muscle mass, including respiratory and non-respiratory muscles22. Furthermore, being underweight 
might be related to malnutrition and sarcopenia. Malnutrition was common among patient with COPD and 
associated with poor lung function7. Malnutrition also contributes to muscle dysfunction and modifies the 
local muscular microenvironment, resulting in protein imbalance, local inflammation and injury, and oxidative 
stress23. Sarcopenia was associated with weight loss, physical inactivity, inflammatory cytokines, inadequate 
energy intake, oxidative stress, and reduced circulation to muscles, resulting in limb muscle dysfunction and 
loss of muscle strength6.

In this study, the risk of COPD development was decreased in overweight and obese individuals. High BMI 
may indicate not only adipose tissue but skeletal muscle masses, while BMI was inversely correlated with airflow 
limitation and lung function decline24. Among patients with COPD, lung hyperinflation induces shortening 
and flattening of the diaphragm, resulting in the contractile force weakening25. Obese individuals with high 
respiratory and skeletal muscle masses could cope with increased airway resistance in COPD25. In this context, 
being overweight or obese might have protective effects against COPD.

Interestingly, this protective effect of obesity was observed in our results in males but not females. Similarly, a 
previous cross-sectional study in China also reported that the risk of airflow limitation was decreased with BMI 
in obese males, whereas the risk was correlated with BMI in obese females26. The limitations of BMI as a clinical 
parameter can explain this. BMI has limited utility in describing the distribution of adipose tissue and muscles, 
which may affect lung mechanics and metabolic dysfunction9. Abdominal obesity tends to have a greater effect on 
lung mechanics and metabolic dysfunction than peripheral obesity9. Furthermore, sexually different metabolic 
profiles among patients with COPD were reported as males representing metabolic syndrome features, enhanced 
systemic inflammation and upregulated muscular protein breakdown, and females representing severe muscle 

BMI (kg/m2) n COPD Duration (PY) IR (per 1000 PY)

Adjusted hazard ratio (95% confidence interval)

Model 1 Model 2 Model 3 Model 4

Total

< 18.5 479,465 1,176 3,974,896.84 0.2959 1.195 (1.123, 1.272) 1.383 (1.298, 1.474) 1.371 (1.286, 1.460) 1.370 (1.286, 1.460)

18.5–22.9 2,950,675 6,099 24,614,001.13 0.2478 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

23.0–24.9 1,208,895 2,572 10,150,626.96 0.2534 1.021 (0.975, 1.070) 0.907 (0.865, 0.951) 0.905 (0.864, 0.949) 0.901 (0.860, 0.945)

25.0–29.9 1,397,745 3,176 11,726,278.97 0.2708 1.092 (1.046, 1.140) 0.933 (0.892, 0.976) 0.916 (0.876, 0.958) 0.895 (0.854, 0.938)

≥ 30.0 267,989 761 2,209,332.13 0.3445 1.393 (1.292, 1.502) 1.256 (1.164, 1.355) 1.178 (1.091, 1.271) 1.112 (1.023, 1.208)

Male*

< 18.5 99,928 477 832,853.66 0.5727 2.040 (1.853, 2.246) 2.194 (1.993, 2.416) 2.108 (1.914, 2.322) 2.114 (1.919, 2.328)

18.5–22.9 1,364,031 3,228 11,474,060.06 0.2813 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

23.0–24.9 908,734 1,924 7,674,981.37 0.2507 0.890 (0.841, 0.942) 0.824 (0.779, 0.872) 0.831 (0.785, 0.879) 0.826 (0.780, 0.874)

25.0–29.9 1,152,716 2,523 9,717,014.52 0.2597 0.922 (0.875, 0.972) 0.823 (0.781, 0.867) 0.818 (0.776, 0.862) 0.796 (0.753, 0.841)

≥ 30.0 207,247 550 1,717,774.77 0.3202 1.141 (1.042, 1.249) 1.073 (0.981, 1.175) 1.033 (0.943, 1.130) 0.968 (0.877, 1.068)

Female*

< 18.5 379,537 699 3,142,043.18 0.2225 1.018 (0.938, 1.106) 1.107 (1.019, 1.203) 1.101 (1.013, 1.197) 1.102 (1.014, 1.198)

18.5–22.9 1,586,644 2,871 13,139,941.07 0.2185 1 (Ref.) 1 (Ref.) 1 (Ref.) 1 (Ref.)

23.0–24.9 300,161 648 2,475,645.59 0.2618 1.198 (1.100, 1.305) 1.118 (1.026, 1.218) 1.097 (1.007, 1.195) 1.091 (1.001, 1.188)

25.0–29.9 245,029 653 2,009,264.45 0.3250 1.489 (1.367, 1.621) 1.373 (1.261, 1.496) 1.300 (1.193, 1.416) 1.264 (1.157, 1.381)

≥ 30.0 60,742 211 491,557.36 0.4293 1.969 (1.712, 2.265) 1.885 (1.639, 2.168) 1.629 (1.415, 1.874) 1.494 (1.279, 1.745)

Table 2. Effect of body mass index on COPD development according to the Asian body mass index category. 
Model 1: non-adjusted. Model 2: adjusted for age and sex. Model 3: adjusted for age, sex, smoking, alcohol 
consumption, regular exercise, asthma, and pneumonia. Model 4: adjusted for age, sex, smoking, alcohol 
consumption, regular exercise, asthma, pneumonia, and metabolic syndrome. *Sex was excluded from 
multivariate models. BMI: body mass index; COPD: chronic obstructive pulmonary disease; PY: person-year; 
IR: incidence rate; Ref.: reference.
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Fig. 2. Incidence rate and adjusted hazard ratio of COPD. Incidence rates are presented as a bar graph. 
Adjusted hazard ratios were presented with 95% confidence intervals as a line graph. Body mass index 21.0–
21.9 kg/m2 was the reference value for the hazard ratio. The value of the X-axis represents the body mass index 
value as a 1 kg/m2 interval (e.g., 20 represents 20–20.9 kg/m2). (A) total, (B) male, (C) female. IR: incidence 
rate, aHR: adjusted hazard ratio, BMI: body mass index.
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wasting and weakness, lower fat mass, and suppressed protein metabolism27. In this study, metabolic syndrome 
was observed in 15.04% of males; meanwhile, only 3.20% of females had metabolic syndrome. Moreover, the 
proportion of non-smokers and regular exercisers differed between sexes (Supplementary Table 1). Although 
we adjusted for these factors in the multivariate analysis, the risk of developing COPD was different by sex 
among overweight and obese individuals. To further elucidate the risk of developing COPD among the obese 
population, future research should investigate body composition (adipose tissue, muscle, and bone), diet, and 
metabolic profiles27.

This study has some notable strengths. First, a large sample size and nationwide population-based cohort 
enhanced the statistical power to describe the associations between BMI and COPD development in young 
individuals. Second, using the NHID and National Health Examination Database, we analyzed smoking 
history, previous respiratory illnesses, and metabolic syndrome as covariates, thus, allowing us to draw complex 
relationships between BMI and COPD according to sex and smoking status.

This study also has some limitations. First, COPD was defined based on the health insurance claims 
using ICD-10 diagnostic codes, and lung function data could not be collected because a spirometry test was 
not included in the health examination. Furthermore, medication history could not be collected due to the 
limitations of the source data. To overcome this limitation, we defined COPD as insurance claims of COPD 
for ≥ three times per year for at least two years to identify patients with regular hospital visits for COPD15–17. 
Second, potential other risk factors for COPD, which are related to BMI, such as sarcopenia, lean body mass, 
diet, and nutritional status, could not be evaluated as covariates owing to the limitation in the source data6,7. 
Additionally, nutritional markers (e.g., pre-albumin, albumin, etc.) were not included in the health examination. 
Furthermore, BMI may have limited utility in understanding the effect of obesity on the respiratory function 
and disease9. Although we applied metabolic syndrome as a covariate in the multivariate analysis to adjust for 
the effect of metabolic dysfunction in obesity, future research should be performed based on more detailed 
information on body composition. Third, obese individuals might have dyspnea symptoms, even without 
airflow limitation10. This might cause an overdiagnosis of COPD among obese individuals, particularly under 
the operational definition based on insurance claims. Thus, further prospective large-scale cohort studies with 
spirometry-based lung function data are required for the obese population. Finally, applying our results to other 
ethnicities requires caution because this study used the Korean population, whose BMI category and body fat 
distribution differ from those of Caucasians28.

In conclusion, underweight young individuals had significantly increased risks for developing COPD 
regardless of sex and smoking status. Although overweight and obese young individuals showed decreased risks 
for developing COPD, this risk reduction was observed only in males and not females or non-smokers. Complex 
interactions between BMI, smoking status, and sexual differences might influence the risks of developing COPD, 
particularly in overweight and obese populations.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author upon 
reasonable request.
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Smoking status BMI (kg/m2) n COPD Duration (PY) IR (per 1000 PY) Adjusted hazard ratio (95% confidence interval)

Non

< 18.5 373,492 733 3,097,951.84 0.2366 1.238 (1.143, 1.342)

18.5–22.9 1,898,831 3,328 15,783,062.79 0.2109 1 (Ref.)

23.0–24.9 560,928 1,062 4,672,641.79 0.2273 1.002 (0.934, 1.075)

25.0–29.9 545,375 1,218 4,538,107.85 0.2684 1.117 (1.042, 1.196)

≥ 30.0 106,463 286 871,630.26 0.3281 1.300 (1.147, 1.473)

Former

< 18.5 19,826 75 164,084.37 0.4571 1.739 (1.366, 2.214)

18.5–22.9 228,044 566 1,926,575.18 0.2938 1 (Ref.)

23.0–24.9 158,092 372 1,349,430.21 0.2757 0.873 (0.765, 0.995)

25.0–29.9 195,218 434 1,660,678.75 0.2613 0.779 (0.687, 0.884)

≥ 30.0 31,180 88 259,978.92 0.3385 0.971 (0.773, 1.218)

Current

< 18.5 86,147 368 712,860.63 0.5162 1.708 (1.529, 1.908)

18.5–22.9 823,800 2,205 6,904,363.16 0.3194 1 (Ref.)

23.0–24.9 489,875 1,138 4,128,554.96 0.2756 0.808 (0.752, 0.868)

25.0–29.9 657,152 1,524 5,527,492.37 0.2757 0.766 (0.716, 0.819)

≥ 30.0 130,346 387 1,077,722.96 0.3591 0.975 (0.870, 1.093)

Table 3. Effect of body mass index on COPD development stratified by smoking status in model 4. Model 
4: adjusted for age, sex, smoking, alcohol consumption, regular exercise, asthma, pneumonia, and metabolic 
syndrome. BMI: body mass index; COPD: chronic obstructive pulmonary disease; PY: person-year; IR: 
incidence rate; Ref.: reference.
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