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Abstract 38 

Background: The prevalence of chronic obstructive pulmonary disease (COPD) is 39 

rising in China, yet population-based evidence on COPD-related mortality risk remains 40 

limited. This study examined the association between prevalent COPD and all-cause 41 

and cause-specific mortality in a large Chinese cohort.  42 

Methods: This study included 484,301 adults aged 30 to 79 years who received 43 

spirometry at the baseline of the China Kadoorie Biobank Study (2004–2008). COPD 44 

was defined as FEV1/ FVC <0.7. Mortality data were tracked via local death registries 45 

and national health insurance systems over a median follow-up period of 16.0 years. 46 

Cox proportional hazard models and competing risk regression were used to estimate 47 

hazard ratios (HRs) and subdistribution HRs (SHRs), respectively. 48 

Results: The COPD group had higher all-cause and cause-specific mortality, with 49 

adjusted HR (95%CI) for all-cause mortality of 1.44 (1.41–1.47), and adjusted SHR 50 

(95%CI) of 1.09 (1.05–1.13), 1.06 (1.01–1.11), 3.30 (3.12–3.49), 1.45 (1.16–1.81), for 51 

circulatory disease, neoplasms, respiratory disease, and infectious disease mortality, 52 

respectively. Specifically, young COPD (aged <50 years) showed a stronger mortality 53 

association than those aged ≥50 years. Moreover, individuals with preserved ratio 54 

impaired spirometry (PRISm) had a 1.4-fold higher risk of all-cause mortality 55 

compared with non-COPD participants. 56 

Conclusion: COPD is associated with a significantly elevated risk of mortality from 57 

all causes, circulatory disease, neoplasms, respiratory disease, and infectious disease in 58 

the Chinese population. Additionally, young COPD and those with PRISm faced 59 

significant mortality burdens. 60 

 61 

Keywords: Chronic obstructive pulmonary disease; Cause-specific; Mortality; 62 

Preserved ratio impaired spirometry. 63 
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Introduction 66 

Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity, 67 

mortality, and disease burden worldwide, with more than three-quarters of global 68 

COPD cases in low-income and middle-income countries (LMICs)[1]. It was estimated 69 

that, China would incur the world's most significant public health and absolute 70 

economic burden of COPD between 2020 and 2050[2]. In 2018, the China Pulmonary 71 

Health study estimated that 99.9 million adults aged 20 years or older in China had 72 

COPD[3]. However, only 2.6% of individuals with spirometry-defined COPD were 73 

aware of their condition[3], reflecting the overwhelming lack of awareness of COPD.  74 

COPD mortality is often underestimated due to its underreporting[4, 5]. In addition, 75 

individuals with COPD often have other conditions, such as cardiovascular disease 76 

(CVD) and lung cancer, making it difficult to estimate the actual burden of COPD[6]. 77 

Although many studies have endeavored to assess the mortality among individuals with 78 

COPD, they encountered limitations due to stringent inclusion criteria (focusing on 79 

smokers, outpatients, hospitalized or those with acutely exacerbated COPD), absence 80 

of control for confounding factors such as lifestyle variables, and restricted diversity 81 

and quantity of outcomes considered[4, 6-12]. Furthermore, there is a shortage of 82 

evidence about the mortality among individuals with COPD from LMICs. Given the 83 

high underdiagnosis rate, achieving a comprehensive understanding of the mortality 84 

spectrum among individuals with COPD is crucial to enhancing public awareness of 85 

the condition and bolstering our comprehension and approach to managing those 86 

affected. 87 

Thus, we aimed to evaluate the association between COPD and all-cause and cause-88 

specific mortality based on the prospective China Kadoorie Biobank (CKB) of 0.5 89 

million adults. Furthermore, we assessed the impact of COPD on mortality across 90 

different characteristics. 91 

 92 

Methods 93 

Study design and participants 94 

Details of the study design and survey methods have been reported previously[13]. In 95 

brief, we used the data from the CKB, a large-scale prospective cohort comprising 96 

512,724 participants aged 30 to 79 years from 10 areas across China, at the baseline 97 

from 2004 to 2008. The estimated population response rate was about 30% (26–38% 98 

in the five rural areas and 16–50% in the five urban areas). We excluded participants 99 

with previously self-reported physician-diagnosed ischemic heart disease (IHD, n = 100 

15,472), stroke (n = 8,884), cancer (n = 2,578), or asthma (n = 2,806) at baseline, as 101 

well as those lost to follow-up shortly after baseline (n = 1). Participants with a forced 102 

expiratory volume in one second (FEV1) to the forced vital capacity (FVC) ratio > 1.0 103 

(n = 396) or missing data for covariates (i.e., body mass index [BMI], n = 2) were also 104 
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excluded, leaving 484,301 participants for the present analysis. 105 

The Ethical Review Committee of the China National Center for Disease Control and 106 

Prevention (Beijing, China) and the Oxford Tropical Research Ethics Committee, 107 

University of Oxford (UK) approved the study protocol. We obtained written informed 108 

consent from all participants before they participated in the study. 109 

 110 

Spirometry and identification of COPD 111 

At baseline, all individuals underwent spirometry tests, and details of the spirometry 112 

procedures have been previously reported[14]. Briefly, FEV1 and FVC were measured 113 

using a handheld Micro Spirometer by trained technicians according to recommended 114 

procedures[15], and two successful maneuvers, as determined by the technician, were 115 

recorded. The larger of the two measurements for each of FEV1 and FVC were used to 116 

calculate the FEV1/FVC ratio and for further analysis. Predicted values for lung 117 

function (e.g., predicted FEV1 and the lower limit of normal [LLN]) were calculated 118 

based on the Global Lung Function Initiative (GLI) 2012 equations for the Southeast 119 

Asian and Northeast Asian populations [16]. Prevalent COPD was defined based on the 120 

Global Initiative for Obstructive Lung Disease (GOLD) criterion (i.e., FEV1/FVC < 0.7 121 

as COPD)[17], but without bronchodilation. Additionally, we utilized the LLN as a cut-122 

off for the FEV1/ FVC ratio to define obstruction in a sensitivity analysis (sensitivity 123 

analysis 1)[18]. Given the central role of environmental exposure in COPD clinical 124 

diagnosis, we redefined COPD more stringently in a sensitivity analysis as individuals 125 

with confirmed spirometric obstruction (FEV1/FVC < 0.7) plus a history of smoking, 126 

passive smoke exposure, or solid fuel use (sensitivity analysis 2). The severity of 127 

obstruction was graded according to GOLD criteria (i.e., GOLD stage I, mild: FEV1 ≥ 128 

80% predicted; GOLD stage II, moderate: 50% ≤ FEV1 < 80% predicted; GOLD stage 129 

III, severe: 30% ≤ FEV1 < 50% predicted; and GOLD stage IV, very severe: FEV1 < 130 

30% predicted)[17] Non-COPD individuals with FEV1 < 80% predicted were 131 

considered preserved ratio impaired spirometry (PRISm)[19]. The severity of 132 

pulmonary impairment was defined according to the GLI z-score threshold for FEV1 133 

(i.e., mild: -2.50 ≤ FEV1 GLI z-score< -1.65; moderate: -4.00 ≤ FEV1 GLI z-score< -134 

2.50; severe: FEV1 GLI z-score < -4.00)[20]. 135 

 136 

Assessment of covariates 137 

All participants completed interviewer-administered laptop-based questionnaires at 138 

baseline, which covered sociodemographic characteristics, lifestyle factors, and 139 

medical history. Subsequently, they undertook physical measurements. Covariate 140 

information on sociodemographic characteristics (age, sex, education, annual 141 

household income, and occupation), lifestyle factors (smoking status, alcohol 142 

consumption, physical activity, fresh fruit, vegetable and meat consumption, primary 143 

cooking and heating fuel usage), self-reported health status, personal medical history 144 

(frequency of cough and sputum, physician-diagnosed cancer, IHD, stroke or transient 145 
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ischemia, hypertension, diabetes, emphysema or bronchitis, asthma and tuberculosis 146 

[TB]), and family history (heart attack, stroke, and cancer) were collected at baseline 147 

questionnaire. The total daily physical activity level was calculated by multiplying the 148 

metabolic equivalent of tasks (MET) value assigned to a specific type of physical 149 

activity by the daily hours spent on that activity, then summing the resulting MET hours 150 

per day (MET‐h/d) for all activities. 151 

Body weight, height, and blood pressure were measured by trained staff using a 152 

standard protocol and calibrated instruments at baseline. BMI was calculated as the 153 

quotient of measured weight in kilograms divided by the square of height in meters. 154 

Prevalent hypertension was defined as systolic blood pressure ≥ 140 mmHg, diastolic 155 

blood pressure ≥ 90 mmHg, self-reported physician-diagnosed hypertension, or self-156 

reported use of antihypertensive drugs at baseline. All participants provided a 10 mL 157 

non-fasting blood sample for an immediate on-site test of random plasma glucose. 158 

Diabetes was defined as fasting blood glucose ≥ 7.0 mmol/L, random blood glucose ≥ 159 

11.1 mmol/L, or self-reported physician-diagnosed diabetes. 160 

 161 

Follow-up for mortality 162 

For individuals who died during the study period, we obtained mortality data from local 163 

death registries, residential records, and the national health insurance system, the 164 

former being the source used by the National Bureau of Statistics of China to calculate 165 

the national standardized mortality rate[21]. If necessary, further investigations of 166 

medical records and annual active visits to local communities or direct contact with 167 

participants were conducted to verify the cause of death. To ensure completeness and 168 

consistency of data collection, the same linkage processes and standardized follow-up 169 

protocol were used in all regions[13]. The cause of death was coded by trained staff, 170 

blinded to participants' baseline information, using the International Classification of 171 

Disease, 10th Revision (ICD-10). In the present study, only the underlying cause of 172 

death was included in the analysis. The outcomes comprised death from overall causes, 173 

as well as selected disease-specific causes (i.e., ischemic heart disease [I20−I25], 174 

intracerebral hemorrhage [I61], ischemic stroke [I63], lung cancer [C34], COPD 175 

[J41−J44], pneumonia [J12−J18], and respiratory TB [A15−A16]). We also defined a 176 

series of cause-specific death based on the ICD-10 chapter as complementary (i.e., 177 

circulatory diseases [ICD-10: I00−I99], neoplasms [C00−D48], respiratory diseases 178 

[J00−J99], digestive diseases [K00−K93], and infectious and parasitic diseases 179 

[A00−B99]). Participants were censored upon death, lost to follow-up, or 31 December 180 

2022, whichever occurred first. 181 

 182 

Statistical analyses 183 

Mean values and prevalence of baseline variables were calculated by prevalent COPD 184 

and COPD severity at baseline. The median FEV1% predicted for each COPD severity 185 

stage was used to calculate the linear trend P-value. Mortality rates per 100,000 person-186 
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years for individuals with and without COPD were calculated. Survival curves were 187 

generated using Kaplan-Meier survival estimates by COPD at baseline and compared 188 

using a log-rank test. 189 

We used stratified Cox proportional hazards regression to estimate hazard ratios (HRs)  190 

with 95% confidence intervals (CIs), comparing mortality risks in COPD participants 191 

versus non-COPD participants. All analyses were stratified by age-at-risk (in five-year 192 

groups, the 95–100 group was merged with the 90–95 group due to the small number 193 

of participants), sex, and 10 study areas, where appropriate (model 1), additionally 194 

adjusted for education (primary school or below, middle or high school, and technical 195 

school/college or above), occupation (factory worker or farmer, employed, and 196 

unemployed), household income (<10,000, 10,000-19,999, ≥20,000 CNY/year), 197 

marital status (married or not), alcohol consumption (never or not weekly, ex-regular, 198 

weekly but not daily, current <15g/d, current 15–29g/d, current 30–59g/d, current 199 

≥60g/d), smoking status (never or occasional, ex-regular, current <15, current 15–24, 200 

current ≥25 cigarettes equivalent per day), passive smoking status (no passive smoking, 201 

passive smoking <20 years, passive smoking ≥20h/d lasting ≥20 years, passive smoking 202 

<20h/d lasting ≥20 years and not available), physical activity levels (three groups by 203 

age- and sex-specific physical activity tertiles), primary cooking fuel (gas and 204 

electricity as clean fuels, wood and coal as solid fuels, other fuels and not available), 205 

primary heating fuel (central heating, gas and electricity as clean fuels, wood and coal 206 

as solid fuels, other fuels and not available) usage, and consumption frequency of fresh 207 

fruits (daily or not), fresh vegetables (daily or not), meat (> 4 days/week or not), general 208 

obesity (i.e., BMI <18.5, 18.5–23.9, 24–27.9 and ≥28.0 kg/m2 according to 209 

overweight/obesity definition of Chinese population[22]) and abdominal obesity (a 210 

waist ≥ 90 cm for men and ≥85 cm for women based on the criteria for Chinese 211 

population[22]) in model 2. The assumption of proportional hazards was verified using 212 

the Schoenfeld residuals. Considering the competing risks of death from other causes 213 

for cause-specific mortality, we fitted a proportional subdistribution hazards regression 214 

model[23] to account for the competing risks (model 3). When analyzing specific 215 

causes of death, individuals who died from causes other than those of interest were 216 

censored at the time of death.  217 

To explore the association of spirometry with the risk of death, restricted cubic splines 218 

(RCS), based on model 2, were used to capture potential nonlinear association. 100 and 219 

1.0 were the reference points for FEV1% predicted and FEV1/FVC, respectively. Three 220 

to five knots were placed at specific percentiles of the variable's distribution, chosen to 221 

capture the relevant trends, and knot selection for the RCS was determined by the 222 

Akaike Information Criterion.  223 

Using Model 2 as a foundation, we further explored the exposure as (1) GOLD criteria 224 

of COPD severity and PRISm, (2) the severity of lung function impairment as defined 225 

by the 2021 American Thoracic Society and European Respiratory Society technical 226 

standard (using GLI z-score threshold for FEV1)[20] to evaluate the association of 227 

COPD severity with risk of all-cause and cause-specific mortality. P for trend tests were 228 

calculated using FEV1% predicted and FEV1 GLI z-score as continuous variables, 229 
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respectively.  230 

A series of stratified analyses were performed in COPD participants based on the 231 

presence of self-reported symptoms, smoking behaviors, or respiratory diseases (i.e., 232 

coughing or sputum, ever smoking, self-reported physician-diagnosed bronchitis or 233 

emphysema, and TB at baseline) based on model 2. We performed subgroup analyses 234 

to explore if COPD-associated mortality differed in subgroups defined by sex, age 235 

groups (≥50 years or not[24]), and region (urban/rural and south/north bounded by the 236 

Huaihe River and Qinling Mountains). Cochran's Q test was used to confirm the 237 

heterogeneity across subgroups and P values were reported. We also performed a 238 

sensitivity analysis by adjusting for self-reported health status (poor or not), comorbid 239 

hypertension, diabetes, bronchitis, emphysema, and tuberculosis at baseline based on 240 

model 2 (model 4). Additionally, participants excluded due to a prior physician-241 

diagnosed ischemic heart disease, stroke, cancer, or asthma at baseline were re-included 242 

in the analysis as sensitivity analysis 3. 243 

Unless otherwise stated, all statistical analyses were performed using R (version 4.3.1, 244 

R Foundation for Statistical Computing, Vienna, Austria). The competing-risk analysis 245 

was performed using SAS (version 9.4, SAS Institute Inc, Cary, North Carolina, USA). 246 

All tests used a 2-tailed significance set at P < 0.05. 247 

 248 

Results 249 

Baseline characteristics and follow-up results 250 

Among the 484,301 participants, 25,116 were identified as having COPD at baseline. 251 

As presented in Table 1, the mean FEV1 % predicted was 87.9% for this population. 252 

Compared with non-COPD participants, individuals with COPD were older, had a 253 

higher proportion of males and rural residents, had a poorer socioeconomic status, were 254 

more often ever smokers, and had a poorer self-rated health status (Table 1). The above 255 

tendencies showed a linear trend with increasing FEV1% predicted values 256 

(Supplementary Table 1). During a median follow-up of 16.0 years (IQR: 15.0–17.1; 257 

7,386,563 person-years), the mortality rates were 992.2, 410.8, 303.3, and 94.9 per 258 

100,000 person-years for all-cause, circulatory disease, neoplasm, and respiratory 259 

disease death, respectively.  260 

 261 

Spirometry and mortality 262 

As illustrated in Fig.1, both FEV1 % predicted and FEV1/FVC demonstrated significant 263 

nonlinear associations with the risk of all-cause mortality (all Nonlinear P < 0.001). As 264 

FEV1 % predicted decreased, the HR for all-cause mortality increased slowly, but 265 

surged sharply as FEV1 % predicted fell below approximately 80%. The risk of all-266 

cause mortality did not change significantly when FEV1/FVC was greater than 0.8, but 267 

the HR exhibited a continuous upward trend as the FEV1/FVC ratio decreased from 0.8. 268 

The risk of death from respiratory disease was most strongly correlated with FEV1 % 269 
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predicted and FEV1/FVC, and the trend of nonlinear associations mirrored that for all-270 

cause mortality (Supplementary Fig.1).  271 

 272 

COPD and mortality 273 

The median survival time for individuals with COPD was approximately five years 274 

shorter than that of non-COPD participants (Fig.2). The mortality rate per 100,000 275 

person-years was 2722.7 and 907.3 in COPD and non-COPD participants, respectively. 276 

Compared to those without COPD, individuals with COPD had significantly higher 277 

risks of both all-cause and disease-specific mortality (Fig.3). The adjusted hazard ratio 278 

(aHR) for all-cause mortality was 1.44 (95% CI: 1.41–1.47) and largely unaffected by 279 

additional adjustment for medical history factors (1.37; 1.34–1.40) (Supplementary 280 

Table 2). When considering the competing risks of other causes of death, COPD was 281 

associated with a higher risk of death from ischemic heart disease  (subdistribution 282 

hazard ratio, SHR=1.08; 95%CI: 1.01–1.15) and intracerebral hemorrhage (1.15; 1.07–283 

1.24). However, death from ischemic stroke (0.92; 0.81–1.04) did not show a statistical 284 

association with COPD. Respiratory-related disease-specific mortality, including lung 285 

cancer (1.24; 1.14–1.35), COPD (3.83; 3.60–4.08), and respiratory TB (2.60; 1.81–3.74) 286 

showed a positive association with COPD, except for pneumonia (1.14; 0.93–1.39) 287 

(Fig.2). These findings are also supported by the cause-specific mortality risks based 288 

on the ICD-10 chapter, as detailed in Supplementary Table 2. 289 

The results were consistent with the main analysis when defining COPD using LLN-290 

based airflow obstruction or plus relevant exposure (Supplementary Table 3). In 291 

subgroup analysis, the all-cause mortality rate was higher in men, individuals ≥50 years, 292 

living in rural areas or northern areas. In contrast, a stronger association with all-cause 293 

mortality was observed in young COPD (those <50 years) (1.62; 1.46–1.78 vs. 1.43; 294 

1.40–1.47 for all-cause mortality). There was no heterogeneity across subgroups in the 295 

effect size for COPD-related mortality (Supplementary Table 4).  296 

 297 

COPD severity and mortality 298 

Severe airflow limitation (higher GOLD stage) was associated with a higher mortality 299 

rate of respiratory and circulatory death and a higher proportion of respiratory diseases 300 

as an underlying cause of death (Supplementary Fig.2). All-cause and disease-specific 301 

mortality risk increased significantly with severe airflow limitation (multivariable P-302 

value for trend <0.001, Fig.4). Per SD increase in FEV1% predicted was associated with 303 

a 20% reduction in the risk of all-cause mortality (0.80; 0.79–0.80). Individuals with 304 

GOLD stage IV had a much higher risk of mortality than those without COPD and with 305 

FEV1 ≥80% predicted, ranging from 2.0-fold higher risk of ischemic stroke-caused 306 

death (2.03; 1.33–3.10) to 39-fold higher risk of COPD-caused death (39.05; 34.98–307 

43.59). Notably, the risk of all-cause and cause-specific mortality for individuals with 308 

PRISm was approximately between that of individuals in GOLD stage II and III (Fig.4 309 

& Supplementary Table 5). The FEV1 GLI z-score defined severity of lung function 310 
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impairment showed a similar trend, with aHR (95% CI) for all-cause mortality for mild, 311 

moderate, and severe impairment being 1.22 (1.17–1.28), 1.76 (1.70–1.81), 3.73 (3.50–312 

3.98), respectively, compared to those without LLN-defined obstruction 313 

(Supplementary Table 6).  314 

 315 

Stratified analyses 316 

When considering other characteristics of COPD participants, we found that both 317 

symptomatic COPD participants (1.85; 1.78–1.92) and asymptomatic COPD 318 

participants (1.33; 1.29–1.36) had significantly elevated all-cause mortality risks, 319 

although those with frequent coughing or sputum had a much higher risk of all-cause 320 

mortality, compared to individuals without COPD. Similarly, COPD participants with 321 

self-reported prior bronchitis or emphysema and TB had a higher risk of all-cause and 322 

cause-specific mortality. However, the risk of all-cause and cause-specific mortality 323 

was similar between COPD participants with a history of smoking or not. For all-cause 324 

mortality, the aHR (95%CI) was 1.45 (1.41–1.50) for ever-smoked participants and 1.42 325 

(1.37–1.47) for never or occasionally-smoked participants (Fig.5 and Supplementary 326 

Table 7). 327 

 328 

Discussion 329 

This large-scale Chinese cohort study systematically evaluates mortality risks in COPD 330 

across multiple dimensions, offering novel insights into the epidemiology of COPD-331 

related deaths in an East Asian population. Individuals with COPD at baseline were at 332 

significantly higher risk for all-cause and major cause-specific mortality from 333 

respiratory diseases, followed by infectious and parasitic diseases, circulatory diseases, 334 

and neoplasms. The severity of airflow obstruction, smoking, and respiratory-related 335 

symptoms or disease were independently associated with mortality. 336 

Previous studies support our results on the association between spirometry and 337 

mortality risk [25]. While consistent with previous population-based studies[9, 11, 26], 338 

where individuals with COPD had a 20–70% higher risk of death, this study highlights 339 

regional disparities. Most previous studies were conducted in high-income countries, 340 

and the definition of COPD may differ slightly. In some high-income countries, such 341 

as France and Canada, COPD is associated with more deaths from IHD than from 342 

cerebrovascular disease, while the reverse trend has been observed in China[12, 27]. 343 

We further found that in China, COPD was associated with an increased risk of death 344 

from intracerebral hemorrhage, but not from ischemic stroke. Respiratory TB is a well-345 

known risk factor for COPD[28], yet few studies have delved into the TB-related 346 

mortality risk in individuals with COPD. Existing research, like data from the Swedish 347 

registers, showed that individuals with COPD are at a 3-fold increased risk of 348 

developing active TB[29]. We restricted the analysis to individuals with COPD who did 349 

not report TB at baseline, and the HR for respiratory TB death was 1.89 (95%CI: 1.23–350 

2.90, Supplementary Table 7). More studies are needed to confirm the association 351 
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between COPD and TB mortality. Similar reports of increased risk of dying from 352 

respiratory disease[9, 30], ischemic heart disease[12, 30], and lung cancer[11, 30] were 353 

found in numerous other studies, where systemic inflammation may be a critical shared 354 

risk factor[31].  355 

Our results align with global PRISm research[32], but further underscored that all-cause 356 

and cause-specific mortality risks in PRISm were almost the same as or even worse 357 

than in the GOLD stage II group. While previous studies like the Rotterdam[19] and 358 

COPDGene Study[33] reported similar levels of mortality risk for PRISm in the GOLD 359 

criteria of COPD severity, our analysis contextualizes these findings within a Chinese 360 

population, showing mortality risks intermediate between South Korea[8] and US 361 

cohorts[34]. This suggests the importance of recognizing the mortality risk associated 362 

with PRISm, and further investigations are needed to elucidate the mechanisms 363 

underlying various causes of death in this category. 364 

Respiratory symptoms and smoking are known to be associated with COPD 365 

mortality[35, 36]. But what is often overlooked is that about 25–40% of global COPD 366 

cases stem from non-tobacco-related risk factors[28], and the burden of COPD in non-367 

smokers is rising[37]. The mortality risk among COPD individuals who never or 368 

occasionally smoked was comparable to that of smokers in this study, which may be 369 

related to the high rate of passive smoking observed in this study. Additionally, most 370 

COPD studies have mainly focused on people aged over 60, overlooking early-onset 371 

cases. An operational definition of young COPD (i.e., individuals with COPD aged 20-372 

50 years) was defined in the GOLD criterion[17]. Previous studies, like the Copenhagen 373 

General Population Study and two others, have indicated that young COPD is linked to 374 

a 1.8-fold higher all-cause mortality[38] and greater comorbidity burden[39, 40]. We 375 

further explored the cause-specific mortality risk in young COPD and found that these 376 

participants face significantly higher risks of mortality for all-cause and most cause-377 

specific causes. Also, the association was stronger than in those ≥ 50 years, highlighting 378 

the need for increased focus on young COPD and advocating for early targeted 379 

interventions. 380 

According to the prevalence of COPD reported in previous studies, the estimated 381 

number of COPD patients was 101.5 million among Chinese adults aged 30 to 80 years 382 

based on the 2020 Chinese census data[41]. With the aging Chinese population, 383 

persistent high prevalence of cigarette smoking, and severe ambient air pollution, the 384 

prevalence is projected to rise in the coming decades[42]. However, the vast majority 385 

of patients remain undiagnosed[3], bringing about a considerable number of 386 

preventable deaths. The Healthy China 2030 initiative aims to reduce chronic 387 

respiratory diseases among people ≤70 years to 8.1 per 100,000 people by 2030. 388 

Achieving this requires early airway obstruction detection and reduced underdiagnosis. 389 

Given the widespread elevation of multiple causes of death in COPD, advocacy for a 390 

strong clinical focus on comorbidity prevention and more systematic interactions is 391 

needed, e.g., more aggressive primary prevention of CVD in the COPD population, 392 

controlling common risk factors for COPD and cancer, and focusing on bidirectional 393 

management of COPD and TB.  394 



11 

Our study has several strengths, including large sample size, control for multiple 395 

confounders, long-term and completeness of follow-up, a wide range of cause-of-death 396 

included, and considering the competing risks. However, it also has limitations. First, 397 

postbronchodilator measurements were not performed, which could misclassify asthma 398 

as COPD. To minimize this, we excluded participants with self-reported asthma at 399 

baseline. However, according to the Copenhagen General Population Study, there were 400 

no significant differences in mortality prediction between pre- and post-bronchodilator 401 

spirometry[38]. Additionally, we defined COPD using an FEV1/FVC <0.7, which may 402 

lead to over-diagnosis in older adults and under-diagnosis in younger individuals[18]. 403 

Therefore, validation via LLN-based sensitivity analysis was performed. Second, 404 

without validated symptom questionnaires, it is unfeasible to analyze the risk of death 405 

based on the GOLD combined assessment (i.e., GOLD ABCD or ABE assessment 406 

tools). However, comparative studies suggested that the spirometric GOLD grades (i.e., 407 

GOLD stage I to IV) provide a better mortality prediction[43]. Third, previous studies 408 

reported high variability within individuals over time in spirometry-measured lung 409 

function[44], so single baseline lung function measurements in the present study risk 410 

regression dilution bias[45]. Fourth, despite adjusting for various potential confounders, 411 

we still can’t rule out residual confounding from unmeasured factors (e.g., lipid levels 412 

and medical treatment). Finally, as the CKB sample lacks national representativeness, 413 

caution is needed when applying our findings to other populations. 414 

 415 

Conclusion 416 

In conclusion, this large-sample Chinese prospective study shows that COPD is 417 

associated with higher risks of all-cause and cause-specific mortality from 418 

cardiovascular disease, neoplasms, respiratory disease, and infectious disease. These 419 

findings highlight the need for targeted interventions to improve COPD detection and 420 

comorbidity management in China.  421 

 422 

  423 
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Table 1 Characteristics of study participants by COPD at baseline 

Characteristics Overall Non-COPD COPD 

No. (%) 484,301 (100.0) 459,185 (94.8) 25,116 (5.2) 

FEV1/FVC (%, mean (SD)) 84.6 (8.4) 85.8 (6.6) 62.4 (7.2) 

FEV1 % predicted (%, mean (SD)) 87.9 (17.2) 89.3 (15.9) 62.4 (19.9) 

Sociodemographic characteristics    

Age, years (mean (SD)) 51.5 (10.5) 51.1 (10.4) 58.7 (10.8) 

Women (%) 59.1 59.7 49.2 

Urban (%) 43.0 43.7 30.7 

South (%) 60.7 59.9 75.0 

Education >6 years (%) 49.2 50.4 27.3 

Manual worker (%) 57.7 57.4 62.0 

Household income ≥20,000 yuan/year (%) 42.8 43.5 28.6 

Married (%) 90.9 91.2 84.7 

Lifestyle factors    

Ever smoking (%) 32.3 31.5 46.9 

Currently drinking (%) 15.1 15.0 18.0 

Daily intake of fresh fruit (%) 18.2 18.6 11.2 

Daily intake of fresh vegetables (%) 94.7 94.6 95.5 

> 4days/week intake meat (%) 47.2 47.8 36.1 

Physical activity, MET-h/d (mean (SD)) 21.6 (13.9) 21.7 (13.9) 19.1 (13.8) 

BMI, kg/m2 (mean (SD)) 23.6 (3.4) 23.7 (3.3) 22.4 (3.4) 

Abdominal obesity (%) 23.4 23.8 16.1 

Personal medical history    

Self-rated poor health (%) 9.2 8.7 18.4 

Hypertension (%) 33.7 33.3 40.4 

Diabetes (%) 5.4 5.4 5.5 

Emphysema or bronchitis (%) 2.4 1.8 12.6 

Cancer family history (%) 16.6 16.7 15.2 

CVD family history (%) 20.0 20.2 16.7 

Ever passive smoking (%) 75.5 75.4 75.7 

Frequent coughing (%) 8.0 7.4 19.0 

Frequent expectoration (%) 7.2 6.7 17.0 

 

All P for difference <0.001, except for diabetes (P=0.336) and ever passive smoking (P= 0.451).  

* Manual worker refers to a factory worker or a farmer. Frequent coughing or expectoration is defined as self-reported 

frequent coughing or expectoration in the past 12 months. 

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; FVC, 

forced vital capacity; SD, standard deviation; MET-h/d, metabolic equivalents of task per hour per day; BMI, body 

mass index; CVD, cardiovascular disease. 
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Restricted cubic splines with five and four knots were used to graphically estimate the associations of (A) FEV1% predicted and (B) FEV1/FVC with all-cause mortality risk, 

respectively. Solid lines represent HRs, and the shaded areas represent 95% CIs. HRs were stratified by age-at-risk (in 5-year intervals), sex, and study areas, adjusted for 

education, occupation, household income, marital status alcohol consumption, smoking status, passive smoking status, physical activity levels, cooking and heating fuel 

usage, and consumption frequency of fresh fruits, fresh vegetables, meat, and general and abdominal obesity.  

Abbreviations: FEV1, forced expiratory volume in one second; FVC, forced vital capacity; HR, hazard ratio; CI, confidence interval. 

Fig.1 Associations of FEV1% predicted and FEV1/FVC with all-cause mortality   
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Abbreviations: COPD, chronic obstructive pulmonary disease. 

Fig.2 Cumulative survival probability curves for COPD and non-COPD participants at baseline  
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The mortality rate is per 100,000 person-years. 

* For disease-specific mortality, SHRs were modeled with other causes of mortality as a competing risk, stratified by age (in 5-year intervals), sex, and study areas, and 

adjusted for education, occupation, household income, marital status, alcohol consumption, smoking status, passive smoking st atus, physical activity levels, cooking and 

heating fuel usage, and consumption frequency of fresh fruits, fresh vegetables, meat, and general and abdominal obesity. For all-cause mortality, HR was modeled without a 

competing risk.  

Abbreviations: COPD, chronic obstructive pulmonary disease; HR, hazard ratio; SHR, subdistribution hazard ratio; CI, confidence interval. 

Fig.3 Associations of COPD at baseline with all-cause and disease-specific mortality 
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The y-axis is on a log scale. The mortality rate is per 100,000 person-years. HRs were stratified by age-at-risk (in 5-year intervals), sex, and study areas, and adjusted for 

education, occupation, household income, marital status, alcohol consumption, smoking status, passive smoking status, physical activity levels, cooking and heating fuel usage, 

and consumption frequency of fresh fruits, fresh vegetables, meat, general and abdominal obesity. P for trend tests were calculated using FEV1 % predicted as a continuous variable, 

and the HR (95% CI) for per SD FEV1 % predicted change was calculated. SD for FEV1 % predicted was 17.2%.  

Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; PRISm, preserved ratio impaired 

spirometry; FEV1, forced expiratory volume in one second.  

Fig.4 Associations of COPD severity at baseline with all-cause and disease-specific mortality  
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The mortality rate is per 100,000 person-years. HRs were stratified by age-at-risk (in 5-year intervals), sex, and study areas, and adjusted for education, occupation, household 

income, marital status, alcohol consumption, smoking status, passive smoking status, physical activity levels, cooking and heating fuel usage, and consumption frequency of 

fresh fruits, fresh vegetables, meat, general and abdominal obesity. Symptoms were defined as frequent coughing or sputum.  

Abbreviations: COPD, chronic obstructive pulmonary disease; HR, hazard ratio; CI, confidence interval. 

Fig.5 Associations of COPD with symptoms, smoking, bronchitis or emphysema, tuberculosis at baseline with all-cause mortality 
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