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Excess risk of major vascular diseases associated with air flow 

obstruction: a 9-year prospective study of 0.5 million Chinese 

adults 

Table S1: International classification of diseases version 10 (ICD-10) 

Respiratory diseases ICD-10 codes 

 Pneumonia  J12-J18 

     Other respiratory diseases  J00-99 excluding J41-J44 and J12-J18 

Cardiovascular diseases 

 Ischaemic stroke  I63 

 Haemorrhagic stroke  I61 

 Major coronary events  Non-fatal MI [I21-23] or fatal IHD [I20-25] 

 Heart failure  I50 

 All Cardiovascular death I00-I99 

 Major Vascular Event  I21-I23, I60-I61, I63-I64 (from any source) AND I00-I20, 
 I24-I25, I27-I59, I62, I65-I88, I95-I99 (only where fatal) 

 Other diseases 

 Lung cancer  C33-C34 

 Non-lung cancer  C00-C32, C37-C97 

 Fracture  S02, S12, S22, S32, S42, S52, S62, S72, S82, S92, T02, 
 T08, T10, T12, T14.2, M48.4, M84.0, M96.6, T08, T90.1-2, 
 T91.1-2, T92.1-2, T93.1-2, X59.0, Z09.4,Z54.4 

 Rheumatoid arthritis  M05, M06, M08 or M45 

 Diabetes  E11 

 Chronic kidney diseases  N02-N03, N07, N11, N18 



 

Figure S1: The location of 10 survey sites in China Kadoorie Biobank (CKB) 



Table S2: Number of event, adjusted event rates and hazard ratios for selected disease outcome by different grades of AFO (based on GOLD 

criteria)* 

Incident cases No AFO AFO - Grade 1 AFO - Grade 2 AFO- Grade 3/4 

  Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ 

Respiratory 

            
   Pneumonia 8,413 2.15 1.00 (0.97-1.03) 169 1.96 1.02 (0.88-1.19) 519 3.33 1.33 (1.22-1.45) 521 7.08 2.29 (2.09-2.50) 

   Other respiratory 31,864 8.19 1.00 (0.99-1.01) 615 7.82 0.99 (0.91-1.07) 1,680 11.7 1.26 (1.20-1.32) 1,703 29.72 2.49 (2.37-2.62) 

Cardiovascular 

            
   Ischaemic stroke 29,928 7.67 1.00 (0.99-1.02) 344 6.97 0.89 (0.80-0.99) 1,088 7.76 1.01 (0.95-1.07) 586 6.82 0.95 (0.88-1.03) 

   Haemorrhagic stroke 7,017 1.8 1.00 (0.97-1.03) 124 1.66 1.02 (0.86-1.22) 389 1.94 1.08 (0.98-1.19) 310 2.89 1.45 (1.29-1.62) 

   Major coronary event 5,456 1.42 1.00 (0.97-1.04) 76 1.19 1.05 (0.84-1.32) 279 1.57 1.12 (0.99-1.26) 280 2.51 1.83 (1.63-2.06) 

   Heart failure 2,453 0.64 1.00 (0.95-1.05) 32 0.37 0.84 (0.60-1.19) 187 0.92 1.51 (1.31-1.74) 324 2.87 3.88 (3.46-4.34) 

   All cardiovascular deaths 10,170 2.71 1.00 (0.98-1.03) 152 2.34 0.92 (0.79-1.08) 617 2.98 1.08 (1.00-1.17) 660 6.05 1.78 (1.65-1.92) 

   Major vascular event 43,262 11.3 1.00 (0.99-1.01) 567 10.1 0.92 (0.84-0.99) 1,870 11.83 1.04 (1.00-1.09) 2,021 18.77 1.89 (1.80-1.97) 

Others 

            
   Lung cancer 4,081 1.03 1.00 (0.96-1.04) 70 0.92 0.95 (0.75-1.20) 248 1.52 1.23 (1.09-1.40) 233 2.38 1.72 (1.50-1.96) 

   Non-lung caner  17,727 4.44 1.00 (0.98-1.02) 377 4.84 1.11 (1.01-1.23) 765 4.34 0.95 (0.88-1.02) 472 5.11 1.03 (0.94-1.12) 

   Fracture 11,568 2.9 1.00 (0.98-1.02) 250 2.97 1.02 (0.90-1.16) 556 3.06 1.07 (0.98-1.16) 301 3.05 1.08 (0.97-1.22) 

   Rheumatoid arthritis  1,052 0.25 1.00 (0.92-1.08) 19 0.23 1.04 (0.66-1.64) 42 0.3 1.06 (0.78-1.43) 22 0.36 1.20 (0.78-1.83) 

   Diabetes 12,905 3.24 1.00 (0.98-1.02) 217 2.24 0.78 (0.68-0.89) 522 3.27 0.95 (0.87-1.03) 327 3.69 1.16 (1.04-1.29) 

   Chronic kidney disease 1,594 0.39 1.00 (0.94-1.06) 29 0.34 1.22 (0.85-1.76) 57 0.37 1.02 (0.78-1.32) 32 0.37 0.94 (0.66-1.34) 

*AFO defined as FEV1/FVC <Lower limit of normal based on baseline lung function measurement; †Rates adjusted for age, sex and region; ‡Adjusted for age, sex, region, smoking, 

education, BMI, physical activity and alcohol intake and were stratified by age-at-risk, sex and study area.; AFO Grade 1= FEV1/FVC<LLN & (FEV1≥80%); Grade 2= FEV1/FVC<LLN & 

(FEV1>50% and <80%); Grade ¾= FEV1/FVC<LLN & (FEV1≤50%) 

  



Table S3: Number of events, adjusted event rates and hazard ratios for selected disease outcomes by prevalent airflow obstruction (AFO) in 
never-regular smokers* 

Disease categories No Prevalent AFO 
 

Prevalent AFO 

HR (95% CI) ‡ 
    No. of events 

†Rate/1000  
person-years   No. of events 

†Rate/1000  
person-years 

Respiratory 
         Pneumonia 4,927 1.97 

 
563 3.36 1.45 (1.32-1.58) 

   Other respiratory 20,156 8.16 
 

1,951 13.24 1.38 (1.32-1.45) 

Cardiovascular 
         Ischaemic stroke 17,596 7.07 

 
928 6.81 0.97 (0.91-1.04) 

   Haemorrhagic stroke 3,604 1.45 
 

319 1.64 1.16 (1.03-1.30) 

   Major coronary event 2,642 1.09 
 

232 1.36 1.30 (1.13-1.49) 

   Heart failure 1,371 0.56 
 

223 1.05 2.02 (1.74-2.35) 

   All cardiovascular deaths 4,947 2.07 
 

549 2.83 1.32 (1.21-1.45) 

   Major vascular event 24,316 9.93 
 

1,796 11.23 1.19 (1.14-1.25) 

Others 
         Lung cancer 1,651 0.65 

 
141 0.75 1.16 (0.97-1.39) 

   Non-lung caner  9,969 3.90 
 

648 3.86 0.99 (0.91-1.07) 

   Fracture 7,200 2.87 
 

609 2.96 1.07 (0.98-1.16) 

   Rheumatoid arthritis  784 0.30 
 

54 0.32 1.11 (0.84-1.47) 

   Diabetes 8,315 3.31 
 

631 3.26 0.98 (0.91-1.07) 

   Chronic kidney disease 1,013 0.39 
 

61 0.37 1.03 (0.79-1.34) 
*AFO defined as FEV1/FVC <Lower limit of normal based on baseline lung function measurement; †Rates adjusted for age, sex and region; ‡Adjusted for age, sex, region, smoking, 

education, BMI, physical activity and alcohol intake and were stratified by age-at-risk, sex and study area. 

  



Table S4: Number of event, adjusted event rates and hazard ratios for selected disease outcomes by different grades of prevalent AFO in never-regular 
smokers* 

Incident cases No AFO AFO - Grade 1 AFO - Grade 2/3 AFO- Grade 4/5 

  Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ 

Respiratory 

            
   Pneumonia 4,927 2.15 1.00 (0.96-1.04) 165 1.96 0.96 (0.82-1.12) 175 3.33 1.53 (1.32-1.78) 223 7.08 2.17 (1.90-2.48) 

   Other respiratory 20,156 8.19 1.00 (0.98-1.02) 645 7.82 1.00 (0.92-1.08) 559 11.7 1.34 (1.23-1.46) 747 29.72 2.14 (1.99-2.30) 

Cardiovascular 

            
   Ischaemic stroke 17,596 7.67 1.00 (0.98-1.02) 350 6.97 0.92 (0.83-1.02) 314 7.76 1.05 (0.94-1.18) 264 6.82 0.95 (0.85-1.08) 

   Haemorrhagic stroke 3,604 1.8 1.00 (0.96-1.04) 105 1.66 0.99 (0.82-1.20) 114 1.94 1.25 (1.04-1.50) 100 2.89 1.28 (1.05-1.56) 

   Major coronary event 2,642 1.42 1.00 (0.95-1.05) 65 1.19 1.02 (0.80-1.30) 72 1.57 1.17 (0.93-1.47) 95 2.51 1.79 (1.46-2.19) 

   Heart failure 1,371 0.64 1.00 (0.94-1.07) 37 0.37 0.90 (0.65-1.24) 58 0.92 1.53 (1.18-1.98) 128 2.87 4.10 (3.44-4.89) 

   All cardiovascular deaths 4,947 2.71 1.00 (0.97-1.04) 143 2.34 0.95 (0.81-1.12) 174 2.98 1.20 (1.03-1.39) 232 6.05 1.93 (1.69-2.20) 

   Major vascular event 24,316 11.3 1.00 (0.98-1.02) 538 10.1 0.91 (0.84-0.99) 549 11.83 1.14 (1.05-1.24) 709 18.77 1.64 (1.52-1.76) 

Others 

            
   Lung cancer 1,651 1.03 1.00 (0.94-1.06) 53 0.92 1.03 (0.79-1.35) 37 1.52 1.02 (0.74-1.41) 51 2.38 1.51 (1.15-1.99) 

   Non-lung caner  9,969 4.44 1.00 (0.97-1.03) 278 4.84 0.96 (0.85-1.08) 192 4.34 1.00 (0.86-1.15) 178 5.11 1.03 (0.88-1.19) 

   Fracture 7,200 2.9 1.00 (0.97-1.03) 263 2.97 1.06 (0.94-1.20) 177 3.06 1.04 (0.9-1.21) 168 3.05 1.10 (0.95-1.28) 

   Rheumatoid arthritis  784 0.25 1.00 (0.92-1.09) 23 0.23 1.06 (0.71-1.60) 14 0.3 0.97 (0.57-1.63) 17 0.36 1.36 (0.84-2.19) 

   Diabetes 8,315 3.24 1.00 (0.97-1.03) 264 2.24 0.88 (0.78-0.99) 185 3.27 1.00 (0.86-1.15) 182 3.69 1.17 (1.01-1.36) 

   Chronic kidney disease 1,013 0.39 1.00 (0.92-1.08) 29 0.34 1.14 (0.79-1.64) 17 0.37 0.94 (0.58-1.51) 15 0.37 0.95 (0.57-1.58) 

* AFO defined as FEV1/ FVC < lower limit of normal based on baseline lung function measurement; Grade 1 = FEV1/ FVC < LLN & (z-score of FEV1 -2.0 to 1.0); Grade 2/3 = FEV1/ 
FVC <LLN & (z-score of FEV1 -3.0 to -2.0); Grade 4/5 = FEV1/ FVC < LLN & (z-score of FEV1 <-3);†Rates (/1000 person-years), adjusted for age, sex and study area; ‡Hazard ratios 
were adjusted for smoking, education, body-mass index, physical  activity level and alcohol intake and were stratified by age-at-risk, sex and study area. 

  



Table S5: Number of events, adjusted event rates and hazard ratios for selected disease outcomes by prevalent AFO in men* 

Disease categories No Prevalent AFO 
 

Prevalent AFO 
HR (95% CI)‡ 

 
  No. of events 

Rate/ 1000  
person-years†   No. of events 

Rate/ 1000  
person-years† 

Respiratory 
         Pneumonia 3,632 2.33 

 
602 4.66 1.71 (1.56-1.87) 

   Other respiratory 12,416 8.02 
 

1,953 15.59 1.70 (1.62-1.79) 

Cardiovascular 
         Ischaemic stroke 13,450 8.71 

 
1,094 8.66 1.00 (0.94-1.06) 

   Haemorrhagic stroke 3,694 2.37 
 

476 2.87 1.18 (1.06-1.30) 

   Major coronary event 3,030 1.96 
 

391 2.60 1.37 (1.23-1.53) 

   Heart failure 1,131 0.74 
 

275 1.70 2.25 (1.96-2.59) 

   All cardiovascular deaths 5,529 3.67 
 

837 5.10 1.28 (1.18-1.38) 

   Major vascular event 20,481 13.51 
 

2,536 17.40 1.33 (1.28-1.39) 

Others 
         Lung cancer 2,463 1.55 

 
382 2.57 1.39 (1.25-1.56) 

   Non-lung caner  8,292 5.27 
 

940 5.81 1.00 (0.94-1.08) 

   Fracture 4,412 2.73 
 

429 2.95 1.07 (0.97-1.19) 

   Rheumatoid arthritis  263 0.16 
 

22 0.20 0.95 (0.61-1.49) 

   Diabetes 4,755 2.97 
 

378 2.67 0.96 (0.86-1.07) 

   Chronic kidney disease 628 0.39   60 0.45 1.14 (0.87-1.50) 
*AFO defined as FEV1/FVC <Lower limit of normal based on baseline lung function measurement; †Rates adjusted for age, sex and region; 

 ‡Adjusted for age, sex, region, smoking, education, BMI, physical activity and alcohol intake and were stratified by age-at-risk, sex and study area. 

  



 

Table S6: Number of events, adjusted event rates and hazard ratios for selected disease outcomes by prevalent AFO in women * 

Disease categories No Prevalent AFO 
 

Prevalent AFO 
HR (95% CI)‡ 

    No. of events Rate/ 1000 person-years†   No. of events Rate/ 1000 person-years† 

Respiratory 
         Pneumonia 4,781 2.02 

 
607 3.33 1.39 (1.27-1.52) 

   Other respiratory 19,448 8.31 
 

2,045 13.21 1.35 (1.29-1.42) 

Cardiovascular 
         Ischaemic stroke 16,478 6.97 

 
924 6.53 0.95 (0.88-1.01) 

   Haemorrhagic stroke 3,323 1.41 
 

347 1.69 1.18 (1.05-1.33) 

   Major coronary event 2,426 1.06 
 

244 1.3 1.26 (1.10-1.45) 

   Heart failure 1,322 0.57 
 

268 1.08 2.12 (1.84-2.43) 

   All cardiovascular deaths 4,641 2.06 
 

592 2.73 1.29 (1.18-1.41) 

   Major vascular event 22,781 9.8 
 

1,922 10.87 1.20 (1.15-1.26) 

Others 
         Lung cancer 1,618 0.68 

 
169 0.92 1.20 (1.02-1.42) 

   Non-lung caner  9,435 3.88 
 

674 3.78 0.99 (0.91-1.07) 

   Fracture 7,156 3.02 
 

678 3.04 1.05 (0.97-1.14) 

   Rheumatoid arthritis  789 0.32 
 

61 0.35 1.14 (0.87-1.49) 

   Diabetes 8,150 3.43 
 

688 3.3 0.97 (0.89-1.05) 

   Chronic kidney disease 966 0.39   58 0.32 0.96 (0.73-1.25) 
* AFO defined as FEV1/ FVC < lower limit of normal based on baseline lung function measurement; † Rates adjusted for age, sex and study area; ‡ Hazard ratios were adjusted for 

smoking, education, body-mass index, physical activity level and alcohol intake and were stratified by age-at-risk and study area. 

  



Table S7. Number of event, adjusted event rates and hazard ratios for selected disease outcomes by different grades of prevalent AFO in men* 

Incident cases 
  

No AFO AFO - Grade 1 AFO - Grade 2/3 AFO- Grade 4/5 

Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ 

Respiratory 

            
   Pneumonia 3,632 2.33 1.00 (0.96-1.04) 62 2.3 1.05 (0.82-1.35) 232 3.77 1.38 (1.21-1.57) 308 8.49 2.49 (2.22-2.80) 

   Other respiratory 12,416 8.02 1.00 (0.98-1.02) 196 6.46 0.90 (0.78-1.03) 745 11.79 1.33 (1.24-1.43) 1,012 32.6 2.80 (2.63-2.99) 

Cardiovascular 

            
   Ischaemic stroke 13,450 8.71 1.00 (0.98-1.02) 161 7.22 0.88 (0.76-1.03) 574 9.33 1.04 (0.95-1.12) 359 8.7 1.00 (0.90-1.11) 

   Haemorrhagic stroke 3,694 2.37 1.00 (0.96-1.04) 60 1.88 0.94 (0.73-1.21) 211 2.49 1.04 (0.91-1.19) 205 4.19 1.50 (1.31-1.73) 

   Major coronary event 3,030 1.96 1.00 (0.96-1.05) 48 1.77 1.16 (0.88-1.55) 162 2.09 1.12 (0.96-1.31) 181 3.72 1.84 (1.59-2.14) 

   Heart failure 1,131 0.74 1.00 (0.93-1.08) 15 0.44 0.97 (0.58-1.61) 82 0.99 1.43 (1.15-1.78) 178 3.77 3.67 (3.14-4.27) 

   All cardiovascular deaths 5,529 3.67 1.00 (0.97-1.03) 89 3.32 0.99 (0.81-1.22) 339 4 1.04 (0.94-1.16) 409 8.14 1.71 (1.55-1.89) 

   Major vascular event 20,481 13.51 1.00 (0.98-1.02) 276 11.22 0.91 (0.81-1.03) 1,001 14.76 1.06 (0.99-1.12) 1,259 26.03 1.95 (1.84-2.06) 

Others 

            
   Lung cancer 2,463 1.55 1.00 (0.95-1.05) 37 1.25 0.87 (0.63-1.20) 170 2.42 1.30 (1.12-1.51) 175 4.29 1.75 (1.51-2.04) 

   Non-lung caner  8,292 5.27 1.00 (0.97-1.03) 184 6.06 1.12 (0.97-1.30) 443 5.36 0.96 (0.87-1.05) 313 7.23 1.01 (0.90-1.13) 

   Fracture 4,412 2.73 1.00 (0.96-1.04) 97 2.97 1.11 (0.91-1.36) 206 2.68 1.05 (0.92-1.21) 126 2.84 1.07 (0.90-1.28) 

   Rheumatoid arthritis  263 0.16 1.00 (0.86-1.16) 2 0.03 0.48 (0.12-1.92) 13 0.31 1.14 (0.66-1.96) 7 0.1 0.93 (0.44-1.97) 

   Diabetes 4,755 2.97 1.00 (0.96-1.04) 55 1.53 0.70 (0.53-0.91) 184 2.97 0.93 (0.80-1.07) 139 2.81 1.22 (1.03-1.44) 

   Chronic kidney disease 628 0.39 1.00 (0.91-1.10) 11 0.3 1.31 (0.72-2.38) 24 0.39 0.97 (0.65-1.44) 25 0.59 1.29 (0.86-1.92) 

* AFO defined as FEV1/ FVC < lower limit of normal based on baseline lung function measurement; Grade 1 = FEV1/ FVC < LLN & (z-score of FEV1 -2.0 to 1.0); Grade 2/3 = FEV1/ FVC <LLN & (z-score of 
FEV1 -3.0 to -2.0); Grade 4/5 = FEV1/ FVC < LLN & (z-score of FEV1 <-3);†Rates (/1000 person-years), adjusted for age, sex and study area; ‡Hazard ratios were adjusted for smoking, education, body-
mass index, physical  activity level and alcohol intake and were stratified by age-at-risk, sex and study area. 

  



Table S8: Number of event, adjusted event rates and hazard ratios for selected disease outcomes by different grades of prevalent AFO in women* 

Incident cases 
  

No AFO AFO - Grade 1 AFO - Grade 2/3 AFO- Grade 4/5 

Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ Events Rate† HR (95% CI)‡ 

Respiratory 
               Pneumonia 4,781 2.02 1.00 (0.96-1.04) 107 1.74 1.00 (0.83-1.21) 287 3.03 1.29 (1.15-1.45) 213 6.12 2.02 (1.76-2.32) 

   Other respiratory 19,448 8.31 1.00 (0.98-1.02) 419 8.76 1.03 (0.94-1.14) 935 11.64 1.20 (1.13-1.28) 691 27.75 2.14 (1.98-2.31) 

Cardiovascular 

               Ischaemic stroke 16478 6.97 1.00 (0.98-1.02) 183 6.79 0.90 (0.78-1.04) 514 6.69 0.99 (0.91-1.08) 227 5.54 0.90 (0.79-1.02) 

   Haemorrhagic stroke 3,323 1.41 1.00 (0.95-1.05) 64 1.51 1.11 (0.87-1.42) 178 1.56 1.13 (0.98-1.31) 105 2 1.35 (1.11-1.64) 

   Major coronary event 2,426 1.06 1.00 (0.95-1.06) 28 0.79 0.90 (0.62-1.30) 117 1.21 1.10 (0.92-1.32) 99 1.69 1.80 (1.47-2.20) 

   Heart failure 1,322 0.57 1.00 (0.93-1.08) 17 0.33 0.76 (0.47-1.22) 105 0.88 1.57 (1.30-1.90) 146 2.26 4.13 (3.49-4.89) 
   All cardiovascular 
deaths 4,641 2.06 1.00 (0.96-1.04) 63 1.67 0.83 (0.65-1.07) 278 2.29 1.12 (1.00-1.26) 251 4.63 1.88 (1.66-2.14) 

   Major vascular event 22,781 9.8 1.00 (0.98-1.02) 291 9.34 0.92 (0.82-1.03) 869 9.85 1.03 (0.96-1.10) 762 13.84 1.78 (1.66-1.92) 

Others 

               Lung cancer 1,618 0.68 1.00 (0.93-1.07) 33 0.69 1.05 (0.75-1.48) 78 0.9 1.10 (0.88-1.37) 58 1.07 1.55 (1.19-2.01) 

   Non-lung caner  9435 3.88 1.00 (0.97-1.03) 193 4.01 1.10 (0.95-1.27) 322 3.64 0.92 (0.83-1.03) 159 3.66 1.01 (0.86-1.18) 

   Fracture 7,156 3.02 1.00 (0.97-1.03) 153 2.96 0.97 (0.83-1.14) 350 3.32 1.08 (0.97-1.19) 175 3.19 1.09 (0.94-1.27) 

   Rheumatoid arthritis  789 0.32 1.00 (0.91-1.10) 17 0.37 1.21 (0.75-1.96) 29 0.29 1.02 (0.71-1.47) 15 0.54 1.36 (0.81-2.27) 

   Diabetes 8,150 3.43 1.00 (0.97-1.03) 162 2.73 0.82 (0.71-0.96) 338 3.48 0.96 (0.87-1.07) 188 4.3 1.15 (0.99-1.33) 

   Chronic kidney disease 966 0.39 1.00 (0.92-1.09) 18 0.37 1.17 (0.73-1.85) 33 0.35 1.06 (0.75-1.49) 7 0.23 0.49 (0.23-1.03) 
* AFO defined as FEV1/ FVC < lower limit of normal based on baseline lung function measurement; Grade 1 = FEV1/ FVC < LLN & (z-score of FEV1 -2.0 to 1.0); Grade 2/3 = FEV1/ FVC <LLN & (z-score of 
FEV1 -3.0 to -2.0); Grade 4/5 = FEV1/ FVC < LLN & (z-score of FEV1 <-3);†Rates (/1000 person-years), adjusted for age, sex and study area; ‡Hazard ratios were adjusted for smoking, education, body-
mass index, physical  activity level and alcohol intake and were stratified by age-at-risk, sex and study area. 
 

 

 

 

 


