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e-Appendix 1
Supplementary Table 1. UK Biobank variables used
	Variable
	ID number
	Weblink

	FEV1 best measure
	20150
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=20150&yfirst=2000&ylast=2024

	FEV1
	3063
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=3063&yfirst=2000&ylast=2024

	FVC best measure
	20151
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=20151&yfirst=2000&ylast=2024

	FVC
	3062
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=3062&yfirst=2000&ylast=2024

	Angina pectoris
	131296
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131296&yfirst=2000&ylast=2024

	Acute myocardial infarction  
	131298
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131298&yfirst=2000&ylast=2024

	Subsequent myocardial infarction 
	131300
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131300&yfirst=2000&ylast=2024

	Other acute ischaemic heart diseases
	131304
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131304&yfirst=2000&ylast=2024

	Chronic ischaemic heart disease
	131306
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131306&yfirst=2000&ylast=2024

	Atrioventricular and left bundle-branch block
	131342
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131342&yfirst=2000&ylast=2024

	Other conduction disorders 
	131344
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131344&yfirst=2000&ylast=2024

	Paroxysmal tachycardia
	131348
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131348&yfirst=2000&ylast=2024

	Atrial fibrillation and flutter
	131350
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131350&yfirst=2000&ylast=2024

	Other cardiac arrhythmias  
	131352
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131352&yfirst=2000&ylast=2024

	Heart failure 
	131354
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131354&yfirst=2000&ylast=2024

	Atherosclerosis 
	131380
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131380&yfirst=2000&ylast=2024

	Aortic aneurysm and dissection
	131382
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131382&yfirst=2000&ylast=2024

	Other aneurysm 
	131384
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131384&yfirst=2000&ylast=2024

	Other peripheral vascular diseases
	131386
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131386&yfirst=2000&ylast=2024

	Arterial embolism and thrombosis
	131388
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131388&yfirst=2000&ylast=2024

	Other disorders of arteries and arterioles
	131390
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131390&yfirst=2000&ylast=2024

	Diseases of capillaries
	131392
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131392&yfirst=2000&ylast=2024

	Disorders of arteries, arterioles and capillaries in diseases classified elsewhere
	131394
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131394&yfirst=2000&ylast=2024

	Rheumatic mitral valve diseases 
	131276
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131276&yfirst=2000&ylast=2024

	Rheumatic aortic valve diseases 
	131278
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131278&yfirst=2000&ylast=2024

	Rheumatic tricuspid valve diseases
	131280
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131280&yfirst=2000&ylast=2024

	Other rheumatic heart diseases 
	131284
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131284&yfirst=2000&ylast=2024

	Nonrheumatic mitral valve disorders
	131322
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131322&yfirst=2000&ylast=2024

	Nonrheumatic aortic valve disorders 
	131324
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131324&yfirst=2000&ylast=2024

	Nonrheumatic tricuspid valve disorders 
	131326
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131326&yfirst=2000&ylast=2024

	Pulmonary valve disorders  
	131328
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131328&yfirst=2000&ylast=2024

	Endocarditis, valve unspecified 
	131330
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131330&yfirst=2000&ylast=2024

	Endocarditis and heart valve disorders in diseases classified elsewhere 
	131332
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131332&yfirst=2000&ylast=2024

	Acute myocarditis 
	131334
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131334&yfirst=2000&ylast=2024

	Myocarditis in diseases classified elsewhere 
	131336
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131336&yfirst=2000&ylast=2024

	Cardiomyopathy 
	131338
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131338&yfirst=2000&ylast=2024

	Cardiomyopathy in diseases classified elsewhere 
	131340
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131340&yfirst=2000&ylast=2024

	Subarachnoid haemorrhage
	131360
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131360&yfirst=2000&ylast=2024

	Intracerebral haemorrhage 
	131362
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131362&yfirst=2000&ylast=2024

	Other nontraumatic intracranial haemorrhage
	131364
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131364&yfirst=2000&ylast=2024

	Cerebral infarction 
	131366
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131366&yfirst=2000&ylast=2024

	Stroke
	131368
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131368&yfirst=2000&ylast=2024

	Occlusion and stenosis of precerebral arteries 
	131370
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131370&yfirst=2000&ylast=2024

	Occlusion and stenosis of cerebral arteries
	131372
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131372&yfirst=2000&ylast=2024

	Other cerebrovascular diseases
	131374
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131374&yfirst=2000&ylast=2024

	Cerebrovascular disorders in diseases classified elsewhere 
	131376
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131376&yfirst=2000&ylast=2024

	Sequelae of cerebrovascular disease
	131378
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131378&yfirst=2000&ylast=2024

	Year of birth
	34
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=34&yfirst=2000&ylast=2024

	BMI
	21001
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=21001&yfirst=2000&ylast=2024

	Sex
	31
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=31&yfirst=2000&ylast=2024

	Ethnic background	
	21000
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=21000&yfirst=2000&ylast=2024

	Smoking status
	20116
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=21000&yfirst=2000&ylast=2024

	Alcohol intake frequency  
	1558
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=1558&yfirst=2000&ylast=2024

	Qualifications 
	6138
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=6138&yfirst=2000&ylast=2024

	Doctor diagnosed diabetes
	2443
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=2443&yfirst=2000&ylast=2024

	Standing height
	50
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=50&yfirst=2000&ylast=2024

	Doctor diagnosed asthma
	22127
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=22127&yfirst=2000&ylast=2024

	Asthma 
	131494
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131494&yfirst=2000&ylast=2024

	Weight
	23098
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=23098&yfirst=2000&ylast=2024

	Hypertension 
	131286
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=131286&yfirst=2000&ylast=2024

	Doctor diagnosed COPD
	22130
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=22130&yfirst=2000&ylast=2024

	Date of death
	40000
	https://biobank.ndph.ox.ac.uk/showcase/search.cgi?wot=0&srch=40000&yfirst=2000&ylast=2024

	Health outcomes
	41270
	https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=41270

	Number of days/week of vigorous physical activity 10+ minutes
	904
	https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=904

	Duration of vigorous activity
	914
	https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=914

	Number of days/week of moderate physical activity 10+ minutes
	884
	https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=884

	Duration of moderate activity
	894
	https://biobank.ndph.ox.ac.uk/showcase/field.cgi?id=894


Spirometry: All participants' lung volumes were measured by trained medical technicians and nurses from the UK Biobank Assessment Centre using Vitalograph wedge bellows spirometry according to the procedures outlined in the UK Biobank Protocol Manual. Participants were asked to record two blows (lasting at least 6 seconds) within approximately 6 minutes. If the results of the first two blows were not acceptable (defined as a difference of ≥5%), a third blow was required.
e-Appendix 2
[bookmark: _Hlk165402176]Supplementary Figure 1. Flow chart of participants used in analysis
FEV1=forced expiratory volume in 1 s; FVC=forced vital capacity; IE=infective endocarditis; CHD=coronary heart disease; HF=heart failure; PAD= peripheral arterial disease.

e-Appendix 3
The lung function data were measured by trained medical technicians and nurses at the UK Biobank Assessment Centre, following the procedures outlined in the UK Biobank Protocol Manual, using the Vitalograph wedge bellows spirometer. The baseline lung function data were derived from the "best measurement" of spirometry, meticulously extracted from the UK Biobank database, where quality-controlled spirometers were employed. The follow-up lung function data were obtained from the actual measurements of lung function parameters directly exported from the 2014+ records in the UK Biobank database. Only participants included at baseline were examined during follow-up. The participants were asked to record two to three blows (lasting for at least 6 seconds) within a period of about 6 minutes. The computer compared the reproducibility of the first two blows and, if acceptable (defined as a <5% difference in FVC and FEV1), indicated that the third blow was not required. The highest measures of FEV1 and FVC from acceptable blows was used.

[bookmark: _Hlk179826432]e-Appendix 4
[bookmark: _Hlk179816245]Supplementary Table 2 CVD risk based on quartiles of FEV1 and FVC
	Outcomes
	FEV1 criteria
	FVC criteria

	
	HR (95%CI)
	p
	HR (95%CI)
	p

	CHD

	Quartile 1 (best)
	Ref
	
	Ref
	

	Quartile 2
	1.028(0.871-1.215)
	0.743
	1.110(0.940-1.311)
	0.218

	Quartile 3
	1.061(0.898-1.255)
	0.488
	1.116(0.944-1.320)
	0.198

	Quartile 4(worst)
	1.184(1.007-1.391)
	0.041
	1.135(0.961-1.339)
	0.136

	Arrhythmia

	Quartile 1 (best)
	Ref
	
	Ref
	

	Quartile 2
	1.008(0.867-1.173)
	0.916
	1.070(0.920-1.245)
	0.378

	Quartile 3
	1.039(0.893-1.209)
	0.620
	1.004(0.860-1.171)
	0.964

	Quartile 4(worst)
	1.328(1.150-1.532)
	<0.001
	1.381(1.197-1.595)
	<0.001

	HF

	Quartile 1 (best)
	Ref
	
	Ref
	

	Quartile 2
	0.749(0.529-1.060)
	0.103
	1.086(0.773-1.526)
	0.636

	Quartile 3
	0.759(0.534-1.080)
	0.126
	0.981(0.689-1.396)
	0.913

	Quartile 4(worst)
	1.182(0.867-1.613)
	0.291
	1.208(0.866-1.686)
	0.264

	PAD

	Quartile 1 (best)
	Ref
	
	Ref
	

	Quartile 2
	1.090(0.824-1.442)
	0.545
	1.051(0.795-1.390)
	0.729

	Quartile 3
	1.122(0.848-1.484)
	0.420
	1.249(0.954-1.636)
	0.106

	Quartile 4(worst)
	1.377(1.056-1.796)
	0.018
	1.179(0.898-1.546)
	0.235

	Other types of CVD

	Quartile 1 (best)
	Ref
	
	Ref
	

	Quartile 2
	0.879(0.738-1.047)
	0.149
	1.058(0.892-1.255)
	0.519

	Quartile 3
	0.931(0.782-1.108)
	0.420
	0.888(0.742-1.063)
	0.195

	Quartile 4(worst)
	1.097(0.929-1.295)
	0.277
	1.124(0.949-1.330)
	0.177

	CVD (Composite)

	Quartile 1 (best)
	Ref
	
	Ref
	

	Quartile 2
	0.974(0.880-1.078)
	0.611
	1.056(0.954-1.168)
	0.294

	Quartile 3
	0.996(0.900-1.103)
	0.943
	1.034(0.933-1.145)
	0.526

	Quartile 4(worst)
	1.204(1.092-1.327)
	<0.001
	1.184(1.072-1.307)
	<0.001


Adjusted for gender, education level, height, BMI, smoking status, alcohol consumption frequency, hypertension, and diabetes. 
See Table 2 for abbreviations.

e-Appendix 5
[bookmark: _Hlk172048609]Supplementary Table 3 Baseline demographics of baseline and follow up participant
	Demographic at baseline
	No Follow up
(n=472708)
	Follow up
(n=29662）
	P value

	Age
	54.58±8.14
	52.59±7.45
	<0.001

	Female
	257563 (55%)
	15738 (53%)
	<0.001

	Male
	215144 (45%)
	13924 (47%)
	

	Height
	168.36±9.28
	169.73±9.11
	<0.001

	Educational level

	College or University degree
	147219 (31%)
	13885 (47%)
	<0.001

	A levels/AS levels or equivalent
	51330 (11%)
	3972 (13%)
	

	O levels/GCSEs or equivalent
	99374 (21%)
	5796 (20%)
	

	CSEs or equivalent
	25672 (6%)
	1212 (4%)
	

	NVQ or HND or HNC or equivalent
	31129 (7%)
	1593 (5%)
	

	Other professional qualifications 
	24440 (5%)
	1358 (5%)
	

	None of the above
	88901 (19%)
	1846 (6%）
	

	BMI
	27.49±4.83
	26.56±4.18
	<0.001

	Smoking status

	Never 
	257408 (55)
	18098 (61)
	<0.001

	Previous
	163271 (35)
	9737 (33)
	

	Current 
	171181 (10)
	1827 (6)
	

	Alcohol intake frequency

	Daily or almost daily
	94925 (20)
	6820 (23)
	<0.001

	Three or four times a week
	106981 (23)
	8522 (29)
	

	Once or twice a week
	121479 (26)
	7780 (26)
	

	One to three times a month
	52672 (11)
	3164 (11)
	

	Special occasions only
	55780 (12)
	2209 (7)
	

	Never
	40059 (8)
	1167 (4)
	

	Hypertension
	94925 (20)
	6820 (23)
	<0.001

	Diabetes
	25744 (5%)
	650 (2%)
	<0.001

	Doctor diagnosed asthma
	70059 (15%)
	3705 (12%)
	<0.05


P-values calculated using Z-score for continuous outcomes, Pearson’s chi-squared for categorical outcomes.
Non-included were individuals with poor-quality or missing spirometry at Visit 3 who were not included in the study sample.
BMI=body mass index.

[bookmark: _Hlk172048910]e-Appendix 6 Supplementary Figure 2. Kaplan-Meier curves at FEV1 level
Kaplan-Meier curves demonstrate the rates of (A) Incident Coronary Heart Disease, (B) Incident Cardiac Arrhythmia, (C) Incident Heart Failure, (D) Incident Peripheral Arterial Diseases, (E) Incidence of other types of cardiovascular diseases, HRs and associated 95% CIs are calculated from Cox regression models adjusted for gender, education level, height, BMI, smoking status, alcohol consumption frequency, hypertension, and diabetes. 
See Table 2 for abbreviations.
e-Appendix 7
Supplementary Table 4 Baseline characteristics according to the decline in percentage of predicted FVC
	Characteristics
	Visit 1
	Visit 3

	
	Rapid Decliners
(n =7416)
	Nonrapid Decliners
(n =22246)
	P Value
	Rapid Decliners
(n =7416)
	Nonrapid Decliners
(n =22246)
	P Value

	Age
	53.0±7.6
	52.5±7.4
	<0.001
	61.0±7.6
	60.5±7.4
	<0.001

	Sex
	

	Female
	4015 (54)
	11723 (53)
	0.03
	4015 (54)
	11723 (53)
	0.03

	Male
	3401 (46)
	10523 (47)
	
	3401 (46)
	10523 (47)
	

	Educational level

	College or University degree
	3346 (45)
	10539 (47)
	<0.001
	3346 (45)
	10539 (47)
	<0.001

	A levels/AS levels or equivalent
	957 (13)
	3015 (14)
	
	957 (13)
	3015 (14)
	

	O levels/GCSEs or equivalent
	1502 (20)
	4294 (19)
	
	1502 (20)
	4294 (19)
	

	CSEs or equivalent
	334 (5)
	878 (4)
	
	334 (5)
	878 (4)
	

	NVQ or HND or HNC or equivalent
	415 (6)
	1178 (5)
	
	415 (6)
	1178 (5)
	

	Other professional qualifications 
	335 (4)
	1023 (5)
	
	335 (4)
	1023 (5)
	

	None of the above
	527 (7)
	1319 (6)
	
	527 (7)
	1319 (6)
	

	Physical examination

	Height
	1.69±0.09
	1.70±0.09
	<0.001
	1.69±0.09
	1.69±0.09
	0.005

	BMI
	26.5±4.1
	26.6±4.2
	0.18
	27.0±4.6
	26.3±4.3
	<0.001

	Medical history
	

	Hypertension
	1834 (25)
	5523 (25)
	0.88
	1834 (25)
	5523 (25)
	0.88

	Diabetes
	161 (2)
	489 (2)
	0.93
	325 (4)
	1004 (5)
	0.91

	Doctor diagnosed asthma
	560 (8)
	1478 (7)
	<0.001
	560 (8)
	1478 (7)
	<0.001

	Smoking status

	Never smoker 
	4460 (60)
	13638 (61)
	<0.001
	4594 (62)
	13947 (63)
	0.007

	Ex-smoker (%)
	2394 (32)
	7343(33)
	
	2489 (34)
	7481 (34)
	

	Current smoker (%)
	562 (8)
	1265 (6)
	
	295 (4)
	716 (3)
	

	Alcohol intake frequency

	Daily or almost daily
	1729 (23)
	5091 (23)
	0.42
	1345 (18)
	3777 (17)
	0.69

	Three or four times a week
	2051 (28)
	6471 (29)
	
	2062 (28)
	6543 (30)
	

	Once or twice a week
	1968 (27)
	5812 (26)
	
	1952 (26)
	6004 (27)
	

	One to three times a month
	796 (11)
	2368 (11)
	
	842 (11)
	2509 (11)
	

	Special occasions only
	598 (8)
	1611 (7)
	
	761 (10)
	2038 (9)
	

	Never
	274 (3)
	893 (4)
	
	416 (5)
	1273 (6)
	

	Spirometry

	FEV1(l)
	3.15±0.79
	2.99±0.73
	<0.001
	2.52±0.71
	2.84±0.74
	<0.001

	△FEV1(l/year)
	0.08±0.05
	0.02±0.04
	<0.001
	0.08±0.05
	0.02±0.04
	<0.001

	FVC(L)
	4.23±1.03
	3.90±0.93
	<0.001
	3.38±0.88
	3.78±1.16
	<0.001

	△FVC(l/year)
	0.08±0.05
	0.02±0.04
	<0.001
	0.08±0.05
	0.02±0.04
	<0.001


See Table 1 for abbreviations.

e-Appendix 8
[bookmark: _Hlk172048828]Supplementary Table 5 Risk of CVD associated with decline in percentage of predicted FVC
	Outcomes
	N
	Events
	Model 1
	Model 2
	Model 3

	
	
	
	HR (95% CI)
	P Value
	HR (95% CI)
	P Value
	HR (95% CI)
	P Value

	CHD

	Nonrapid decliners
	22246
	840
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	7416
	296
	1.060 (0.9281-1.210)
	0.390
	1.063 (0.931-1.214)
	0.360
	1.150 (1.009-1.311)
	0.423

	Arrhythmia

	Nonrapid decliners
	22246
	992
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	7416
	436
	1.328 (1.187-1.486)
	<0.001
	1.351 (1.207-1.512)
	<0.001
	1.307 (1.167-1.465)
	<0.001

	HF

	Nonrapid decliners
	22246
	192
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	7416
	75
	1.173 (0.898-1.531)
	0.242
	1.188 (0.909-1.551)
	0.210
	1.406 (1.084-1.822)
	0.220

	PAD

	Nonrapid decliners
	22246
	315
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	7416
	115
	1.095 (0.885-1.356)
	0.400
	1.087 (0.878-1.346)
	0.443
	1.287 (1.047-1.582)
	0.523

	Other types of CVD

	Nonrapid decliners
	22246
	748
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	7416
	258
	1.146 (1.00-1.313)
	0.050
	1.150 (1.003-1.318)
	0.045
	1.144 (0.998-1.34)
	0.050

	CVD (Composite)

	Nonrapid decliners
	22246
	2233
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	7416
	845
	1.144 (1.057-1.239)
	<0.001
	1.156 (1.068-1.251)
	<0.001
	1.149 (1.062-1.244)
	<0.001


See Table 2 for abbreviations and models.
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[bookmark: _Hlk172048940]Supplementary Figure 3. Kaplan-Meier curves at FVC level
Kaplan-Meier curves demonstrate the rates of (A) Incident CVD (Composite), (B) Incident Arrhythmia, HRs and associated 95% CIs are calculated from Cox regression models adjusted for gender, education level, height, BMI, smoking status, alcohol consumption frequency, hypertension, and diabetes. 
See Table 2 for abbreviations.
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[bookmark: _Hlk172048842]Supplementary Table 6 The association between rapid decline in FVC and CVD: Fine-Gray Model
	Outcomes
	Model 1
	Model 2
	Model 3

	
	SHR (95% CI)
	P Value
	SHR (95% CI)
	P Value
	SHR (95% CI)
	P Value

	CHD

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.060 (0.929-1.210)
	0.380
	1.064 (0.932-1.216)
	0.360
	1.123 (0.970-1.290)
	0.120

	Arrhythmia

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.330 (1.190-1.490)
	<0.001
	1.352 (1.207-1.513)
	<0.001
	1.349 (1.205-1.510)
	<0.001

	HF

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.170(0.899-1.53)
	0.240
	1.189 (0.911-1.553)
	0.200
	1.184 (0.908-1.544)
	0.210

	PAD

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.100 (0.886-1.360)
	0.400
	1.089 (0.880-1.347)
	0.430
	1.073 (0.868-1.327)
	0.510

	Other types of CVD

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.150 (1.000-1.320)
	0.045
	1.152 (1.005-1.321)
	0.042
	1.146 (1.000-1.313)
	0.051

	CVD (Composite)

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.190 (1.100-1.290)
	<0.001
	1.156 (1.068-1.252)
	<0.001
	1.150 (1.063-1.245)
	<0.001


[bookmark: _Hlk179897488]See Tables 2 and 3 for abbreviations and models.

e-Appendix 11
[bookmark: _Hlk172048627]Supplementary Table 7 Baseline Characteristics According to the Decline in Both FEV1 and FVC
	Characteristics
	Visit 1
	Visit 3

	
	Rapid Decliners
(n =5540)
	Nonrapid Decliners
(n =24122)
	P Value
	Rapid Decliners
(n =5540)
	Nonrapid Decliners
(n =24122)
	P Value

	Age
	53.09±7.65
	52.47±7.39
	<0.001
	61.09±7.65
	60.47±7.39
	<0.001

	Sex
	

	Female
	3116 (56)
	12622 (52)
	<0.001
	3116 (56)
	12622 (52)
	<0.001

	Male
	2424 (44)
	11500 (48)
	
	2424 (44)
	11500 (48)
	

	Educational level

	College or University degree
	2454 (44)
	11431 (48)
	<0.001
	2454 (44)
	11431 (48)
	<0.001

	A levels/AS levels or equivalent
	750 (13)
	3222 (13)
	
	750 (13)
	3222 (13)
	

	O levels/GCSEs or equivalent
	1137 (20)
	4659 (19)
	
	1137 (20)
	4659 (19)
	

	CSEs or equivalent
	235 (4)
	977 (4)
	
	235 (4)
	977 (4)
	

	NVQ or HND or HNC or equivalent
	311 (6)
	1282 (5)
	
	311 (6)
	1282 (5)
	

	Other professional qualifications 
	255 (5)
	1103 (5)
	
	255 (5)
	1103 (5)
	

	None of the above
	398 (7)
	1448 (6)
	
	398 (7)
	1448 (6)
	

	Physical examination

	Height
	1.69±0.09
	1.70±0.09
	<0.001
	1.69±0.09
	1.69±0.09
	<0.001

	BMI
	26.53±4.15
	26.57±4.19
	0.52
	27.02±4.76
	26.36±4.26
	<0.001

	Medical history
	

	Hypertension
	1346 (24)
	6011 (25)
	0.34
	1346 (24)
	6011 (25)
	0.34

	Diabetes
	118 (2)
	532 (2)
	0.82
	250 (5)
	1079 (4)
	0.97

	Doctor diagnosed asthma
	415 (7)
	1623 (7)
	0.004
	415 (7)
	1623 (7)
	0.004

	Smoking status

	Never 
	3352 (61)
	14746 (61)
	<0.001
	3459 (62)
	15082 (63)
	0.009

	Previous
	1763 (32)
	7974 (33)
	
	1825 (33)
	8145 (34)
	

	Current
	425 (7)
	1402 (6)
	
	225 (5)
	786 (3)
	

	Alcohol intake frequency

	Daily or almost daily
	1289 (23)
	5531(23)
	0.073
	1014 (19)
	4108 (17)
	0.26

	Three or four times a week
	1509 (27)
	7013 (29)
	
	1516 (27)
	7089 (30)
	

	Once or twice a week
	1446 (26)
	6334 (26)
	
	1428 (26)
	6528 (27)
	

	One to three times a month
	609 (11)
	2555 (11)
	
	632 (11)
	2719 (11)
	

	Special occasions only
	464 (9)
	1745 (8)
	
	595 (11)
	2204 (9)
	

	Never
	223 (4)
	944 (4)
	
	324 (6)
	1365 (6)
	

	Spirometry

	FEV1(l)
	3.18±0.81
	3.00±0.73
	<0.001
	2.44±0.70
	2.84±0.74
	<0.001

	△FEV1(l/year)
	0.09±0.05
	0.02±0.04
	<0.001
	0.09±0.05
	0.02±0.04
	<0.001

	FVC(l)
	[bookmark: _Hlk157363589]4.22±1.05
	3.93±0.94
	<0.001
	[bookmark: _Hlk157363648]3.31±0.87
	[bookmark: _Hlk157363666]3.77±1.14
	<0.001

	△FVC(l/year)
	0.09±0.05
	0.02±0.04
	<0.001
	0.09±0.05
	0.02±0.04
	<0.001


See Tables 1 for abbreviations.
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[bookmark: _Hlk172048923]Supplementary Figure 4. Kaplan-Meier curves based on the effects of both FEV1 and FVC Kaplan-Meier curves demonstrate the rates of (A) Incident Cardiac Arrhythmia, (B) Incident Heart Failure, (C) Incidence of other types of cardiovascular diseases, HRs and associated 95% CIs are calculated from Cox regression models adjusted for gender, education level, height, BMI, smoking status, alcohol consumption frequency, hypertension, and diabetes. 
See Table 2 for abbreviations.
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[bookmark: _Hlk172048644][bookmark: _Hlk179998231]Supplementary Table 8 The association between the rapid decline in the effects of both FEV1 and FVC and CVD: A Fine-Gray model
	Outcomes
	Model 1
	Model 2
	Model 3

	
	SHR (95% CI)
	P Value
	SHR (95% CI)
	P Value
	SHR (95% CI)
	P Value

	CHD

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.100 (0.955-1.28)
	0.180
	1.130(0.98-1.310)
	0.100
	1.123(0.970-1.290)
	0.120

	Arrhythmia

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.350(1.190-1.520)
	<0.001
	1.390(1.230-1.570)
	<0.001
	1.389(1.228-1.570)
	<0.001

	HF

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.350(1.020-1.790)
	0.038
	1.390(1.046-1.8.41)
	0.023
	1.380(1.044-1.840)
	0.024

	PAD

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.250(1.000-1.570)
	0.050
	1.254 (1.00-1.570)
	0.050
	1.239(0.989-1.550)
	0.063

	Other types of CVD

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.210(1.050-1.410)
	0.011
	1.230(1.061-1.426)
	0.006
	1.225 (1.056-1.412)
	0.007

	Incident CVD (Composite)

	Nonrapid decliners
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1.210(1.110-1.320)
	<0.001
	1.230(1.130-1.350)
	<0.001
	1.230(1.130-1.340)
	<0.001


See Tables 2 and 3 for abbreviations and models.

[bookmark: _Hlk179993373]e-Appendix 14

[bookmark: _Hlk179817607][bookmark: _Hlk179993419][bookmark: _Hlk179747709]Supplementary Figure 5 Stratified analysis of rapid decline in FEV1 and incident CVD
HR=hazard ratio; CI=confidence interval; GOLD 1: FEV1 predicted≥80%, GOLD 2: 50%≤FEV1 predicted <80%, GOLD 3: 30%≤FEV1 predicted <50%, and GOLD 4: FEV1 predicted <30%.
See Tables 2 for abbreviations and models.

[bookmark: _Hlk179826363]e-Appendix 15
[bookmark: _Hlk179751026][bookmark: _Hlk179816159]Supplementary Table 9 Risk of CVD associated with FEV1 decline (≥100 mL/year)
	[bookmark: _Hlk154577876]Outcomes
	N
	Events
	Model 1
	Model 2
	Model 3

	[bookmark: _Hlk154510078]
	
	
	HR (95% CI)
	P Value
	HR (95% CI)
	P Value
	HR (95% CI)
	P Value

	CHD

	Nonrapid decliners
	27984
	1040
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1678
	96
	1.558(1.264-1.92)
	<0.001
	1.358(1.100-1.675)
	0.004
	1.343(1.088-1.657)
	0.006

	[bookmark: _Hlk165398101]Arrhythmia

	Nonrapid decliners
	27984
	1297
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1678
	131
	1.719(1.436-2.057)
	<0.001
	1.528(1.275-1.831)
	<0.001
	1.521(1.269-1.823)
	<0.001

	HF

	Nonrapid decliners
	27984
	235
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1678
	32
	2.282(1.578-3.302)
	<0.001
	1.980(1.365-2.873)
	<0.001
	1.963(1.353-2.850)
	<0.001

	[bookmark: _Hlk163162339]PAD

	Nonrapid decliners
	27984
	397
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1678
	33
	1.388(0.973-1.980)
	0.070
	1.293(0.904-1.848)
	0.159
	1.268(0.887-1.812)
	0.194

	Other types of CVD

	Nonrapid decliners
	27984
	949
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1678
	84
	1.490(1.192-1.862)
	<0.001
	1.371(1.095-1.716)
	0.006
	1.356(1.083-1.697)
	0.008

	CVD (Composite)

	Nonrapid decliners
	27984
	2819
	Ref
	
	Ref
	
	Ref
	

	Rapid decliners
	1678
	259
	1.583(1.394-1.798)
	<0.001
	1.434(1.262-1.630)
	<0.001
	1.422(1.251-1.617)
	<0.001


See Tables 2 for abbreviations and models.

[bookmark: _Hlk179815180][bookmark: _Hlk179993702]e-Appendix 16
[bookmark: _Hlk179814985]Supplementary Table 10 Sensitivity analysis of the relationship between rapid decline in lung function and composite CVD
	Outcomes
	Model 1
	Model 2
	Model 3

	
	HR (95% CI)
	P Value
	HR (95% CI)
	P Value
	HR (95% CI)
	P Value

	Percentage of Predicted FEV1

	Excluding individuals with asthma
	1.185 (1.090-1.289)
	<0.001
	1.220 (1.122-1.327)
	<0.001
	1.217 (1.115-1.319)
	<0.001

	Excluding individuals with COPD
	1.184 (1.094-1.281)
	<0.001
	1.216 (1.123-1.316)
	<0.001
	1.210 (1.118-1.31)
	<0.001

	Excluded less than 3 years of follow-up
	1.229(1.121-1.347)
	<0.001
	1.260(1.149-1.382)
	<0.001
	1.254(1.144-1.376)
	<0.001

	Include adjustments for hyperlipidemia and exercise status
	1.204(1.103-1.313)
	<0.001
	1.235(1.131-1.347)
	<0.001
	1.201(1.101-1.311)
	<0.001

	Percentage of Predicted FVC

	Excluding individuals with asthma
	1.157 (1.063-1.259)
	<0.001
	1.173(1.078-1.277)
	<0.001
	1.167 (1.072-1.270)
	<0.001

	Excluding individuals with COPD
	1.136(1.049-1.230)
	0.002
	1.147(1.059-1.243)
	<0.001
	1.142(1.054-1.237)
	0.001

	Excluded less than 3 years of follow-up
	1.157(1.054-1.270)
	0.002
	1.167(1.063-1.281)
	0.001
	1.161(1.057-1.274)
	0.002

	Include adjustments for hyperlipidemia and exercise status
	1.157(1.059-1.263)
	0.001
	1.164(1.066-1.271)
	<0.001
	1.142(1.046-1.247)
	0.003

	Both Percentage of Predicted FEV1 and FVC

	Excluding individuals with asthma
	1.211 (1.105-1.328)
	<0.001
	1.244 (1.134-1.364)
	<0.001
	1.238 (1.129-1.358)
	<0.001

	Excluding individuals with COPD
	1.200 (1.100-1.308)
	<0.001
	1.227 (1.126-1.338)
	<0.001
	1.224 (1.123-1.335)
	<0.001

	Excluded less than 3 years of follow-up
	1.239(1.120-1.370)
	<0.001
	1.264(1.143-1.398)
	<0.001
	1.261(1.140-1.395)
	<0.001

	Include adjustments for hyperlipidemia and exercise status
	1.230(1.118-1.353)
	<0.001
	1.255(1.141-1.380)
	<0.001
	1.226(1.115-1.349)
	<0.001


See Tables 2 for abbreviations and models.
Include adjustments for hyperlipidemia and exercise status: Model 1: was unadjusted; Model 2: adjusted for gender, education level, height, and BMI; Model 3: adjusted for gender, education level, height, BMI, smoking status, alcohol consumption frequency, hypertension, diabetes, hyperlipidemia and exercise status.
[bookmark: _Hlk179573848]
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Supplementary Table 11 Joint effect of baseline lung function and decline on CVD
	
	Normal Lung Function 
	Low lung function

	
	Nonrapid decliners
	Rapid decliners
	Nonrapid decliners
	Rapid decliners 

	
	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	FEV1

	CHD
	Ref
	1.159(1.000-1.344)
	0.050
	1.069(0.900-1.270)
	0.445
	1.188(0.926-1.524)
	0.176

	Arrhythmia
	Ref
	1.392(1.224-1.584)
	<0.001
	1.317(1.136-1.526)
	<0.001
	1.358(1.089-1.693)
	0.007

	HF
	Ref
	1.534(1.146-2.052)
	0.004
	1.347(0.955-1.899)
	0.090
	1.356(0.806-2.280)
	0.251

	PAD
	Ref
	1.290(1.020-1.632)
	0.033
	1.125(0.850-1.488)
	0.410
	1.413(0.969-2.060)
	0.072

	Other types of CVD
	Ref
	1.151(0.984-1.346)
	0.078
	1.176(0.985-1.403)
	0.073
	1.420(1.110-1.817)
	0.005

	CVD (Composite)
	Ref
	1.246(1.140-1.362)
	<0.001
	1.221(1.103-1.352)
	<0.001
	1.337(1.154-1.550)
	<0.001

	FVC

	CHD
	Ref
	1.099(0.944-1.280)
	0.224
	1.120(0.940-1.335)
	0.204
	1.020(0.805-1.292)
	0.870

	Arrhythmia
	Ref
	1.454(1.277-1.655)
	<0.001
	1.333(1.143-1.554)
	<0.001
	1.345(1.103-1.640)
	0.003

	HF
	Ref
	1.302(0.960-1.767)
	0.090
	1.363(0.963-1.929)
	0.081
	1.122(0.686-1.833)
	0.647

	PAD
	Ref
	1.104(0.862-1.416)
	0.433
	1.178(0.890-1.558)
	0.252
	1.107(0.765-1.602)
	0.591

	Other types of CVD
	Ref
	1.144(0.975-1.342)
	0.099
	1.209(1.008-1.450)
	0.041
	1.291(1.026-1.624)
	0.029

	CVD (Composite)
	Ref
	1.178(1.074-1.291)
	<0.001
	1.228(1.105-1.364)
	<0.001
	1.235(1.078-1.415)
	0.002

	Both

	CHD
	Ref
	1.131(0.958-1.336)
	0.145
	1.068(0.905-1.260)
	0.438
	1.146(0.872-1.505)
	0.328

	Arrhythmia
	Ref
	1.495(1.301-1.718)
	0.001
	1.303(1.130-1.503)
	<0.001
	1.364(1.076-1.729)
	0.010

	HF
	Ref
	1.473(1.069-2.030)
	0.018
	1.273(0.912-1.777)
	0.156
	1.372(0.792-2.375)
	0.259

	PAD
	Ref
	1.244(0.957-1.616)
	0.103
	1.125(0.861-1.469)
	0.389
	1.337(0.885-2.018)
	0.168

	Other types of CVD
	Ref
	1.195(1.006-1.420)
	0.043
	1.172(0.988-1.391)
	0.069
	1.468(1.130-1.908)
	0.004

	CVD (Composite)
	Ref
	1.259(1.140-1.390)
	<0.001
	1.208(1.095-1.333)
	<0.001
	1.330(1.134-1.560)
	<0.001


See Tables 2 for abbreviations and models.
[bookmark: _Hlk179839147]Low lung function=FEV1/FVC<0.7
[bookmark: _Hlk179993264]e-Appendix 18
[bookmark: _Hlk179745772]
[bookmark: _Hlk179815868][bookmark: _Hlk179993354][bookmark: _Hlk179815852]Supplementary Figure 6 Stratified analysis of rapid decline in FVC and incident CVD
See Tables 2 and Supplementary Figure 5 for abbreviations and models.

[bookmark: _Hlk179993466]e-Appendix 19

[bookmark: _Hlk179745752][bookmark: _Hlk179993535]Supplementary Figure 7 Stratified analysis of the impacts of both rapid decline in FEV1 and FVC on incident CVD 
See Tables 2 and Supplementary Figure 5 for abbreviations and models.

