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Materials and Methods
Statistical analysis covariates 
[bookmark: OLE_LINK70][bookmark: OLE_LINK69][bookmark: OLE_LINK72]When performing the multivariate logistic regression, we considered potential variables that were significantly related to chronotropic incompetence(CI) in univariate analysis such as diffusing capacity of the lung for carbon monoxide(DLCO), vascular volume(VV), low-attenuation areas of the lung below -950 Hounsfield units(LAA950), nadir ventilatory equivalent for carbon dioxide(VE/VCO2) and partial pressure of end-tidal carbon dioxide(PETCO2). We also considered variables being confirmed consistently related to cardiac automatic function in previous literature such as age, smoking history, diseases increasing cardiovascular risk, severity of airflow limitation[forced expiratory volume in 1 second(FEV1)] and lung hyperinflation[residual volume relative to total lung capacity(RV%TLC)] [1-6]. And we built two logistic regression models including VE/VCO2 and PETCO2 respectively, because they have a uniform clinical implication and correlated with each other significantly. Thus, for CI, the final model 1 included age, smoking history, heart disease, systemic hypertension, diabetes, FEV1, DLCO , RV%TLC, VV, LAA950 and nadir VE/VCO2, while the model 2 included age, smoking history, heart disease, systemic hypertension, diabetes, FEV1, DLCO , RV%TLC, VV, LAA950 and PETCO2 at RCP.
[bookmark: OLE_LINK75]Similar procedures were followed when performing the multivariate regression analysis for abnormal heart rate recovery(HRR). For HRR, the final model 1 included a age, BMI, smoking history, heart disease, systemic hypertension, diabetes, FEV1, FEF25–75%, DLCO , RV%TLC, VV, LAA950, VE/MVV and nadir VE/VCO2, while the model 2 included age, BMI, smoking history, heart disease, systemic hypertension, diabetes, FEV1, FEF25–75%, DLCO , RV%TLC, VV, LAA950, VE/MVV and PETCO2 at RCP.
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Supplement Tables and Figures

Table E1. Demographic, imaging and resting pulmonary function measurements in participants with or without CI.
	[bookmark: OLE_LINK55][bookmark: OLE_LINK56]
	[bookmark: OLE_LINK65]No CI (n=19)
	CI (n=27)
	P-value

	Demographics 
	
	
	

	Sex, female, n(%)
	6 (31.6)
	3 (11.1)
	0.133

	Age, years
	[bookmark: OLE_LINK66]64 ± 9
	62 ± 8
	0.369

	BMI, kg/m2
	24.5 ± 4.0
	23.5 ± 4.1
	0.414

	[bookmark: OLE_LINK54]History of smoking, n(%)
	10 (52.6)
	19 (70.4)
	0.22

	History of HDHTDM
	7 (36.8)
	7 (25.9)
	0.428

	Prebronchodilator pulmonary function
	
	
	

	FEV1, L (%pred)
	2.1 ± 0.7 (76.7 ± 14.9)
	2.0 ± 0.8 (69.1 ± 24.5)
	0.861 (0.196)

	FEV1/FVC, %
	62.3, 6.2
	58.7, 18.9
	0.092

	FEF25–75%, %pred
	28.5 ± 10.1
	26.6 ± 14.4
	0.628

	IC, L (%pred)
	2.5 ± 0.6 (100.6 ± 14.0)
	2.6 ± 0.6 (95.2 ± 20.7)
	0.619

	RV, L(%TLC)
	2.3, 0.6 (43.9, 8.3)
	2.3 ± 0.9 (43.2 ± 7.8)
	0.858 (0.569)

	DLCO, ml/min/mm Hg (%pred)
	7.1 ± 1.9 (86.7 ± 16.9)
	6.2 ± 2.3 (72.5 ± 24.9)
	0.219 (<0.05)

	DL/VA, ml/min/mm Hg/L (%pred)
	1.3 ± 0.3 (98.5 ± 19.4)
	1.2 ± 0.4 (86.3 ± 24.2)
	0.183 (0.075)

	Imaging 
	
	
	

	LAA950, ml (% the whole lung)
	376.5, 527.8 (8.3, 8.8)
	814.5 ± 1059.5 (15.3 ± 14.7)
	0.014 (<0.05)

	VV, ml (% the whole lung)
	192.2 ± 58.4 (3.9 ± 0.9)
	190.6 ± 44.8 (3.4 ± 0.7)
	0.917 (<0.05)


[bookmark: OLE_LINK63][bookmark: OLE_LINK67][bookmark: OLE_LINK71]Definition of abbreviations: CI= Chronotropic Incompetence; BMI= body mass index; HDHTDM= heart disease, systemic hypertension, and/or diabetes mellitus; FEV1= forced expiratory volume in 1 second; FEV1/FVC= ratio between FEV1 and forced vital capacity; FEF25–75% = forced expiratory flow between 25 and 75% of forced vital capacity; ; IC = inspiratory capacity; RV= residual volume; TLC = total lung capacity; DLCO=diffusing capacity of the lung for carbon monoxide; DL/VA = DLCO corrected for alveolar volume; LAA950= low-attenuation areas of the lung below -950 Hounsfield units; VV= vascular volume.
Continuous data are presented as mean ± standard deviation or median, interquartile range. Categorical data are presented as n (%). 

















Table E2. Cardiopulmonary exercise test measurements at peak exercise (unless otherwise stated) in participants with or without CI.
	
	No CI (n=19)
	CI (n=27)
	P-value

	VO2peak, ml/kg/min (%pred)
	22.4 ± 5.2 (92.2 ± 17.3)
	19.5 ± 4.5 (70.7 ± 16.3)
	<0.05

	VO2 at AT, %pred
	54.3 ± 9.4
	44.8 ± 12.9
	<0.05

	O2 pulse, ml/beat (%pred)
	10.0, 3.7 (92.0, 21)
	9.8, 2.7 (86.5, 27)
	0.655 (0.755)

	RER
	1.2 ± 0.1
	1.2 ± 0.1
	0.912

	SpO2min, %
	98, 2
	98, 5
	0.352

	CR
	1.0, 0.2
	0.7. 0.1
	<0.05

	Rest HR, bpm
	87 ± 14
	82 ± 12
	0.21

	Peak HR, bpm
	157 ± 13
	130 ± 13
	<0.05

	HRR at 1min, bpm
	136 ± 14
	115 ± 13
	<0.05

	VE, L/min (% MVV)
	53.0, 26.0 (87.4, 21.5)
	61.0, 18.0 (81.3, 27.0)
	0.600 (0.938)

	PETCO2 at RCP, mmHg
	38.2 ± 2.4
	34.3 ± 4.8
	<0.05

	Nadir VE/VCO2
	28.3, 3.2
	31.3, 6.7
	<0.05


Definition of abbreviations: CI= Chronotropic Incompetence; VO2= oxygen consumption; AT= anaerobic threshold; O2 pulse = oxygen pulse; RER= respiratory exchange ratio; SpO2min= the lowest pulse oximetry–derived oxygen saturation; CR= chronotropic response; HR= heart rate; HRR= heart rate recovery; VE= minute ventilation; MVV = maximal voluntary ventilation; VE/VCO2= ventilatory equivalent for carbon dioxide; PETCO2= partial pressure of end-tidal carbon dioxide; RCP= respiratory compensation point.
Continuous data are presented as mean ± standard deviation or median, interquartile range. Categorical data are presented as n (%).

























Table E3. Demographic, imaging and resting pulmonary function measurements in participants with normal or delayed HRR.
	
	Normal HRR (n=27)
	Delayed HRR (n=16)
	P-value

	Demographics 
	
	
	

	Sex, female, n(%)
	7 (23.3)
	2 (12.5)
	0.463

	Age, years
	62 ± 8
	66 ± 10
	0.126

	BMI, kg/m2
	25.1 ± 4.0
	21.8 ± 3.3
	<0.05

	History of smoking, n(%)
	16 (53.3)
	13 (81.3)
	0.108

	History of HDHTDM
	12 (40.0)
	2 (12.5)
	0.092

	Prebronchodilator pulmonary function
	
	
	

	FEV1, L (%pred)
	2.3 ± 0.5 (80.6 ± 11.9)
	1.6 ± 0.8 (56.7 ± 26.0
	<0.05 (<0.05) 

	FEV1/FVC, %
	62.5 ± 4.4
	47.7 ± 12.5
	<0.05

	FEF25–75, %pred
	29.3, 13.7
	14.1, 15.6
	<0.05 (<0.05 )

	IC, L (%pred)
	2.7 ± 0.6 (101.6 ± 14.0)
	2.4 ± 0.6 (89.7 ± 22.9)
	0.076 (0.072)

	RV, L(%TLC)
	2.4 ± 0.5 (41.2 ± 5.4)
	2.3 ± 0.4 (45.6 ± 9.8)
	0.839 (0.053)

	DLCO, ml/min/mm Hg (%pred)
	7.3 ± 2.1 (85.8 ± 22.3)
	5.3 ± 1.7 (64.3 ± 16.9)
	<0.05 (<0.05)

	DL/VA, ml/min/mm Hg/L (%pred)
	1.3 ± 0.3 (94.3 ± 22.6)
	1.1 ± 0.3 (85.9 ± 23.3)
	0.111 (0.250)

	Imaging 
	
	
	

	LAA950, ml (% the whole lung)
	453.4, 576.8
	1097.1, 1134.8
	<0.05 (<0.05)

	VV, ml (% the whole lung)
	203.1 ± 52.3 (3.8 ± 0.7)
	168.9 ± 38.4 (3.1 ± 0.9)
	<0.05 (<0.05 )


Definition of abbreviations: HRR= heart rate recovery; BMI= body mass index; HDHTDM= heart disease, systemic hypertension, and/or diabetes mellitus; FEV1= forced expiratory volume in 1 second; FEV1/FVC= ratio between FEV1 and forced vital capacity; FEF25–75% = forced expiratory flow between 25 and 75% of forced vital capacity; ; IC = inspiratory capacity; RV= residual volume; TLC = total lung capacity; DLCO=diffusing capacity of the lung for carbon monoxide; DL/VA = DLCO corrected for alveolar volume; LAA950= low-attenuation areas of the lung below -950 Hounsfield units; VV= vascular volume.
Continuous data are presented as mean ± standard deviation or median, interquartile range. Categorical data are presented as n (%). 



















Table E4. Cardiopulmonary exercise test measurements at peak exercise (unless otherwise stated) in participants with normal or delayed HRR.
	
	Normal HRR (n=27)
	Delayed HRR (n=16)
	P-value

	VO2peak, ml/kg/min (%pred)
	22.0 ± 5.0 (86.8 ± 18.8)
	18.3 ± 3.9 (65.9 ± 13.2)
	<0.05 (<0.05)

	VO2 at AT, %pred
	52.0 ± 11.7
	42.5 ± 11.5
	<0.05 (<0.05)

	O2 pulse, ml/beat (%pred)
	10.7 ± 2.9 (93.3 ± 21.7)
	8.9 ± 2.0 (83.1 ± 14.1)
	<0.05 (0.099)

	RER
	1.2 ± 0.1
	1.2 ± 0.1
	0.613

	SpO2min, %
	98, 2
	97, 6
	0.193

	CR
	0.9 ± 0.2
	0.7 ± 0.3
	<0.05 

	Rest HR, bpm
	84 ± 14
	84 ± 11
	0.963

	Peak HR, bpm
	146 ± 16
	131 ± 19
	<0.05 

	HRR at 1min, bpm
	124 ± 17
	123 ± 18
	0.796

	VE, L/min (% MVV)
	61.6 ± 13.6 (77.9 ± 13.5)
	51.8 ± 17.2 (108.3 ± 46.9) 
	<0.05 (<0.05 )

	PETCO2 at RCP, mmHg
	36.9 ± 4.3
	34.0 ± 4.1
	<0.05 

	Nadir VE/VCO2
	28.6, 5.5
	31.6, 9.2
	<0.05


Definition of abbreviations: HRR= heart rate recovery; VO2= oxygen consumption; AT= anaerobic threshold; O2 pulse = oxygen pulse; RER= respiratory exchange ratio; SpO2min= the lowest pulse oximetry–derived oxygen saturation; CR= chronotropic response; HR= heart rate; HRR= heart rate recovery; VE= minute ventilation; MVV = maximal voluntary ventilation; VE/VCO2= ventilatory equivalent for carbon dioxide; PETCO2= partial pressure of end-tidal carbon dioxide; RCP= respiratory compensation point.
Continuous data are presented as mean ± standard deviation or median, interquartile range. Categorical data are presented as n (%).

