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Materials and Methods
Statistical analysis covariates 
[bookmark: OLE_LINK70][bookmark: OLE_LINK69]When performing the multivariate logistic regression, we considered variables exhibit potential relations to chronotropic incompetence(CI) in univariate analysis such as diffusing capacity of the lung for carbon monoxide(DLCO), vascular volume(VV), and nadir ventilatory equivalent for carbon dioxide(VE/VCO2). We also considered variables being confirmed consistently related to cardiac autonomic function or COPD severity in previous literature such as age, smoking history, history of systemic hypertension and/or diabetes, severity of airflow limitation[forced expiratory volume in 1 second(FEV1)], inspiratory capacity (IC), pulmonary emphysema  burden [low-attenuation areas of the lung below -950 Hounsfield units(LAA950)] and breath reserve(BR) [1-6]. Thus, after testing multicollinearity, for CI, the final model included age, smoking history, history of systemic hypertension and/or diabetes, FEV1, DLCO, IC, VV, LAA950, nadir VE/VCO2 and BR.
Similar procedures were followed when performing the multivariate regression analysis for abnormal heart rate recovery(HRR). For HRR, the final model included age, smoking history, history of systemic hypertension and/or diabetes, FEV1, DLCO, IC, VV, LAA950, nadir VE/VCO2 and BR.






















References 
[bookmark: OLE_LINK77]1.	Lauer MS, Pashkow FJ, Larson MG, Levy D. Association of cigarette smoking with chronotropic incompetence and prognosis in the Framingham Heart Study. Circulation. 1997;96(3):897-903.
2.	Mohammed J, Meeus M, Derom E, Da Silva H, Calders P. Evidence for Autonomic Function and Its Influencing Factors in Subjects With COPD: A Systematic Review. Respir Care. 2015;60(12):1841-51.
3.	Andreas S, Anker SD, Scanlon PD, Somers VK. Neurohumoral activation as a link to systemic manifestations of chronic lung disease. Chest. 2005;128(5):3618-24.
4.	Mayr AK, Wieser V, Funk GC, Asadi S, Sperk I, Urban MH, Valipour A. Impaired Spontaneous Baroreceptor Reflex Sensitivity in Patients With COPD Compared to Healthy Controls: The Role of Lung Hyperinflation. Front Med (Lausanne). 2021;8:791410.
5.	Cherneva RV, Youroukova VM, Cherneva ZV. Dynamic hyperinflation, chronotropic intolerance and abnormal heart rate recovery in non-severe chronic obstructive pulmonary disease patients-reflections in the mirror. Pulmonology 2022;28(6):440-448.
[bookmark: OLE_LINK76]6.	Zweerink A, van der Lingen ACJ, Handoko ML, van Rossum AC, Allaart CP. Chronotropic Incompetence in Chronic Heart Failure. Circ Heart Fail. 2018;11(8):e004969.































Supplement Tables and Figures
Table S1. Demographic, imaging, resting pulmonary function and cardiopulmonary exercise test measurements in patients with normal or delayed HRR
	
	Normal HRR (n=34)
	Delayed HRR (n=15)
	P-value

	Demographics 
	
	
	

	Sex, female, n (%)
	7 (20.6)
	3 (20.0)
	0.642

	Age, years
	60 ± 9
	67 ± 9
	<0.05

	Weight, kg
	69.5 (62.3–79.3)
	63.9 (60.0–69.0)
	0.059

	BMI, kg/m2
	24.4 (21.9–26.9)
	22.9 (21.0–25.0)
	0.193

	History of smoking, n (%)
	20 (58.8)
	10 (66.7)
	0.604

	History of hypertension or diabetes, n (%)
	14 (41.2)
	2 (13.3)
	0.097

	mMRC
	1 (0–1)
	1 (0–1)
	0.443

	CAT
	8 (3–13)
	12 (8–16)
	0.054

	Postbronchodilator pulmonary function
	
	
	

	FEV1, %pred
	84.5 ± 13.1
	76.0 ± 26.7
	0.138

	FEV1/FVC, %
	64.6 (61.0–67.6)
	53.5 (48.2–61.1)
	<0.05

	Prebronchodilator pulmonary function
	
	
	

	DLCO, %pred
	88.3 ± 20.8
	70.4 ± 15.6
	<0.05

	IC, %pred
	102.2 ± 15.2
	96.2 ± 29.0
	0.348

	RV, %TLC
	41.1 ± 5.9
	44.1 ± 9.8
	0.183

	Imaging 
	
	
	

	Lung volume, mL
	5267.6 ± 1128.7
	5480.0 ± 1112.1
	0.545

	LAA950, % the whole lung
	8.4 (4.2–13.1)
	16.8 (9.6–23.6)
	<0.05

	VV, % the whole lung
	3.8 ± 0.7
	3.1 ± 0.7
	<0.05

	Peak cardiopulmonary exercise test parameters (unless otherwise stated)
	
	
	

	VO2peak, % pred
	88.9 ± 17.3
	75.7 ± 12.0
	<0.05

	VO2 at AT, % pred
	52.2 ± 11.2
	48.1 ± 9.4
	0.219

	RER
	1.2 ± 0.1
	1.2 ± 0.1
	0.504

	O2 pulse, % pred
	94.1 ± 19.9
	88.3 ± 13.1
	0.301

	Rest HR, bpm
	85 ± 13
	85 ± 13
	0.933

	Peak HR, bpm
	150 ± 16
	138 ± 14*
	<0.05

	HRR at 1 min, bpm
	128 ± 17
	131 ± 15
	0.573

	BR, %
	22.3 (7.8–33.9)
	9.5 (-30.2 to 16.1)
	<0.05

	Nadir VE/VCO2
	28.4 (26.1–31.2)
	31.6 (29.4–39.2)
	<0.05


Abbreviations: HRR= heart rate recovery; BMI= body mass index; mMRC= modified Medical Research Council dyspnoea scale, CAT= chronic obstructive pulmonary disease assessment test; FEV1= forced expiratory volume in 1 second; FEV1/FVC= ratio between FEV1 and forced vital capacity; DLCO=diffusing capacity of the lung for carbon monoxide; IC = inspiratory capacity; RV= residual volume; TLC = total lung capacity; LAA950= low-attenuation areas of the lung below -950 Hounsfield units; VV= vascular volume; VO2= oxygen consumption; AT= anaerobic threshold; RER= respiratory exchange ratio; HR= heart rate; BR= breath reserve; VE/VCO2= ventilatory equivalent for carbon dioxide
Continuous data are presented as mean ± standard deviation or median, interquartile range. Categorical data are presented as n (%). 


Table S2. Multivariate logistic regression analysis between PFT, CT, CPET parameters and abnormal HRR.
	
	OR
	95% CI
	P-value

	Age
	1.12
	1.02–1.24
	0.021

	VV, % (≤median)
	11.46
	2.03–64.89
	0.006

	Nadir VE/VCO2 (≥median)
	6.36
	1.18–34.42
	0.032


[bookmark: OLE_LINK7]Variables included in the model: age, smoking history, history of systemic hypertension and/or diabetes, FEV1, DLCO, IC, VV, LAA950, nadir VE/VCO2 and BR.
Abbreviations: HRR= heart rate recovery; PFT= pulmonary function test; CT= computed tomography; CPET= cardiopulmonary exercise test; OR= odds ratio; CI= confidence interval; FEV1= forced expiratory volume in 1 second; DLCO=diffusing capacity of the lung for carbon monoxide; IC = inspiratory capacity; LAA950= low-attenuation areas of the lung below -950 Hounsfield units; VV= vascular volume; BR= breath reserve; VE/VCO2= ventilatory equivalent for carbon dioxide
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Fig. S1. Study flowchart.
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Fig. S2. The relationship between PFT, CT, CPET parameters and delayed HRR. 
Adjusted OR (with upper and lower 95% CIs) for likelihood of having lung function ,imaging and/or cardiopulmonary exercise response impairment in participants with delayed HRR compared with those with normal HRR.
Abbreviations: PFT= pulmonary function test; CT= computed tomography; CPET= cardiopulmonary exercise test; HRR= heart rate recovery; OR= odds ratio; CI= confidence interval; VV= vascular volume; VE/VCO2= ventilatory equivalent for carbon dioxide; 
image1.emf



Assessed for eligibility



n=65



Included participants



n=49



Excluded participants



n=16



• 5 diagnosed with ischaemic heart 



disease 



• 7 taking beta-blockers



• 4 failed to achieve maximal effort 



during the CPET .
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