Table 1 Baseline characteristics of study participants (N = 105).
	Characteristic
	Number of cases
	95% CI

	Gender（%）
	
	

	Male
	45 (43%)
	(33, 53)

	Female
	60 (57%)
	(47, 67)

	Age（years）
	56.2 ± 15.7
	(53, 59)

	Height（cm）
	162.3 ± 7.5
	(161, 164)

	Weight（kg）
	61.1 ± 12.3
	(59, 63)

	BMI（kg·m-2）
	23.1 ± 3.8
	(22, 24)

	WHO-FC class number（%）
	
	

	II
	21 (20%)
	(13, 29)

	III
	84 (80%)
	(71, 87)

	Right heart catheterization（RHC)
	
	

	Mean pulmonary arterial pressure(mmHg) 
	35.5 ± 11.7
	(33, 38)

	Pulmonary vascular resistance(WU)
	6.7 ± 3.6
	(6.0, 7.4)

	Pulmonary arterial wedge pressure(mmHg) 
	7.7 ± 3.2
	(7.1, 8.3)

	Right atrial pressure (mmHg)
	3.7 ± 1.9
	(3.4, 4.1)

	Cardiac output (L·min-1)
	4.8 ± 1.3
	(4.5, 5.0)

	Cardiac index (L·min-1·m-2)
	2.8 ± 0.8
	(2.6, 2.9)

	6MWD(m)
	349.1 ± 45.4
	(340, 358)

	Cardiopulmonary exercise testing(CPET)
	
	

	VO2 Peak(mL·kg-1·min-1)
	12.9 ± 3.2
	(12, 13)

	VO2 at AT (mL·kg·min-1)
	10.5 ± 2.3
	(10, 11)

	VE/VCO2 Peak 
	41.9 ± 7.9
	(40, 43)

	VE/VCO2 at AT
	41.1 ± 7.1
	(40, 42)

	PETCO2 Peak (mmHg)
	27.8 ± 4.9
	(27, 29)

	PETCO2 at AT (mmHg)
	27.6 ± 4.0
	(27, 28)

	VO2/WR（mL·min-1·W-1)
	5.2 ± 1.6
	(4.9, 5.5)

	OUES
	1.0 ± 0.3
	(0.95, 1.1)

	VE/VCO2 slope
	41.3 ± 8.1
	(40, 43)

	Pulmonary function tests (PFTs)
	
	

	FVC (% predicted)
	66.0 ± 16.7
	(63, 69)

	FEV1 (% predicted)
	70.0 ± 18.5
	(66, 74)

	FEV1/FVC（%）
	101.7 ± 14.3
	(99, 104)

	MVV  (% predicted)
	68.2 ± 19.8
	(64, 72)

	SAS score
	56.6 ± 4.3
	(56, 57)

	SDS score
	53.1 ± 5.4
	(52, 54)

	Data are expressed as mean ± SD or n (%). Abbreviations: Cl, confidence interval；BMl, body mass index；WHO-FC, World Health Organization functional class；RHC, right heart catheterization；6MWD, 6-minute walk distance；AT, anaerobic threshold；PETCO2，end-tidal carbondioxide pressure；VO2/WR，Oxygen Uptake per Work Rate；OUES，oxygen uptake efficiency slope；VE/VCO2 slope, ventilatory efficiency slope；FVC，Forced Vital Capacity；FEV1，Forced Expiratory Volume in the 1st second；MVV，Maximum Voluntary Ventilation；SAS，Self-Rating Anxiety Scale；SDS，Self-Rating Depression Scale.



Table 2.  Cross-Sectional Associations Between Baseline Psychological Status (SAS/SDS) and Functional Parameters at Baseline (T0)
	Outcome
	SAS_coef_ci_adj
	SDS_coef_ci_adj
	SAS_p_val_adj
	SDS_p_val_adj
	SAS_p_val_raw
	SDS_p_val_raw
	SAS_adjR2
	SDS_adjR2

	6MWD 
	-1.562 (-3.212, 0.088) 
	-0.919 (-2.198, 0.359) 
	0.111
	0.251
	0.063
	0.157
	0.466
	0.458

	VO2 at AT 
	-0.196 (-0.293, -0.098) **
	-0.107 (-0.185, -0.029) *
	0.001
	0.026
	<0.001
	0.007
	0.249
	0.190

	VO2 Peak
	-0.169 (-0.308, -0.030) *
	-0.148 (-0.254, -0.042) *
	0.036
	0.026
	0.018
	0.007
	0.260
	0.273

	VE/VCO2 at AT 
	0.487 (0.145, 0.828) *
	0.192 (-0.078, 0.463) 
	0.013
	0.251
	0.006
	0.161
	0.063
	0.008

	VE/VCO2 Peak 
	0.602 (0.224, 0.981) **
	0.244 (-0.057, 0.546) 
	0.007
	0.251
	0.002
	0.111
	0.080
	0.014

	PETCO2 at AT 
	-0.355 (-0.537, -0.174) **
	-0.241 (-0.383, -0.099) *
	0.001
	0.015
	<0.001
	0.001
	0.176
	0.148

	PETCO2 Peak 
	-0.421 (-0.649, -0.192) **
	-0.274 (-0.453, -0.095) *
	0.002
	0.021
	<0.001
	0.003
	0.123
	0.089

	VO2/WR 
	-0.023 (-0.104, 0.057) 
	0.025 (-0.037, 0.086) 
	0.607
	0.521
	0.563
	0.426
	-0.014
	-0.011

	OUES 
	-0.013 (-0.029, 0.002) 
	-0.015 (-0.027, -0.004) *
	0.148
	0.029
	0.095
	0.010
	0.120
	0.153

	VE/VCO2 slope 
	0.553 (0.168, 0.938) *
	0.226 (-0.079, 0.531) 
	0.013
	0.251
	0.005
	0.144
	0.095
	0.042

	FVC% 
	0.395 (-0.428, 1.219) 
	0.039 (-0.598, 0.675) 
	0.437
	0.904
	0.343
	0.904
	0.012
	0.003

	FEV1% 
	0.328 (-0.595, 1.251) 
	-0.216 (-0.926, 0.495) 
	0.563
	0.591
	0.483
	0.548
	-0.001
	-0.003

	FEV1/FVC% 
	-0.015 (-0.687, 0.657) 
	-0.325 (-0.838, 0.188) 
	0.966
	0.296
	0.966
	0.211
	0.103
	0.117

	MVV% 
	-0.514 (-1.468, 0.440) 
	-0.284 (-1.020, 0.452) 
	0.403
	0.521
	0.288
	0.446
	0.060
	0.055


* p < 0.05, ** p < 0.01, *** p < 0.001
Table 3. Cross-Sectional Associations Between Psychological Status (SAS/SDS) and Functional Parameters at 3-Month Follow-Up (T1)
	Outcome
	SAS_coef_ci_adj
	SDS_coef_ci_adj
	SAS_p_val_adj
	SDS_p_val_adj
	SAS_p_val_raw
	SDS_p_val_raw
	SAS_adjR2
	SDS_adjR2

	6MWD 
	-1.971 (-3.448, -0.494) *
	-1.926 (-3.082, -0.770) **
	0.044
	0.005
	0.009
	0.001
	0.494
	0.512

	VO2 at AT 
	-0.089 (-0.168, -0.009) 
	-0.115 (-0.176, -0.054) **
	0.063
	0.001
	0.030
	<0.001
	0.303
	0.360

	VO2 Peak
	-0.103 (-0.200, -0.007) 
	-0.114 (-0.189, -0.039) **
	0.063
	0.008
	0.036
	0.003
	0.362
	0.389

	VE/VCO2 at AT 
	0.384 (0.139, 0.629) *
	0.259 (0.061, 0.457) *
	0.017
	0.019
	0.002
	0.011
	0.080
	0.055

	VE/VCO2 Peak 
	0.305 (0.024, 0.585) 
	0.194 (-0.031, 0.419) 
	0.063
	0.127
	0.033
	0.091
	0.059
	0.043

	PETCO2 at AT 
	-0.185 (-0.337, -0.032) 
	-0.232 (-0.349, -0.116) **
	0.051
	0.001
	0.018
	<0.001
	0.085
	0.165

	PETCO2 Peak 
	-0.241 (-0.432, -0.051) *
	-0.287 (-0.433, -0.141) **
	0.047
	0.001
	0.014
	<0.001
	0.025
	0.101

	VO2/WR 
	-0.041 (-0.098, 0.016) 
	-0.052 (-0.097, -0.007) *
	0.212
	0.037
	0.154
	0.024
	0.029
	0.059

	OUES 
	-0.011 (-0.026, 0.004) 
	-0.019 (-0.030, -0.007) **
	0.212
	0.005
	0.166
	0.002
	0.085
	0.155

	VE/VCO2 slope 
	0.463 (0.190, 0.737) *
	0.315 (0.094, 0.537) *
	0.015
	0.011
	0.001
	0.006
	0.120
	0.093

	FVC% 
	-0.140 (-0.795, 0.515) 
	-0.057 (-0.579, 0.465) 
	0.672
	0.829
	0.672
	0.829
	-0.009
	-0.011

	FEV1% 
	-0.183 (-0.943, 0.577) 
	-0.147 (-0.753, 0.458) 
	0.672
	0.679
	0.634
	0.630
	-0.014
	-0.014

	FEV1/FVC% 
	-0.318 (-0.878, 0.242) 
	-0.285 (-0.731, 0.160) 
	0.306
	0.263
	0.262
	0.206
	0.100
	0.103

	MVV% 
	-0.580 (-1.383, 0.223) 
	-0.237 (-0.882, 0.408) 
	0.212
	0.546
	0.155
	0.468
	0.037
	0.022


* p < 0.05, ** p < 0.01, *** p < 0.001
Table 4. Baseline Psychological Status (SAS/SDS) Predicting Changes in Functional Outcomes Over 3 Months (Δ)
	Outcome
	SAS_coef_ci_adj
	SDS_coef_ci_adj
	SAS_p_val_adj
	SDS_p_val_adj
	SAS_p_val_raw
	SDS_p_val_raw
	SAS_adjR2
	SDS_adjR2

	Δ6MWD
	-1.804 (-3.262, -0.346) 
	-0.278 (-1.424, 0.868) 
	0.062
	0.736
	0.016
	0.631
	0.080
	0.026

	ΔVO2 at AT
	-0.100 (-0.168, -0.033) *
	0.004 (-0.048, 0.056) 
	0.033
	0.876
	0.004
	0.876
	0.179
	0.106

	ΔVO2 Peak
	-0.092 (-0.172, -0.012) 
	-0.054 (-0.116, 0.009) 
	0.068
	0.274
	0.024
	0.091
	0.221
	0.203

	ΔVE/VCO2 at AT
	-0.025 (-0.196, 0.145) 
	-0.047 (-0.175, 0.080) 
	0.937
	0.652
	0.768
	0.461
	0.202
	0.206

	ΔVE/VCO2Peak
	-0.054 (-0.306, 0.198) 
	-0.098 (-0.284, 0.088) 
	0.937
	0.594
	0.672
	0.297
	0.188
	0.196

	ΔPETCO2 at AT
	0.032 (-0.090, 0.154) 
	0.076 (-0.014, 0.167) 
	0.937
	0.274
	0.602
	0.098
	0.140
	0.161

	ΔPETCO2 Peak
	-0.012 (-0.153, 0.130) 
	0.077 (-0.029, 0.182) 
	0.937
	0.358
	0.870
	0.153
	0.129
	0.147

	ΔVO2/WR
	-0.001 (-0.056, 0.054) 
	0.038 (-0.004, 0.080) 
	0.970
	0.274
	0.970
	0.077
	0.269
	0.292

	ΔOUES
	-0.001 (-0.008, 0.007) 
	0.002 (-0.004, 0.008) 
	0.937
	0.652
	0.865
	0.465
	0.067
	0.072

	ΔVE/VCO2 slope
	0.081 (-0.114, 0.277) 
	0.023 (-0.124, 0.169) 
	0.719
	0.820
	0.411
	0.761
	0.213
	0.208

	ΔFVC%
	-0.303 (-0.615, 0.009) 
	-0.108 (-0.351, 0.134) 
	0.133
	0.652
	0.057
	0.378
	0.062
	0.034

	ΔFEV1%
	-0.454 (-0.828, -0.080) 
	-0.308 (-0.597, -0.019) 
	0.062
	0.261
	0.018
	0.037
	0.075
	0.063

	ΔFEV1/FVC%
	-0.299 (-0.655, 0.058) 
	-0.316 (-0.589, -0.043) 
	0.199
	0.261
	0.099
	0.024
	0.073
	0.095

	ΔMVV%
	-0.579 (-0.977, -0.182) *
	-0.099 (-0.417, 0.218) 
	0.033
	0.682
	0.005
	0.536
	0.064
	-0.012


* p < 0.05, ** p < 0.01, *** p < 0.001
Table 5. Associations Between Concurrent Changes in Psychological Status (ΔSAS/ΔSDS) and Changes in Functional Outcomes (Δ)
	Outcome
	SAS_coef_ci_adj
	SDS_coef_ci_adj
	SAS_p_val_adj
	SDS_p_val_adj
	SAS_p_val_raw
	SDS_p_val_raw

	Δ6MWD
	-2.050 (-2.902, -1.199) ***
	-2.004 (-2.945, -1.064) ***
	<0.001
	<0.001
	<0.001
	<0.001

	ΔVO2 at AT
	-0.137 (-0.177, -0.097) ***
	-0.140 (-0.185, -0.096) ***
	<0.001
	<0.001
	<0.001
	<0.001

	ΔVO2 Peak
	-0.089 (-0.149, -0.030) **
	-0.103 (-0.166, -0.039) **
	0.006
	0.002
	0.004
	0.002

	ΔVE/VCO2 at AT
	0.182 (0.057, 0.308) **
	0.225 (0.091, 0.359) **
	0.008
	0.002
	0.005
	0.001

	ΔVE/VCO2Peak
	0.008 (-0.176, 0.192) 
	-0.025 (-0.223, 0.173) 
	0.929
	0.803
	0.929
	0.803

	ΔPETCO2 at AT
	-0.119 (-0.203, -0.035) **
	-0.159 (-0.248, -0.070) ***
	0.008
	<0.001
	0.006
	<0.001

	ΔPETCO2 Peak
	-0.128 (-0.225, -0.032) *
	-0.173 (-0.276, -0.071) **
	0.012
	0.002
	0.010
	0.001

	ΔVO2/WR
	-0.035 (-0.081, 0.010) 
	-0.060 (-0.108, -0.011) *
	0.139
	0.018
	0.129
	0.017

	ΔOUES
	-0.005 (-0.011, 0.000) 
	-0.009 (-0.015, -0.003) **
	0.082
	0.004
	0.071
	0.004

	ΔVE/VCO2 slope
	0.299 (0.162, 0.436) ***
	0.393 (0.252, 0.535) ***
	<0.001
	<0.001
	<0.001
	<0.001

	ΔFVC%
	-0.392 (-0.616, -0.168) **
	-0.438 (-0.679, -0.198) ***
	0.001
	<0.001
	<0.001
	<0.001

	ΔFEV1%
	-0.538 (-0.804, -0.271) ***
	-0.615 (-0.900, -0.331) ***
	<0.001
	<0.001
	<0.001
	<0.001

	ΔFEV1/FVC%
	-0.574 (-0.823, -0.324) ***
	-0.677 (-0.941, -0.413) ***
	<0.001
	<0.001
	<0.001
	<0.001

	ΔMVV%
	-0.740 (-1.005, -0.476) ***
	-0.558 (-0.865, -0.251) ***
	<0.001
	<0.001
	<0.001
	<0.001


* p < 0.05, ** p < 0.01, *** p < 0.001
Table 6. Model Diagnostics Summary for All Regression Analyses

	Analysis
	No. of Models with Non-Normal Residuals
	No. of Models with Heteroscedasticity
	Range of Maximum VIF

	Cross-Sectional Associations Between Baseline SAS and Functional Parameters at T0
	7 / 14
	3 / 14
	1.2 - 1.2

	Cross-Sectional Associations Between Baseline SDS and Functional Parameters at T0
	8 / 14
	5 / 14
	1.1

	Cross-Sectional Associations Between SAS and Functional Parameters at T1
	6 / 14
	1 / 14
	1.3 - 1.3

	Cross-Sectional Associations Between SDS and Functional Parameters at T1
	6 / 14
	2 / 14
	1.2 - 1.2

	Baseline SAS Predicting Changes in Functional Outcomes Over 3 Months (Δ)
	14 / 14
	4 / 14
	1.2 - 2.0

	Baseline SDS Predicting Changes in Functional Outcomes Over 3 Months (Δ)
	14 / 14
	6 / 14
	1.1 - 1.9

	Shapiro-Wilk test p < 0.05 indicates non-normal residuals; Breusch-Pagan test p < 0.05 indicates heteroscedasticity; VIF > 10 indicates severe multicollinearity.




