Supplementary Table 1. GDMT recommendations across different heart failure phenotypes.
	
	HFrEF
	HFmrEF
	HFpEF

	ACEI
	ⅠA
	Ⅱb C(ESC)/Ⅱb B(AHA/CHINA)
	Not recommended

	ARB
	ⅠA
	Ⅱb C(ESC)/Ⅱb B(AHA/CHINA)
	Ⅱb B(AHA/CHINA)

	ARNI
	ⅠA
	Ⅱb C(ESC)/Ⅱb B(AHA/CHINA)
	Ⅱb B(AHA/CHINA)

	beta-blocker
	ⅠA
	Ⅱb C(ESC)/Ⅱb B(AHA/CHINA)
	Not recommended

	MRA
	ⅠA
	Ⅱb C(ESC)/Ⅱb B(AHA/CHINA)
	Ⅱb B(AHA/CHINA)

	SGLT2i
	ⅠA
	ⅠA(ESC)/Ⅱa(AHA)
	ⅠA(ESC)/Ⅱa(AHA)


ESC: 2021 ESC Guideline and 2023 Focused Update; AHA: 2022 AHA/ACC/HFSA Guideline; CHINA: 2024 Chinese Guidelines for the Diagnosis and Treatment of Heart Failure. If no separate marking is present, it indicates that all guideline recommendation levels are consistent.







Supplementary Table 2. Guideline-directed medical therapies and target doses
	Medications
	Target Dose

	ACEI/ARB
	

	Benazepril
Valsartan
	10-20mg qd
160mg bid 

	Valsartan 
	160mg bid

	ARNI
	

	Sacubitril/valsartan
	200mg bid 

	MRA
	

	Spironolactone
	20-40mg qd

	SGLT2i
	

	Dapagliflozin
	10mg qd 

	Beta-blocker
	

	Bisoprolol
	10mg qd 

	Metoprolol succinate
	190mg qd


Target doses were defined according to the 2024 Chinese Guidelines for the Diagnosis and Treatment of Heart Failure





Supplementary Table 3. Contraindications for each GDMT agent
	Drug Class
	Contraindications

	ARNI
	(1) History of angioedema; (2) Bilateral severe renal artery stenosis; (3) Pregnancy or breastfeeding

	ACEI
	(1) History of angioedema with laryngeal edema related to ACEI use; (2) Pregnancy; (3) Bilateral renal artery stenosis

	ARB
	Same as ACEI, except for angioedema (not a class-specific absolute contraindication for ARB)

	beta-blocker
	(1) Cardiogenic shock; (2) Sick sinus syndrome or second-/third-degree atrioventricular block without a pacemaker; (3) Heart rate <50 bpm; (4) Hypotension (systolic blood pressure <90 mmHg); (5) Acute exacerbation of bronchial asthma

	MRA
	(1) Serum creatinine >221 μmol/L (2.5 mg/dL) or eGFR <30 mL/min/1.73 m²; (2) Serum potassium >5.0 mmol/L; (3) Pregnancy

	SGLT2i
	(1) Known allergy or prior adverse reaction to the drug; (2) Pregnancy or breastfeeding; (3) eGFR <20 mL/min/1.73 m² (empagliflozin) or <25 mL/min/1.73 m² (dapagliflozin); (4) Hypotension


Supplementary Table 4. Baseline characteristics and medication use in HFpEF patients across different age groups
	
	Overall(n=421)
	<65year(n=96)
	65-79year(n=206)
	≥80year(n=119)
	P-value

	Age 
	75(66,80)
	57(52,61)
	74(70,77)
	83(81,85)
	<0.001#*&

	Baseline LVEF, %
	62.0(56.0,66.0)
	63.0(56.0,67.0)
	61.0(55.0,65.1)
	60.0(56.0,65.0)
	0.433

	Vital signs
	
	
	
	
	

	Heart rate, bpm
	79(70,91)
	79(74,94)
	80(69,89)
	79(70,92)
	0.314

	Systolic pressure, mmHg
	126(111,139)
	124(105,138)
	128(114,141)
	125(110,138)
	0.325

	Diastolic pressure, mmHg
	72(64,82)
	77(68,84)
	71(62,82)
	73(63,81)
	0.012#

	BMI, kg/m2
	24.46±4.86
	25.62±5.70
	24.41±4.53
	 23.62±4.52
	0.011*

	Laboratory findings
	
	
	
	
	

	ALT, U/L
	15(9,25)
	18(12,29)
	15(10,26)
	12(8,21)
	<0.001*

	AST, U/L
	25(20,33)
	26(20,34)
	26(21,34)
	24(18,30)
	0.080

	eGFR, ml/min/1.73m2
	75(55,93)
	99(71,106)
	74(55,91）
	66(48,84)
	<0.001#*

	NT-proBNP, pg/ml
	1905.0(710.5,5147.0)
	1386.0(501.9,4053.5)
	1830.0(707.5,4950.0)
	2527.5(1250.3,5837.8)
	0.026*

	Clinical history
	
	
	
	
	

	Coronary heart disease
	100(23.8)
	13(13.5)
	51(24.8)
	36(30.3)
	0.015*

	Hypertension
	228(54.2)
	41(42.7)
	116(56.3)
	71(59.7)
	0.032*

	Cardiomyopathy
	27(6.4)
	11(11.8)
	11(5.3)
	5(4.2)
	0.068

	Atrial fibrillation
	148(35.2)
	22(22.9)
	69(33.5)
	57(47.9)
	<0.001*&

	Pulmonary heart disease
	57(13.5)
	13(13.5)
	28(13.6)
	16(13.4)
	1.000

	Valvular heart disease
	96(22.8)
	24(25.0)
	39(18.9)
	33(27.7)
	0.164

	Diabetes
	92(21.9)
	17(17.7)
	56(27.2)
	19(16.0)
	0.035

	Chronic kidney disease
	71(16.9)
	13(13.5)
	42(20.4)
	18(13.4)
	0.168

	Medications
	
	
	
	
	

	beta-blocker
	271(64.4)
	67(69.8)
	132(64.1)
	72(60.5)
	0.368

	ACEI/ARB
	10(2.4)
	1(1.0)
	4(1.9)
	5(4.2)
	0.256

	ARNI
	235(55.8)
	65(67.7)
	110(53.4)
	60(50.4)
	0.026*

	ACEI/ARB/ARNI
	245(58.2)
	66(68.8)
	114(55.3)
	65(54.6)
	0.057

	MRA
	279(66.3)
	55(57.3)
	135(65.5)
	89(74.8)
	0.025*

	SGLT2i
	196(46.6)
	48(50.0)
	106(51.5)
	42(35.3)
	0.015&


Data are expressed as n (%), mean ± standard deviation, or median (interquartile range).
BMI, body mass index; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase.
Post-hoc pairwise comparisons were performed using the Bonferroni correction; the sign conventions are defined as follows:
#P < 0.0167: <65 year group vs 65-79 year group
*P < 0.0167: <65 year group vs ≥80 year group
&P < 0.0167: 65-79 year group vs ≥80 year group
Supplementary Table 5. Baseline characteristics and medication use in HFmrEF patients across different age groups
	
	Overall(n=101)
	<65year(n=51)
	65-79year(n=38)
	≥80year(n=12)
	P-value

	Age 
	64(57,75)
	57(52,60)
	73(70,76)
	85(81,87)
	<0.001#*&

	Baseline LVEF, %
	45.0(42.5,47.0)
	45.0(42.0,47.0)
	45.0(43.3,47.0)
	46.5(43.3,47.8)
	0.581

	Vital signs
	
	
	
	
	

	Heart rate, bpm
	83.92 ± 19.27
	83.9±19.96
	87.4±19.57
	73.1±10.35
	0.080

	Systolic pressure, mmHg
	125(109,139)
	126(106,139)
	125(110,136)
	130(110,147)
	0.728

	Diastolic pressure, mmHg
	73(67,83)
	73(68,81)
	76(68,87)
	71(63,82)
	0.368

	BMI, kg/m2
	23.10(20.70,26.37)
	23.35(21.30,28.34)
	22.74(20.36,25.06)
	22.05(19.66,26.57)
	0.238

	Laboratory findings
	
	
	
	
	

	ALT, U/L
	19(11,31)
	19(11,30)
	16(9,25)
	28(12,37)
	0.335

	AST, U/L
	25(20,34)
	23(20,32)
	26(20,32)
	35(23,49)
	0.266

	eGFR, ml/min/1.73m2
	80(54,99)
	87(54,107)
	83(56,91)
	61(40,76)
	0.046*

	NT-proBNP, pg/ml
	2471.0(724.3,8150.0)
	4665.5(459.8,5585.0)
	4340.0(1130.0,9309.5)
	5352.0(1510.0,12277.0)
	0.074

	Clinical history
	
	
	
	
	

	Coronary heart disease
	26(25.7)
	12(23.5)
	10(26.3)
	4(33.3)
	0.730

	Hypertension
	45(44.6)
	18(35.3)
	20(52.6)
	7(58.3）
	0.163

	Cardiomyopathy
	25(24.8)
	16(31.4)
	7(18.4)
	2(16.7)
	0.315

	Atrial fibrillation
	33(32.7)
	11(21.6)
	15(39.5)
	7(58.3)
	0.029*

	Pulmonary heart disease
	3(3.0)
	1(2.0)
	1(2.6)
	1(8.3)
	0.494

	Valvular heart disease
	23(22.8)
	6(11.8)
	12(31.6)
	5(41.7)
	0.019*

	Diabetes
	24(23.8)
	11(21.6)
	10(26.3)
	3(25.0)
	0.848

	Chronic kidney disease
	21(16.9)
	10(19.6)
	5(13.2)
	6(50.0)
	0.029&

	Medications
	
	
	
	
	

	beta-blocker
	73(72.3)
	37(72.5)
	29(76.3)
	7(58.3)
	0.466

	ACEI/ARB
	2(2.0)
	1(2.0)
	1(2.6)
	0(0.0)
	1.000

	ARNI
	75(74.3)
	40(78.4)
	28(73.7)
	7(58.3)
	0.347

	ACEI/ARB/ARNI
	77(76.2)
	41(80.4)
	29(76.3)
	7(58.3)
	0.255

	MRA
	76(75.2)
	37(72.5)
	30(78.9)
	9(75.0)
	0.850

	SGLT2i
	78(77.2)
	40(78.4)
	29(76.3)
	9(75.0)
	1.000


Data are expressed as n (%), mean ± standard deviation, or median (interquartile range).
BMI, body mass index; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase.
Post-hoc pairwise comparisons were performed using the Bonferroni correction; the sign conventions are defined as follows:
#P < 0.0167: <65 year group vs 65-79 year group
*P < 0.0167: <65 year group vs ≥80 year group
&P < 0.0167: 65-79 year group vs ≥80 year group
Supplementary Table 6. Baseline characteristics and medication use in HFrEF patients across different age groups
	
	Overall(n=209)
	<65year(n=103)
	65-79year(n=81)
	≥80year(n=25)
	P-value

	Age 
	65(56,74)
	56(50,59)
	72(69,75)
	83(82,86)
	<0.001#*&

	Baseline LVEF, %
	32.0(28.0,36.0)
	31.0(27.0,36.0)
	33.0(28.0,36.0)
	36.0(30.5,40.0)
	0.009*

	Vital signs
	
	
	
	
	

	Heart rate, bpm
	84(72,102)
	86(70,107)
	84(73,97)
	79(70,98)
	0.724

	Systolic pressure, mmHg
	115(102,132)
	110(96,126)
	122(104,136)
	119(112,139)
	0.004*#

	Diastolic pressure, mmHg
	72(65,82)
	72(64,82)
	71(65,83)
	72(68,80)
	0.806

	BMI, kg/m2
	22.22(19.50,25.11)
	22.77(20.06,25.78)
	22.03(19.10,24.34)
	21.48(18.98,23.74)
	0.068

	Laboratory findings
	
	
	
	
	

	ALT, U/L
	21(14,42)
	26(16,50)
	19(14,34)
	15(12,40)
	0.050

	AST, U/L
	30(23,41)
	31(25,43)
	30(23,37)
	32(24,55)
	0.295

	eGFR, ml/min/1.73m2
	85(62,99)
	92(78,105)
	78(52,94)
	60(35,75)
	<0.001#*

	NT-proBNP, pg/ml
	3863.5(1457.5,10368.0)
	3123.0(1110.0,6592.0)
	5318.0(1630.0,13019.5)
	6434.0(2367.5,16518.3)
	0.011#

	Clinical history
	
	
	
	
	

	Coronary heart disease
	40(19.1)
	16(15.5)
	19(23.5)
	5(12.5)
	0.369

	Hypertension
	63(30.1)
	18(17.5)
	34(42.0)
	11(44.0)
	<0.001#*

	Cardiomyopathy
	112(53.6)
	64(58.3)
	44(54.3)
	8(32.0)
	0.063

	Atrial fibrillation
	43(20.6)
	19(18.4)
	17(21.0)
	7(28.0)
	0.580

	Pulmonary heart disease
	2(1.0)
	0(0.0)
	2(2.5)
	0(0.0)
	0.374

	Valvular heart disease
	45(21.5)
	16(15.5)
	24(29.6)
	5(20.0)
	0.073

	Diabetes
	43(20.6)
	14(13.6)
	23(28.4)
	6(24.0)
	0.044#

	Chronic kidney disease
	28(13.4)
	7(6.8)
	13(16.0)
	8(32.0)
	0.003*

	Medications
	
	
	
	
	

	beta-blocker
	172(82.3)
	85(82.5)
	67(82.7)
	20(80.4)
	0.934

	ACEI/ARB
	3(1.4)
	0(0.0)
	3(3.7)
	0(0.0)
	0.149

	ARNI
	170(81.3)
	87(84.5)
	62(76.5)
	21(84.0)
	0.387

	ACEI/ARB/ARNI
	173(82.8)
	87(84.5)
	65(80.2)
	21(84.0)
	0.759

	MRA
	180(86.1)
	86(83.5)
	72(88.9)
	22(88.0)
	0.610

	SGLT2i
	180(86.1)
	87(84.5)
	72(88.9)
	21(84.0)
	0.662


Data are expressed as n (%), mean ± standard deviation, or median (interquartile range).
BMI, body mass index; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; AST: Aspartate Aminotransferase; ALT: Alanine Aminotransferase.
Post-hoc pairwise comparisons were performed using the Bonferroni correction; the sign conventions are defined as follows:
#P < 0.0167: <65 year group vs 65-79 year group
*P < 0.0167: <65 year group vs ≥80 year group
&P < 0.0167: 65-79 year group vs ≥80 year group
Supplementary Table 7. Multivariate logistic regression analysis of factors influencing ARNI dose attainment (≥50% target dose) in HFrEF patients
	
	β value
	standard error 
	Wald χ²
	OR(95% CI)
	P-value

	Systolic pressure (per 5 mmHg increase)
	0.230
	0.055
	16.897
	1.258(1.126–1.403)
	<0.001

	eGFR
	0.013
	0.009
	2.017
	1.013(0.995–1.032)
	0.156

	Constant (quantity) 
	–8.438
	1.796
	22.071
	<0.001
	<0.001


Events/total: 28/169 (patients achieving ≥50% target dose / valid cases).
Omnibus test χ² = 21.165, df = 2, P < 0.001; Hosmer–Lemeshow χ² = 7.169, df = 8, P = 0.518; Nagelkerke R² = 0.199.
Dependent variable assignment: ARNI dose attainment = 1 (≥50% of target dose), 0 (<50% of target dose). Collinearity was checked using variance inflation factor (VIF < 5 for all variables). Linearity of continuous variables with the logit was verified by the Box–Tidwell test (all interaction terms P > 0.05).

Supplementary Table 8. Multivariate logistic regression analysis of factors influencing beta-blocker dose attainment (≥50% target dose) in HFrEF patients
	
	β value
	standard error 
	Wald χ²
	OR(95% CI)
	P-value

	heart rate 
	0.021
	0.009
	5.211
	1.022(1.003–1.041)
	0.022

	 NYHA class (III/IV vs II)
	1.945
	0.758
	6.583
	6.996(1.583–30.917)
	0.010

	Constant (quantity) 
	–5.148
	1.150
	20.034
	0.006
	<0.001


Events/total: 29/172 (patients achieving ≥50% target dose / all beta-blocker users).
Omnibus test χ² = 16.080, df = 2, P < 0.001; Hosmer–Lemeshow χ² = 8.836, df = 8, P = 0.356; Nagelkerke R² = 0.150.
Dependent variable coding: beta-blocker dose attainment = 1 (≥50% of target dose), 0 (<50% of target dose). Collinearity was checked using variance inflation factor (VIF < 5 for all variables). Linearity of continuous variables with the logit was verified by the Box–Tidwell test (all interaction terms P > 0.05).



Supplementary Table 9. Comparison of SGLT2i utilization rates by admission time period stratified by heart failure phenotype
	Heart failure phenotype
	2022–2023group
	2024‒2025group
	P-value

	HFrEF
	84.5%(87/103)
	87.7%(93/106)
	0.551

	HFmrEF
	69.6%(32/46)
	83.6%(46/55)
	0.103

	HFpEF
	40.8%(87/213)
	52.4%(109/208)
	0.019






Supplementary Table 10. Multivariate logistic regression analysis of factors influencing SGLT2i use in the HFpEF population
	
	β value
	standard error 
	Wald χ²
	OR(95% CI)
	P-value

	Systolic pressure(per 5 mmHg increase)
	–0.065
	0.023
	7.853
	0.937(0.895–0.980)
	0.005

	eGFR
	0.000
	0.004
	0.004
	1.000 (0.992–1.008)
	0.950

	NYHA class (III/IV vs II)
	0.299
	0.212
	1.985
	1.348 (0.890–2.042)
	0.159

	Age
	0.019
	0.010
	3.684
	1.019 (1.000–1.039)
	0.055

	admission date (2024–2025 vs 2022–2023)
	0.449
	0.202
	4.960
	1.567 (1.055–2.327)
	0.026

	Constant (quantity) 
	1.942
	1.070
	3.296
	6.971
	0.069


Events/total: 196/421 (SGLT2i users / all HFpEF patients).
Omnibus test χ² = 19.961, df = 5, P = 0.001; Hosmer–Lemeshow χ² = 9.584, df = 8, P = 0.295; Nagelkerke R² = 0.062.
Dependent variable coding: SGLT2i use = 1, no use = 0; Collinearity was checked using variance inflation factor (VIF < 5 for all variables). Linearity of continuous variables with the logit was verified by the Box–Tidwell test (all interaction terms P > 0.05).



Supplementary Table 11. Multivariate logistic regression analysis of factors influencing SGLT2i use in elderly HFpEF patients (≥80 years old).
	
	β value
	standard error 
	Wald χ²
	OR(95% CI)
	P-value

	Systolic pressure(per 5 mmHg increase)
	–0.150
	0.055
	7.440
	0.861(0.773–0.959)
	0.006

	eGFR
	-0.007
	0.010
	0.530
	0.993(0.973–1.013)
	0.467

	admission date (2024–2025 vs 2022–2023)
	0.691
	0.410
	2.833
	1.995(0.893–4.458)
	0.092

	Constant (quantity) 
	3.299
	1.463
	5.083
	27.072
	0.024


Events/total: 42/119 (SGLT2i users / all ≥80 year HFpEF patients). 
Model fit assessment:Omnibus test χ² = 14.945, df = 3, P = 0.002; Hosmer–Lemeshow χ² = 7.423, df = 8, P = 0.492; Nagelkerke R² = 0.162.
Dependent variable coding: SGLT2i use = 1, no use = 0; Collinearity was checked using variance inflation factor (VIF < 5 for all variables). Linearity of continuous variables with the logit was verified by the Box–Tidwell test (all interaction terms P > 0.05).
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