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[Abstract] Objective: To investigate the impact of obesity on cardiac reverse remodeling in patients with heart failure with reduced
or mildly reduced ejection fraction (HFrEF/HFmrEF) receiving guideline-directed medical therapy (GDMT). Methods: A retrospective
analysis was conducted on heart failure patients with a left ventricular ejection fraction (LVEF) <50% treated at the First Affiliated
Hospital of Nanjing Medical University between January 2022 and October 2024. All patients received GDMT and underwent baseline
cardiac magnetic resonance (CMR) imaging at baseline. Myocardial fibrosis was assessed via late gadolinium enhancement (LGE) and
extracellular volume fraction (ECV). Obesity was defined as a body mass index (BMI) =28 kg/m’. Cardiac reverse remodeling was
evaluated by echocardiography at baseline and after 6 months of GDMT. Treatment response was defined as an absolute increase in
LVEF =5%. Results: A total of 80 patients were included (31 in the obese group and 49 in the non-obese group). Compared to the non-
obese group, the obese group showed a smaller improvement in LVEF and a lower treatment response rate [ALVEF: (14.45 + 2.08)%
vs. (20.80 = 1.81)%, P=0.024; response rate: 76.80% vs. 93.58%, P=0.036]. Multivariable regression analysis confirmed that BMI was
an independent negative predictor of LVEF improvement (8=-0.90, P=0.004). Both LGE(OR=0.68, P=0.025)and ECV (OR=0.89, P=
0.012) were independent predictors of reduced treatment response. A predictive model combining BMI and ECV demonstrated the
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highest accuracy for identifying poor responders, with an area under the curve (AUC) of 0.923, which was significantly superior to the

baseline model (P=0.043). Conclusion: In HFrEF/HFmrEF patients, obesity is associated with attenuated cardiac reverse remodeling

and reduced responsiveness to GDMT. The combination of BMI and ECV improves the identification of patients at risk for diminished

treatment response.

[Key words] obesity; heart failure; cardiac reverse remodeling; guideline-directed medical therapy; myocardial fibrosis; cardiac mag-

nelic resonance
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Table 1 Baseline characteristics stratified by obesity status in HFrEF/HFmrEF patients
Characteristic Total (n=80) 0B(n=31) Non-OB(n=49) P
Demographics
Age(years,x +s) 49.73 + 13.94 38.55+9.21 56.80 = 11.62 <0.001
Male[n(%) ] 56(70.00) 27(87.10) 29(59.18) 0.008
BMI(kg/m*,x + ) 27.90 + 6.57 34.69 +5.04 23.60 £ 2.56 <0.001
Clinical parameters
Systolic BP(mmHg, x + s) 126.11 £ 19.72 132.87 +£20.43 121.84 + 18.18 0.014
Diastolic BP(mmHg, x + ) 83.05+15.71 89.58 + 14.17 78.92 + 15.36 0.003
Heart rate(bpm, x + s) 83.53 £ 16.12 90.81 + 13.60 78.92 + 16.00 <0.001
NYHA class(x +s) 2.88 +0.58 294 +0.51 2.84 +0.62 0.463
Echocardiography
LVEF(%,x +5) 32.14 +7.71 3345 +7.76 31.31 £7.65 0.229
LAD(mm,x % 5) 46.88 + 6.46 49.26 + 6.61 4537 +5.95 0.008
LVDd(mm,x +s) 64.64 £7.97 65.71 £ 8.08 63.96 +7.90 0.341
LVDs(mm,x +s) 54.46 + 8.40 55.00 + 8.56 54.12 + 8.37 0.652
Biomarkers
NT-proBNP(pg/mL, % + s) 1 043.30(504.75,3 150.43) 1038.60(335.20,2 858.35) 1053.00(649.00,3 106.00)  0.427
Fasting glucose (mmol/L, ¥ + 5) 4.81(4.26,5.72) 5.16(4.28,6.11) 4.79(4.24,5.58) 0.521
Total cholesterol (mmol/L,x + s) 4.47(4.05,5.05) 4.61(4.08,5.17) 4.38(4.06,5.01) 0.486
Triglycerides (mmol/L, % £ s) 1.40(1.08,2.16) 1.57(1.09,2.69) 1.37(1.08,2.03) 0.192
HDL-C(mmol/L,x + 5) 0.96(0.85,1.16) 0.88(0.78,1.00) 1.05€0.91, 1.20) 0.001
LDL-C(mmol/L,x * s) 2.83(2.44,3.28) 2.90(2.46,3.49) 2.74(2.45,3.18) 0.319
Comorbidities[ n(%) ]
Hypertension 32(40.00) 20(64.52) 12(24.49) <0.001
Coronary artery disease 24(30.00) 6(19.35) 18(36.73) 0.098
Atrial fibrillation 20(25.00) 5(16.13) 15(30.61) 0.145
Diabetes mellitus 19(23.75) 9(29.03) 10€(20.41) 0.377
Medications
Sacubitril/Valsartan[ n(%) ] 69(86.25) 29(93.55) 40(81.63) 0.240
Dose(mg,x £ ) 100.00€100.00, 200.00) 200.00(100.00,200.00) 100.00(100.00,200.00)  <0.001
Metoprolol succinate[n(%) ] 73(91.25) 28(90.32) 45(91.84) 1.000
Dose(mg,x £ ) 47.50(47.50,47.50) 47.50(47.50,71.25) 47.50(47.50,47.50) 0.001
Spironolactone[ n(%) ] 75(93.75) 30096.77) 45(91.84) 0.678
Dose(mg,x £ ) 20.00(20.00, 20.00) 20.00(20.00, 20.00) 20.00(20.00,20.00) 0.231
Furosemide[n(%)] 63(78.75) 25(80.65) 38(77.55) 0.742
Dose(mg,x £ ) 20.00(20.00, 20.00) 20.00(20.00, 20.00) 20.00¢20.00,20.00) 0.320
Dapagliflozin[n(%) ] 77(96.25) 28(90.32) 49(100.00) 0.106
Dose(mg,x £ ) 10.00(10.00, 10.00) 10.00(10.00, 10.00) 10.00(10.00, 10.00) 0.276
Vericiguat[ n(%) ] 30(37.50) 10(32.26) 20(40.82) 0.441
Dose(mg,x £ ) 5.00(2.50,5.00) 3.75(2.50,5.00) 5.00(2.50,5.00) 0.819
CMR parameters
LGE(%,x +s) 6.14(4.59,9.35) 8.84(5.94,10.51) 5.35(4.39,7.41) 0.003
EDV(mL) 262.79(196.62,319.60) 296.87(238.33,356.20) 231.33(185.21,302.94) 0.003
ESV(mL) 196.50(137.97,262.15) 225.40(174.50,290.00) 186.00(128.00,242.00) 0.040
LVMass(g) 152.51(120.63,192.17) 187.96(160.35,232.82) 134.23(105.31,160.000  <.001
ECV(%) 32.45(28.78,40.05) 33.90(29.80,41.30) 31.50(28.75,36.60) 0.292

BMI: body mass index; BP: blood pressure; NYHA: New York Heart Association; LVEF: left ventricular ejection fraction; LAD: left atrial diameter;

LVDd: left ventricular end-diastolic dimension; LVDs: left ventricular end-systolic dimension; NT-proBNP: N-terminal pro-B-type natriuretic peptide;

HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; LGE: late gadolinium enhancement; EDV: end-diastolic vol-

ume; ESV: end-systolic volume; LV: left ventricular; ECV: extracellular volume fraction.
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Table 2 Baseline characteristics of HFrEF/HFmrEF patients stratified by obesity status after IPTWadjustment

Characteristic Total (n=70.75) 0B(n=21.52) Non-OB(n=49.23) P
Demographics
Age(years,x +s) 47.10 £ 19.21 42.53 £ 11.72 49.10 £ 23.83 0.122
Male[ n(%) ] 54.63(77.21%) 18.97(88.15%) 35.66(72.43%) 0.123
BMI(kg/m*, x £ s) 26.90 + 5.46 33.63 +£3.62 23.96 +3.44 <0.001
Clinical parameters
Systolic BP(mmHg, x + s) 125.35 £ 26.82 130.91 = 16.10 122.92 + 30.35 0.151
Diastolic BP(mmHg, x + ) 82.79 + 26.88 88.66 + 11.00 80.22 + 31.29 0.097
Heart rate (bpm, x £ s) 83.83 £19.73 87.84 £ 10.32 82.08 £ 23.27 0.151
NYHA class(x £ ) 2.75+0.78 2.88 +0.48 2.70 £ 0.85 0.263
Echocardiography
LVEF(%,x +5) 32.03 +7.38 3346 +5.91 3140 +7.91 0.227
LAD(mm,x +5) 46.93 + 6.25 49.28 +5.68 4591 + 6.47 0.029
LVDd(mm,x +s) 64.72 £ 8.12 65.41 +6.29 64.41 £9.00 0.591
LVDs(mm,x +s5) 54.55 £ 8.34 54.73 £ 6.31 54.46 £ 9.17 0.887
Biomarkers
NT-proBNP(pg/mL) 901.00(489.00, 1 889.00) 1 038.60(179.00,2 317.00) 885.00(510.00, 1 888.00)  0.740
Fasting glucose (mmol/L) 4.66(3.97,5.71) 5.64(4.48,6.52) 4.49(3.75,5.22) 0.029
Total cholesterol (mmol/L, % + s) 4.44(4.09,5.11) 4.61(4.15,5.23) 4.35(4.09,5.11) 0.715
Triglycerides (mmol/L) 1.36(1.06,2.16) 1.84(1.17,2.72) 1.24(1.06,2.03) 0.084
HDL-C(mmol/L,x + s) 0.95(0.86,1.14) 0.91(0.80,0.99) 1.04(0.90,1.16) 0.026
LDL-C(mmol/L) 2.87(2.48,3.30) 2.87(2.55,3.50) 2.83(2.48,3.29) 0.877
Comorbidities[n(%) ]
Hypertension 27.64(39.06%) 10.87(50.51%) 16.77(34.06%) 0.284
Coronary artery disease 23.23(32.84%) 5.34(24.83%) 17.89(36.34%) 0.415
Atrial fibrillation 17.76(25.10%) 4.12(19.14%) 13.64(27.70%) 0.466
Diabetes mellitus 15.09(21.32%) 5.76(26.74%) 9.33(18.95%) 0.480
Medications
Sacubitril/Valsartan[n(%) ] 63.24(89.38%) 19.95(92.69%) 43.29(87.94%) 0.522
Dose(mg) 100.00(100.00, 200.00) 200.00(100.00,200.00) 100.00(100.00, 200.00) 0.102
Metoprolol succinate[ n(%) ] 65.61(92.74%) 19.06(88.56%) 46.55(94.56%) 0.338
Dose(mg) 47.50(47.50,47.50) 47.50(47.50,95.00) 47.50(47.50,47.50) 0.029
Spironolactone[ n(%) ] 67.31(95.14%) 20.94(97.30%) 46.37(94.20%) 0.487
Dose(mg,x £ ) 20.00(20.00,20.00) 20.00(20.00,20.00) 20.00(20.00,20.00) 0.327
Furosemide[ n(%) ] 48.22(68.15%) 17.46(81.13%) 30.76(62.47%) 0.172
Dose(mg,x £ ) 20.00(20.00,20.00) 20.00(20.00,20.00) 20.00(20.00,20.00) 0.266
Dapagliflozin[ n(%) ] 68.83(97.29%) 19.61(91.10%) 49.23(100.00%) 0.018
Dose(mg,x £ ) 10.00¢10.00, 10.00) 10.00(10.00, 10.00) 10.00(10.00, 10.00) 0.252
Vericiguat[n(%)] 27.89(39.42%) 9.21(42.79%) 18.68(37.94%) 0.747
Dose(mg,x £ ) 5.00(2.50,5.00) 5.00(2.50,5.00) 5.00(2.50,5.00) 0.659
CMRparameters
LGE(%,x +5) 6.09(4.69,8.97) 8.04(6.10,9.82) 5.25(4.35,7.72) 0.024
EDV(mL) 268.77(209.81,331.92) 324.76(239.48,338.56) 250.61(192.20,304.03) 0.025
ESV(mL) 204.90(139.00,258.00) 209.00(169.00,263.00) 197.00(139.00, 250.00) 0.309
LVMass(g) 157.18(121.30, 186.35) 171.76(154.79,229.62) 140.20(116.64, 177.72) 0.014
ECV (%) 32.20(28.70,38.30) 37.20(29.80,41.09) 31.47(28.60,36.50) 0.106

IPTW': inverse probability of treatment weighting; BMI: body mass index; BP: blood pressure; NYHA: New York Heart Association; LVEF': left ven-
tricular ejection fraction; LAD: left atrial diameter; LVDd: left ventricular end-diastolic dimension; LVDs: left ventricular end-systolic dimension; NT-
proBNP: N-terminal pro-B-type natriuretic peptide; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; LGE: late

gadolinium enhancement; EDV: end-diastolic volume; ESV: end-systolic volume; LV : left ventricular; ECV: extracellular volume fraction.
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Bar graphs illustrate adjusted mean changes (A)in echocardiographic parameters(Panels A—E) and the proportion of treatment responders (Panel F)

among obese (OB) and non-obese (Non-OB) patients with heart failure with reduced or mildly reduced ejection fraction (HFrEF/HFmrEF) following

inverse probability of treatment weighting (IPTW) adjustment. Error bars indicate standard deviation (SD) for Panels A~E and 95% confidence intervals

(95% CI) for Panel F. "P < 0.05.

1 IPTW R IE/RAERE 5 3EBRRY HFrEF/HFmrEF B 885 Lo B S8 b 587 A 89 L
Figure 1 Comparison of echocardiographic parameter changes and treatment response between the obese and non - obese

HFrEF/HFmrEF patients after IPTW adjustment

#R3 IPTW RIEEH#MER 5 R H HFrEF/ HFmrEF 2% B DB S H T
Table 3 Echocardiographic parameter changes in HFrEF/HFmrEF patients stratified by sex after IPTW adjustment

Variable

(x+s)
Male Female

Total (n=56) 0B(n=27) Non-OB(n=29) P Total (n=24) OB(n=4) Non-OB(n=20) P
ALVEF 17.60 £ 12.28  14.00 £ 2.20 23.44 + 1.85 0.002 1643 +11.88 19.90 +7.42 12.46 £ 2.03 0.344
ALVDd 7.79 +7.35 573 +1.40 9.66 + 1.09 0.031  7.10+6.98 7.00 + 3.56 520+ 1.24 0.637
ALVDs 11.75 £ 8.99 8.94 + 1.68 15.07 £ 1.39 0.007 10.75+8.61  12.00 +4.70 7.75 +1.48 0.397
ALVDd% 11.52 +10.26 8.40 + 1.94 14.55 + 1.46 0.014 884+9.10 10.96+5.19 8.42 +1.96 0.651
ALVDs% 20.81 £15.12 15.96 +2.85 2698 £2.11 0.003 1630+ 13.08 22.80+7.92 15.00 £ 2.69 0.361

OB: obese patients; Non-OB: non-obese patients. P values were derived from Student’s ¢-test after IPTW adjustment. The sample sizes presented

are effective sample sizes after IPTW adjustment and therefore may be non-integers.

%4 HFrEF/HFmrEF £ BMI 5/ U4 SEX MR BT H R

Table 4 Regression analyses of association between BMI and cardiac outcomes in HFrEF/HFmrEF patients

Predictor Unadjusted Model 1 Model 2 Model 3

variable Outeomevariable o g s Ch P BIOR(OS%CD P BOROS%CD P BIOR(95% CD) P

BMI  ALVEF -0.28(-0.68-0.12) 0.171 -0.74(-1.25--0.23) 0.006 -0.74(~1.25--0.22) 0.006 -0.90(~1.49--0.32) 0.004
ALVDd -0.11(-034-0.12) 0.361 -0.23(-0.54-0.08) 0.149 -0.36(-0.68--0.05) 0.028 -0.36(~0.73-0.01)  0.061
ALVDs -0.14(=0.43-0.15) 0353 -0.37(-0.75-0.01)  0.062 -0.46(~0.85--0.08) 0.022 -0.51(-0.95--0.06) 0.030
ALVDd% -0.21(-0.54-0.12) 0219 -0.39(-0.83-0.05) 0.086 —0.55(~1.02--0.08) 0.025 -0.57(~1.12--0.03)) 0.043
ALVDs% -0.31(-0.80-0.18) 0218 -0.73(~1.37--0.09) 0.027 -0.84(~1.53--0.15) 0.019 -0.98(~1.77--0.19) 0.019
Treatment response  0.89(0.81-0.97)  0.008 0.79(0.67-0.93)  0.005 0.76(0.62-0.94)  0.011 0.70(0.53-0.93)  0.013
[n(%)]

Model specifications: Model 1: adjusted for age and sex; Model 2: Model 1 plus baseline LVEF and left ventricular mass; Model 3: Model 2 plus co-

morbidities Chypertension, coronary heart disease, atrial fibrillation, diabetes) and key GDMT medication doses (sacubitril/valsartan and metoprolol suc-

cinate doses). B denotes regression coefficient for continuous outcomes; OR represents odds ratio for binary outcomes.

&5 LGE5ECV{EA HFrEF/HFmrEF BE 67T &M FUl E F BB 48 B3 54
Table 5 Logistic regression analysis of LGE and ECV as predictors of treatment response in HFrtEF/HFmrEF patients

Predictor variable Outcome variable OR(95% CDD P Adjusted OR(95% CI) Adjusted P
LGE Treatment response 0.92(0.79-1.06) 0.257 0.68(0.49-0.95) 0.025
ECV 0.94(0.88-0.99) 0.023 0.89€0.81-0.97) 0.012

Adjusted variables: BMI, age, sex, baseline LVEF, left ventricular mass, and comorbidities Chypertension, coronary artery disease, atrial fibrillation,

diabetes). OR; odds ratio; CI, confidence interval.
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This composite figure presents three ROC curve analyses evaluating the performance of logistic regression models for predicting treatment out-
comes in the HFrEF/HFmrEF patients. A: Comparations between the Model 1 (baseline) and Model 2 (baseline+BMI). B: Comparations between the
Model 1, Model 2, and Model 3(Model 2+LGE). C: Comparations between the Model 1, Model 2, and Model 4(Model 2+ECV). Model 1 includes age,
sex, baseline LVEF, left ventricular mass, and comorbidities.
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Figure 2 Composite ROC curves comparing sequential predictive models in HFrEF/HFmrEF patients
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Table 6 Path coefficients from mediation analysis of BMI on treatment response via LGE and ECV in HFrEF/HFmrEF

patients

Mediator Path SE Beta 95% CI P
LGE BMI to mediator 0.09 0.08 -0.09-0.25 0.368
BMI to outcome (direct effect) 0.14 -0.36 -0.63--0.09 0.008
Mediator to outcome 0.17 -0.38 -0.72—-0.05 0.025
ECV BMI to mediator 0.28 0.49 -0.06-1.04 0.088
BMI to outcome (direct effect) 0.13 -0.31 -0.56--0.05 0.018
Mediator to outcome 0.05 -0.12 -0.21--0.03 0.012

SE: standard error; CI: confidence interval. All models were adjusted for age, sex, hypertension, coronary heart disease, atrial fibrillation, diabetes,

left ventricular ejection fraction, and left ventricular mass. The path “BMI to outcome” indicates the direct effect of BMI on treatment response.
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