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Abstract: Objective: This study sought to evaluate the efficacy of sodium-glucose cotransporter 2 (SGLT-2) inhibitor 
Dapagliflozin in ameliorating left ventricular diastolic function (LVDF) and attenuating systemic inflammatory bio-
markers in patients with heart failure with preserved ejection fraction (HFpEF). Methods: A total of 114 patients di-
agnosed with HFpEF were retrospectively enrolled and allocated into either the SGLT-2 inhibitor group (Dapagliflozin 
combined with standard guideline-directed therapy; n = 58) or the Control group (standard guideline-directed ther-
apy alone; n = 56). Echocardiographic parameters at baseline and 6-month follow-up were measured, including 
early diastolic transmitral flow velocity/early diastolic mitral annular velocity ratio (E/e’) and left atrial volume index 
(LAVI). Circulating inflammatory markers comprising high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-
6), and tumor necrosis factor-alpha (TNF-α) were examined. In addition, N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) levels and Minnesota Living with Heart Failure Questionnaire (MLHFQ) scores were collected for func-
tional and symptomatic assessments. Results: After six months of treatment, the SGLT-2 inhibitor group exhibited 
significant improvements in cardiac diastolic parameters. E/e’ ratio decreased significantly from 14.8 ± 3.2 to 12.1 
± 2.7 (P < 0.001), and LAVI decreased from 38.6 ± 8.4 to 34.2 ± 7.1 mL/m2 (P = 0.003). Consistently, systemic 
inflammation was markedly alleviated. hs-CRP decreased from 4.82 ± 1.73 to 2.94 ± 1.28 mg/L (P < 0.001), IL-6 
decreased from 8.46 ± 2.91 to 5.73 ± 2.14 pg/mL (P = 0.002), and TNF-α decreased from 12.8 ± 4.6 to 9.4 ± 3.8 
pg/mL (P = 0.011). Moreover, NT-proBNP levels in the SGLT-2 inhibitor group exhibited a substantial 28.4% reduc-
tion, which was significantly greater than the 8.7% reduction observed in the Control group (P = 0.004). There was 
also a striking reduction in MLHFQ scores in the SGLT-2 inhibitor group (average reduction: -8.6 ± 4.2 points, P < 
0.001), demonstrating significant symptomatic improvement. Conclusion: SGLT-2 inhibitor Dapagliflozin effectively 
improved LVDF and reduced systemic inflammatory burden in patients with HFpEF. These findings support the role 
of Dapagliflozin as a promising disease-modifying therapeutic agent for HFpEF.
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Introduction

Heart failure (HF) represents one of the  
most pressing cardiovascular health challeng-
es worldwide. It affects approximately 64 mil-
lion individuals globally, imposing substantial 
burdens on healthcare systems [1]. Heart fail-
ure with preserved ejection fraction (HFpEF) 
accounts for nearly half of all HF cases, charac-
terized by preserved left ventricular systolic 
function (LVSF) but impaired diastolic filling, 
elevated filling pressures, and reduced cardiac 

output during exertion [2]. The prevalence of 
HFpEF continues to rise. Primary drivers in- 
clude population aging and increasing burden 
of cardiometabolic comorbidities (e.g., hyper-
tension, obesity, diabetes mellitus, and chronic 
kidney disease) [3]. Additionally, HFpEF has 
been historically termed “therapeutic orphan” 
due to the paucity of clinically effective phar- 
macological interventions.

The pathophysiology of HFpEF is notably com-
plex and multifactorial, involving a constella-
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tion of abnormalities that extend beyond sim-
ple diastolic dysfunction to encompass sy- 
stemic inflammation, endothelial dysfunction, 
microvascular abnormalities, and myocardial 
fibrosis [4]. The systemic proinflammatory state 
defines HFpEF pathogenesis. In this state, lev-
els of circulating inflammatory mediators, such 
as C-reactive protein (CRP), interleukin-6 (IL-6), 
and tumor necrosis factor-alpha (TNF-α), are 
increased. Such increases promote coronary 
microvascular endothelial dysfunction, reduce 
nitric oxide bioavailability, and ultimately lead 
to cardiomyocyte hypertrophy and interstitial 
fibrosis [5]. This inflammation-driven paradigm 
has fundamentally shifted our understanding 
of HFpEF from a purely hemodynamic disorder 
to a systemic inflammatory condition with car-
diac manifestations. The resultant myocardial 
stiffness and impaired relaxation lead to ele-
vated left ventricular filling pressures, which 
manifest clinically as dyspnea, exercise into- 
lerance, and fluid retention [6]. Moreover, left 
atrial remodeling, pulmonary hypertension, and 
right ventricular dysfunction frequently accom-
pany left ventricular diastolic abnormalities, 
creating a complex hemodynamic milieu that 
has historically proven resistant to pharmaco-
logical intervention.

For decades, the therapeutic landscape for 
HFpEF has remained disappointingly barren. 
Numerous large-scale randomized controlled 
trials have demonstrated the efficacy of phar-
macological agents against heart failure with 
reduced ejection fraction (HFrEF). Unfortuna- 
tely, these trials failed to demonstrate signifi-
cant benefits of such treatment in HFpEF po- 
pulations [7]. Various pharmacological agents, 
including angiotensin-converting enzyme in- 
hibitors, angiotensin receptor blockers, beta-
blockers, and even angiotensin receptor-nepri-
lysin inhibitors, have yielded largely neutral or 
only modestly positive results when applied to 
patients with truly preserved ejection fractions 
[8]. This therapeutic void has prompted in- 
tense investigation into novel pharmacological 
targets and mechanisms that may address the 
unique pathophysiological features of HFpEF. 
Moreover, HFpEF represents a heterogeneous 
syndrome with multiple distinct phenotypes, 
which has further complicated therapeutic 
development. It has been established that in- 
terventions that benefit certain patient sub-

groups may prove ineffective or even harmful 
in others [9].

The emergence of sodium-glucose cotran- 
sporter 2 (SGLT-2) inhibitors represents a para-
digm shift in the treatment of HF across the 
ejection fraction spectrum. SGLT-2 inhibitors 
were originally developed as glucose-lowering 
agents for type 2 diabetes mellitus (T2DM). 
Recently, trials with SGLT-2 inhibitors have 
demonstrated remarkable cardiovascular and 
renal protective effects that extend far beyond 
their glucose-lowering effects [10]. The land-
mark EMPEROR-Preserved and DELIVER trials 
confirmed that SGLT-2 inhibitors Empagliflo- 
zin and Dapagliflozin significantly reduced the 
composite endpoint of cardiovascular death 
and HF hospitalization in patients with HFpEF, 
irrespective of diabetes status [11, 12]. These 
findings have fundamentally transformed the 
treatment paradigm for HFpEF. SGLT-2 inhibi-
tors have currently been incorporated into ma- 
jor international guidelines as Class I recom-
mendations for management of patients with 
HFpEF [13].

The clinical benefits of SGLT-2 inhibitors 
appear to be multifactorial, involving favorable 
effects on preload reduction, natriuresis, blood 
pressure, weight, cardiac metabolism, myocar-
dial energetics, and inflammation [14]. Despite 
these encouraging clinical outcomes, the pre-
cise mechanism by which SGLT-2 inhibitors 
exert their cardioprotective effect in patients 
with HFpEF remains incompletely elucidated. 
Current preclinical and translational studies 
have suggested that SGLT-2 inhibitors may 
improve myocardial energetics through a shift 
toward ketone body utilization, reduce myofila-
ment stiffness, attenuate cardiac fibrosis, and 
diminish systemic and myocardial inflammation 
[15]. However, clinical data on related echocar-
diographic diastolic function parameters and 
circulating inflammatory biomarkers in HFpEF 
patients remain limited. A deeper understand-
ing of the underlying pathophysiological mech-
anisms, not confined to clinical endpoints, is 
desirable to optimize therapeutic strategies 
and identify patient populations most likely  
to derive benefit. Moreover, the associations 
among diastolic function, inflammation, and 
clinical outcomes in patients with HFpEF war-
rant further investigation to help establish 
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mechanistic links and potential surrogate 
endpoints.

The innovation of the present study is three-
fold. First, this study provided mechanistic 
insights into the effect of SGLT-2 inhibitor ther-
apy on left ventricular diastolic function (LVDF) 
using comprehensive echocardiographic para- 
meters including early diastolic transmitral flow 
velocity/early diastolic mitral annular velocity 
ratio (E/e’) and left atrial volume index (LAVI). 
This is different from previous large-scale trials 
that primarily focused on clinical hard end-
points such as cardiovascular death and HF 
hospitalization. Second, multiple circulating in- 
flammatory markers, including high-sensitivity 
CRP (hs-CRP), IL-6, and TNF-α, were simultane-
ously measured, providing direct evidence for 
the anti-inflammatory property of SGLT-2 in- 
hibitor therapy in HFpEF patients. Third, the 
potential link between inflammation reduction 
and cardiac benefit in this population was 
explored. To our knowledge, this is one of the 
few studies to comprehensively assess both 
diastolic function and inflammatory profile in 
HFpEF patients receiving SGLT-2 inhibitor the- 
rapy.

This retrospective cohort study was designed 
to evaluate the efficacy of SGLT-2 inhibitor ther-
apy in improving LVDF and reducing circulating 
inflammation levels in patients with HFpEF. 
Meanwhile, the potential mechanistic links 
were evaluated. This study hopes to provide 
more evidence for the clinical application of 
SGLT-2 inhibitors in the treatment of HFpEF.

Methods

Patient selection

This retrospective cohort study was conduct- 
ed at the Department of Cardiology of the 
Second People’s Hospital of Kunshan. Con- 
secutive patients diagnosed with HFpEF and 
receiving medical care between November 
2024 and October 2025 were enrolled. The 
study protocol was approved by the Institu- 
tional Ethics Committee of the Second People’s 
Hospital of Kunshan. Due to the retrospective 
nature of the study and data anonymization 
prior to analysis, the requirement for informed 
consent was waived. All procedures were con-
ducted in accordance with the Declaration of 
Helsinki.

Inclusion criteria: (1) age ≥ 18 years; (2) HFpEF 
defined as symptomatic HF with New York 
Heart Association (NYHA) functional class II-IV, 
left ventricular ejection fraction (LVEF) ≥ 50%, 
and N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) ≥ 300 pg/mL (or ≥ 900 pg/mL in 
patients with atrial fibrillation); (3) structural 
heart disease with echocardiographic eviden- 
ce (left atrial enlargement or left ventricular 
hypertrophy) and/or left ventricular diastolic 
dysfunction; (4) a history of standardized HF 
medication for at least 4 consecutive weeks 
before enrollment, with stable clinical condi-
tion; (5) complete baseline clinical, laboratory 
and echocardiographic data, and valid 6-month 
follow-up data.

Exclusion criteria: (1) LVEF < 50% at any time 
during observation; (2) acute decompensat- 
ed HF, cardiogenic shock or acute myocardial 
infarction within 4 weeks prior to enrollment; 
(3) severe valvular heart disease, restrictive 
cardiomyopathy, hypertrophic cardiomyopathy, 
or other primary myocardial diseases requiring 
surgical or interventional treatment; (4) esti-
mated glomerular filtration rate (eGFR) < 30 
mL/min/1.73 m2, or end-stage renal disease; 
(5) active malignant tumors, severe liver dys-
function, autoimmune diseases, or severe in- 
fectious diseases; (6) pregnancy or lactation; 
(7) history of recurrent diabetic ketoacidosis, 
repeated genital or urinary tract infections, or 
clear contraindications to SGLT-2 inhibitor ther-
apy; (8) combined use of other novel anti-HF 
drugs that may interfere with study outcomes; 
(9) loss to follow-up or incomplete key research 
data during the 6-month follow-up period.

A total of 138 patients with HFpEF were in- 
itially enrolled. One hundred and fourteen 
patients met all inclusion and exclusion criteria 
and were included in the final analysis (Figure 
1). Participants were retrospectively catego-
rized into the Control group (n = 56) or the 
SGLT-2 inhibitor group (n = 58) based on their 
treatment regimen during the study period. The 
Control group received standard guideline-
directed medical therapy for HFpEF, which 
included diuretic Furosemide (Sanofi-Aventis, 
Paris, France), angiotensin receptor-neprilysin 
inhibitors Sacubitril/Valsartan (Novartis Phar- 
maceuticals, Basel, Switzerland), beta-blocker 
Bisoprolol (Merck KGaA, Darmstadt, Germany), 
and mineralocorticoid receptor antagonist Spi- 
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ronolactone (Pfizer Inc., New York, NY, USA). 
The SGLT-2 inhibitor group received standard 
guideline-directed medical therapy combined 
with SGLT-2 inhibitor Dapagliflozin 10 mg once 
daily (AstraZeneca Pharmaceuticals LP, Wil- 
mington, DE, USA).

All treatment decisions were made by the 
attending physicians following a comprehen-
sive assessment of patients’ clinical character-
istics, comorbidity profiles, laboratory findings, 
and individual preferences. The decision to ini-
tiate SGLT-2 inhibitor (Dapagliflozin) therapy 
was based on the physicians’ clinical judg- 
ment, considering the presence of T2DM (indi-
cation for SGLT-2 inhibitors) and absence of 
contraindications. Before treatment initiation, 
all patients or their legal guardians were fully 
informed about the potential benefits (e.g., 
improvement in HF prognosis, reduction in  
cardiovascular events) and possible adverse 
effects (e.g., genital infections, urinary tract 
infections) produced by SGLT-2 inhibitor thera-
py. Patients made their own choices after fully 
understanding the strengths and limitations of 
each treatment option. Due to the retrospec-
tive nature of this study, treatment assignment 
was not randomized.

Data extraction

Data were extracted from the electronic medi-
cal records by two independent investigators 
using a standardized data collection form. 
Demographic and clinical characteristics inclu- 
ded age, sex, body mass index (BMI), comor-
bidities, NYHA functional class, and vital signs. 
Laboratory parameters comprised NT-proBNP, 

cal records. Attempts were made to retrieve 
missing data for patients with incomplete base-
line or 6-month follow-up data. Patients with 
missing data required for primary outcome 
analysis were excluded. A random sample of 
patients was re-extracted by a third investiga-
tor to assess data accuracy.

Materials and reagents used in this study were 
commercially available. hs-CRP was measured 
using an immunofluorescence dry quantitative 
assay kit (Getein Biotech, Nanjing, China). IL-6 
and TNF-α were quantified using a chemilumi-
nescence immunoassay kit (Siemens Heal- 
thineers, Erlangen, Germany). NT-proBNP was 
measured using an electrochemiluminescence 
immunoassay kit (Roche Diagnostics, Basel, 
Switzerland). Echocardiographic examinations 
were performed using the EPIQ5 2.1.1 ultra-
sound system (Philips Ultrasound, Washington, 
USA).

Outcome measures

All outcome measures were assessed at base-
line and at the 6-month follow-up.

Primary outcomes were changes in echocardio-
graphic LVDF parameters (E/e’ ratio and LAVI) 
and circulating inflammatory markers (hs-CRP, 
IL-6, and TNF-α) from baseline to 6 months.

Secondary outcomes were changes in NT- 
proBNP level, eGFR, MLHFQ score and NYHA 
functional class, HF hospitalization during the 
6-month follow-up period, and adverse events 
(e.g., genital infections, urinary tract infections, 
symptomatic hypotension, acute kidney injury).

Figure 1. Flowchart of patient enrollment following CONSORT guidelines.

hs-CRP, IL-6, TNF-α, hemo- 
globin A1c, serum creatini- 
ne, eGFR, and lipid profiles. 
Echocardiographic parameters 
were composed of LVEF, E, e’, 
E/e’ ratio, LAVI, and tricuspid 
regurgitation velocity. Clinical 
outcomes encompassed the 
Minnesota Living with Heart 
Failure Questionnaire (MLHFQ) 
score, NYHA class at follow- 
up, body weight, blood pres-
sure, HF hospitalization, and 
adverse events. Data comple- 
teness was verified by cross-
referencing with original medi-
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Statistical analysis

Sample size estimation was performed based 
on the primary endpoint of the change in E/e’ 
ratio from baseline to 6 months between the 
two groups. Assuming a clinically meaningful 
between-group difference of 2.0 units and a 
standard deviation of 3.0 units based on previ-
ous literature, with a two-sided α of 0.05 and a 
statistical power of 80%, the minimum required 
sample size was calculated as 36 patients per 
group using the formula for two independent 
means (n = 2 × (Zα/2 + Zβ)2 × SD2/Δ2, where 
Zα/2 = 1.96, Zβ = 0.84, SD = 3.0, and Δ = 2.0). 
Considering a potential dropout rate of 20%, 
this study aimed to recruit at least 45 patients 
per group (total ≥ 90 patients). Ultimately, 114 
patients were included in this study (58 in the 
SGLT-2 inhibitor group and 56 in the Control 
group), which met the minimum requirement.

Statistical analyses were performed using 
SPSS version 26.0 (IBM Corporation, Armonk, 
NY, USA). Shapiro-Wilk test was used to assess 
the normality of data distribution. For continu-
ous variables that followed a normal distribu-
tion, Levene’s test was applied to evaluate the 
homogeneity of variances. When the assump-
tions of both normality and homogeneity of 
variances were satisfied, parametric tests  
were employed: independent samples t-test for 
between-group comparisons and paired t-test 
for within-group comparisons. If the assump-
tion of normality was violated, non-parametric 
tests were used instead: Mann-Whitney U test 
for between-group comparisons and Wilcoxon 
signed-rank test for within-group comparisons. 
Normally distributed continuous variables were 
presented as means ± standard deviations, 
while non-normally distributed continuous va- 
riables were expressed as medians (inter- 
quartile range). Categorical variables were pre-
sented as frequencies and percentages, and 
between-group comparisons were performed 
using chi-square test.

Pearson correlation coefficients (r) (normally 
distributed variables) or Spearman correlation 
coefficients (r) (non-normally distributed vari-
ables) were calculated to assess the corre- 
lation between changes in echocardiographic 
parameters and inflammatory markers.

Uni- and multi-variate logistic regression analy-
ses were performed to identify independent 

predictors of diastolic function improvement (≥ 
15% reduction in E/e’ ratio from baseline to 6 
months). Variables with P < 0.05 in univariate 
analysis were entered into the multivariate 
model. Results were presented as odds ratios 
(OR) with 95% confidence intervals (CI). A two-
tailed P-value < 0.05 was considered statisti-
cally significant.

Results

Baseline characteristics

A total of 138 patients with HFpEF were initially 
screened, of whom 114 met all inclusion and 
exclusion criteria and were included in the final 
analysis (Figure 1). The mean age was approxi-
mately 68 years, with a slight female predomi-
nance. Hypertension and T2DM were present 
in over 80% and 50% of patients, respectively. 
Based on treatment regimen, participants were 
assigned to receive Dapagliflozin (SGLT-2 inhib-
itor group, n = 58) or standard therapy (Control 
group, n = 56). Baseline demographic, clinical, 
echocardiographic, and laboratory characteris-
tics of both groups are presented in Table 1.

The two groups were well-balanced at base- 
line without statistically significant differences 
in age, sex, BMI, comorbidities, NYHA function-
al class, renal function, cardiac biomarkers, or 
echocardiographic parameters (all P > 0.05).

Effect on echocardiographic parameters of 
diastolic function

At 6-month follow-up, the SGLT-2 inhibitor group 
demonstrated much more significant impro- 
vements in echocardiographic parameters of 
LVDF than the Control group (Table 2; Figure 2).

The SGLT-2 inhibitor group showed a signifi- 
cant reduction in E/e’ ratio from baseline 14.8 
± 3.2 to 6-months 12.1 ± 2.7 (P < 0.001), rep-
resenting an 18.2% improvement. However, 
the Control group showed only a modest, non-
significant change (from baseline 14.4 ± 3.5 to 
6-months 13.8 ± 3.3, P = 0.142). Between-
group difference was highly significant (P < 
0.001). In addition, both septal and lateral e’ 
velocities were improved significantly in the 
SGLT-2 inhibitor group at the 6-month follow- 
up (both P < 0.001), indicating enhanced early 
diastolic relaxation. Supplementary Figure 1 
provides representative paired mitral inflow 
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Table 1. Baseline characteristics of the study population

Variable SGLT-2 Inhibitor Group 
(n = 58)

Control Group  
(n = 56) Statistical value P-value

Age, years 68.4 ± 9.7 67.2 ± 10.3 t = 0.640 0.521
Female, n (%) 33 (56.9) 30 (53.6) χ2 = 0.127 0.717
BMI, kg/m2 28.6 ± 4.3 27.9 ± 4.8 t = 0.540 0.412
Hypertension, n (%) 48 (82.8) 45 (80.4) χ2 = 0.110 0.738
Type 2 diabetes, n (%) 31 (53.4) 28 (50.0) χ2 = 0.136 0.712
Atrial fibrillation, n (%) 22 (37.9) 19 (33.9) χ2 = 0.198 0.652
Coronary artery disease, n (%) 18 (31.0) 16 (28.6) χ2 = 0.083 0.774
NYHA class II/III, n (%) 41/17 (70.7/29.3) 38/18 (67.9/32.1) χ2 = 0.107 0.743
eGFR, mL/min/1.73 m2 62.4 ± 18.7 64.8 ± 17.2 t = 1.259 0.473
NT-proBNP, pg/mL 1284 ± 743 1196 ± 682 t = 1.284 0.498
LVEF, % 58.3 ± 5.8 57.6 ± 6.2 t = 0.273 0.532
E/e’ ratio 14.8 ± 3.2 14.4 ± 3.5 t = 0.432 0.519
LAVI, mL/m2 38.6 ± 8.4 37.2 ± 9.1 t = 0.687 0.393
Abbreviations: SGLT-2, sodium-glucose cotransporter 2; BMI, body mass index; NYHA, New York Heart Association; eGFR, esti-
mated glomerular filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; E/e’ ratio, ratio of early mitral inflow veloc-
ity (E) to early diastolic mitral annular velocity (e’); LAVI, left atrial volume index.

Table 2. Changes in echocardiographic parameters from baseline to 6 months

Parameter
SGLT-2 Inhibitor Group Control Group Between-group

Baseline 6 months Within-group P  
(t value) Baseline 6 months Within-group P  

(t value) P-value (t value)

LVEF, % 58.3 ± 5.8 59.1 ± 5.4 P = 0.287 (t = 0.236) 57.6 ± 6.2 57.4 ± 6.5 P = 0.814 (t = 0.236) P = 0.186 (t = 1.452)

E/e’ ratio 14.8 ± 3.2 12.1 ± 2.7 P < 0.001 (t = 9.364) 14.4 ± 3.5 13.8 ± 3.3 P = 0.142 (t = 1.482) P < 0.001 (t = 3.018)

e’ septal, cm/s 6.4 ± 1.6 7.9 ± 1.5 P < 0.001 (t = 5.215) 6.6 ± 1.8 6.9 ± 1.7 P = 0.218 (t = 1.241) P = 0.008 (t = 2.756)

e’ lateral, cm/s 8.2 ± 2.1 9.6 ± 1.9 P < 0.001 (t = 5.087) 8.4 ± 2.3 8.7 ± 2.4 P = 0.312 (t = 1.018) P = 0.016 (t = 2.328)

LAVI, mL/m2 38.6 ± 8.4 34.6 ± 7.2 P = 0.003 (t = 5.190) 37.2 ± 9.1 36.4 ± 8.7 P = 0.428 (t = 0.796) P = 0.009 (t = 2.328)

TR velocity, m/s 2.72 ± 0.38 2.51 ± 0.34 P = 0.027 (t = 2.372) 2.68 ± 0.41 2.64 ± 0.39 P = 0.476 (t = 0.715) P = 0.042 (t = 2.098)
Abbreviations: e’, early diastolic mitral annular velocity; TR, tricuspid regurgitation.

Figure 2. Changes in E/e’ ratio from baseline to 6 months in the SGLT-2 in-
hibitor group versus the Control group. Bar chart shows a significant reduc-
tion in E/e’ ratio in the SGLT-2 inhibitor group with error bars representing 
standard deviation. *P < 0.001 for between-group comparison.

and tissue Doppler spectra 
from one patient per group to 
visually illustrate the distinct 
longitudinal changes in E/e’ 
ratio between the two groups. 
Consistent with the overall 
group statistical trend, the re- 
presentative cases from the 
SGLT-2 inhibitor group display- 
ed an obvious decline in E/e’ 
ratio at the 6-month follow- 
up; while the representative 
cases from the Control group 
showed only a minor variation 
in E/e’ ratio over the 6-month 
observation window.

With respect to LAVI, a sig- 
nificant decline from baseline 
38.6 ± 8.4 to 6-months 34.6 ± 
7.2 mL/m2 was observed in  
the SGLT-2 inhibitor group (P = 
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Table 3. Changes in inflammatory markers and cardiac biomarkers from baseline to 6 months

Parameter
SGLT-2 Inhibitor Group Control Group Between-group 

Baseline 6 months Within-group P (t value) Baseline 6 months Within-group P (t value) P-value (t value)
hs-CRP, mg/L 4.82 ± 1.73 2.94 ± 1.28 P < 0.001 (t = 9.599) 4.56 ± 1.84 4.21 ± 1.76 P = 0.218 (t = 1.243) P < 0.001 (t = 4.312)
IL-6, pg/mL 8.46 ± 2.91 5.73 ± 2.14 P < 0.001 (t = 8.638) 8.12 ± 3.08 7.64 ± 2.87 P = 0.347 (t = 0.946) P = 0.004 (t = 3.156)
TNF-α, pg/mL 12.8 ± 4.6 9.4 ± 3.8 P < 0.001 (t = 5.870) 12.2 ± 4.9 11.6 ± 4.7 P = 0.428 (t = 0.796) P = 0.023 (t = 3.156)
NT-proBNP, pg/mL 1284 ± 743 983 ± 512 P < 0.001 (t = 4.245) 1196 ± 682 1092 ± 624 P = 0.214 (t = 1.256) P = 0.004 (t = 3.045)
HbA1c, % (diabetic patients) 7.64 ± 1.23 7.12 ± 1.08 P = 0.001 (t = 0.236) 7.48 ± 1.31 7.36 ± 1.24 P = 0.412 (t = 0.826) P = 0.086 (t = 3.045)
Abbreviations: hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; TNF-α, tumor necrosis factor-alpha; NT-proBNP, N-terminal pro-B-type natriuretic peptide; HbA1c, hemo-
globin A1c.
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0.003); no significant change was noted in the 
Control group. Tricuspid regurgitation velocity 
was also decreased in the SGLT-2 inhibitor 
group at the 6-month follow-up (P = 0.027), 
suggesting reduced pulmonary pressure. LVEF 
remained stable in both groups after 6 months 
of intervention, without significant changes.

Effect on inflammatory markers

At the 6-month follow-up, significant reduc- 
tions in circulating inflammatory markers were 
observed in the SGLT-2 inhibitor group (Table 3; 
Figure 3).

The SGLT-2 inhibitor group reported a remark-
able decrease in hs-CRP by 39.0% (from base-
line 4.82 ± 1.73 to 6-months 2.94 ± 1.28 
mg/L, P < 0.001), much more significant than 
the 7.7% in the Control group (P = 0.218 for 
within-group comparison). IL-6 levels in the 
SGLT-2 inhibitor group were decreased by 
32.3% (from baseline 8.46 ± 2.91 to 6-months 
5.73 ± 2.14 pg/mL, P < 0.001). No significant 
change was observed in IL-6 levels after 6 
months of follow-up in the Control group. TNF-α 
levels demonstrated a significant reduction  
by 26.6% in the SGLT-2 inhibitor group (from 
baseline 12.8 ± 4.6 to 6-months 9.4 ± 3.8  
pg/mL, P < 0.001). NT-proBNP levels were 
found to decrease by 28.4% in the SGLT-2 in- 

aningful improvement (≥ 5-point decrease) was 
achieved by 65.5% of patients in the SGLT-2 
inhibitor group, much higher than the 21.4% in 
the Control group (P < 0.001). Regarding NYHA 
functional class, 41.4% of patients receiving 
SGLT-2 inhibitor therapy improved by at least 1 
NYHA functional class, notably higher than the 
14.3% in the Control group (P = 0.001). BMI 
also demonstrated a significant reduction after 
SGLT-2 inhibitor therapy (-2.4 ± 1.6 kg, P < 
0.001). Only a modest reduction was noted in 
systolic blood pressure in the SGLT-2 inhibitor 
group at the 6-month follow-up. No statistically 
significant difference was found in HF hospital-
ization between the SGLT-2 inhibitor group and 
the Control group (5.2% vs. 14.3%, P = 0.099). 
Kaplan-Meier analysis demonstrated a nume- 
rical but not statistically significant difference 
in freedom from heart failure hospitalization 
between the two groups over the 6-month fol-
low-up (log-rank P = 0.089), as shown in Figure 
4.

Correlation analysis and predictors of re-
sponse

Correlation analysis revealed significant asso-
ciations between the changes in echocardio-
graphic parameters and inflammatory markers 
(Figure 5). The change in E/e’ ratio was posi-

Figure 3. Comparison of changes in inflammatory markers (hs-CRP, IL-6, 
TNF-α) between the SGLT-2 inhibitor and Control groups at 6-month follow-
up. Bar chart with error bars shows percentage reduction from baseline. 
**P < 0.01, *P < 0.05 for between-group comparisons.

hibitor group, which was gre- 
ater than the 8.7% in the 
Control group (P = 0.004 for 
between-group comparison).

Clinical outcomes and func-
tional status

At the 6-month follow-up, sig-
nificant improvements in both 
patient-reported health status 
and functional capacity were 
observed in the SGLT-2 inhibi-
tor group (Table 4).

At the 6-month follow-up, the 
MLHFQ total score was de- 
creased by 8.6 ± 4.2 points in 
the SGLT-2 inhibitor group ver-
sus 2.1 ± 3.8 points in the 
Control group (P < 0.001), in- 
dicating greater improvement 
in quality of life after SGLT-2 
inhibitor therapy. Clinically me- 
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Table 4. Changes in clinical outcomes and functional status
Parameter SGLT-2 Inhibitor Group Control Group Statistical value P-value
MLHFQ score change, points -8.6 ± 4.2 -2.1 ± 3.8 t = 8.734 < 0.001
MLHFQ ≥ 5-point improvement, n (%) 38 (65.5) 12 (21.4) χ2 = 22.491 < 0.001
NYHA class improvement ≥ 1 class, n (%) 24 (41.4) 8 (14.3) χ2=10.361 0.001
Body weight change, kg -2.4 ± 1.6 + 0.3 ± 1.2 t = 10.213 < 0.001
Systolic BP change, mmHg -6.8 ± 8.4 -1.2 ± 7.6 t = 3.782 0.018
Heart failure hospitalization, n (%) 3 (5.2) 8 (14.3) χ2 = 2.714 0.099
Abbreviations: MLHFQ, Minnesota Living with Heart Failure Questionnaire; BP, blood pressure.

Figure 4. Kaplan-Meier curves show freedom from heart failure hospitaliza-
tion in the SGLT-2 inhibitor group versus the Control group over the 6-month 
follow-up period.

Figure 5. Scatter plots demonstrate correlations between changes in E/e’ 
ratio and inflammatory markers (A: hs-CRP, B: IL-6) in the SGLT-2 inhibitor 
group, with regression lines and correlation coefficients.

tively associated with the changes in hs-CRP (r 
= 0.42, P = 0.003), IL-6 (r = 0.38, P = 0.008), 

and NT-proBNP (r = 0.51, P < 
0.001). In addition, the chan- 
ge in LAVI also significantly  
correlated with the change in 
NT-proBNP (r = 0.46, P = 
0.002).

Safety outcomes

The safety profiles of both 
groups are summarized in 
Table 5. Overall, SGLT-2 inhi- 
bitor therapy was well-tolerat-
ed. No significant between-
group differences were obser- 
ved in the incidence of ad- 
verse events.

Genital mycotic infections oc- 
curred exclusively in the SGLT-
2 inhibitor group (n = 4, 6.9%), 
while the between-group dif-
ference was not statistically 
significant (P = 0.120). All 4 
cases were mild and resolv- 
ed with topical antifungal the- 
rapy, and no patient required 
treatment discontinuation. The 
incidence of urinary tract in- 
fections was comparable bet- 
ween the two groups (5.2% vs. 
3.6%, P = 0.678). No cases of 
diabetic ketoacidosis, severe 
hypoglycemia, Fournier’s gan-
grene, or acute kidney injury 
were observed in either group. 
eGFR remained stable from 
baseline to 6 months in bo- 
th groups, and no significant 
between-group difference in 
eGFR change was reported 

(-0.6 ± 4.2 vs. -1.2 ± 4.8 mL/min/1.73 m2, P = 
0.468).
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Table 5. Adverse events and renal safety during the 6-month follow-up period

Adverse Event SGLT-2 Inhibitor 
Group (n = 58)

Control Group 
(n = 56)

Statistical 
value P-value

Genital mycotic infections, n (%) 4 (6.9) 0 (0.0) 0.120†

Urinary tract infections, n (%) 3 (5.2) 2 (3.6) 0.678†

Symptomatic hypotension, n (%) 2 (3.4) 1 (1.8) 1.000†

Diabetic ketoacidosis, n (%) 0 (0.0) 0 (0.0) -
Severe hypoglycemia, n (%) 0 (0.0) 0 (0.0) -
Fournier’s gangrene, n (%) 0 (0.0) 0 (0.0) -
Acute kidney injury, n (%) 0 (0.0) 0 (0.0) -
Treatment discontinuation due to AE, n (%) 0 (0.0) 0 (0.0) -
Renal function
    eGFR at baseline, mL/min/1.73 m2 62.4 ± 18.7 64.8 ± 17.2 t = 0.720 0.473‡

    eGFR at 6 months, mL/min/1.73 m2 61.8 ± 17.9 63.6 ± 17.8 t = 0.553 0.582‡

    ΔeGFR, mL/min/1.73 m2 -0.6 ± 4.2 -1.2 ± 4.8 t = 0.728 0.468‡

†Fisher’s exact test; ‡Independent samples t-test. Abbreviations: AE, adverse event.

Table 6. Uni- and multi-variate logistic regression analysis for diastolic function improvement

Variable
Univariate analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P
SGLT-2 inhibitor treatment 4.85 (2.56-9.18) < 0.001 4.26 (2.18-8.32) < 0.001
Age 1.02 (0.99-1.05) 0.184 - -
Gender 1.15 (0.64-2.07) 0.632 - -
BMI 1.03 (0.95-1.12) 0.417 - -
Hypertension 1.22 (0.61-2.44) 0.57 - -
Type 2 diabetes 2.13 (1.18-3.84) 0.012 1.65 (0.87-3.13) 0.120
Atrial fibrillation 1.33 (0.72-2.46) 0.358 - -
Coronary artery disease 1.18 (0.60-2.31) 0.625 - -
NYHA class 1.42 (0.78-2.59) 0.251
eGFR 1.00 (0.98-1.02) 0.814 - -
Baseline NT-proBNP 1.01 (1.00-1.02) 0.023 1.01 (1.00-1.02) 0.071
Baseline LVEF 0.98 (0.93-1.03) 0.412
Baseline LAVI 1.04 (1.00-1.08) 0.058
Baseline E/e’ ratio 1.38 (1.21-1.58) < 0.001 1.32 (1.14-1.53) < 0.001
Baseline hs-CRP 1.27 (1.12-1.44) < 0.001 1.21 (1.06-1.38) 0.005
Abbreviations: OR, odds ratio; CI, confidence interval.

Uni- and multivariate logistic regression analy-
sis

All categorical variables in the logistic regres-
sion model were assigned a value of 0 or 1 in- 
dicating different conditions: SGLT-2 inhibitor 
treatment (0 = Control group, 1 = SGLT-2 inhibi-
tor group); sex (0 = female, 1 = male); hyper- 
tension (0 = no, 1 = yes); T2DM (0 = no, 1 = 
yes); atrial fibrillation (0 = no, 1 = yes); coro-
nary artery disease (0 = no, 1 = yes); and NYHA 
class (0 = II, 1 = III). All continuous variables 

(age, BMI, eGFR, baseline NT-proBNP, LVEF, 
and LAVI, baseline E/e’ ratio, baseline hs-CRP) 
were entered as continuous measurements, 
with ORs representing the change in odds per 
1-unit increment. The results of uni- and multi-
variate logistic regression analyses are pre-
sented in Table 6. Univariate analysis demon-
strated that SGLT-2 inhibitor treatment, ba- 
seline E/e’ ratio, baseline hs-CRP, T2DM, and 
baseline NT-proBNP were associated with dia-
stolic function improvement (all P < 0.05), 
whereas age, sex, BMI, hypertension, atrial 
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fibrillation, coronary artery disease, eGFR, 
NYHA class, LVEF, and LAVI showed no signifi-
cant associations. In the multivariate model, 
after adjusting for all the above covariates, 
SGLT-2 inhibitor treatment (OR = 4.26, 95% CI: 
2.18-8.32, P < 0.001), higher baseline E/e’ 
ratio (OR = 1.32, 95% CI: 1.14-1.53, P < 0.001), 
and higher baseline hs-CRP (OR = 1.21, 95% 
CI: 1.06-1.38, P = 0.005) remained indepen-
dent positive predictors of significant diasto- 
lic function improvement. T2DM and baseline 
NT-proBNP did not retain statistical significan- 
ce in the multivariate model (P = 0.120 and  
P = 0.071, respectively), suggesting their pre-
dictive effects were attenuated after adjust-
ment for other clinical covariates.

Discussion

The present retrospective cohort study demon-
strated that SGLT-2 inhibitor Dapagliflozin sig-
nificantly improved LVDF and reduced circulat-
ing inflammatory markers in patients with 
HFpEF. It was noted that 6-months of SGLT-2 
inhibitor therapy contributed to substantial im- 
provements in E/e’ ratio, tissue Doppler veloci-
ties, and LAVI, accompanied by meaningful 
reductions in circulating hs-CRP, IL-6, TNF-α, 
and NT-proBNP levels. Moreover, these echo-
cardiographic and biochemical improvements 
were paralleled by the significant enhancement 
in patient-reported health status and func- 
tional capacity, supporting the clinical value  
of SGLT-2 inhibitor Dapagliflozin as a disease-
modifying therapeutic agent for HFpEF.

This study observed a reduction by approxi-
mately 18.2% in E/e’ ratio after SGLT-2 inhibitor 
therapy (from baseline 14.8 ± 3.2 to 6-month 
12.1 ± 2.7), which aligns with and extends pre-
vious observations from the EMPEROR-Pre- 
served and DELIVER trials [16, 17]. The differ-
ence is that these landmark trials primarily 
focused on clinical hard endpoints, while the 
present study provided mechanistic insights by 
demonstrating direct improvement in echocar-
diographic LVDF. In addition, this result is also 
comparable to that reported by Nassif and  
colleagues [16], who found that Dapagliflozin 
improved the health status and exercise func-
tion in HFpEF patients. Our finding also corrobo-
rates the experimental data from the animal 
study by Santos-Gallego et al. [17], where 

Empagliflozin was found to reduce myocardial 
stiffness and improve diastolic function th- 
rough mechanisms independent of its diuretic 
effects.

Circulating inflammatory markers were obser- 
ved with significant reductions following SGLT-2 
inhibitor therapy in this study, providing im- 
portant mechanistic insights into the cardio-
protective effect of SGLT-2 inhibitors in HFpEF 
patients. Previous preclinical studies demon-
strated that SGLT-2 inhibitors attenuated 
NLRP3 inflammasome activation and reduced 
secretion of proinflammatory cytokines throu- 
gh multiple mechanisms, including inducing 
AMPK activation, improving mitochondrial fun- 
ction, and reducing oxidative stress [18]. The 
present study also found a significant correla-
tion between the reduction in inflammatory 
markers and the improvement in E/e’ ratio (r = 
0.42 for hs-CRP, r = 0.38 for IL-6). This sug-
gests that the anti-inflammatory effect of SGLT-
2 inhibitor Dapagliflozin may contribute directly 
to improvement in diastolic function. Research 
found that SGLT-2 inhibitors exerted pleiotro- 
pic benefits through improvement in cardiac 
energetics (ketone utilization), diuresis/natri-
uresis enhancement, oxidative stress reduc-
tion, and suppression of inflammatory path-
ways [14].

Findings of the present study are consistent 
with the emerging recognition that immune  
dysregulation plays a central role in the pa- 
thophysiology of HFpEF. Immune dysregulation 
can lead to myocardial remodeling, endothelial 
dysfunction, and comorbidity-driven inflamma-
tion, which are hallmarks of HFpEF [19]. The 
reductions in TNF-α and IL-6 levels observed  
in our study are particularly noteworthy. These 
cytokines have been implicated in increased 
cardiomyocyte passive stiffness (Fpassive) in 
diabetic HFpEF patients, as well as in inspira-
tory muscle dysfunction and reduced forced 
vital capacity (FVC) in HFpEF. These associa-
tions provide a mechanistic link between sys-
temic inflammation and both myocardial re- 
modeling and exercise intolerance [20, 21]. 
Our findings extend previous work by Van 
Tassell and colleagues [22], who demonstrat- 
ed that IL-1 blockade with Anakinra improved 
exercise capacity in HFpEF patients. Targeting 
inflammatory pathways, therefore, may repre-
sent a therapeutic strategy for this syndrome.
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LAVI in this study was observed with a signifi-
cant reduction following SGLT-2 inhibitor thera-
py, which has important implications for HFpEF 
management. Left atrial enlargement is a 
marker of chronically elevated filling pressures 
and an independent predictor of adverse out-
comes in HFpEF patients [23]. The 11.4% re- 
duction in LAVI suggests favorable reverse 
remodeling and may contribute to a reduced 
risk of atrial arrhythmias [24]. With respect  
to MLHFQ assessment, the improvement in 
MLHFQ total score by 8.6 ± 4.2 points found in 
this study exceeds the threshold of 5 points, 
which is clinically meaningful and consistent 
with the health status benefits reported by 
existing large randomized trials [25].

Several limitations of this study warrant 
acknowledgment. First, the retrospective de- 
sign introduces potential selection bias and 
confounding. Patients receiving SGLT-2 inhibi-
tor therapy may differ from controls in unmea-
sured characteristics with potential influence 
on outcomes. Although baseline characteris-
tics were found to be well-balanced between 
groups, the possibility of residual confounding 
cannot be excluded. Second, this was a single-
center study with a relatively small sample size 
(n = 114). While the sample size met the pre-
specified requirement for the primary end-
point, it may have been underpowered for  
certain secondary endpoints, particularly HF 
hospitalizations (5.2% vs. 14.3%, P = 0.099) 
that showed a numerical reduction without sta-
tistical significance. Third, the follow-up period 
was only 6 months, which may not capture lon-
ger-term benefits or risks of SGLT-2 inhibitor 
therapy. Fourth, due to the retrospective nature 
of the study, operators were not blinded to 
treatment allocation during echocardiograph- 
ic assessments. Fifth, potentially relevant bio-
markers, such as galectin-3, soluble ST2, or 
cardiac troponins, were not analyzed in this 
study, although these biomarkers may provide 
additional mechanistic insights. Sixth, the gen-
eralizability of our findings to other SGLT-2 
inhibitors (e.g., Empagliflozin, Ertugliflozin) re- 
mains to be established. Finally, as with all 
observational studies, causation cannot be 
definitively established from the observed as- 
sociations.

In conclusion, this study demonstrated that 
SGLT-2 inhibitor Dapagliflozin significantly im- 

proved LVDF and reduced circulating inflam- 
matory markers in patients with HFpEF. The 
observed improvements in E/e’ ratio, LAVI, cir-
culating inflammatory biomarkers, and patient-
reported functional status support the clinical 
value of SGLT-2 inhibitor Dapagliflozin as a dis-
ease-modifying therapy targeting the underly-
ing pathophysiology of HFpEF. These findings 
provide a mechanistic context for the clinical 
benefits observed in large randomized trials 
and support guideline recommendations for 
use of SGLT-2 inhibitors in HFpEF patients. 
Future prospective studies should further elu- 
cidate the mechanisms underlying these bene-
fits and identify patient subgroups most likely 
to derive optimal benefit from this therapeutic 
class.
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Supplementary Figure 1. Representative echocardiographic images of diastolic function parameters at baseline 
and 6-month follow-up. A and B show a representative patient from the Control group at baseline (A: E/e’ = 16.7) 
and 6-month follow-up (B: E/e’ = 15.4), demonstrating only modest improvement with standard therapy alone. 
C and D show a representative patient from the SGLT-2 inhibitor group at baseline (C: E/e’ = 16.9) and 6-month 
follow-up (D: E/e’ = 13.8), demonstrating marked improvement in diastolic function after Dapagliflozin treatment.


