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Abstract 

Context: Despite extensive trials of sodium-glucose cotransporter 2 (SGLT2) inhibitors in heart failure (HF), comprehensive analyses identifying emerging 

themes and knowledge gaps remain limited. 

Aims: To explore evolving areas and identify knowledge gaps on SGLT2 inhibitors in HF. 

Methods: A hybrid methodology was adopted. Bibliometric analysis using Scopus (as of May 12, 2025) was conducted with Biblioshiny and VOSviewer to assess 

research output, key contributors, and thematic trends. A subsequent systematic review, conducted using PubMed, Scopus, and ScienceDirect, was conducted 

for each identified trend, and the quality was assessed using the ROBINS-I and RoB 2.0 tools. Meta-analysis was performed using RStudio. 

Results: A total of 621 studies were included in the bibliometric analysis. Emerging themes included “ertugliflozin,” “acute heart failure,” and “fibrosis.” Six 
studies on ertugliflozin indicate promising results, although clinical outcomes such as HF rehospitalization and cardiovascular mortality remain unexamined. 

Fifteen studies assessing SGLT2 inhibitors in acute heart failure (AHF) suggested that early initiation may be clinically beneficial, with notable improvements in 

diuretic efficacy, diuretic response, symptom relief, and a reduced risk of composite outcomes [HR: 0.64; 95% CI: 0.47–0.86; p = 0.003], without significant 

adverse events. Studies assessing the effects of SGLT2 inhibitors on myocardial fibrosis have demonstrated a greater reduction in extracellular volume at 6 

months [MD: −1.48; 95% CI: −1.71 to −1.25; p<0.0001]. However, biomarker-based findings across four studies were inconsistent, underscoring the need for 

further investigation.  

Conclusions: While ertugliflozin and SGLT2 inhibitors in AHF show promise, further clinical investigations are warranted, particularly regarding long-term 

outcomes and myocardial fibrosis.  
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Resumen 

Contexto: A pesar de los extensos ensayos con inhibidores del cotransportador de sodio-glucosa tipo 2 (SGLT2) en la insuficiencia cardíaca (IC), los análisis 

exhaustivos que identifican temas emergentes y lagunas de conocimiento siguen siendo limitados.  

Objetivos: Explorar áreas en desarrollo e identificar lagunas de conocimiento sobre los inhibidores de SGLT2 en la IC. 

Métodos: Se adoptó una metodología híbrida. Se realizó un análisis bibliométrico mediante Scopus (al 12 de mayo de 2025) con Biblioshiny y VOSviewer para 
evaluar la producción científica, los autores clave y las tendencias temáticas. Posteriormente, se realizó una revisión sistemática, realizada con PubMed, Scopus 

y ScienceDirect, para cada tendencia identificada, y se evaluó su calidad mediante las herramientas ROBINS-I y RoB 2.0. El metanálisis se realizó con RStudio. 

Resultados: Se incluyeron 621 estudios en el análisis bibliométrico. Los temas emergentes incluyeron «ertugliflozina», «insuficiencia cardíaca aguda» y 

«fibrosis». Seis estudios sobre ertugliflozina indican resultados prometedores, aunque aún no se han analizado desenlaces clínicos como la rehospitalización 

por IC y la mortalidad cardiovascular. Quince estudios que evaluaron los inhibidores de SGLT2 en la insuficiencia cardíaca aguda (ICA) sugirieron que el inicio 
temprano podría ser clínicamente beneficioso, con mejoras notables en la eficacia y la respuesta diurética, el alivio de los síntomas y una reducción del riesgo 

de resultados compuestos [HR: 0,64; IC del 95%: 0,47-0,86; p = 0,003], sin eventos adversos significativos. Los estudios que evaluaron los efectos de los 

inhibidores de SGLT2 en la fibrosis miocárdica han demostrado una mayor reducción del volumen extracelular a los 6 meses [DM: -1,48; IC del 95%: -1,71 a -

1,25; p<0,0001]. Sin embargo, los hallazgos basados en biomarcadores en cuatro estudios fueron inconsistentes, lo que subraya la necesidad de mayor 

investigación. 

Conclusiones: Si bien la ertugliflozina y los inhibidores de SGLT2 en la ICA muestran resultados prometedores, se justifican más investigaciones clínicas, en 

particular en relación con los resultados a largo plazo y la fibrosis miocárdica. 

Palabras Clave: bibliometría; fibrosis; inhibidores de SGLT2; insuficiencia cardíaca; insuficiencia cardíaca aguda. 
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INTRODUCTION 

Sodium-glucose cotransporter 2 (SGLT2) inhibitors 
are a class of pharmacological agents that lower glu-
cose by blocking the SGLT channel in the proximal 
convoluted tubule in the nephron (Crispino et al., 
2025). This mechanism has led SGLT2 inhibitors to be 
established as one of the primary therapies in type 2 
diabetes mellitus (T2DM). In addition to the glucose-
lowering effect, SGLT2 inhibitors are also known to 
have the effect of reducing hypertension by inducing 
natriuresis, lowering inflammation, reducing body 
weight, reducing pathologic remodeling of the left 
ventricle, and minimizing the impact of myocardial in-
jury after ischemic events (Crispino et al., 2025). These 
various effects have promoted SGLT2 inhibitors as a 
promising drug in heart failure (HF), which represents 
the end-stage of all cardiovascular diseases. 

The DAPA-HF was the first to demonstrate that 
dapagliflozin decreases mortality and the risk of exac-
erbation in heart failure with reduced ejection fraction 
(HFrEF) (McMurray et al., 2019). Although its specific 
mechanism in HF remains complex and elusive, the re-
sult of the trial highlighted a new therapeutic avenue. 
It addressed a previous gap, as the previous three pil-
lars of HF are often suboptimal in reducing HF re-
hospitalization (HHF) and all-cause mortality (Anker 
et al., 2021; Cosentino et al., 2020; McMurray et al., 
2019; Packer et al., 2020). As the trials have progressed, 
the efficacy of SGLT2 inhibitors has consistently ex-
ceeded expectations, demonstrating benefits that ex-
tend across the complex metabolic interplay among 
different HF phenotypes (Anker et al., 2021; McMurray 
et al., 2019; Packer et al., 2020). This growing evidence 
has led to the establishment of SGLT2 inhibitors as part 
of guideline-based medical therapy (GDMT) for HF re-
gardless of the ejection fraction (EF) by the updated 
2023 European Society of Cardiology (ESC) guideline 
(McDonagh et al., 2023). 

This was noteworthy, as SGLT2 inhibitors are in-
creasingly recognized for their broad therapeutic po-
tential in HF (Cosentino et al., 2020). Although numer-
ous systematic reviews support the efficacy and safety 
of SGLT2 inhibitors in HF, limited attention has been 
given to the bibliometric mapping of emerging subtop-
ics. This study aims to address this gap by integrating 
bibliometric analysis with a subsequent systematic re-
view to explore evolving areas of interest and identify 
knowledge gaps for future investigation.  

MATERIAL AND METHODS 

Study design 

This study employed a hybrid approach, compris-
ing two phases of investigation. The first phase was 

conducted bibliometric analysis to identify existing re-
search gaps regarding SGLT2 inhibitors in HF. The bib-
liometric analysis provided an overview of the current 
research landscape on SGLT2 inhibitors, encompass-
ing leading contributors and keyword trends. For each 
emerging keyword trend, a systematic review will be 
performed to explore the current knowledge. The sys-
tematic review was conducted based on the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) declaration (Page et al., 2021). 

Search strategy, eligibility criteria, and extraction for 
bibliometric analysis 

Scopus database was used to collect the research 
data for bibliometric analysis. All data retrieved from 
Scopus on May 12, 2025, using the following keywords 
search available at Supplementary Table S1. The bibli-
ometric analysis only included original research arti-
cles, excluding letters, notes, book chapters, conference 
papers, protocols of original articles, meta-analyses, 
and review-type articles. It focused solely on publica-
tions that have been published in their final form in 
English-language journals. No restrictions were ap-
plied regarding the publication year. After the Scopus 
menu database was used to collectively screen initial 
records, independent screening was performed by two 
authors (CDT and RM) to ensure that the included rec-
ords were original research.   

The retrieved data from Scopus were exported in 
.csv format and then imported into the Biblioshiny pro-
gram from R Studio’s bibliometric package. Bibliosh-
iny was used to provide data information and science 
metrics, which are essential in mapping analysis (Wi-
jayanto et al., 2023). The data was retrieved from Bibli-
oshiny and further visualized using Microsoft Excel. 
Visualization of keyword trends was provided by 
VOSviewer (1.6.20).  

The following data were subsequently transferred 
to VOSviewer (1.6.20) for semi-quantitative analysis 
using two complementary visualizations. First, net-
work visualization was generated, with node size pro-
portional to the weight attribute derived from occur-
rence, and links between nodes representing co-occur-
rence ties. Smaller nodes with connections to the main 
topic (large nodes) were interpreted as an underdevel-
oped area. Second, overlay visualization was produced 
to illustrate temporal novelty based on the year of oc-
currence and average publication recency, with a yel-
low-shaded node indicating concepts that were under 
investigation in current research. Emerging keywords 
were identified using three criteria: (1) small node size 
in the network analysis; (2) tied to the main topic and 
the surrounding structure; and (3) appeared as a yel-
low-shaded node.  
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Search strategy, eligibility criteria, and extraction for 
systematic review 

Systematic searches were carried out across three 
databases (PubMed, Scopus, and ScienceDirect) to 
identify eligible studies. The search terms were ad-
justed for each emerging keyword identified through 
bibliometric analysis, with the corresponding search 
strategies provided in Supplementary Table S1. Title 
and abstract screening, as well as full-text screening, 
were performed independently by two authors (CDT 
and RM), with any disputes settled through arbitration 
with a third party (NW). Subsequently, citation 
searches were performed on the included studies.  

We conducted a systematic search without re-
strictions on date, involving only clinical trials with a 
design of randomized controlled trial (RCT), observa-
tional studies, or post-hoc analysis of RCT investigat-
ing the emerging topics. Case reports, letters to the ed-
itor, animal studies, and review-type articles were ex-
cluded from analysis. There was no restriction regard-
ing the year of publication. The following data were 
then extracted by two pairs of authors (CDT and RM): 
(1) first author; (2) year of publication; (3) study iden-
tifier; (4) study design; (5) mean age; (7) follow-up du-
ration; and (8) outcomes.  

Quality assessment 

The studies included in the systematic review were 
assessed for methodological and reporting analysis us-
ing RoB 2.0 and ROBINS-I. RoB 2.0 was a five-domain 
quality assessment tool intended for RCT studies and 
post-hoc analysis of RCTs. ROBINS-I was a seven-do-
main quality assessment intended for observational 
studies. The quality screening was conducted with two 
authors (RM and NW), with any discrepancies re-
solved through the judgment of the third author 
(CDT).  

Statistical analysis 

A meta-analysis was performed using RStudio 
(version 4.4.1). A meta-analysis was conducted using 
the Paule-Mandel estimator, and a random-effects 
model was employed in advance to account for the 
variability among studies. A pairwise meta-analysis 
was conducted for the eligible outcomes, utilizing ef-
fect sizes of mean difference (MD) and risk ratio (RR). 
A generic inverse variance method was applied to the 
hazard ratio (HR) of composite outcomes, derived 
from an unadjusted HR model in Cox proportional 
hazard regression analysis. HR was transformed into 
its natural logarithmic form before being back-trans-
formed into HR for interpretation. Heterogeneity was 
assessed using the I2 Higgins, with values of <25%, 25-
50%, and >50%, indicating low, moderate, and high 
heterogeneity, respectively. 

RESULTS  

Search results and bibliometric overview 

From the initial search, 1180 records were identified 
in Scopus. The exclusion of non-original research arti-
cles, non-final publication stages, non-journal source 
types, and non-English language resulted in 664 rec-
ords. Subsequently, additional independent screening 
resulted in the exclusion of 43 records. In total, the bib-
liometric analysis included 621 articles (Fig. 1). The in-
cluded articles spanned the period from 2015 to 2025, 
originated from 210 journals, and involved 4,211 au-
thors across 63 countries, exhibiting an average annual 
growth rate of 44.97%. Among countries worldwide, 
the United States led with the highest scientific produc-
tion, contributing 286 documents over a ten-year pe-
riod (Fig. 2). Detailed information on the data output is 
available in Supplementary Table S2. 

Leading contributors and most-cited articles 

Among the 621 documents, Kosiborod M.N. 
emerged as the top leading author, followed by 
McMurray J.J.V. and Solomon S.D. These top three au-
thors were based in the United States. The European 
Journal of Heart Failure published the highest number 
of articles. The leading institutions included Brigham 
and Women’s Hospital, the University of Glasgow, 
and Harvard Medical School, each contributing ap-
proximately 12% of the total publications. The leading 
contributors were depicted in Fig. 2. 

From citation analysis, the DAPA-HF trial was 
identified as the most cited article, with an average of 
724.17 total citations per year. This prominence is at-
tributed to its pioneering role as the first trial to inves-
tigate SGLT2 inhibitors as a strategy to improve sur-
vival outcomes in HF. Following DAPA-HF, the 
EMPEROR-Reduced and EMPEROR-Preserved were 
among the most frequently cited studies (see Supple-
mentary Table S3). These findings highlight the signif-
icant impact of these landmark trials on the field and 
underscore ongoing research trends in HF treatment. 

Emerging keyword trend 

The exploration of key research areas using initial 
threshold of at least five co-occurrences resulted in the 
selection of 25 keywords out of 791 initially retrieved 
keywords. Keywords with same meanings were 
merged, and irrelevant keywords were excluded. On 
network visualization, keywords were grouped into 
four clusters (red, yellow, green, blue; Fig. 3A) with 
several small nodes were identified. In the overlay 
(Fig. 3B), yellow-shaded nodes were identified (e.g. 
dapagliflozin, acute heart failure, ertugliflozin, fibro-
sis).  
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Figure 1. Search strategy and screening process in bibliometric analysis. 

 

 

Figure 2. (A) The distribution of leading institutions; (B) The top 10 leading authors with the most 

articles; (C) The visualization of countries' distribution. 

 

https://jppres.com/


Tristan et al. Sodium-glucose cotransporter 2 inhibitors in heart failure 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(1): 5 

 

 

Figure 3. (A) Network keywords visualization; (B) overlay visualization. 

 
After criteria of keyword selection were applied, 

three emerging keywords were identified: (1) ‘ertugli-
flozin’; (2) ‘acute heart failure’; (3) ‘fibrosis’. 

Ertugliflozin in heart failure 

Ertugliflozin was a newer agent in the SGLT2 inhib-
itors class, besides dapagliflozin and empagliflozin 
(Supner and Park, 2022). The keyword search and the 
search results of the systematic review were displayed 
in Supplementary Table S1) and Fig. S1. Across three 
databases and citation searching, there were six studies 
from four clinical trials (8,510 patients) that examined 
the role of ertugliflozin in HF. According to the quality 
assessment, only one study by Lytvyn et al. (2025) was 
deemed of some concern in the randomization domain 
due to a lack of description regarding the allocation 
concealment after a computer-generated sequence 
(Supplementary Fig. S2). The baseline characteristics 
and detailed outcomes of the included studies are 
available in Table 1. 

Although all trials explored different outcomes, 
findings from six trials revealed a significant insight. In 
a mechanistic study by Lytvyn et al. (2025), patients 
with heart failure with mildly reduced ejection fraction 
(HFmEF) with ertugliflozin showed a transient in-
crease of urine output and sodium excretion at 1 week 
that diminished by 12 weeks, while reductions in ex-
tracellular fluid (-1.9 L; p=0.01) and plasma volume      
(-11.9%; p=0.02) were sustained. Additionally, ertugli-
flozin significantly increased plasma angiotensinogen 
and angiotensin converting enzyme-2  activity without 
altering renin or aldosterone levels, suggesting renin 
angiotensin aldosterone system counter-regulation 
without sympathetic overactivation and blood pres-
sure elevation. 

In cardiac function and structural analysis, three 
studies confirmed the significant improvement in the 

HF or pre-HF population (Kang et al., 2024; Lim et al., 
2024; Lytvyn et al., 2025). In a population with func-
tional mitral regurgitation (MR)-associated HF, er-
tugliflozin demonstrated significantly lower reduction 
of effective regurgitant orifice area compared to pla-
cebo (-0.05 cm² vs. +0.03 cm²; p<0.001) (Kang et al., 
2024). Two studies also reported significant improve-
ments in left ventricular global longitudinal strain, 
with Kang’s study achieving a 1.44% increase (p = 
0.004) (Kang et al., 2024; Lim et al., 2024). Kang et al. 
(2024) also found a notable decrease in left atrial vol-
ume index (−6.0 mL/m²; p = 0.005), while Lim et al. 
(2024) observed significant increases in left ventricular 
EF and decreases in left ventricular mass index (Kang 
et al., 2024). Lytvyn et al. (2025) further confirmed er-
tugliflozin’s effects on diastolic function, by substantial 
reduction of left ventricular end-diastolic volume 
(−12.1 mL/m²; p = 0.006) and decreased E/e′ ratio (p = 
0.049). 

In clinical outcomes, improvement of the New York 
Heart Association class was observed among patients 
with MR-associated HF (Kang et al., 2024). Significant 
reductions were also observed in the time to first HHF 
and total composite outcomes during follow-up, alt-
hough the study population consisted of individuals 
with T2DM, some with baseline HF and others without 
(Cosentino et al., 2020). These effects were consistent 
across the spectrum of pre-trial EF (Pandey et al., 2023). 
Across six studies, no significant safety concerns were 
identified with ertugliflozin (Cherney et al., 2023; Co-
sentino et al., 2020; Kang et al., 2024; Lim et al., 2024; 
Lytvyn et al., 2025; Pandey et al., 2023). Moreover, a 
post-hoc of VERTIS-CV demonstrated a decreased rate 
of decline in estimated glomerular filtration rate 
(eGFR), corresponding to a lower risk of renal AE (Pan-
dey et al., 2023).  
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Table 1. Baseline characteristics and outcomes of included studies in ertugliflozin in HF. 

Author 

(year) 

Trial name 

(identifier) 

Study 

design 
Study sites Sample characteristics Intervention 

Mean age 

± SD 

(years) 

Sample 

intervention 

Sample 

comparison 

Follow-

up 
Study objectives Main findings 

(Kang et al., 

2024) 

EFFORT 

(NCT04231331) 

RCT Korea Patient with substantial 

functional MR with EROA > 

0.1 cm2 for more than 6 

months despite GDMT and 

stable HF with NYHA II or III 

with LVEF 35% to <50% 

Ertugliflozin 5 

mg 

66.37 ± 

11.25 

63 65 12 

months 

To evaluate the efficacy 

and safety of ertugliflozin 

in functional MR 

associated with HF 

Ertugliflozin significantly reduced EROA compared to 

placebo. There were substantial improvements in 

regurgitant volume, left atrial volume index, and LV-GLS. 

Additionally, patients in the ertugliflozin group showed 

greater improvement in NYHA functional class, with 

comparable safety profiles between groups. 

(Lytvyn et al., 

2025) 

ERADICATE-HF 

(NCT03416270) 

RCT Netherlands 

and Canada 

Patient with stable HF with 

NYHA II or III with T2DM 

with mildly reduced LVEF 

(39.8 ± 15.2%) 

Ertugliflozin 

15 mg 

69.6 ± 8.0 17 17 3 

months 

To evaluate the short-

term and long-term 

effects of ertugliflozin on 

fluid volume and kidney 

function 

Ertugliflozin caused significant short-term (1 week) increases 

in urine volume, sodium excretion, blood pressure, and 

neurohormonal changes that were not sustained at 12 

weeks. At 12 weeks, it also significantly reduced extracellular 

fluid, plasma volume, LV end-diastolic volume, and E/e′ ratio, 

and improved HbA1c, hematocrit, and hemoglobin without 

affecting proximal sodium handling or sympathetic 

activation. 

(Lim et al., 

2024) 

Ertu-GLS 

(NCT03717194) 

RCT Korea Patient with T2DM with pre-

HF condition (at least one of 

the following: LVH or 

impaired LVGLS exceeding -

16%). 

Ertugliflozin 5 

mg 

63.91 ± 

9.30 

51 51 6 

months 

To evaluate the efficacy 

and safety of ertugliflozin 

on cardiac  

function in people with 

T2DM and pre-HF 

Improvements in LVGLS, LVMI, and LVEF were significantly 

greater in the ertugliflozin group, while LAVI and LVEDV 

remained comparable between groups. The ertugliflozin 

group also showed significantly greater reductions in 

anthropometric parameters (BMI, body fat, abdominal 

visceral fat, and SBP) and biochemical markers (triglycerides, 

lipoprotein(a), uric acid, proteinuria, LDL, and hsCRP), with 

similar safety outcomes in both groups. 

(Cosentino et 

al., 2020) 

VERTIS-CV 

(NCT01986881) 

RCT International Patient with T2DM with 

documented history of 

ASCVD 

Ertugliflozin 

15 mg; 

ertugliflozin 5 

mg 

64.35 ± 

8.17 

5499 2747 Up to 5 

years 

To evaluate the effect of 

ertugliflozin on HF-

related outcomes 

Both doses of ertugliflozin significantly reduced first HHF 

and total HHF events, with greater benefit observed in 

patients with reduced LVEF (EF ≤45%), lower eGFR (<60 

mL/min/1.73 m²), albuminuria, and diuretic use. Ertugliflozin 

lowered the total composite of HHF/CV death events 

(Cherney et 

al., 2023) 

RCT 

(post-

hoc) 

To assess the effects of 

ertugliflozin on kidney 

outcomes stratified by 

baseline HF status 

Ertugliflozin slowed eGFR decline and reduced kidney event 

risk similarly in patients with or without baseline HF 

(Pandey et 

al., 2023) 

RCT 

(post-

hoc) 

To evaluate ertugliflozin’s 

effect on HHF across 

different baseline LVEF 

Ertugliflozin significantly reduced first and total HHF, with 

the greatest benefit seen in patients with reduced LVEF (≤ 

45%); benefit was less pronounced but still significant at 

higher LVEF. 

All trials used the standard of care of glucose-lowering drugs for T2DM, as well as guideline-directed medical therapy for HF patients. All trials used a placebo as a comparator. SD: standard deviation; RCT: randomized controlled trial; MR: mitral regurgitation; HF: heart failure; EROA: effective 
regurgitant orifice area; LV-GLS: left ventricular global longitudinal strain; NYHA: New York Heart Association; T2DM: type 2 diabetes mellitus: LV: left ventricle; lVH: left ventricular hypertrophy; LVMI: left ventricle mass index; LVEF: left ventricular ejection fraction; LAVI: left atrial volume index; 

BMI: body mass index; SBP: systolic blood pressure; LDL: low-density lipoprotein; hsCRP: high-sensitivity C-reactive protein; ASCVD: atherosclerotic cardiovascular disease; HHF: hospitalized heart failure; eGFR: estimated glomerular filtration rate. 
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Overall, ertugliflozin offers significant results as a 
newer SGLT2 inhibitors. However, its true clinical ef-
fect on HHF and all-cause mortality among HF pa-
tients was lacking, as the biggest trial in this field 
(VERTIS-CV) only involved T2DM patients with doc-
umented atherosclerotic cardiovascular disease. Addi-
tionally, its promising effects on cardiac structural ab-
normalities, particularly in MR-associated HF, may 
provide benefit for selected populations, warranting 
additional explanatory studies. 

The role of SGLT2 inhibitors in acute heart failure 

Although the trajectory of SGLT2 inhibitor utiliza-
tion in HF is primarily effective in reducing HHF and 
death among patients with chronic HF across all EFs, 
the initial mechanism of natriuresis was a significant 
contributor to the idea of its potential in AHF settings, 
which may be beneficial as an additional decongestion 
strategy. From an initial search of databases, fifteen 
studies from eleven trials involving 1,964 AHF patients 
were identified with keywords available in the Supple-
mentary Table S1, and the flowchart in Supplementary 
Fig. S5 (Amioka et al., 2024; Biegus et al., 2023; Boorsma 
et al., 2020; Charaya et al., 2023; Cox et al., 2024; 
Damman et al., 2020; Emara et al., 2023; Ibrahim et al., 
2020; Kawanami et al., 2025; Kosiborod et al., 2022; 
Schulze et al., 2022; Tamaki et al., 2021; Thiele et al., 
2022; Tromp et al., 2024; Voors et al., 2022a; 2022b). Ac-
cording to quality assessment (Supplementary Fig. S2), 
two studies were deemed of some concern due to a lack 
of detailed allocation concealment description in the 
randomization process (Charaya et al., 2023) and resid-
ual unmeasured confounding (Amioka et al., 2024). 
Five studies were high-risk due to missing data (Ibra-
him et al., 2020; Schulze et al., 2022; Tamaki et al., 2021) 
and missing randomization process (Kawanami et al., 
2025; Thiele et al., 2022). The baseline characteristics 
and outcomes were available in Table 3.  

In hemodynamic perspectives, the addition of 
SGLT2 inhibitors to standard of care resulted in sub-
stantial improvements in urine output, natriuresis, and 
restoration of fluid balance (Charaya et al., 2023; Cox 
et al., 2024; Damman et al., 2020; Emara et al., 2023; Ib-
rahim et al., 2020; Schulze et al., 2022; Thiele et al., 
2022). Multiple trials demonstrated significantly 
greater urine output in patients with SGLT2 inhibitors, 
with this effect evident as early as the first 24 hours, as 
seen in DICTATE-AHF (median: 634 mL vs. 403 mL). 
This effect was remaining significantly higher at four 
days in EMPA-RESPONSE-AHF and DAPA-
RESPONSE-AHF (18.6 L vs 13.7 L; p = 0.031), and at 
five days in EMPAG-HF (Cox et al., 2024; Damman et 
al., 2020; Emara et al., 2023; Schulze et al., 2022). SGLT2 
inhibitors were also associated with a reduction in loop 
diuretic dosage to achieve decongestion (Biegus et al., 

2023; Damman et al., 2020; Kawanami et al., 2025; 
Schulze et al., 2022; Thiele et al., 2022). Pooled quanti-
tative analysis showed that SGLT2 inhibitors signifi-
cantly improved diuresis outcomes, including en-
hanced diuretic efficacy (mL of urine output/40 mg fu-
rosemide) [MD: 248.51 (95% CI: 121.2 to 375.8); p = 
0.0001; Fig. 4A], and greater diuretic response (kg 
weight loss/40 mg furosemide) [MD: -0.09 (95%CI: -
0.14 to -0.04); p = 0.0001; Fig. 4B]. 

In symptom-related outcomes, SGLT2 inhibitors 
were consistently associated with significant sympto-
matic relief across multiple pivotal trials (Emara et al., 
2023; Ibrahim et al., 2020; Kosiborod et al., 2022). Based 
on the Kansas City Cardiomyopathy Questionnaire 
Total Symptom Score as assessed in the EMPULSE (the 
largest among these trials), SGLT2 inhibitors demon-
strated a significant adjusted mean change from ad-
mission to 90 days with a value of 36.2 (95% CI: 33.3–
39.1), affirming the efficacy of empagliflozin on pa-
tient-reported quality of life (Kosiborod et al., 2022). 
Meta-analysis revealed a significantly lower area un-
der the curve on the dyspnea visual analogue scale on 
four days of follow-up [MD: -904.42 (95% CI: -1669.8 to 
-139.0); p = 0.02; Fig. 4C] 

In clinical outcomes, five trials assessed the inci-
dence of HHF and all-cause mortality. Individual 
meta-analyses of within 30-day post-discharge HHF 
[RR: 0.99 (95%CI: 0.54 to 1.82); p = 0.98; Supplementary 
Fig. S3A] and all-cause mortality [RR: 0.65 (95% CI: 
0.11 to 3.86); p = 0.63; Supplementary Fig. S3B] yielded 
comparable results. However, the meta-analysis of HR 
from Cox proportional hazard analysis for composite 
outcomes (defined as HHF and/or all-cause mortality) 
demonstrated that SGLT2 inhibitors significantly re-
duced the likelihood of composite outcomes post-dis-
charge during any follow-up duration with an HR of 
0.64 (95% CI: 0.47–0.86; p = 0.003; Fig. 4D). This benefit 
was consistent across all spectrum of baseline EF, as 
evidenced by post-hoc analysis from EMPULSE 
(Kosiborod et al., 2022), and in long-term follow-up of 
elderly patients, as shown in OASIS-HF (Amioka et al., 
2024). 

From safety parameters, the addition of SGLT2 in-
hibitors was not associated with any significant serious 
adverse events (Amioka et al., 2024; Charaya et al., 
2023; Cox et al., 2024; Damman et al., 2020; Emara et 
al., 2023; Ibrahim et al., 2020; Kawanami et al., 2025; 
Schulze et al., 2022; Tamaki et al., 2021; Thiele et al., 
2022; Voors et al., 2022a). Although there was a transi-
ent early reduction in eGFR, two trials demonstrated 
that this did not result in sustained declines or in-
creases in markers of acute kidney injury (Thiele et al., 
2022; Voors et al., 2022b).  
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Figure 4. Forest plot of meta-analysis: (A) diuretic efficacy; (B) diuretic response; (C) 

dyspnea score changes; (D) composite outcomes; (E) extracellular volume reduction. 
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Table 2.  Baseline characteristics and outcomes of included studies on the role of SGLT2 inhibitors in myocardial fibrosis.  

Author (year) 
Trial name 

(identifier) 
Study design 

Study 

sites 

Sample 

characteristics 
Intervention 

Markers/parameters 

used  

Mean age ± 

SD (years) 

Sample 

intervention 

Sample 

comparison 
Follow-up Study objectives Main findings  

(Mason et al., 

2021) 

EMPA-HEART 

(NCT02998970) 

RCT Canada T2DM and CAD Empagliflozin 

10 mg/day 

ECV, MMP-2, and ST2 62.95 ± 8.99 39 35 6 months To evaluate the 

effects of 

empagliflozin on 

ECV 

Empagliflozin significantly reduces ECV 

compared to placebo. There was no 

significant difference in MMP-2 and sST2 

values.  

(Hsu et al., 2019) NA Cohort 

prospective 

Taiwan T2DM Empagliflozin 

25 mg/day or 

12.5 mg/day 

ECV 63.5 ± 9.7 35 - 6 months To evaluate the 

effects of 

empagliflozin on 

ECV 

There was no significant ECV change in 

the 6-month post-initiation 

(Requena-

Ibáñez et al., 

2021) 

EMPA-TROPISM 

(NCT03485222) 

RCT (post-hoc) United 

States 

HFrEF without 

T2DM  

Empagliflozin 

10 mg/day 

ECV 62 ± 12.1 42 42 6 months To evaluate the 

effects of 

empagliflozin on 

ECV 

Empagliflozin significantly reduces ECV 

compared to placebo. 

(Wang et al., 

2022) 

NA Non-

randomized 

cohort 

China HF with T2DM  Dapagliflozin 10 

mg/day 

ST2, BNP, and MCP-1 67.4 ± 6.74 30 30 1 months To evaluate the 

effects of 

dapagliflozin on 

myocardial 

fibrosis 

biomarkers 

The dapagliflozin group was associated 

with a significant reduction of ST2, BNP, 

and MCP-1 values. 

RCT: randomized controlled trial; T2DM: type 2 diabetes mellitus; CAD: coronary artery disease; ECV: extracellular volume; MMP-2: matrix metalloproteinase-2; ST2: soluble suppression of tumorigenicity-2; HF: heart failure BNP: brain natriuretic peptide; MCP-1: monocyte chemoattractant 

protein-1.  
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Table 3. Baseline characteristics and outcomes of included studies in the role of SGLT2 inhibitors in AHF 

Author (year) 
Trial name 

(identifier) 

Study 

Design 
Study Sites 

Mean age ± SD 

(years) 
Intervention 

Sample 

intervention 

Sample 

comparator 

Time of 

initiation 
Follow-up Study objectives Main Findings  

(Emara et al., 

2023) 

DAPA-RESPONSE-

AHF 

(NCT05406505) 

RCT Egypt 62.45 ± 11.0 Dapagliflozin 

10 mg/day 

45 42b Within 24 hours 

of admission 

Up to 60 days To evaluate the 

efficacy and safety 

of dapagliflozin for 

relieving dyspnea in 

patients with AHF. 

During the first 96 hours of follow-up, patients 

receiving dapagliflozin showed significantly lower 

dyspnea VAS scores, greater urine output, and 

higher net fluid loss at day 1 compared to placebo. 

The dapagliflozin group also demonstrated a 

significantly greater percent change in NT-proBNP 

and a lower rate of hospitalization within 30 days 

post-discharge, while safety outcomes were 

comparable between groups. 

(Cox et al., 

2024) 

DICTATE-AHF 

(NCT04298229) 

RCT United States 64.45 ± 13.32 Dapagliflozin 

10 mg/day 

118 116a Within 24 hours 

of admission 

5 days (primary 

endpoints), up 

to discharge; 

follow-up not 

specified for 

post-discharge 

outcomes 

To assess the safety 

and additive 

diuretic benefits of 

dapagliflozin 

initiated within 24 

hours of hospital 

admission for 

hypervolemic AHF. 

Dapagliflozin significantly reduced loop diuretic 

dose, increased natriuresis, and expedited discharge 

with comparable safety outcomes. However, it failed 

to increase diuretic efficiency (measured as 

cumulative weight change per cumulative loop 

diuretic dose) 

(Charaya et al., 

2023) 

(NCT04778787) RCT Russia 73.54 ± 12.58 Dapagliflozin 

10 mg/day 

140 145a Within 24 hours 

of admission 

Admission to 

discharge 

(median: 5 days) 

To evaluate the 

effect of SGLT2 

inhibitors on serum 

sodium 

concentrations in 

patients with AHF. 

Dapagliflozin significantly increased serum sodium 

levels within 48 hours of initiation, and this effect 

persisted until discharge. Dapagliflozin significantly 

reduced the persistence of hyponatremia at 

discharge, with the most pronounced benefit 

observed in patients who had hyponatremia at 

baseline 

(Voors et al., 

2022a) 

EMPULSE 

(NCT04157751) 

RCT International 68.5 ± 13.3  Empagliflozin 

10 mg/day 

285 285b Within first 24 

hours until 5 

days after 

admission 

(median: 3 

days) 

90 days To assess the 

clinical benefit of 

empagliflozin in 

hospitalized 

patients with AHF. 

Empagliflozin significantly increased the likelihood 

of achieving improvement in symptoms score 

(measured using KCCQ-TSS), significantly reduced 

the risk of all-cause mortality and HF events. There 

were substantially greater reductions in NT-proBNP 

and weight loss, with favorable safety profile 

(Kosiborod et 

al., 2022) 

RCT (post-

hoc) 

To evaluate the 

clinical benefit of 

empagliflozin in 

hospitalized AHF 

patients across 

varying baseline 

symptomatic 

impairments. 

Across all different KCCQ-TSS score at baseline, 

there was significant improvement of KCCQ-TSS 

score with benefit as early as 15 days after initiation 
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Table 3. Baseline characteristics and outcomes of included studies in the role of SGLT2 inhibitors in AHF (continued…) 

Author (year) 
Trial name 

(identifier) 

Study 

Design 
Study Sites 

Mean age ± SD 

(years) 
Intervention 

Sample 

intervention 

Sample 

comparator 

Time of 

initiation 
Follow-up Study objectives Main Findings  

(Biegus et al., 

2023) 

 

RCT (post-

hoc) 

       

To assess the effect 

of empagliflozin on 

decongestion 

endpoints in AHF. 

The empagliflozin group successfully achieved 

substantial decongestion, demonstrated by greater 

weight loss, enhanced diuretic efficiency, reduced 

NT-proBNP levels, and increased 

hemoconcentration compared to placebo. These 

effects were observed as early as 15 days after 

initiation and sustained through Day 90. 

(Voors et al., 

2022b) 

RCT (post-

hoc) 

To evaluate the 

impact of 

empagliflozin on 

renal function in 

AHF patients. 

There was a mild decline of eGFR by day 15 in the 

empagliflozin group, which resolved by day 90 with 

no long-term difference compared to placebo. The 

clinical benefit of empagliflozin was consistent 

across all baseline kidney function levels, with the 

incidence of renal adverse events, including AKI, 

being comparable. Additionally, empagliflozin did 

not significantly affect serum sodium or potassium 

levels during the treatment period. 

(Tromp et al., 

2024) 

RCT (post-

hoc) 

To evaluate the 

efficacy of 

empagliflozin in 

AHF patients across 

the full spectrum of 

baseline LVEF 

The clinical outcomes of empagliflozin in AHF 

patients (all-cause mortality, HFE, KCCQ-TSS score) 

were consistent accross all LVEF at baseline 

(Thiele et al., 

2022) 

EMPA Acute Heart 

Failure (2017-

002695-45) 

RCT Germany 72.04 ± 11.55 Empagliflozin 

10 mg/day 

10 9b Median 72 

hours post-

admission 

30 days To assess the effect 

of empagliflozin on 

hemodynamic, 

metabolic 

parameters, and 

markers of AKI 

Empagliflozin was not associated with improvement 

of hemodynamic and metabolic parameters (cardiac 

output, serum blood glucose, diuretic requirement, 

urinary sodium excretion, and body weight). 

However, it's significantly reduce AKI marker (TIMP-2 

and IGFBP7), suggesting a nephroprotective effect.  

(Amioka et al., 

2024) 

OASIS-HF Non-

randomized 

cohort 

Japan 82.96 ± 4.61 Empagliflozin 

10 mg/day or 

dapagliflozin 

10 mg/day 

163 193a Median 1.8 

days after 

admission 

Up to 1 year To assess the long-

term clinical 

efficacy of 

empagliflozin in 

patients with AHF. 

SGLT2 inhibitors were associated with substantially 

lower composite outcomes (HHF and CV death) and 

worsening renal function in long-term follow-up.  

(Kawanami et 

al., 2025) 

ROAD-HF 

(UMIN000044342) 

RCT Japan 75.67 ± 13.14 Dapagliflozin 

10 mg/day 

56 58a Within 24 hours 

of admission 

7 Days To evaluate the 

effect of 

dapagliflozin on the 

incidence of 

worsening renal 

function. 

There was a comparable worsening renal failure 

incidence between groups. However, the addition of 

dapagliflozin within 24 hours after admission 

resulted in significant reduction of diuretic dose 
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Table 3. Baseline characteristics and outcomes of included studies in the role of SGLT2 inhibitors in AHF (continued…) 

Author (year) 
Trial name 

(identifier) 

Study 

Design 
Study Sites 

Mean age ± SD 

(years) 
Intervention 

Sample 

intervention 

Sample 

comparator 

Time of 

initiation 
Follow-up Study objectives Main Findings  

(Damman et 

al., 2020) 

EMPA-RESPONSE-

AHF 

(NCT03200860) 

RCT International 75.44 ± 12.88 Empagliflozin 

10 mg/day 

41 39b Within 24 hours 

of admission 

60 days To evaluate the 

efficacy and safety 

of empagliflozin in 

ADHF 

Empagliflozin was associated with higher urinary 

output and a lower risk of HF rehospitalization and 

CV death at 60 days. However, its failed to 

substantially improved dyspnea, NT-proBNP, 

diuretic efficacy, and length of stay.  

(Schulze et al., 

2022) 

EMPAG-HF 

(NCT04049045) 

RCT Germany 74.68 ± 9.96 Empagliflozin 

25 mg/day 

30 30b Within 12 hours 

of admission 

5 days To evaluate the 

effects of 

empagliflozin on 

diuresis and kidney 

function in ADHF 

patients. 

Empagliflozin was associated with significantly 

greater urine output and diuretic efficiency without 

affecting markers of renal function. Empagliflozin 

also substantially decrease the NT-proBNP after 5 

days of initiation 

(Tamaki et al., 

2021) 

(UMIN000026315) RCT Japan 80.16 ± 5.60 Empagliflozin 

10 mg/day 

30 29a Within 96 hours 

of admission 

7 days To assess the effect 

of empagliflozin on 

decongestion 

endpoints and renal 

function in ADHF. 

Empagliflozin was associated with lower NT-

proBNP, hemoconcentration, and reduction of 

plasma volume from baseline at 7 days follow-up 

without significant increase of worsening renal 

function. 

(Ibrahim et al., 

2020) 

(NCT04385589) RCT Egypt 61.43 ± 9.35 Dapagliflozin 

10 mg/day 

50 50a NR NR To evaluate the 

efficacy and safety 

of empagliflozin on 

metabolic 

parameters, 

diuresis, and 

dyspnea 

improvement in 

AHF patients. 

There was a significant reduction in metabolic 

parameters (BMI and body weight), diuresis 

parameters (urine output, total fluid loss, and fluid 

balance), without a significant change in kidney 

function. The empagliflozin group was associated 

with greater improvement in the dyspnea score. 

All studies observed AHF patients admitted to the emergency room. SD: standard deviation; RCT: randomized controlled trial; AHF: acute heart failure; VAS: visual analogue scale; NT-proBNP: N-terminal pro-brain natriuretic peptide; SGLT2 inhibitors: sodium-glucose co-transporter 

inhibitor 2; KCCQ-TSS: Kansas City cardiomyopathy questionnaire total symptom score; eGFR: estimated glomerular filtration rate; AKI: acute kidney injury; HHF: HF hospitalization; CV: cardiovascular; ADHF: acute decompensated heart failure. a The trials comparison was standard of 

care. bThe trials’ comparison was placebo and standard of care.  
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Moreover, a meta-analysis of in-hospital worsening 
renal failure resulted in a comparable risk [RR: 0.99 
(95% CI: 0.52 to 1.86); p = 0.96; Supplementary Fig. 
S3C]. Meta-analyses of in-hospital worsening heart 
failure [RR: 0.68 (95% CI: 0.42 to 1.09);  p = 0.10; Sup-
plementary Supplementary Fig. S3D], hypoglycemia 
[RR: 0.72 (95% CI: 0.29 to 1.79);  p = 0.47; Supplemen-
tary Fig. S3E], and hypotension [RR: 1.10 (95% CI: 0.24 
to 5.05);  p = 0.90; Supplementary Fig. S3F],  resulted in 
comparable risk. Across all meta-analyses, no results 
with high heterogeneity were observed.  

Overall, substantial evidence has demonstrated a 
profound impact of SGLT2 inhibitors in the AHF set-
ting. The initiation of SGLT2 inhibitors was expected 
to be clinically significant with no evidence of concern-
ing safety events, as supported by a relatively large 
number of studies in this field. 

Effects of SGLT2 inhibitors on myocardial fibrosis 

In recent years, myocardial fibrosis has been recog-
nized as both a marker and a predictor of HF progres-
sion. SGLT2 inhibitors were novel potential drugs that 
may ameliorate myocardial fibrosis (Rolski and 
Mączewski, 2025). Our systematic search identified 
four clinical trials observing the potential effect of 
SGLT2 inhibitors on myocardial fibrosis across differ-
ent biomarkers and parameters, with keyword search 
and flowchart available in Supplementary Table S1 
and Fig. S5. From quality assessment, all studies were 
deemed high-quality studies (Supplementary Fig. S2). 
The baseline characteristics and detailed outcomes of 
the included studies are available in Table 2.  

In cardiac parameters, extracellular volume (ECV) 
was considered a surrogate imaging marker of myo-
cardial fibrosis (Requena-Ibáñez et al., 2021). Among 
the three studies assessing ECV changes, two RCTs 
demonstrated significantly greater 6-month reduction 
with SGLT2 inhibitors (Mason et al., 2021; Requena-
Ibáñez et al., 2021), whereas one cohort reported no dif-
ferences at pre-post analysis (Hsu et al., 2019). A sub-
sequent meta-analysis integrating these data con-
firmed significantly greater 6-month ECV reduction 
with SGLT2 inhibitors compared to placebo without 
heterogeneity observed [MD: -1.48 (95% CI: -1.71 to -
1.25); p<0.0001; Fig. 4E]. In biomarker parameters, the 
EMPA-HEART study found a comparable result of 
matrix metalloproteinase-2 and soluble suppression of 
tumorigenicity-2 (ST2) after 6-month follow-up (Ma-
son et al., 2021). In contrast, Wang et al. (2022) found a 
superior reduction in ST2, brain natriuretic peptide, 
and monocyte chemoattractant protein-1 after 1-month 
follow-up. Although there was likely a significant anti-
fibrotic effect based on imaging sequence, there were 

discrepancies and relatively limited studies in this 
area, suggesting this domain might be a significant gap 
for future research. 

DISCUSSION 

SGLT2 inhibitors have rapidly emerged as GDMT 
across all HF phenotypes, reflecting their remarkable 
trajectory in clinical practice (Crispino et al., 2025). 
However, as the literature continues to evolve, there 
remains a need to analyze current emerging trends and 
critical gaps to guide future directions. Semi-quantita-
tive analysis using VOSviewer identified ‘ertugli-
flozin,’ ‘acute heart failure,’ and ‘fibrosis’ as prominent 
emerging topics.  

The emerging investigation on ertugliflozin was led 
by its potential lower cost compared to empagliflozin. 
This was particularly important, as SGLT2 inhibitors 
were generally considered a high-cost drug, in partic-
ular for lower-middle-income countries (Supner and 
Park, 2022). In the development of ertugliflozin, there 
may be a different mechanism of action from other 
SGLT2 inhibitors. Unlike dapagliflozin and empagli-
flozin, which promote early natriuresis via increases in 
proximal sodium excretion, ertugliflozin did not sig-
nificantly alter proximal tubular sodium handling 
(Lytvyn et al., 2025). Thus, it may have a less pro-
nounced diuretic effect, which might influence its effi-
cacy in HF (Lytvyn et al., 2025).  

Current evidence of ertugliflozin on the clinical ef-
ficacy in HF patients also remains limited. Notably, our 
literature search only identified one study (VERTIS-
CV), which included patients with T2DM and docu-
mented ASCVD, in which some patients had baseline 
HF, while others did not (Cosentino et al., 2020). More-
over, post-hoc analysis of VERTIS-CV stratified by pre-
trial EF, which renders a conclusion about efficacy 
across all spectrum of HF phenotypes, may be uncer-
tain (Pandey et al., 2023). Comparative studies directly 
evaluating ertugliflozin against its predecessors 
(dapagliflozin/empagliflozin) would be beneficial in 
enhancing its role. Additionally, more mechanistic 
studies were also required, as ertugliflozin's initial di-
uretic effect appears transient, with an attenuating ef-
fect by 12 weeks (Lytvyn et al., 2025).  

In the AHF setting, the use of SGLT2 inhibitors 
showed a beneficial impact. In a recent systematic re-
view, initiation of SGLT2 inhibitors during AHF con-
fers short-term benefits, most notably led by its en-
hanced diuresis and decongestion effect (Rahil et al., 
2025). We also observed this diuretic augmentation, as 
there was a significant impact on diuretic efficiency 
and response without increasing the risk of AE, partic-
ularly impaired renal function and WRF (Charaya et 
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al., 2023; Cox et al., 2024; Damman et al., 2020; Emara 
et al., 2023; Ibrahim et al., 2020; Schulze et al., 2022; 
Thiele et al., 2022). Moreover, we also observed that 
while separate meta-analyses of HHF and all-cause 
mortality suggest comparable efficacy, pooled data 
from composite outcomes using HR from a more ro-
bust model showed a risk reduction of up to 36%. Col-
lectively, the relatively high volume of clinical evi-
dence suggests that this topic is advancing and on a 
promising trajectory. 

However, several issues may arise with the initia-
tion of SGLT2 inhibitors in AHF, prompting the need 
for evaluation. First, we observed variability in the tim-
ing of initiation, indicating a need for a clear consensus 
and guidelines. Second, despite the high number of 
studies, the pooled sample remains moderate; hence, 
larger clinical trials may be beneficial in strengthening 
SGLT2 inhibitors as the frontline treatment for AHF. 
Third, evidence on the long-term efficacy of SGLT2 in-
hibitor initiation was limited, with only one observa-
tional study addressing this issue, which had potential 
bias due to the limited variables in the regression 
model (Amioka et al., 2024). Importantly, confounders 
such as comorbidities and medical adherence were not 
addressed. Future studies should incorporate these 
variables to enhance the robustness of results, particu-
larly for the elderly subpopulation (Amioka et al., 
2024).  

Beyond its glucose-lowering and natriuretic effects, 
the next potential effect of SGLT2 inhibitors is the abil-
ity to ameliorate myocardial fibrosis. Both preclinical 
and clinical studies suggest that this effect arises from 
modulation of key pathological pathways, including 
suppression of pro-inflammatory cytokines, reduction 
of oxidative stress, inhibition of transforming growth 
factor-beta signaling, attenuation of fibroblast activa-
tion and extracellular matrix deposition (Rolski and 
Mączewski, 2025). Although relatively small studies 
were included, this effect was observed in our ECV re-
duction result based on imaging parameters; however, 
biomarker analyses did not show similarly strong sig-
nificance (Hsu et al., 2019; Mason et al., 2021; Requena-
Ibáñez et al., 2021; Wang et al., 2022). This discrepancy 
likely stems from the difference in follow-up duration: 
EMPA-HEART, which observed comparable effects, 
had a 6-month follow-up, whereas Wang et al. (2022) 
reported outcomes at 1 month (Mason et al., 2021; 
Wang et al., 2022). These results highlight a critical 
knowledge gap and suggest future research to provide 
a time-stamped follow-up to capture the evolution of 
effects.  

As research continues to advance, emerging studies 
may further elucidate the expanding clinical impact of 
SGLT2 inhibitors in cardiovascular care. There remains 
a need to broaden trials efforts to include extensive 

real-world data and to foster international collabora-
tion beyond high-income countries. As observed in our 
bibliometric analysis, the current evidence is concen-
trated in developed regions, underscoring the im-
portance of diversifying study populations to enhance 
global applicability. 

Limitations 

First, the bibliometric data of this study were lim-
ited to a single database. This may result in the exclu-
sion of important studies indexed in other databases, 
which potentially narrows the research landscape. Sec-
ond, the limited availability of quantitative data from 
trials restricted the meta-analysis to a small number of 
studies, necessitating cautious interpretation. Third, 
due to limitations of literature, the assessment of myo-
cardial fibrosis was restricted to a limited set of param-
eters and biomarkers. Additional biomarkers (e.g., ga-
lectin-3, procollagen type I carboxy-terminal propep-
tide) should be evaluated in future studies to provide 
more robust evidence. 

CONCLUSION 

Over the last decade, SGLT2 inhibitors have rapidly 
transformed the treatment landscape of HF, with 
growing research attention on ertugliflozin, AHF, and 
myocardial fibrosis. Although ertugliflozin has shown 
promising results as a newer agent, its true clinical im-
pact on HHF and cardiovascular death remains uncer-
tain. Meanwhile, substantial evidence supports the 
clinical benefits of SGLT2 inhibitors in AHF, demon-
strated by numerous studies highlighting improved 
outcomes. Lastly, the potential anti-fibrotic effects of 
SGLT2 inhibitors, while suggested by imaging studies, 
remain inconsistent and underexplored, marking this 
as a gap area for future research. This growing body of 
research highlights the transformative impact of 
SGLT2 inhibitors on cardiovascular medicine, suggest-
ing broader applications across various cardiovascular 
conditions that require further research and clinical tri-
als to fully realize their therapeutic potential. 
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Supplementary data 

 

Table S1. Search keyword across databases for a systematic review. 

Topic/issue Database Keyword search 

Bibliometric search Scopus ("Sodium Glucose Transporter 2 Inhibitors" OR "SGLT-2 Inhibitors" OR "SGLT 2 Inhibitors" OR "SGLT-2 In-

hibitor" OR "Inhibitor, SGLT-2" OR "SGLT 2 Inhibitor" OR "Sodium-Glucose Transporter 2 Inhibitor" OR "So-

dium Glucose Transporter 2 Inhibitor" OR "SGLT2 Inhibitor" OR "Inhibitor, SGLT2" OR "Gliflozins" OR "Gli-

flozin" OR "dapagliflozin" OR "remogliflozin etabonate" OR "sergliflozin etabonate" OR "empagliflozin" OR 

"ertugliflozin" OR "ipragliflozin" OR "licogliflozin" OR "Canagliflozin") AND ( "heart failure" OR "Cardiac 

Failure" OR "Heart Decompensation" OR "Decompensation, Heart" OR "Congestive Heart Failure" OR 

"Heart Failure, Congestive" OR "Heart Failure, Right-Sided" OR "Heart Failure, Right Sided" OR "Right-

Sided Heart Failure" OR "Right Sided Heart Failure" OR "Heart Failure, Left-Sided" OR "Heart Failure, Left 

Sided" OR "Left-Sided Heart Failure" OR "Left Sided Heart Failure" OR "Myocardial Failure") 

“Ertugliflozin“ (sys-

tematic review) 

 

Scopus and 

PubMed 

("ertugliflozin" OR "5-(4-chloro-3-(4-ethoxybenzyl)phenyl)-1-hydroxymethyl-6,8-dioxabicyclo(3.2.1)octane-

2,3,4-triol" OR "PF 04971729" OR "PF-04971729" OR "PF04971729" OR "Steglatro") AND ( "heart failure" OR 

"Cardiac Failure" OR "Heart Decompensation" OR "Decompensation, Heart" OR "Congestive Heart Failure" 

OR "Heart Failure, Congestive" OR "Heart Failure, Right-Sided" OR "Heart Failure, Right Sided" OR "Right-

Sided Heart Failure" OR "Right Sided Heart Failure" OR "Heart Failure, Left-Sided" OR "Heart Failure, Left 

Sided" OR "Left-Sided Heart Failure" OR "Left Sided Heart Failure" OR "Myocardial Failure").  

Science Direct ( "ertugliflozin" OR "Steglatro" ) AND ( "heart failure") 

“Acute heart failure” 

(systematic review) 

Scopus and 

PubMed 

("Sodium Glucose Transporter 2 Inhibitors" OR "SGLT-2 Inhibitors" OR "SGLT 2 Inhibitors" OR "SGLT-2 In-

hibitor" OR "Inhibitor, SGLT-2" OR "SGLT 2 Inhibitor" OR "Sodium-Glucose Transporter 2 Inhibitor" OR "So-

dium Glucose Transporter 2 Inhibitor" OR "SGLT2 Inhibitor" OR "Inhibitor, SGLT2" OR "Gliflozins" OR "Gli-

flozin" OR "dapagliflozin" OR "remogliflozin etabonate" OR "sergliflozin etabonate" OR "empagliflozin" OR 

"ertugliflozin" OR "ipragliflozin" OR "licogliflozin" OR "Canagliflozin") AND (“acute heart failure”) OR 

(“acute decompensated*) OR (“acute cardiac failure”) 

Science Direct ( "Sodium Glucose Transporter 2 Inhibitors" OR "SGLT-2 Inhibitors") AND ("acute heart failure" OR "acute 

decompensated heart failure" OR "acute cardiac failure") 

“Fibrosis” (systematic 

review) 

Scopus and 

PubMed 

("Sodium Glucose Transporter 2 Inhibitors" OR "SGLT-2 Inhibitors" OR "SGLT 2 Inhibitors" OR "SGLT-2 In-

hibitor" OR "Inhibitor, SGLT-2" OR "SGLT 2 Inhibitor" OR "Sodium-Glucose Transporter 2 Inhibitor" OR "So-

dium Glucose Transporter 2 Inhibitor" OR "SGLT2 Inhibitor" OR "Inhibitor, SGLT2" OR "Gliflozins" OR "Gli-

flozin" OR "dapagliflozin" OR "remogliflozin etabonate" OR "sergliflozin etabonate" OR "empagliflozin" OR 

"ertugliflozin" OR "ipragliflozin" OR "licogliflozin" OR "Canagliflozin") AND (“myocardial fibrosis” OR “car-

diac fibrosis” OR “Myocardial Extracellular Volume” OR “extracellular volume” OR “ECV” OR “late gadolin-

ium enhancement” OR “LGE” OR “T1 mapping”) 

Science Direct ( "Sodium Glucose Transporter 2 Inhibitors" OR "SGLT-2 Inhibitors") AND (“myocardial fibrosis” OR “car-

diac fibrosis” OR “extracellular volume”)   

 

 

Table S2. Bibliometric main information of included studies. 

MAIN INFORMATION ABOUT DATA 

Timespan 2015:2025 

Sources (Journals, Books, etc) 210 

Documents 621 

Annual Growth Rate % 44.97 

Document Average Age 2.74 

Average citations per doc 60.27 

References 16528 

DOCUMENT CONTENTS 

Keywords Plus (ID) 3028 

Author's Keywords (DE) 811 

AUTHORS 

Authors 4211 

Authors of single-authored docs 14 

AUTHORS COLLABORATION 

Single-authored docs 16 

Co-Authors per Doc 14.3 

International co-authorships % 43.96 
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Table S3. The most cited articles 

Author Year Journal Title 

Total 

Citations 

(TC) 

TC per 

Year 

McMurray, 

J.J.V., et al 
2019 New England Journal of 

Medicine 

Dapagliflozin in Patients with Heart Failure and Reduced Ejection 

Fraction (DAPA-HF) 
5014 724.17 

Packer, M., 

et al 

2020 New England Journal of 

Medicine 

Cardiovascular and Renal Outcomes with Empagliflozin in Heart 

Failure (EMPEROR-Reduced) 

3563 609.60 

Anker, 

S.D., et al  

2021 New England Journal of 

Medicine 

Empagliflozin in Heart Failure with a Preserved Ejection Fraction 

(EMPEROR-Preserved) 

3010 596.75 

Solomon, 

S.D., et al 

2022 New England Journal of 

Medicine 

Dapagliflozin in Heart Failure with Mildly Reduced or Preserved 

Ejection Fraction (DELIVER) 

1557 359.67 

Fitchett, 

D., et al  
2016 European Heart Journal Heart failure outcomes with empagliflozin in patients with type 2 

diabetes at high cardiovascular risk: results of the EMPA-REG 

OUTCOME trial 

836 83.60 

Voors, A.A., 

et al  

2022 Nature Medicine The SGLT2 inhibitor empagliflozin in patients hospitalized for 

acute heart failure: a multinational randomized trial (EMPULSE) 

596 149.00 

Santos-

Gallego, 

C.G., et al 

2019 Journal of American 

College of Cardiology 

Empagliflozin Ameliorates Adverse Left Ventricular Remodeling in 

Nondiabetic Heart Failure by Enhancing Myocardial Energetics 

492 70.29 

Kato, E.T., 

et al 
2021 Circulation Effect of Dapagliflozin on Heart Failure and Mortality in Type 2 

Diabetes Mellitus 
449 64.14 

Nassif, M. 

E., et al.  

2021 Nature Medicine The SGLT2 inhibitor dapagliflozin in heart failure with preserved 

ejection fraction: a multicenter randomized trial 

402 80.40 

Petrie, 

M.C., et al.  

2020 JAMA Effect of Dapagliflozin on Worsening Heart Failure and 

Cardiovascular Death in Patients With Heart Failure With and 

Without Diabetes 

399 66.50 

The majority of these highly cited articles, specifically the top four of them, originate from the New England Journal of Medicine, despite the journal's relatively limited publication frequency of 

only 4 articles in the field of SGLT2 inhibitors and HF in 2015-2024. The New England Journal of Medicine, with an impact factor of 158.5 in 2024, holds a position among the top two journals 

worldwide according to the 2024 Journal Citation Report (JCR) by Clarivate Analytics. 

 

 

 

Figure S1. PRISMA flowchart for ertugliflozin in heart failure. 
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Figure S2. Risk of bias. 
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Figure S3. Forest plot of meta-analysis: (A) 3-month post-discharge heart failure hospitalization; (B) 3-month post-discharge all-cause mortality; (C) 

worsening renal failure; (D) worsening heart failure; (E) hypoglycemia; (F) hypotension. 
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Figure S4. PRISMA flowchart for the role of SGLT2 inhibitor in myocardial fibrosis. 

 

 

 

Figure S5. PRISMA flowchart for the role of SGLT2 inhibitor in acute heart failure. 
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