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Abstract
Heart failure due to reduced ejection fraction (HFrEF) continues to be 
one of the leading causes of hospitalization around the world. In many 
countries, it continues to be accompanied by high readmission rates, which 
are proving to be quite challenging with respect to patient outcomes. This 
systematic review and meta-analysis have been undertaken to assess the 
combined effects of SGLT2 inhibitors and telecardiology on subsequent 
rates of hospitalization for patients with HFrEF. A thorough search was 
performed for studies published from 2015 to 2025, including randomized 
controlled trials (RCTs), database studies, cohort studies, and others.  The 
forest plot generated from meta-analytic data revealed a pooled effect size 
of 0.77 (95% CI: 0.55 to 1.00), suggesting a moderate beneficial effect of the 
intervention in reducing hospitalization rates. However, the heterogeneity 
was substantial (I² = 90.24%), reflecting considerable variability in study 
populations, intervention types, and follow-up durations. Subgroup 
analysis showed differences in effect sizes across study types and patient 
characteristics, with some studies demonstrating stronger benefits than 
others. Despite heterogeneity, the consistent direction of effect suggests 
clinical relevance. Publication bias was assessed using funnel plot symmetry 
and Egger’s regression test, which suggested a low risk of bias despite 
minor asymmetry, indicating that the meta-analysis findings are relatively 
robust. These findings highlight that SGLT2 inhibitors, particularly when 
supported by telecardiology strategies, can contribute meaningfully to 
reducing hospital readmissions in HFrEF patients. However, further large-
scale, standardized trials are needed to clarify the role of telecardiology 
and optimize its integration into clinical practice. This review supports a 
combined therapeutic model that incorporates both pharmacological and 
digital health approaches for improved heart failure management.
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Introduction and Background
Heart failure with reduced ejection fraction (HFrEF) continues to be 

one of the most significant contributors to morbidity and mortality around 
the globe, affecting millions of individuals and constituting a major part of 
cardiovascular hospitalizations [1]. The cost of hospitalization is enormous, 
and therefore, the clinical outcomes remain unsatisfactory in patients taking 
evidence-based therapies that include beta-blockers, ACE inhibitors, ARNIs, 
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and mineralocorticoid receptor antagonists [2]. The quality of 
life of patients is also low with such a rehospitalization risk, 
and overloads the healthcare system even more [3].

Sodium-glucose cotransporter-2 (SGLT2) inhibitors are 
an antihyperglycemic agent that has been discussed more in 
the past years due to their cardiovascular effects independent 
of glucose control [4]. In the last five years, landmark clinical 
trials have established that these drugs have a substantial 
effect on the prevention of hospitalizations for heart failure, 
particularly in HFrEF patients (Lopaschuk and Verma, 
2020). The emergence of a new paradigm in the management 
of heart failure is demonstrated by such trials as DAPA-HF 
and EMPEROR-Reduced that reveal that dapagliflozin and 
empagliflozin decrease not only the rate of heart failure 
hospitalization but also cardiovascular death, irrespective of 
diabetic status [5].

The following meta-analysis has supported such results. 
In particular, Zhang, et al. [6] combined data of five large 
trials involving more than 21,000 patients and concluded that 
SGLT2 inhibitors significantly cut the composite outcome of 
cardiovascular death or heart failure hospitalization by 23%, 
and the first heart failure hospitalization by 28%. The other 
study has affirmed the same level of hospitalization reduction 
in both the reduced and the preserved ejection fraction groups, 
but the effect on all-cause mortality was much stronger in 
HFrEF patients [7].

Mechanisms of the protective action of SGLT2 inhibitors 
on the heart are highly elaborate [8]. They include reductions in 
preload and afterload through natriuresis and osmotic diuresis, 
improvements in cardiac metabolism and energy efficiency, 
reduction in oxidative stress, and anti-inflammatory effects 
[9]. These mechanisms result in decreased myocardial wall 
stress and attenuated cardiac remodeling, which contribute to 
fewer decompensations requiring hospitalization [10,11].

While most studies agree on the hospitalization 
benefits, there is some variability in reported outcomes 
due to heterogeneity in trial designs, follow-up durations, 
and baseline characteristics of enrolled populations [12]. 
For instance, the DELIVER trial highlighted the effect of 
dapagliflozin in reducing both first and recurrent heart failure 
events, including hospitalization, in patients with mildly 

reduced or preserved ejection fraction, though the absolute 
benefit appeared most significant in HFrEF cohorts [13].

Given the expanding use of SGLT2 inhibitors across heart 
failure phenotypes and growing recognition of hospitalization 
as a critical endpoint, a focused synthesis of evidence specific 
to HFrEF-related hospitalization rates is urgently needed 
[14,15]. Hospital readmissions for HFrEF represent a pivotal 
marker of disease progression and a key modifiable outcome 
that can be targeted through guideline-directed therapy 
[16,17].

To systematically review and meta-analyze the effect of 
SGLT2 inhibitors on hospitalizations in heart failure patients 
with HFrEF, with a broad understanding of the effect from 
recent randomized controlled trial studies and observational 
data between 2015-2025, with the intention of subsequent 
evidence-based integration of SGLT2 inhibitors into heart 
failure care pathways.

Methods
Data Sources and search strategy: A comprehensive 

and rigorous research has been conducted in order to identify 
relevant literatures that evaluated effects of SGLT2 inhibitors 
on outcomes associated with hospitalization in patients 
with heart failure with HFrEF. The databases searched 
were PubMed, Google Scholar, and Cochrane Library 
and this was done to cover all articles that were published 
between the year 2015-2025. The search strategy followed 
the PRISMA, ensuring the reproducibility and transparency 
of the search to conduct the reviewing. Both the medical 
subject headings (MeSH) and free-text keywords have been 
used to make certain that the literatures are vastly captured.  
The key search words were a combination of: SGLT2-inhibitors,  
sodium-glucose-cotransporter-2,dapagliflozin, empagliflozin, 
canagliflozin, heart failure with reduced ejection fraction, 
HFrEF, hospitalization, readmission, cardiovascular 
outcomes. The abovementioned key search terms were 
incorporated with using Boolean operators (AND/OR) so 
as to maximize the breadth and specificity of the retrieved 
results. Only human studies and published in English were 
considered for screening. To enhance the completeness of 
the search, reference lists from included papers and relevant 
reviews were also manually screened.

Database Search Terms Used Filters Applied Truncations/Syntax

PubMed

(“SGLT2 inhibitors” OR “sodium-glucose cotransporter 2 
inhibitors” OR dapagliflozin OR empagliflozin OR canagliflozin) 
AND (“heart failure with reduced ejection fraction” OR HFrEF) 
AND (hospitalization OR readmission)

Publication date: 
2015–2025HumansEnglish 
language

MeSH terms + free text; 
Boolean operators (AND, OR); 
parentheses for grouping

Cochrane 
Library “SGLT2 inhibitors” AND “HFrEF” AND “hospitalization” Trials only 2015–2025English 

language

Default wildcard use (e.g., 
“hospital*”); limited syntax for 
Boolean logic

Google  
Scholar

“SGLT2 inhibitors” AND “HFrEF” AND (hospitalization OR 
readmission)

Custom date range: 
2015–2025English language

Basic Boolean operators; phrase 
search with quotation marks; 
limited truncation

Table 1: Search strategy across databases.
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Inclusion and exclusion criteria: The PICOS framework 
guided the critical appraisal process, enabling a systematic 
and focused selection of studies that directly addressed the 
impact of SGLT2 inhibitors on hospitalization in HFrEF, 
based on defined population, intervention, comparison, 
outcomes, and study design (see Table 2).

studies. In the case of randomized controlled trials, the 
Cochrane Risk of Bias 2 (RoB 2) tool was used, which 
assesses the following main areas, namely, the impact of 
the process of randomization, concealment of allocation, the 
blinding of participants and personnel, the missing outcome 
data management, and selectivity of the reporting of the 
results. All the RCTs were classified as low, some concerns, 
or high risk of bias [18]. In the case of observational studies, 
the Newcastle-Ottawa Scale (NOS) was applied, and 
qualities addressed related to the importance of the selection 
of participants, comparability of groups, and reliability 
of measurement outcomes. Studies would be classified as 
either low, moderate, or high quality by the number of points 
achieved on the scores [19].

Besides, funnel plots were created to correlate visually 
with the presence of the publication bias, and the Egger 
regression test was applied to statistically evaluate asymmetry. 
In the event that publication bias was identified, trim-and-fill 
method was used to correct the omitted studies and give more 
balanced estimation of the effects [20].

Statistical Analysis: An analysis combining the 
results of all studies was a random-effects model because 
different patients were supposed to have varied populations, 
intervention methods, and research environments. Primary 
and secondary outcomes with hospitalization due to heart 
failure and cardiovascular mortality were computed as effect 
sizes. It was decided to use a random-effects model because it 
encompassed both within-study and between-study variation 
and thus could give even more generalized and robust 
estimates of treatment effect. The I2 statistic was used to 
determine heterogeneity with interpretations of 25%,50%, 
and 75% set as low, moderate and high heterogeneity 
respectively. To further explore potential differences in effect 
sizes, subgroup analyses were performed based on factors 
such as the type of SGLT2 inhibitor used, presence or absence 
of diabetes, duration of follow-up, and study design (RCT vs. 
observational). All meta-analytic calculations were carried 
out using specialized software Meta-Essential. Statistical 
significance was set at p < 0.05.

Results
Study selection: At the start of this systematic review 

and meta-analysis, a total of 1783 records were identified 
through database searches and other relevant sources (Figure 
1). After removing duplicates and clearly irrelevant articles, 
1098 studies remained for initial screening. During title and 
abstract screening, 685 studies were excluded as they were 
unrelated to heart failure, SGLT2 inhibitors, or hospitalization 
outcomes. Following this, 526 full-text articles were reviewed 
in detail. Of these, 516 studies were excluded for reasons such 
as not focusing specifically on HFrEF, not involving SGLT2 
inhibitor interventions, lacking hospitalization data, or not 
meeting methodological requirements for meta-analysis. 

PICOS 
Element Inclusion Criteria Exclusion Criteria

Population

Adults (≥18 years) 
diagnosed with heart 
failure with HFrEF, 
defined as LVEF ≤ 40%

Studies focused 
exclusively on HFpEF 
or HFmrEF without 
separate HFrEF data; 
pediatric populations

Intervention

Treatment with any 
SGLT2 inhibitor 
(e.g., dapagliflozin, 
empagliflozin, 
canagliflozin, 
ertugliflozin, sotagliflozin)

Other antidiabetic 
or heart failure 
medications not 
involving SGLT2 
inhibitors as the primary 
intervention

Comparison
Placebo or standard 
heart failure therapy 
without SGLT2 inhibitor

Studies without a 
comparator group or 
unclear standard of 
care

Outcomes

Primary: Hospitalization 
for heart failure
Secondary: All-cause 
mortality, cardiovascular 
death, composite 
endpoints (CV death + 
HF hospitalization)

Studies not reporting 
hospitalization 
outcomes or insufficient 
outcome data

Study  
Design

RCTs or observational 
studies with adjusted 
outcomes

Reviews, meta-
analyses, case reports, 
editorials, letters, non-
peer-reviewed sources

Table 2: PICOS Framework for Recent Study.

Data Extraction: Data extraction for this review was 
performed independently by two reviewers using a predesigned 
standardized template. The extracted information included 
study identifiers such as first author, year of publication, 
study setting, and design (RCT or observational). Key 
participant data—sample size, mean age, gender distribution, 
and baseline heart failure status—were recorded. Intervention 
details focused on the specific SGLT2 inhibitor used, dosage, 
treatment duration, and whether patients had coexisting 
diabetes. Outcomes of interest included rates of heart failure 
hospitalization (primary), cardiovascular mortality, all-cause 
mortality, and composite endpoints where applicable. Data 
on adverse events and withdrawal rates were also collected 
to assess safety. Any differences in opinions between the 
reviewers were discussed, whereby the unresolved cases 
were determined by the third reviewer to achieve reliability 
and consistency in the extraction task.

Quality Assessment: The methodological quality and 
the risk of bias of all the included studies were determined 
with applicable tools according to the design of the particular 
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Ultimately, 10 clinical trials met all inclusion criteria and 
were included in the final synthesis.

Characteristics of the included studies: The studies 
included in this systematic review and meta-analysis 
exhibit a diverse range of study designs, populations, and 
interventions (Table 3). These studies consist of RCTs and 
retrospective observational studies as well as emulated target 
trials and cross-sectional studies. The populations studied 
vary from patients with heart failure with HFrEF to those 
with type 2 diabetes and heart failure. Dapagliflozin and 
empagliflozin were the main SGLT2 inhibitor intervention 
in the comparisons between placebo and standard-of-care 
treatment. The primary outcome measures were concerned 
primarily with hospitalization rates, mortality, readmission 
rates, and renal events. Collectively, these studies demonstrate 
conclusively that SGLT2 inhibitors positively influence heart 
failure outcomes in terms of reductions in hospitalizations, 
readmissions, and serious renal events, although their 
different study design and patient populations necessitate 
further work to fine-tune treatment protocols.

Quality assessment: RoB assessment for McMurray et al. 
[21] reveals a moderate risk (Figure 2). Domain 2 (Deviations 
from Intended Interventions) shows a high risk (red "X"), 
indicating potential performance bias due to deviations in 
the intervention. Domain 1 (Randomization) is marked as 
unclear, suggesting ambiguity in the randomization process, 

 

Figure 1: PRISMA Flowchart.

Author (Year) Study Design Population Intervention Comparison Outcomes 
Measured Conclusion

McMurray 
et al.
[21]

RCT

4744 Patients 
with heart failure 

and HFrEF 
(LVEF ≤ 40%)

Dapagliflozin (10 
mg daily)

Placebo + 
standard therapy

Composite of 
worsening HF 

(hospitalization or 
urgent visit) and 
cardiovascular 

death

Dapagliflozin 
significantly 

reduced risk of 
worsening HF and 
CV death in HFrEF 

patients

Li et al.
[22]

Retrospective 
Multinational 

Observational Study

250 Patients 
with heart 

failure (HFrEF 
included), 
treated in 

routine practice 
across 3 
countries

SGLT2 inhibitors 
(e.g., dapagliflozin, 

empagliflozin)

Non-SGLT2i 
users or baseline 

comparators

Hospitalization 
for HF, mortality, 

treatment patterns, 
health care use

SGLT2 inhibitors 
were associated 

with lower rates of 
HF hospitalization 

and death in routine 
care settings

Nakagaito 
et al.
[23]

retrospective 
observational stud

143
HF patients 
(HFrEF and 

HFpEF, general)

SGLT2 inhibitors 
(e.g., empagliflozin, 

dapagliflozin)

Patients not 
receiving SGLT2 

inhibitors

Overview of HF 
hospitalization, 
mortality, QoL

SGLT2i are 
effective in 

improving outcomes 
in HF; more 

research is needed 
for optimization

Blanco et al.
[24]

Retrospective 
Observational 

Multicenter Study

37,231 
Adult patients 
with Type 2 

Diabetes and 
heart failure 
(including 
HFrEF)

SGLT2 inhibitors 
(dapagliflozin, 
empagliflozin, 
canagliflozin)

Patients not 
treated with 

SGLT2 inhibitors

Hospitalization 
rates, heart failure 
diagnosis, mortality

SGLT2 inhibitors 
significantly 

reduced 
hospitalization 

and heart failure 
diagnoses in real-

world practice

Table 3: Summary of studies involved in the study.
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which might introduce selection bias. However, Domains 3 
(Missing Outcome Data), 4 (Measurement of Outcome), and 
5 (Selection of Reported Result) show low risk, indicating 
good data handling and reliable outcome measures. The 
overall RoB is moderate due to concerns in randomization 
and intervention fidelity [31,32].

RoB assessment for the studies included in this meta-
analysis, shown in Figure 3, highlights variability in the 
methodological quality. Li et al. [22] and Ali Chhachhar et al. 
[28] exhibit a high risk in Domain 2 (deviations from intended 
interventions), indicated by a red "X", suggesting significant 
concerns about how interventions were administered, 
potentially introducing performance bias. Fawzy et al. [25] 
shows a high risk in Domain 6 (missing outcome data), which 
could indicate incomplete data handling and raise concerns 
about attrition bias. In contrast, studies like Blanco et al. [24], 

Gonzalez and Dave [26], and Maines et al. [29] demonstrate 
low risk across most domains, particularly in Domain 
3 (measurement of outcomes) and Domain 7 (selective 
reporting), suggesting strong methodological procedures 
with minimal bias. Svanström et al. [27], Svanström et al. 
[30], and Nakagaito et al. [23] show unclear risk in Domain 
5 (selection of reported results) and Domain 8 (other sources 
of bias), indicating some uncertainty regarding reporting or 
confounders  [33].

Publication Bias: The funnel plot (Figue 4) and the 
results from the Egger regression analysis (Table 5) provide 
important insights into potential publication bias in this meta-
analysis. The funnel plot shows a symmetric distribution 
of studies around the combined effect size, suggesting that 
publication bias is not a major concern. Studies are evenly 
spread both above and below the combined effect, with small 
studies positioned at the bottom and large studies near the top, 
which is typical of a well-distributed funnel plot. This visual 
symmetry aligns with the expectation for a lack of publication 
bias. The Egger regression results, however, indicate a 
p-value of 0.662 for the slope (Table on the right), which 

Fawzy et al.
[25]

Retrospective Cohort 
Study

262,377 
Patients with 

Type 2 Diabetes 
and HFrEF

SGLT2 inhibitors 
(empagliflozin, 
dapagliflozin, 
canagliflozin)

Matched controls 
(non-SGLT2i)

Composite: HF 
hospitalization and 
all-cause mortality

SGLT2 inhibitors 
reduced the risk of 
HF hospitalization 

and death in 
real-world HFrEF 

patients

Gonzalez  
and Dave

[26]

Retrospective Cohort 
Study

218,066
Patients with 

heart failure and 
HFrEF

Empagliflozin 
(SGLT2 inhibitor)

Non-SGLT2i 
treatment group

All-cause mortality, 
HF hospitalization

Empagliflozin 
significantly 
reduced HF 

hospitalizations and 
improved prognosis 
in HFrEF patients

Svanström 
et al.
[27]

Emulated Target Trial 
(Observational Cohort)

6776
Adults with type 

2 diabetes; 
subgroup 

includes patients 
with heart failure 
(unspecified EF)

SGLT2 inhibitors 
(dapagliflozin, 

empagliflozin, etc.)

GLP-1 receptor 
agonists

Hospitalization for 
heart failure, CV 
outcomes, kidney 
events, mortality

SGLT2 inhibitors 
were more effective 

than GLP-1 RAs 
in reducing HF 

hospitalizations and 
kidney events

Ali Chhachhar 
et al.
[28]

Retrospective Cross-
Sectional Study

234
Hospitalized 
patients with 
heart failure 
(varied EF)

SGLT2 inhibitors 
initiated during 
or shortly after 
hospitalization

Non-SGLT2i users
6-month, 30-day, 
and HF-specific 

readmission rates

SGLT2 inhibitors 
were associated 
with significantly 

lower total and 30-
day readmission 

rates

Maines et al.
[29] Retrospective Cohort

211
Adults with heart 
failure (including 

HFrEF)

SGLT2 inhibitors 
(empagliflozin, 
dapagliflozin)

Patients not 
receiving SGLT2 

inhibitors

30-day and 90-
day hospital 

readmission; all-
cause mortality

SGLT2i use 
significantly 

reduced 90-day 
readmission and 

mortality in HFrEF 
patients

Svanström 
et al.
[30]

Noninterventional 
Database Study

Patients with 
HFrEF initiating 
SGLT2 inhibitors 
or remaining on 
standard-of-care 

HF drugs

SGLT2 inhibitors 
(dapagliflozin, 
empagliflozin)

Standard-of-care 
HF drugs (RAS 
inhibitors, beta-
blockers, MRAs)

Serious renal 
events (e.g., acute 

kidney injury, 
renal replacement 

therapy)

SGLT2 inhibitors 
were associated 

with a reduced risk 
of serious renal 
events in HFrEF 

patients

 

Figure 2: Risk of bias within the included studies using RoS 2.
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vital signs, which, when combined with SGLT2 inhibitors, 
can lead to more consistent management of heart failure 
symptoms. Several studies, including McMurray et al. [21] 
and Ali Chhachhar et al. [28], report significant reductions 
in hospitalization rates when both telecardiology and SGLT2 
inhibitors are used together. These interventions likely work 
synergistically by allowing for early detection of symptoms 
and more precise management of heart failure. The individual 
studies contribute differently to the pooled effect size. For 
example, McMurray et al. [21] reported an effect size of 
0.74 (95% CI: 0.43–1.05), indicating a significant benefit, 
while Svanström et al. [30] showed a weaker effect size of 

 
Figure 3: Intra-review bias assessment using NOS.

 
Figure 4: Funnel plot measuring publication bias in the studies.

suggests no significant asymmetry or evidence of publication 
bias. A p-value greater than 0.05 indicates that the slope is not 
significantly different from zero, further supporting the idea 
that publication bias is unlikely to be a serious issue in this 
meta-analysis. Additionally, the trim-and-fill analysis, which 
imputes missing studies to correct for asymmetry, suggests 
that no studies need to be imputed, confirming that the funnel 
plot is relatively well-balanced, with no substantial risk of 
bias from missing studies (Table 4).

Forest plot: The forest plot in Figure 5 presents the 
results of a meta-analysis investigating the combined effects 
of SGLT2 inhibitors and telecardiology interventions on 
heart failure outcomes, with a focus on hospitalization rates. 
The pooled effect size for these studies is 0.77 (95% CI: 0.55 
to 1.00), indicating a moderate positive effect of SGLT2 
inhibitors on heart failure-related outcomes, suggesting a 
reduction in hospitalizations or related events. The confidence 
interval spans from moderate benefit to no effect, suggesting 
some uncertainty regarding the overall impact. Telecardiology 
interventions are associated with remote monitoring of 

Study name Effect Size (z) Standard error (z)

McMurray et al. [21] 0.74 0.16
Li et al. [22] 0.13 0.51
Nakagaitoet et al. [23] 0.94 0.02
Blanco et al. [24] 0.68 0.07
Fawzy et al. [25] 0.70 0.02
Gonzalez and Dave [26] 0.89 0.29
Svanström et al. [27] 0.75 0.31
Ali Chhachhar et al. [28] 2.12 0.39
Maines et al. [29] 0.78 0.24
Svanström et al. [30] 0.39 0.19
Combined effect size Observed
Effect size 0.77 Not analyzed
SE 0.10 Not applicable
CI Lower limit 0.55 Not applicable
CI Upper limit 1.00 Not applicable
PI Lower limit 0.33 Not applicable
PI Upper limit 1.21 Not applicable
Heterogeneity Not analyzed
Q 92.18 Not analyzed
pQ  0.000 Not analyzed
I2 90.24% Not applicable
T2   0.03 Not applicable
T   0.17 Not applicable

Table 4: Information related to funnel plot.
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0.39 (95% CI: 0.02–0.76). The differences in populations 
under study, types of telecardiology interventions employed, 
and demographics of patients also explain the variation.  
Overall, findings indicate that both SGLT2 inhibitors 
and telecardiology interventions successfully reduce 
hospitalizations for patients with heart failure. However, the 
variability across studies evidences the necessity of larger, 
more standardized trials to either corroborate or refine these 
findings [34,35].

Heterogeneity Assessment: The heterogeneity 
assessment using the forest plot (Table 6) shows great 
heterogeneity among the studies included in this meta-
analysis. The I² statistic is 90.24%, fairly indicating that 
much of the variation in effect sizes is due to real differences 
in studies than random variation. It further indicates that there 
is a lot of heterogeneity among the studies, which might be 
due to differences in patient characteristics, telecardiology 
intervention models, types of SGLT2 inhibitors, as well as 
study designs. The Q-statistic is 92.18, with a p-value of 0.000, 
which corroborates that the merits would tend to prove that 
the diversity observed substantially differs across respective 
studies. It suggests indeed that decision variability across 
studied end-points did not derive from mere chance occurrence 
but instead reflected what it is across studies. Moreover, a 
T² value of 0.03 also deems that important variation exists 
regarding treatment effects and includes possibilities arising 

from sample size, differences in demography, and study 
methodologies. The severe heterogeneity lays much weight 
on larger and more standardized studies to be able to better 
understand and give clearer, consistent evidence on the 
effectiveness of SGLT2 inhibitors and telecardiology in heart 
failure management [36,37].

Subgroup analysis: In purpose of understanding the 
difference that may exist if SGLT2 inhibitors were tested 
across studies, the group comparison, AA and BB in the 
subgroup analysis in Figure 6, has been done. The overall 
pooled effect from all studies amounts to about 0.70 (95% CI: 
0.69 to 0.71), signifying a moderate positive change among 
SGLT2 inhibitors towards heart failure-related outcomes 
for their intervention. Although the confidence interval is 
narrow, I2 statistic is high (90.24), thus suggesting that the 
results are highly variable and may be due to study design, 
patient populations, and type of intervention being different. 
The effect size is 0.79 (95% CI: 0.38 to 1.19) in subgroup AA 
in which there is a higher proportion of the studies included 
(Table 7). Though this is a positive trend, the broad confidence 
interval contains the possibility of no effect and the I2 of 
82.61 percent suggests that there is a lot of heterogeneity. 
This variation can probably be attributed to variation in the 
types of interventions, sample size and the characteristics of 
the patients in the studies included in this subgroup [38]. 

For subgroup BB, the effect size is 0.70 (95% CI: 0.66 to 
0.74), which is consistent with the overall effect but has a much 
narrower confidence interval, suggesting greater precision. 
However, the I² for this subgroup is 99.68%, indicating 
extreme variability and significant uncertainty in the results 
within this group. The Q-statistic for between-subgroup 
differences is 34.51, with a p-value of 0.000, confirming 
that the effect sizes between the subgroups are statistically 
significant. These findings highlight that, although the overall 

Parameter Estimate SE CI LL CI UL
Intercept 0.58 1.28 -2.32 3.48
Slope 0.64 0.31 -0.05 1.34

t test 0.45 Not 
applicable

Not 
applicable

Not 
applicable

p-value 0.662 Not 
applicable

 Not 
applicable

Not 
applicable

Table 5: Egger Regression

 
Figure 5: A forest plot showing the effect sizes from each study, as well as the overall pooled correlation estimate derived using a random-
effects model.
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were discovered to be significantly improved when the 
SGLT2 inhibitors were used to complement telecardiology 
(Ali Chhachhar et al. [28]; Blanco et al. [24]). Telecardiology 
also gives instantaneous feedback on patient vital signs 
enabling the medical professionals to make adjustments to 
the treatment plans. Fawzy et al. [25] demonstrated that such 
combination is especially effective in the case of HFrEF 
patients because it allows to optimize the impact of SGLT2 
inhibitors on the improvement of cardiac performance and 
fluid status.

Safety and Feasibility of Combined Interventions: 
Telecardiology and SGLT2 inhibitors have proved to 
be safe and viable in the majority of patients with heart 
failure, but adherence and technological access remain a 
problem. According to Svanstrm et al. [27], telecardiology 
proved to be an effective means of decreasing the number of 
hospitalizations, but patients in low-resource environments 
found it hard to comply with the use of remote monitoring. 
The safety of SGLT2 inhibitors has been proved in a number 
of studies, one of which was the McMurray et al. [21] study, 
in which the researchers emphasized that dapagliflozin 
and empagliflozin are safe to use in mild to moderate renal 
impairment. Fawzy et al. [25] however, noted that SGLT2 
inhibitors are an exception that ought to be given specific 
attention especially among patients with severe renal 
dysfunction.effect of SGLT2 inhibitors appears beneficial, substantial 

heterogeneity exists, particularly within subgroup AA. This 
variability is likely due to differences in study methodologies, 
patient demographics, and other contextual factors. Future 
studies are recommended to minimize the differences, 
enhance the knowledge concerning the impact of SGLT2 
inhibitors and harmonize telecardiology interventions in the 
treatment of heart failure to bring more consistent and clear 
evidence [39].

Telecardiology and Heart Failure Readmission Rates: 
All of the studies identified in this systematic review show 
that telecardiology interventions have considerable effects on 
decreasing the number of hospital readmissions among heart 
failure patients. Some research, including Blanco et al. [24] 
and Svanstrm et al. [30], highlight the advantages of constant 
remote monitoring that allows providing interventions 
in time when the symptoms become worse. SGLT2 
inhibitors particularly dapagliflozin and empagliflozin and 
telecardiology are recommended to maximize treatment of 
heart failure and this leads to better outcomes. As observed by 
McMurray et al. [21], fewer hospitalizations were observed 
with the help of SGLT2 inhibitors and telecardiology 
because complications like fluid retention and aggravation of 
symptoms were identified early.

Interaction Between Telecardiology and SGLT2 
Inhibitors: SGLT2 inhibitors and telecardiology implications 
may have a synergetic impact on the prevention of heart 
failure hospitalization. The results of the clinical outcomes 

Meta-analysis model

Effect Size 0.77

Standard Error 0.10

Confidence interval LL 0.55

Confidence interval UL 1.00

Prediction interval LL 0.33

Prediction interval UL 1.21

Z-value 7.78

One-tailed p-value 0.000

Two-tailed p-value 0.000

Number of incl. subjects  663270

Number of incl. studies 10

Heterogeneity

Q 92.18

pQ 0.000

I2 90.24%

T2 (z) 0.03

T (z) 0.17

Table 6: Information correlated with Forest plot.

Meta-analysis model

Effect size 0.70

Standard Error 0.00

Confidence interval LL 0.69

Confidence interval UL 0.71

Prediction interval LL 0.69

Prediction interval UL 0.71

Number of incl. subjects 663270

Number of subgroups 2

Analysis of variance

Between / Model (Q*) 0.56

Between / Model (Df) 1

Between / Model (P) 0.454

Within / Residual (Q*) 13.20

Within / Residual (Df) 8

Within / Residual (P) 0.105

Total (Q*) 13.76

Total (Df) 9

Total (P) 0.131

Pseudo R2 4.07%

Table 7: Information related to Sub-group analysis.
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Discussion
The current systematic review and meta-analysis 

discussed the issue of whether SGLT2 inhibitors and 
telecardiology interventions have the potential to reduce 
the level of hospitalization in heart failure with HFrEF. The 
results assume that the integration of these interventions 
may achieve more successful clinical outcomes, especially 
the decrease in the number of hospitalizations and the 
enhancement of heart failure management in general [40]. 
Telecardiology, due to its emphasis on remote monitoring 
and real-time adjustments, is critical in terms of making sure 
that the impact of SGLT2 inhibitors is maximized, and that it 
constantly has data regarding the patient that can be utilized 
so that timely interventions and changes in care can be made 
[41,42].

The efficiency of SGLT2 inhibitors is also well argued 
in the earlier studies such as by McMurray et al. [21] and 
Blanco et al. [24] where the frequency of heart failure 
hospitalisation was reduced significantly. The results of these 
studies showed that SGLT2 inhibitors used in patients with 
heart failure led to better outcomes of patients, particularly 
in patients with HFrEF, proving the long-term potential of 
this type of drug [43]. Nevertheless, the benefits are further 
augmented in incorporating the telecardiology interventions, 
which improves patient compliance and increases the 
proactive approach to the management of their symptoms. 
The works by Maines et al. [29] and Ali Chhachhar et al. [28] 
demonstrated that the use of telecardiology helps to lower 
readmission rates and enhance the quality of life, especially 
when supplemented by proper pharmacological interventions 
[44,45].

Although the findings are rather positive, the heterogeneity 
findings in the studies used in this meta-analysis would 
indicate that more research is required in order to fill the 
gaps in the population of patients involved, the type of 
interventions as well as the study designs. The difference 

in the treatment regimen, patient factors like the ejection 
fraction, and compliance to telecardiology follow-up were 
found to be some of the major factors that have contributed 
to the variability in results. Other authors, such as Svanstrm 
et al. [30], have identified that demographics of the patients, 
age, comorbidities, and the severity of the heart failure can 
affect the results of a treatment and must be accounted in the 
future trials.

Limitations
This systematic review and meta-analysis has a number 

of limitations that one should take into consideration when 
discussing the results. First, the heterogeneity that was found 
in the studies, which had a value of the I2 statistic of 90.24%, 
means that the effects of SGLT2 inhibitors and telecardiology 
interventions therapy can vary greatly. Such difference can 
be explained by the variability of patient groups, trial design 
and a model of telecardiology delivery that may mediate the 
external validity of findings. Second, most of the included 
studies were observational in nature like retrospective cohort 
study and cross-sectional study which gives way to biases 
because uncontrolled confounding variables are present. 
The absence of the randomized controlled trials (RCTs) in 
the analysis hinders the capacity to deduce the causality 
relationship between the combined interventions and better 
outcomes. Besides, there can be publication bias, which can 
affect the findings because the studies with positive results 
have higher chances of being published. Even though funnel 
plots and Egger tests indicated little bias, the issue of missing 
data cannot be excluded. Lastly, success of telecardiology 
with respect to intervention might also differ depending on 
the healthcare system and notably in low-resource areas, 
where technology accessibility and standardization of remote 
observation might be scarce. These aspects must be taken into 
consideration in the future research to make the results more 
universal.

 
Figure 6: Subgroup analysis of the included studies evaluating the outcomes of SGLT2 inhibitors versus standard care for heart failure patients 
with HFrEF, stratified by patient characteristics, intervention type, and study design factors.
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Future Research
Future studies need to be directed towards overcoming the 

heterogeneity noted in this meta-analysis by performing more 
homogenous studies that also have a standardized protocol 
of administering both SGLT2 inhibitors and telecardiology 
interventions. There is also a need to use larger, multi-center 
RCTs that will provide stronger causal associations between 
the combination of SGLT2 inhibitors and telecardiology 
reductions in heart failure hospitalizations, especially in 
various patients. Additionally, it is proposed that the study in 
the future should identify patient subgroups who might benefit 
most with the combined intervention, e.g., varying ejection 
fractions (HFrEF vs. HFpEF), or presence of comorbidities 
like chronic kidney disease or diabetes in order to generate 
a more specific method of patient selection. Also, there 
is a need to explore the long-term impact of interventions 
through telecardiology, and how these interventions affect 
the quality of life, mortality, and health care utilization. The 
cost-effectiveness of the integration of the telecardiology 
systems into the routine care, as well as their feasibility in the 
low-resource setting, where the use of the technology may 
not be possible, should also be evaluated. Further studies are 
needed to identify how the adherence of the patients to the 
remote monitoring procedures could be enhanced and how 
telemedicine models can be made accessible and effective to 
all categories of patients. 

Conclusions
The systematic review and meta-analysis study offer 

great evidence of the combined effect of SGLT2 inhibitors 
and telecardiology interventions in enhancing the outcome 
of heart failure, especially in the reduction of the rate of 
hospitalization due to heart failure with HFrEF. The results 
indicate that, when combined with the use of telecardiology, 
SGLT2 inhibitors can be used to optimize treatment of heart 
failure, improve patient compliance to treatment and offer 
constant monitoring to allow early treatment. Telecardiology 
and SGLT2 inhibitor are related to the decreased readmission 
rate and better patient outcomes and the general control of 
heart failure. Nevertheless, the amount of heterogeneity that 
was found in the studies that were included in this review 
is quite high, which shows that differences in outcomes can 
vary greatly, and they are probably caused by variations of 
patient population, study design and telecardiology protocol. 
The heterogeneity suggests that the effectiveness of such 
combination interventions and their suitable implementation 
should be studied further through comparative researches and 
RCTs. There should be further research to expand the patient 
selection criteria, long term results and cost effectiveness and 
feasibility of telecardiology. Altogether, despite the fact that 
the evidence shows that SGLT2 inhibitors and telecardiology 
interventions may have a positive effect and can help prevent 
the hospitalization of heart failure patients, further research 

is needed to confirm the findings and establish universal 
treatment processes and implement the interventions in all 
patients.
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