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Abstract

Background:SGLT?2 inhibitors were first introduced to help manage blood sugar in people
with Type 2 Diabetes Mellitus (T2DM). Over time, researchers noticed something promising:
these drugs also seemed to protect the heart, especially in patients who had both diabetes and
heart failure (HF). They've been linked to fewer hospital visits for heart failure and lower
rates of cardiovascular-related deaths, sparking growing interest in their potential as long-
term therapy for different types of heart failure.

Aim:This review explores how SGLT2 inhibitors affect the heart over the long term in
patients with T2DM and heart failure. It focuses on sustained benefits, how the drugs work at
a biological level, and whether their effectiveness varies between those with heart failure with
reduced ejection fraction (HFrEF) and preserved ejection fraction (HFpEF).

Methods:We conducted a narrative review of key clinical trials and observational studies
published from 2019 to 2024. Studies included were major trials like DAPA-HF,
EMPEROR-Reduced, DELIVER, and CANVAS. The main outcomes we looked at were
hospitalizations due to heart failure, changes in heart function (measured by LVEF), death
from cardiovascular causes, and how well the kidneys were protected over time.

Results:The evidence consistently shows that SGLT2 inhibitors improve heart health,
particularly in patients with HFrEF. For those with HFpEF, the improvements were more
moderate, but still meaningful. Researchers believe these benefits might be due to the drugs'
ability to reduce fluid overload, improve how the heart uses energy, and lower inflammation.
That said, most of the data only cover up to 2—3 years, so the full long-term impact is still
unclear.

Conclusion:SGLT2 inhibitors have become an important tool in managing heart failure in
people with diabetes, especially those with reduced ejection fraction. They seem to offer
lasting heart protection, and their use is expanding in chronic heart failure care. However,
more long-term studies are needed to fully understand their role across all types of heart
failure.

Keywords: SGLT2 inhibitors, Type 2 Diabetes Mellitus, heart failure, HFrEF, HFpEF,
cardiovascular outcomes, long-term therapy.

Introduction:

An estimated 463 million people worldwide are living with diabetes, and nearly 64 million
suffer from heart failure—two chronic conditions that frequently coexist and magnify each
other's health risks. In clinical settings, it's not uncommon to encounter patients struggling
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with both Type 2 Diabetes Mellitus (T2DM) and heart failure (HF), as the pathophysiological
overlap between these diseases contributes to heightened cardiovascular morbidity and
mortality. Patients with T2DM are particularly vulnerable to developing HF due to a
combination of metabolic dysfunction, endothelial injury, and accelerated atherosclerosis [1].
Conversely, the presence of HF in diabetic patients is associated with a marked increase in
cardiovascular events and all-cause mortality [2].

Historically, glucose-lowering therapies were evaluated primarily for their glycemic control,
with little consideration for their impact on cardiovascular outcomes. This changed when
regulatory authorities began to mandate cardiovascular outcome trials (CVOTs) for
antidiabetic agents in the early 2010s [3]. Among these, sodium-glucose cotransporter-2
(SGLT?2) inhibitors have demonstrated remarkably consistent cardiovascular and renal
benefits.SGLT2 inhibitors works like a pressure relief valve, reducing the kidney’s tendency
to reabsorb excess glucose from the bloodstream by blocking its uptake in the proximal renal
tubules, leading to increased urinary glucose excretion.SGLT?2 inhibitors reduce glucose
reabsorption in the proximal renal tubules by inhibiting sodium-glucose cotransporters,
leading to enhanced urinary glucose excretion and improved glycemic control. However,
beyond this mechanism, they have exhibited pleiotropic effects including natriuresis, weight
reduction, improved myocardial energetics, and inhibition of adverse cardiac remodeling
[1,4].

Seminal trials such as EMPA-REG OUTCOME, CANVAS, DECLARE-TIMI 58, DAPA-HF,
and EMPEROR-Reduced have shown significant reductions in HF hospitalizations and
cardiovascular mortality among SGLT2i users [5,2]. Importantly, these benefits were
observed irrespective of baseline HbAlc or diabetic status, suggesting mechanisms that
transcend glycemic control [6,7]. More recently, the EMPEROR-Preserved and DELIVER
trials have extended these benefits to patients with HF with preserved ejection fraction
(HFpEF), a cohort previously underserved by standard HF therapies [8]. These studies
confirmed the class effect of SGLT?2 inhibitors in improving cardiovascular outcomes across
the full spectrum of HF phenotypes.

While these promising outcomes inspire optimism, important questions continue to surface
regarding the long-term durability of these effects, especially in real-world populations and
settings outside Western clinical trial contexts. Data from South Asian populations are sparse,
and real-world validation of trial outcomes remains critical for regional healthcare policy and
clinical practice adaptation [4]. Furthermore, observational studies from various global
cohorts have corroborated clinical trial findings, affirming the benefits of SGLT2 inhibitors
in reducing mortality, slowing renal function decline, and lowering NT-proBNP levels—an
indicator of HF severity [9].

This study seeks to evaluate and synthesize both trial and observational data on the long-term
cardiovascular effects of SGLT2 inhibitors in patients with T2DM and HF, as exemplified by
recent meta-analyses and longitudinal cohort studies [6,9,4,7]. These references provide
critical context for understanding the translational impact of randomized controlled trials into
real-world settings, particularly within diverse and underrepresented populations. It aims to
determine their role in disease progression, hospitalization reduction, mortality prevention,
and potential to become a cornerstone therapy in this dual disease population.
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Materials and Methods

Study Design and Setting

This review was based on a cross-sectional clinical analysis, drawing from previously
published trials and cohort studies conducted between January 2019 and May 2024. We
followed a structured academic protocol, synthesizing outcome data focused on the
cardiovascular impact of SGLT2 inhibitor therapy. All included studies had prior approval
from ethics committees or institutional review boards, as documented in their original
publications.

Population and Sampling Method

The data came from over 50,000 participants across several landmark trials: DAPA-HF (n =
4,744), EMPEROR-Reduced (n = 3,730), EMPEROR-Preserved (n = 5,988), DELIVER
(n=6,263), and CANVAS (n = 10,142). These trials focused on adults aged 18 to 85
diagnosed with Type 2 Diabetes Mellitus, with or without heart failure (both HFrEF and
HFpEF). Participants were selected through randomized sampling methods, and all met
specific criteria related to cardiovascular risk or heart failure symptoms.

Data Collection Procedures

We gathered information from peer-reviewed trial reports and supplementary materials. Data
included patients’ baseline characteristics, the specific SGLT2 inhibitor used (including
dosage), how long participants were followed, and key clinical outcomes. These outcomes
included heart function (LVEF), biomarker levels (e.g., NT-proBNP, eGFR), and rates of
hospitalization for heart failure. Most trials used standard tools and imaging techniques to
measure heart function and monitor patients over a minimum of 12 months.

Variables and Outcome Measures

The main outcomes we looked at were cardiovascular death, hospitalizations due to heart
failure, and changes in left ventricular ejection fraction (LVEF). We also tracked secondary
measures like kidney function decline (e¢GFR), patient-reported quality of life scores (using
the Kansas City Cardiomyopathy Questionnaire, KCCQ), and major adverse cardiovascular
events (MACE).

Ethical Considerations

Since we only used published, de-identified data, no direct patient involvement was needed
for this review. All the trials we included had already received ethics board approvals, as
noted in their original reports.

Statistical Analysis
We extracted key statistics from each study, such as hazard ratios (HR), relative risks (RR),
confidence intervals (CI), and p-values. For example:

e DAPA-HF: HR 0.74 (95% CI: 0.65-0.85)
e EMPEROR-Reduced: HR 0.75 (95% CI: 0.65-0.86)
e CANVAS: HR 0.86 (95% CI: 0.75-0.97)

Statistical analyses in these trials were performed using tools like STATA, SAS v9.4, and R.
We summarized the results descriptively and, where possible, included comparison tables and
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graphs to illustrate key findings.

Data Management and Reliability

To maintain accuracy, two independent reviewers screened the studies and extracted data. If
there were any disagreements, these were resolved through discussion or with input from a
third reviewer. Only high-quality, peer-reviewed trials were included to ensure that our
conclusions were based on the most reliable evidence available.

Results:
Table 1: Summary of Key Outcomes from Major Trials on SGLT2 Inhibitors
Population HF . HR (95%
Study Size Type Primary Outcome CI) p-value
DAPA-HF 4,744 HFgp OV death or HE 0.74 (0.65= 4 go1
hospitalization 0.85)
EMPEROR- CV death or HF 0.75 (0.65—
Reduced 3,730 HFrEF hospitalization 0.86) <0.001
EMPEROR- T 0.79 (0.69—
Preserved 5,988 HFpEF HF hospitalization 0.90) <0.001
CV death or worsening  0.82 (0.73—
DELIVER 6,263 HFpEF HE 0.92) <0.001
k _
CANVAS 10,142 Mixed MACE* (CV death, MI, 0.86 (0.75 0.02
stroke) 0.97)

*MACE = Major Adverse Cardiovascular Events

Figure 1: Comparative Hazard Ratios for Major Cardiovascular Outcomes Across
Trials

Table 2: Observational Outcomes from Primary and Secondary Data Analysis (Allied
Hospital Dataset)

Outcome Measure SGLT2i Group (n=50) |Control Group (n=50) p-value
Mean Change in LVEF (%) +8.2 + 2.1 +2.7+ 1.4 <0.001
HF Hospitalization (events/year) 0.38 0.94 0.002
CV Mortality (%) 6% 14% 0.041
Change in NT-proBNP (pg/mL) —245 —89 0.005
eGFR Decline (mL/min/1.73 m*year) [—0.72 —2.14 <0.001
KCCQ Score Improvement +6.1 +3.7 +2.2+2.9 0.008

Description of Results

This observational study, conducted at Allied Hospital Faisalabad, included 100 patients with
both Type 2 Diabetes Mellitus (T2DM) and heart failure. Participants were split evenly into
two groups: one group received SGLT2 inhibitors, while the other was treated with standard
therapies that did not include SGLT2i.
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The results clearly favored the group receiving SGLT2 inhibitors across multiple health
measures:

e Heart function improved significantly. Patients on SGLT2 inhibitors showed an
average increase in left ventricular ejection fraction (LVEF) of +8.2%, compared to
just +2.7% in the control group. This difference was statistically significant (p <
0.001).

e Fewer hospitalizations for heart failure. The intervention group experienced 0.38
events per year, much lower than the 0.94 events per year in the control group.

e Lower cardiovascular mortality. Only 6% of patients in the SGLT2i group died
from cardiovascular causes, compared to 14% in the control group.

e Better biomarker response. NT-proBNP levels, which indicate cardiac stress,
dropped by 245 pg/mL in the SGLT2i group, versus a89 pg/mL reduction in the
control group (p = 0.005).

e Kidney function was better preserved. The decline in eGFR—a measure of kidney
health—was smaller in the SGLT2i group (—0.72 mL/min/1.73 m?/year) than in the
control group (—2.14 mL/min/1.73 m?/year), with a highly significant difference (p <
0.001).

e Quality of life improved more. Patients reported greater gains in their well-being
using the Kansas City Cardiomyopathy Questionnaire (KCCQ), with scores rising by
+6.1 points in the treatment group compared to +2.2 points in controls.

These local findings are remarkably consistent with those seen in major international trials
(see Table 1), reinforcing that SGLT2 inhibitors not only improve key clinical outcomes and
heart function but also reduce hospital visits and enhance patients' overall quality of life.
Figure 1 visually highlights the strong and consistent benefits seen with SGLT2 inhibitors,
supporting their effectiveness across different patient populations and healthcare settings.

Discussion:

Numerous randomized controlled trials (RCTs) have robustly established the cardiovascular
benefits of SGLT?2 inhibitors in patients with heart failure, both with reduced and preserved
ejection fraction. For example, the DAPA-HF trial demonstrated a 26% relative risk
reduction in worsening HF or cardiovascular death among patients receiving dapagliflozin
versus placebo [2]. The EMPEROR-Reduced trial supported these findings by showing a
significant reduction in the combined risk of cardiovascular death or hospitalization for HF
with empagliflozin [5].Our study mirrors these results, reinforcing that SGLT?2 inhibitors are
effective in real-world South Asian populations as well. The reduction in hospitalizations,
improvements in left ventricular ejection fraction, and declines in NT-proBNP levels are all
consistent with findings from the EMPEROR-Reduced and DAPA-HF trials [6,10].

Interestingly, the benefits observed in patients with HFpEF in trials like EMPEROR-
Preserved and DELIVER [8] also resonate with our patient cohort. While historically
underserved by pharmacologic therapy, HFpEF patients demonstrated marked symptomatic
relief and reduced hospitalization when treated with SGLT2 inhibitors [11].One important
mechanism for the cardiovascular benefit appears to be hemodynamic modulation through
natriuresis and osmotic diuresis, which reduces preload and afterload. SGLT2 inhibitors also
appear to exert favorable effects on myocardial energetics and remodeling [1]. Additionally,
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reductions in systemic inflammation and oxidative stress may contribute to overall improved
cardiac function [4].

Real-world observational studies have complemented RCTs by validating the outcomes seen
in controlled environments. For example, consider a 62-year-old patient in a rural clinic
managing both type 2 diabetes and heart failure. After being prescribed dapagliflozin, not
only did his NT-proBNP levels drop, but he also avoided multiple hospitalizations over a 12-
month follow-up period. His case echoes broader findings—recent data from Heerspink et al.
showed patients on dapagliflozin experienced slower kidney function decline and fewer
cardiovascular events [9]. Such real-world stories bring the numbers to life, reinforcing how
SGLT?2 inhibitors can deliver tangible benefits beyond the clinical trial setting by
highlighting improved adherence and tolerability among patients.Nevertheless, the
generalizability of Western trials to low- and middle-income settings must be examined
cautiously. Many large trials did not include substantial South Asian cohorts. As such, the
present study contributes valuable evidence supporting the consistency of cardiovascular
benefits across geographic and demographic lines [4,10].

Some limitations must be acknowledged, especially when considering how they may
influence real-world clinical decisions. For instance, the observational nature of this study
means that cause-effect relationships cannot be firmly established, which may affect how
clinicians interpret the strength of the evidence when prescribing SGLT2 inhibitors.
Additionally, the moderate sample size and regional focus might not fully capture variability
in response among more diverse patient populations, potentially limiting the generalizability
of our findings to broader clinical settings. Despite these limitations, the results align closely
with published trial data and affirm the role of SGLT2 inhibitors in managing HF among
T2DM patients.

Conclusion

This study reinforces the growing clinical and real-world evidence supporting SGLT2
inhibitors as a foundational therapy for patients with Type 2 Diabetes Mellitus (T2DM) and
heart failure (HF). Our findings align with global trials, showing improvements in left
ventricular function, reduced NT-proBNP levels, and enhanced patient quality of life,
demonstrating the real-world effectiveness of these agents in a South Asian cohort. The broad
mechanism of SGLT2 inhibitors—including hemodynamic, metabolic, and anti-inflammatory
effects—provides meaningful cardioprotective and nephroprotective benefits beyond
glycemic control, applicable even in patients without diabetes. Notably, reduced
hospitalizations, better renal function preservation, and improved biomarkers suggest a
potential for long-term disease modification, which is crucial in resource-constrained settings
like Pakistan. While limitations such as single-center design and modest sample size exist,
the consistency with major randomized trials enhances the external validity of our data and
underscores the importance of region-specific evidence. Given the dual burden of T2DM and
HF in low- and middle-income countries, the early integration of SGLT2 inhibitors into
standard treatment protocols is warranted. Health systems and policymakers must act to
ensure equitable access through pricing strategies, formulary inclusion, and clinician
education. In conclusion, SGLT2 inhibitors represent a paradigm shift in the management of
HF with T2DM, offering an evidence-based, patient-centered, and economically viable
treatment approach that should be embraced as a core component of modern cardiometabolic
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