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Abstract
Background. SGLT inhibitors have transformed the treatment of heart failure

and chronic kidney disease (CKD), yet their role in patients with severely reduced
kidney function—eGFR below 30 ml/min/1.73m2—remains poorly defined. Most
landmark trials either excluded these patients or enrolled too few to draw firm
cardiovascular conclusions. This evidence gap matters because cardiovascular
disease causes roughly half of all deaths in CKD Stage 4-5, and clinicians lack
robust evidence precisely where it is most needed.

Methods.  We  conducted a  systematic  review (PROSPERO:
CRD420261377175) following PRISMA 2020 guidance. PubMed, EMBASE,
and Cochrane CENTRAL were searched from January 2015 through March
2026, supplemented by ClinicalTrials.gov and manual reference mining. We
included randomised controlled trials (RCTs) and their prespecified subgroup
analyses reporting eGFR <30 outcomes, individual patient data and aggregate
meta-analyses, and propensity score matched cohort studies with at least 12 weeks
of followup. Two reviewers independently screened studies and extracted data.
Risk of bias was assessed using the Cochrane RoB 2.0 tool, and certainty of
evidence was rated using GRADE. The primary outcomes were hospitalisation
for heart failure (HHF) and major adverse cardiovascular events (MACE).
Results. Twenty-two publications met the inclusion criteria: 9 landmark RCTs
(731,900 patients), 5 meta-analyses (pooling up to 97,412), 4 RCT subgroup
analyses, and 4 realworld cohort studies. More than 17,000 patients with e GFR
<30 or CKD Stage 4-5 contributed direct outcome data. Hazard ratios for
HHE/CV death ranged from 0.69 to 0.84 across individual RCTs, converging
on a pooled estimate near 0.74. No trial or meta-analysis demonstrated a
significant interaction between baseline eGFR and treatment effect (P-trend =
0.16 in SMART-C; P >0.10 in DAPA-CKD subgroups). The Spiazzi 2024
meta-analysis showed that MACE reduction was largest in KDIGO Very High
Risk patients (HR 0.72; P-interaction = 0.038). DAPA-CKD was the only
individual trial to demonstrate a significant mortality reduction (HR 0.69; P =
0.004); pooled estimates from adequately powered analyses also reached
significance (RR 0.87; 95% CI 0.80-0.95). Sotagliflozin demonstrated unique
reductions in MI (HR 0.68) and stroke (HR 0.66), likely reflecting dual
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SGLT1/2 inhibition. Safety was reassuring overall: no DKA events occurred
with dapagliflozin in DAPA-CKD, and AKI was consistently lower with SGLT
inhibitors (RR 0.77-0.82). Evidence certainty was Moderate for HHE/CV
death and mortality, and High for kidney progression.

Conclusions. Awailable evidence consistently points toward meaningful
cardioprotection with SGLT inhibitors in patients with eGFR <30, with no
attenuation of benefit at lower eGFR. These findings argue for extending
guideline recommendations into CKD Stage 4-5 and highlight the need for
adequately powered RCTs enrolling this population.

1. INTRODUCTION

The burden of chronic kidney disease is
staggering—roughly 850 million people worldwide
are affected, and projections place CKD among
the top five causes of global mortality by 2040.
What makes CKD especially lethal is not the
kidney disease itself, at least not directly. It is the
cardiovascular toll. Patients with Stage 4-5 CKD
(eGFR <30 ml/min/1.73m?) face cardiovascular
death rates 20 to 30 times higher than age-
matched controls [21]. In our clinical practice, we
see this daily: patients referred to nephrology with
advanced CKD who already carry diagnoses of
heart failure, ischaemic heart disease, or both.
More than half of patients reaching eGFR <15
have some form of heart failure, often
unrecognised [21].

The reasons for this excess risk extend well beyond
traditional atherosclerotic factors. Advanced CKD
creates a hostile cardiovascular milieu—uremic
toxin accumulation, deranged calcium-phosphate
metabolism with elevated FGF-23, chronic volume
overload, accelerated arterial stiffening, and
persistent  low-grade  inflaimmation  that
conventional risk factor modification cannot fully
address [21]. Heart failure in this context is both a
downstream consequence of CKD and a driver of
further renal decline, establishing the well-
described cardio-renal syndrome.

Against this background, the emergence of SGLT?2
inhibitors over the past decade has been
transformative. Beginning with the EMPA-REG
OUTCOME results in 2015, a series of landmark
trials established these agents as pillars of therapy
in type 2 diabetes with cardiovascular disease,
heart failure (across the ejection fraction
spectrum), and CKD. The evidence base is now

extensive: DAPA-CKD [6], EMPA-KIDNEY (3],

CREDENCE [7], and the heart failure megatrials
(DAPA-HF, EMPEROR-Reduced, EMPEROR-
Preserved, DELIVER) collectively enrolled tens of
thousands of patients. The 2024 KDIGO
guideline responded by recommending SGLT?2
inhibitors for CKD patients with type 2 diabetes
or heart failure down to eGFR 20 ml/min/1.73m?
[19].

However, while the overall evidence for SGLT2
inhibitors is robust, data from patients with eGFR
<30 remain comparatively thin. CREDENCE
imposed a hard exclusion at eGFR 30. DAPA-
CKD enrolled patients down to eGFR 25, but only
14.5% (n = 624) fell below 30. EMPA-KIDNEY
enrolled 2,282 patients with eGFR <30, fully
345% of its cohort, yet its cardiovascular
outcomes were non-significant for reasons we
discuss in detail below. The result is a clinical
paradox: the patients who stand to benefit the
most are those for whom we have the weakest
direct evidence.

Several recent developments prompted us to
revisit this question systematically. In January
2026, the SMART-C Consortium published two
companion individual patient data meta-analyses
in JAMA, pooling 10 RCTs with over 70,000
patients and providing dedicated eGFR subgroup
analyses extending below eGFR 20 [10, 11]. Spiazzi
and colleagues completed KDIGO risk-stratified
meta-analyses across 14 RCTs (nearly 100,000
patients), with a striking finding: MACE benefit
was actually greatest in the highest KDIGO risk
category [12]. Two large realworld studies from
the TriNetX platform pushed observational
evidence into CKD Stage 5 and end-stage kidney
disease [13, 15]. Together, these publications have
substantially changed the evidence landscape, and
a comprehensive synthesis was overdue.
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This review was also motivated by practical
considerations relevant to low- and middle-income
country (LMIC) populations. In Pakistan, where
CKD prevalence is estimated at 15-20% of the
adult population and access to renal replacement
therapy is limited, preventing cardiovascular
events in advanced CKD has enormous public
health implications. Generic dapagliflozin is now
available locally at a fraction of branded cost,
making implementation feasible if the evidence
supports it. We therefore set out to systematically
evaluate whether SGLT inhibitors reduce
hospitalisation for heart failure, MACE, and all-
cause mortality in adults with eGFR <30
ml/min/1.73m2.

2. METHODS

2.1 Study Design and Protocol Registration

This systematic review was conducted in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
2020 statement. The protocol was prospectively
registered with the International Prospective
Register of Systematic Reviews (PROSPERO;
registration number CRD420261377175),
available at
https://www.crd.york.ac.uk/PROSPERO/view/
CRD420261377175. The full PICO framework,
search strategy, and eligibility criteria were
finalised prior to article screening.

2.2 PICO Framework

Population. Adults aged >18 years with e GFR <30
ml/min/1.73m? (CKD Stage 4-5), pre-dialysis
only. Renal transplant recipients were excluded, as
their pharmacokinetic and comorbidity profiles
differ substantially from native kidney CKD
populations.

Intervention. Any SGLT inhibitor at any
approved dose: dapagliflozin 10 mg once daily,
empagliflozin 10 mg once daily, canagliflozin 100
mg once daily, or sotagliflozin 200-400 mg once
daily. Sotagliflozin was included despite its dual
SGLT1/SGLT2 mechanism because it is the only
agent with mandatory eGFR 25-60 enrolment
and exhibits unique cardiovascular signals; it was
analysed separately in sensitivity analyses.

Comparator. Placebo plus standard of care, with
optimised renin-angiotensin system blockade

(ACE inhibitor or ARB) where tolerated.

Primary outcomes. (1) Hospitalisation for heart
failure; (2) MACE, defined as the composite of
cardiovascular ~ death, nonfatal myocardial
infarction, and nonfatal stroke.

Secondary outcomes. All-cause mortality, cardiac
arrhythmias, rate of eGFR decline, diabetic
ketoacidosis (DKA), and acute kidney injury
(AKI).

2.3 Eligibility Criteria

Eligible study designs included RCTs, prespecified
or post-hoc subgroup analyses of RCTs reporting
eGFR <30 outcome data, individual patient data
meta-analyses, aggregate meta-analyses with
KDIGO-stratified or eGFR-stratified results, and
propensity score matched cohort studies.
Minimum follow-up was 12 weeks. The search was
limited to publications from January 2015
onward, given that EMPA-REG OUTCOME—the
first SGLT2 inhibitor cardiovascular outcomes
trial—was published in that year. Editorials,
narrative reviews, case reports, animal studies, and
conference abstracts without full-text publications
were excluded, although editorials and reviews
were used for contextual framing where relevant.

2.4 Search Strategy and Information Sources

MEDLINE (via PubMed), EMBASE, and the
Cochrane Central Register of Controlled Trials
(CENTRAL) were searched. The Boolean search
combined three concept blocks: SGLT inhibitor
terms (including all four drug names),
CKD/eGFR terms (including "stage 4," "stage 5,"
"eGFR <30," and "advanced chronic kidney
disease"), and cardiovascular outcome terms (heart
failure hospitalisation, MACE, cardiovascular
death, myocardial infarction, atrial fibrillation).
The full search string is provided in
Supplementary Appendix 1. The database search
was supplemented by a ClinicalTrials.gov search
for ongoing and recently completed trials, a
Google Scholar search for grey literature, and
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manual backward and forward reference mining of
all included articles and recent meta-analyses.

2.5 Study Selection and Data Extraction

Two reviewers independently screened titles and
abstracts against pre-defined inclusion criteria.
Articles deemed potentially eligible were retrieved
in full text and assessed independently by both
reviewers; disagreements were resolved by
discussion. Data extraction was performed in
duplicate using a standardised form capturing
study design, sample size, drug and dose, eGFR
range and the proportion with eGFR <30, follow-
up duration, hazard ratios (or risk ratios) with 95%
confidence intervals for primary and secondary
outcomes, safety event rates, and—critically—
interaction P-values for eGFR subgroups where
reported. These interaction tests are central to the
review question, as they indicate whether the
treatment effect changes at lower e GFR.

2.6 Risk of Bias and Quality Assessment

Risk of bias for RCTs was assessed using the
Cochrane RoB 2.0 tool across five domains:
randomisation, deviations from intended
interventions, missing outcome data, outcome
measurement, and selective reporting.  For
observational studies, the assessment focused on
propensity score methodology quality, handling of
unmeasured confounders, and whether outcomes
were adjudicated. Meta-analyses were assessed for
trial  selection, statistical approach, and
heterogeneity handling. Risk of bias was assessed
independently by both  reviewers, with
disagreements resolved by discussion.

2.7 Certainty of Evidence

The GRADE framework was applied to rate
evidence certainty for each key outcome domain.
Factors considered included risk of bias,
inconsistency across studies, indirectness (a
particular concern, given that much of the eGFR
<30 data comes from subgroup analyses rather
than dedicated trials), imprecision, and
publication bias.

2.8 Approach to Synthesis

A de novo meta-analysis was not performed, for
two principal reasons. First, the included studies
vary considerably in design—mixing RCTs with
their own subgroup analyses, published meta-
analyses, and observational data—and pooling
across these layers would risk double-counting the
same patients (for example, DAPA-CKD
participants appear in the main trial, the Wheeler
subgroup paper, the Waijer post-hoc analysis, and
all five meta-analyses). Second, multiple high-
quality published meta-analyses already exist,
including the SMART-C IPD analyses with over
70,000 patients; replication with aggregate data
would be methodologically inferior. Instead, a
narrative synthesis with forest plot visualisation of
hazard ratios from individual studies and available
published meta-analytic pooled estimates is
presented. This approach is more transparent and
avoids the pitfalls of layered pooling.

3. RESULTS

3.1 Study Selection

The database search returned 847 records, with an
additional 63 identified through reference
mining, ClinicalTrials.gov, and Google Scholar.
After removal of 198 duplicates, 712 titles and
abstracts were screened. The majority (n = 594)
were excluded at this stage, mostly because they
addressed SGLT2 inhibitors in populations
without CKD or did not report cardiovascular
outcomes. Full-text assessment was performed on
118 articles; 96 were excluded (41 had no eGFR
<30 subgroup data; 18 involved overlapping
patient cohorts already captured by a parent
publication; 14 were review articles or editorials
without original data; 8 had follow-up shorter than
12 weeks; and 15 did not report relevant
cardiovascular endpoints). Twenty-two articles met
all inclusion criteria (Figure 1).

Figure 1. PRISMA 2020 Flow Diagram

3.2 Characteristics of Included Studies

The 22 articles fell naturally into tiers. Nine were
landmark RCTs or their prespecified subgroup
analyses  (Articles 1-9): the DAPA-CKD
diabetes/non-diabetes subgroup analysis [1], the
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DAPA-CKD heart failure subgroup (2], EMPA-
KIDNEY (3], SCORED [4], SOLOIST-WHF [5],
the main DAPA-CKD trial [6], CREDENCE [7],
the Waijer KDIGO-stratified post-hoc of DAPA-
CKD [8], and the Aggarwal/Bhatt SCORED
MACE analysis [9]. Five were meta-analyses
pooling between 70,000 and 97,000 patients [10-
14]. The remaining eight comprised high-priority
RCT subgroup analyses [15-18] and contextual
articles, including the KDIGO 2024 guideline,
two editorials/reviews, and two realworld cohort
studies [19-22].

The total unique patient base exceeded 130,000.
Specific eGFR <30 evidence came from several
sources: EMPA-KIDNEY contributed the largest
single RCT cohort at this threshold (n = 2,282;
34.5% of trial); DAPA-CKD contributed 624
patients  (14.5%); SCORED  contributed
approximately 813 (7.7%); and the Waijer analysis
added 1,170 KDIGO Very High Risk patients
enriched for eGFR <30. The SMART-C IPD meta-
analysis pooled over 3,895 patients with e GFR <30
across 10 RCTs. Realworld studies added
approximately 9,500 patients at CKD Stage 5 or
ESKD. In total, direct outcome data were available
for more than 17,000 patients in the target
population.

Follow-up ranged from 9 months in SOLOIST-
WHEF to 2.62 years in CREDENCE. Four agents
were represented. Dapagliflozin had the most
CKD:-specific trial data and the most favourable
safety profile. Empagliflozin contributed the
largest eGFR <30 cohort through EMPA-
KIDNEY. Canagliflozin, through CREDENCE,
provided robust heart failure data but excluded
eGFR <30 entirely. Sotagliflozin, a dual SGLT1/2
inhibitor, was the only agent tested in a
population with mandatory eGFR 25-60 at
baseline (SCORED) and generated a unique

ischaemic signal addressed separately below.

3.3 Hospitalisation for Heart Failure and
Cardiovascular Death

This composite was the most consistently reported
cardiovascular endpoint, and findings were
remarkably uniform across studies. In DAPA-
CKD, dapagliflozin reduced CV death/HHF by
29% (HR 0.71; 95% CI1 0.55-0.92; P = 0.009) [6].

Benefit held regardless of diabetes status (P-
interaction = 0.27) [1], baseline heart failure (P-
interaction not significant) [2], or established
cardiovascular disease (P-interaction = 0.97) [18].
In the eGFR <30 subgroup, the interaction P-value
exceeded 0.10, indicating that the treatment effect
was statistically indistinguishable from the overall
result [1].

EMPA-KIDNEY presents a more nuanced picture.
Despite enrolling the largest eGFR <30 cohort in
any RCT (n = 2,282), the composite of HHF/CV
death did not reach statistical significance (HR
0.84; 95% CI 0.67-1.07; P = 0.15) [3]. At first
glance, this resembles a negative result. It is not.
EMPA-KIDNEY enrolled a population with low
baseline cardiovascular risk: the majority were
non-diabetic (54%), median albuminuria was
modest (UACR 329 mg/¢g), and the cardiovascular
event rate in the placebo arm was below 1.2 per
100 patient-years. By comparison, rates in DAPA-
CKD were three to four times higher. The trial
simply did not have sufficient events to detect a
CV benefit. The kidney primary composite, in
contrast, was highly significant (HR 0.72; P <
0.001), and the eGFR <30 subgroup result (HR
0.73; 95% CI 0.62-0.86) confirmed biological
activity. This distinction is widely misunderstood
and is addressed in the Discussion.

SCORED demonstrated robust HHF reduction
with sotagliflozin (HR 0.67; 95% CI 0.55-0.82),
as did CREDENCE with canagliflozin (HR 0.61;
95% CI 0.47-0.80), although CREDENCE
excluded eGFR <30 [4, 7). The CREDENCE
eGFR 30-45 subgroup (HR 0.75) provides
bridging evidence toward the lower range [7].
Meta-analytic data solidified the picture further.
Mavrakanas et al. found that HHF reduction was
amplified in CKD compared with non-CKD
patients (RR 0.67 vs 0.78; P-interaction = 0.08)—a
borderline significant interaction in the direction
of greater benefit at lower eGFR [14]. The
SMART-C analysis by Staplin et al. stratified by
diabetes status: HHF was reduced in both diabetic
(HR 0.68; 95% CI 0.62-0.74) and non-diabetic
patients (HR 0.75; 95% CI 0.63-0.88), with no
interaction by albuminuria level [11]. This last

point is clinically important, given that current
KDIGO guidelines restrict SGLT2 inhibitor use in

https://medicalsciencereview.com

| Tariq & Ali, 2026 |

Page 1071



The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 4, Issue 5, 2026

non-diabetic CKD to patients with UACR >200
mg/g; the metaanalytic data suggest this
restriction may be unnecessary.

Figure 2. Forest Plot: HHF / Cardiovascular
Death

3.4 Evidence Specifically at eGFR <30

The central question of this review is whether
benefit persists when kidney function falls below
eGFR 30. Across every study and analysis
examined, the answer was the same: no significant
attenuation was found. In DAPA-CKD, the eGFR
<30 subgroup (n = 624) showed a treatment effect
consistent with the overall trial (P-interaction
>0.10) [1]. EMPA-KIDNEY's eGFR <30 subgroup
(n = 2,282) yielded HR 0.73 (95% CI 0.62-0.86)
for the primary kidney composite [3]. In
SCORED, the eGFR <60 subgroup—which by
design included patients down to eGFR 25—
showed enhanced benefit (HR 0.59; 95% CI
0.44-0.79) [4].

The SMART-C IPD meta-analysis by Neuen et al.
[10] was arguably the single most informative
analysis for this review. Pooling 10 RCTs and
70,361 patients, it showed kidney progression HR
of 0.71 (95% CI 0.60-0.83) at eGFR <30, with a
Pfor-trend across eGFR categories of 0.16—no
significant interaction. In exploratory analyses, the
point estimate at eGFR <20 was similar to that at
eGFR 20-30, suggesting that benefit may extend
below the current KDIGO threshold.

Waijer et al. [8] added another dimension by
stratifying DAPA-CKD by KDIGO risk categories
rather than eGFR alone. In the Very High Risk
group (enriched for eGFR <30), all-cause mortality
was reduced by 37% (HR 0.63; 95% CI 0.46-
0.87). The absolute risk reduction was 5.8% in the
highest-risk group compared with 2.2% in those
with eGFR >45, reflecting the substantially higher
baseline event rate (14.9 vs 5.1 per 100 patient-
years). The number needed to treat was
correspondingly lower.

Perhaps the most striking finding came from
Spiazzi et al. [12], whose meta-analysis of 14 RCTs
(n = 97,412) showed that MACE reduction was
significantly greater in KDIGO Very High Risk
patients (HR 0.72; 95% CI 0.61-0.86) than in

lower-risk groups (P-interaction = 0.038). This is
the opposite of what many clinicians assume—that
drug efficacy diminishes as CKD worsens. Higher
baseline risk appears to amplify absolute benefit.

Figure 3. Forest Plot: Outcomes in eGFR <30/
CKD Stage 4-5

3.5 MACE

Three-point MACE was reported in CREDENCE
(HR 0.80; P = 0.01) [7], SCORED (HR 0.77; P =
0.002) [4], and in the Spiazzi and Mavrakanas
meta-analyses (HR 0.89 and RR 0.84, respectively)
[12, 14]. The most novel finding came from the
Aggarwal/Bhatt prespecified analysis of SCORED
[9], in which sotagliflozin was associated with
reductions in total MI (HR 0.68; 95% CI 0.52-
0.89; P = 0.004) and total stroke (HR 0.66; 95%
CI 0.48-0.91; P = 0.012). These are the first
statistically  significant  individual ~MACE
component reductions reported for any SGLT
inhibitor, with benefit onset at 94 days—
remarkably early.

Caution is warranted in interpreting these results.
Sotagliflozin inhibits both SGLT1 (in the gut) and
SGLT?2 (in the kidney). The proposed mechanism
for  the ischaemic benefit involves delayed
intestinal  glucose absorption via SGLT1
inhibition, which reduces postprandial glycaemic
excursions and may attenuate oxidative stress and
platelet activation. While biologically plausible,
this means the MI and stroke reductions cannot
be attributed to SGLT2 inhibition alone.
SCORED also had methodological concerns: the
primary endpoint was modified mid-trial, events
were not fully adjudicated, and the trial was
terminated early due to loss of funding. These
were flagged in the risk of bias assessment, and
sotagliflozin data are presented separately in the
forest plots.

Figure 5. Forest Plot: MACE

3.6 All-Cause Mortality

DAPA-CKD is the only individual trial to
demonstrate a significant reduction in all-cause
death (HR 0.69; 95% CI1 0.53-0.88; P = 0.004) [6].
EMPA-KIDNEY showed a non-significant trend
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(HR 0.87) [3], as did CREDENCE (HR 0.83) [7].
SCORED showed no signal (HR 0.99) [4]. The
question is whether DAPA-CKD is an outlier or
whether the other trials were simply
underpowered for mortality.

The meta-analytic evidence supports the latter
interpretation. Mavrakanas et al. [14] pooled
mortality across 12 RCTs in CKD patients and
found a significant reduction (RR 0.87; 95% CI
0.80-0.95). The SMART-C analysis confirmed
this for diabetic patients (HR 0.86; 95% CI 0.80-
0.91), although the non-diabetic estimate did not
reach significance (HR 0.91; 95% CI 0.78-1.05)
[11]. In the Waijer KDIGO analysis, the mortality
reduction was most pronounced in Very High
Risk patients (HR 0.63; 95% CI 0.46-0.87) [8],
again consistent with greater absolute benefit at
higher baseline risk.

A particularly illuminating analysis was performed
by Heerspink et al. [17], who dissected causes of
death in DAPA-CKD. The all-cause mortality
benefit was driven not by cardiovascular or kidney-
related deaths—which were numerically but not
significantly lower—but by non-CV, non-kidney
causes (HR 0.52; 95% CI 0.33-0.83), including
deaths from infection and malignancy. The
implication is that dapagliflozin may exert
pleiotropic effects beyond known haemodynamic
and renal actions—possibly through anti-
inflammatory or immunomodulatory pathways.
While speculative, this finding has biological
plausibility given emerging data on SGLT2
inhibitor effects on NLRP3 inflammasome
activation, autophagy, and erythropoietin
production.

Figure 4. Forest Plot: All-Cause Mortality

3.7 Real-World Evidence

While RCTs provide the highest level of evidence,
they necessarily exclude many patients seen in
clinical practice. Real-world data become valuable
here, not as a substitute but as a complement.
Anuforo et al. [13] used the TriNetX platform to
identify 4,470 propensity score matched patients
with CKD Stage 5 (eGFR <15) who received
SGLT?2 inhibitors. The composite of mortality,
ESRD, and heart failure was reduced by 36%, with

a number needed to treat of 9 over 5 years. All-
cause mortality was reduced by 34% (RR 0.66).
These are large effects, and this study is the only
one specifically addressing eGFR <15.

Wu et al. [15], published in early 2026, extended
this further by enrolling 5,016 patients per arm
from the TriNetX database with both heart failure
and ESKD, including patients on dialysis. The
mortality reduction was striking (HR 0.69; 95%
CI10.63-0.76) and held across HFrEF and HFpEF,
diabetic and non-diabetic subgroups, and all three
SGLT2 inhibitors. This study also reported a
modest but significant increase in DKA (HR 1.33;
95% CI 1.03-1.72)—an important safety signal in
the ESKD population that warrants vigilance.
Chen et al. [22] provided data from the Taiwan
National Health Insurance database—a smaller
study (248 SGLT2 inhibitor users) but valuable for
demonstrating benefit in an Asian population
with CKD Stage 5 and diabetes. All three
observational studies pointed in the same
direction as the RCT evidence, adding to overall
confidence, although these results must be
interpreted with the wusual caveats about
channelling bias, residual confounding, and non-
adjudicated endpoints.

3.8 Safety

The safety profile in advanced CKD was more
favourable than anticipated. Diabetic ketoacidosis,
the most widely feared adverse effect, was entirely
absent in the dapagliflozin arm of DAPA-CKD—
zero events among 2,152 treated patients [6].
Empagliflozin showed similarly low rates in
EMPA-KIDNEY (6 vs 1 event) [3]. Risk was higher
with canagliflozin (2.2 vs 0.2 per 1,000 patient-
years in CREDENCE) (7] and with sotagliflozin
(0.6% vs 0.3%; P = 0.02 in SCORED) [4],
suggesting a drugspecific rather than class-wide
concern. In the ESKD population, the Wu et al.
[15] study flagged a significant DKA increase (HR
1.33), reinforcing the need for vigilant sick-day
education in very advanced CKD.

Acute kidney injury, which one might expect to
increase with SGLT inhibitors in patients with
minimal renal reserve, was actually lower in every
trial and meta-analysis reviewed. The range of risk
ratios across studies was 0.77 to 0.82, confirmed at
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the meta-analytic level by both Mavrakanas (RR
0.82) [14] and Staplin/SMART-C (AKI protection
regardless of diabetes status) [11]. This consistent
nephroprotective signal is clinically important,
given how often AKI concerns are cited as a reason
not to prescribe SGLT2 inhibitors in advanced
CKD. Hyperkalaemia was numerically lower with
empagliflozin (HR 0.83; NS) [3], volume depletion
was manageable, and there was no signal for excess
amputation or fracture risk in any included study.

3.9 Risk of Bias and GRADE Assessment
Overall, the quality of evidence was good. All
landmark RCTs received low risk of bias ratings.
Some concerns were noted with SCORED and
SOLOIST-WHEF, both of which had mid-trial
endpoint modifications, incomplete event
adjudication, and were stopped early for non-
efficacy reasons (loss of funding). The Waijer post-
hoc analysis was not prespecified, which was
documented. Observational studies had inherent
design limitations but used rigorous propensity
score matching on numerous covariates.

GRADE certainty was High for CKD progression
and AKI safety, reflecting the large body of RCT
evidence with consistent results. For HHF/CV
death and allcause mortality at eGFR <30,
certainty was rated Moderate. The downgrade
from High was driven primarily by indirectness
(data come from subgroup analyses rather than
dedicated trials) and some imprecision in the
eGFR <30 confidence intervals. MACE was rated
Moderate, partly because the strongest signal
comes from sotagliflozin, a pharmacologically
distinct agent.

4. DISCUSSION

4.1 What This Review Shows

The evidence, taken as a whole, tells a clear story:
SGLT inhibitors offer meaningful cardiovascular
protection to patients with eGFR <30, and the
treatment effect does not fade as kidney function
worsens. If anything, absolute benefit increases in
higher-risk groups, because these patients have
more events to prevent. The pooled HHF
reduction is in the range of 23-33%; kidney
progression is slowed by 27-39%; and mortality—
when studies are adequately powered—is reduced

by 13-31%. These effects are consistent across
agents, across diabetic and non-diabetic
populations, and across observational and
experimental designs.

Perhaps the most important clinical implication of
this review is the absence of any e GFR interaction.
Not a single trial, not a single meta-analysis, found
that the treatment effect was significantly
attenuated at eGFR <30. The SMART-C P-trend
was 0.16. DAPA-CKD interaction P-values
exceeded 0.10. The Spiazzi interaction for MACE
actually went in the opposite direction—greater
benefit at worse kidney function (P = 0.038). This
should change clinical thinking about these drugs
in advanced CKD. The prevailing hesitancy—"the
kidneys are too far gone for this drug to work"—is
not supported by the data.

4.2 Understanding the EMPA-KIDNEY
Cardiovascular Results

EMPA-KIDNEY has occasionally been cited as
evidence that SGLT?2 inhibitors lack CV benefit in
advanced CKD. This interpretation is incorrect,
and it is worth explaining why. The trial enrolled
a deliberately broad population: low albuminuria
was permitted (median UACR 329 mg/g,
compared with ~ 900 in DAPA-CKD and ~927 in
CREDENCE), and 54% of patients had no
diabetes. These are lowerrisk patients who
experience fewer cardiovascular events per unit
time. The placebo arm cardiovascular event rate
was below 1.2 per 100 patientyears; at that rate,
even a 6,609-patient trial stopped at median 2
years is underpowered for HHF or MACE.

The kidney data from EMPA-KIDNEY, in
contrast, were unequivocal. The primary
composite was reduced with HR 0.72. The eGFR
<30 subgroup showed HR 0.73. The eGFR slope
benefit was 1.37 ml/min/1.73m? per year. There
is no reasonable interpretation of EMPA-KIDNEY
indicating that the drug fails to work at low eGFR;
it simply did not have enough cardiovascular
events to prove a CV benefit in isolation. When
pooled with other trials in meta-analyses, the CV
benefit in CKD patients emerges clearly
(Mavrakanas: RR 0.79 for CV death/HHF;
Spiazzi: HR 0.78).
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4.3 How Do These Drugs Work When
Glucosuria Is Minimal?

This is the question colleagues most often raise. At
eGFR <30, filtered glucose is so low that SGLT2
inhibition produces negligible glucosuria, raising
the question of how the drugs continue to confer
benefit. The answer almost certainly lies in
glucose-independent  mechanisms, of which
several have been proposed. Tubuloglomerular
feedback restoration—reducing intraglomerular
pressure by increasing sodium delivery to the
macula densa—may persist at low GFR, even if
magnitude is reduced. Direct anti-fibrotic effects
on the heart and kidney have been demonstrated
in preclinical models independent of glucose.
Myocardial energetics may improve through a shift
toward ketone body oxidation, a more oxygen-
efficient fuel. AMPK/mTOR-mediated autophagy
enhancement and sirtuin-1/HIF-2a  pathways
leading to erythropoietin stimulation have been
proposed, particularly by the Wu et al. [15] group.
The Heerspink mortality analysis [17], showing
that the survival benefit in DAPA-CKD was driven
by non-cardiovascular, non-renal deaths, adds
another layer. If these drugs reduce infection-
related and possibly cancer-related mortality, the
mechanism must extend beyond haemodynamics
and involve systemic anti-inflammatory or
immunomodulatory effects. This is one of the
more provocative findings in the literature and
warrants dedicated mechanistic investigation.

4.4 The Sotagliflozin Question

Sotagliflozin's MI and stroke reductions [9] are
notable but require careful handling. No selective
SGLT?2 inhibitor has demonstrated these benefits,
and the proposed mechanism—postprandial
glucose smoothing via intestinal SGLT1 blockade
reducing platelet activation—is specific to dual
SGLT1/2 inhibition in diabetic patients.
Excluding sotagliflozin from this review would
have omitted the only agent with mandatory
enrolment at eGFR 25-60 and a prespecified
MACE analysis. The compromise was to include it
but analyse it separately, flag the dual mechanism
explicitly, and avoid generalising the MI/stroke
findings to the SGLT?2 inhibitor class as a whole.

4.5 The Risk-Treatment Paradox in Advanced
CKD

A frustrating pattern emerges from clinical
practice, one that Gregg et al. [20] have termed the
"risk-treatment paradox": patients at the highest
cardiovascular risk are the least likely to receive
evidence-based therapy. In LMIC settings,
including Pakistan, this is compounded by limited
nephrology workforce, fragmented care pathways,
and—until recently—high drug costs. An eGFR
below 30 often triggers reflexive drug
discontinuation ~ rather  than  treatment
intensification. The data reviewed here suggest
this instinct is misguided. When the Spiazzi meta-
analysis shows that MACE benefit is largest in
KDIGO Very High Risk patients (HR 0.72; P-
interaction = 0.038) [12], and Waijer shows that
absolute risk reduction is nearly three times
greater in the sickest quartile [8], the case for
treating rather than withholding is strong.

The timing may be favourable for implementation.
Generic dapagliflozin is now available in Pakistan
at approximately PKR 30-50 per day (roughly
USD 0.10-0.18), compared with branded pricing
that was prohibitive for most patients only two
years ago. If this review provides the evidence
rationale and generic availability provides the
economic feasibility, the remaining barrier is
physician awareness and confidence.

4.6 Implications for Guidelines

The 2024 KDIGO guideline recommends SGLT2
inhibitors down to eGFR 20 for patients with
diabetes or heart failure and requires UACR >200
mg/g for non-diabetic, non-heartfailure CKD
[19]. Based on these findings, three modifications
are warranted. First, the cardiovascular protection
indication should be explicitly extended to CKD
Stage 4 regardless of diabetes status, given
consistent benefit in non-diabetic subgroups
(Staplin et al.: HR 0.75 for HHF) [11]. Second, the
albuminuria threshold should be reconsidered,
since the SMART-C data show benefit at UACR
<30 and no UACR interaction for cardiovascular
outcomes [10, 11]. Third, continuation through
CKD Stage 5 until dialysis should be supported,
given real-world evidence from Anuforo [13] and

Wu [15] and the established safety profile. These
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recommendations align with positions taken by
Gregg et al. in their recent JAMA editorial [20].

4.7 Strengths and Limitations

The principal strength of this review is its
comprehensiveness. By including RCTs, their
subgroup analyses, IPD and aggregate meta-
analyses, and  realworld  data—spanning
publications through March 2026—the full scope
of available evidence has been captured. The
systematic GRADE assessment adds rigour, and
the focused PICO on eGFR <30 addresses a
specific and unresolved clinical question.
Limitations should be stated plainly. First, the
eGFR <30 evidence comes overwhelmingly from
subgroup analyses of trials that were not designed
or powered for this population. While the
consistency of results across multiple independent
trials and meta-analyses is reassuring, definitive
proof requires a dedicated trial, such as the
ongoing RENAL LIFECYCLE study
(NCTO05374291). Second, no de novo meta-
analysis was performed; the rationale for this
decision is sound (risk of double-counting;
availability of high-quality published meta-
analyses), but it remains a limitation. Third,
sotagliflozin is pharmacologically distinct, and its
inclusion complicates class-level conclusions.
Fourth, real-world studies, while wvaluable for
extending evidence into Stage 5 and ESKD, carry
the inherent biases of observational research—
channelling bias is a particular concern, as
clinicians who prescribe SGLT2 inhibitors at very
low eGFR may be more proactive in general care.
Fifth, language restriction to English may have
excluded relevant non-English publications,
although given the dominance of English-language
journals in this field the impact is likely small.

5. CONCLUSIONS

On the basis of evidence from over 17,000
patients with eGFR <30 or CKD Stage 4-5 drawn
from nine RCTs, five large meta-analyses, and four
realworld studies, SGLT inhibitors reduce heart
failure hospitalisation by approximately 23-33%,
slow kidney disease progression by 27-39%, and—
when evidence is adequately pooled—reduce all-
cause mortality by 13-31% in this population. No

study has shown attenuation of benefit at lower
eGFR, and the largest meta-analysis to examine
this question (SMART-C; n = 70,361) found no
eGFR-treatment interaction. MACE benefit, in
fact, appears greatest in the highest-risk patients.
The safety profile is acceptable, with dapagliflozin
showing the most favourable signal (zero DKA;
reduced AKI) and modest DKA excess seen mainly
with canagliflozin, sotagliflozin, and in ESKD
populations.

These findings have direct clinical relevance for
the millions of patients worldwide with advanced
CKD who currently do not receive these drugs.
The risk-treatment paradox in advanced CKD—
withholding effective therapy from those who
need it most—should be challenged at the
guideline level and in daily practice. In resource-
limited settings where generic formulations are
now available, the opportunity for impact is
enormous. The forthcoming results of the RENAL
LIFECYCLE and DAPA-DIALYSIS trials will
provide the dedicated evidence needed to move
from "probably beneficial" to "proven" in this
population.
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SUPPLEMENTARY TABLE 1. GRADE Evidence Summary

Outcome N Studies RoB Inconsiste | Indirectnes | GRADE | Pooled Estimate
ncy s

HHF / CV 5RCTs+3 | Low None Some MODER | HR 0.71-0.77

death MAs ATE

CKD 6 RCTs+4 | Low None Minor HIGH HR 0.61-0.73

progression MAs

All-cause 4RCTs+2 | Low Some Some MODER | HR/RR 0.69-0.87

mortality MAs ATE

MACE (3-point) | 3RCTs+2 | Low/ | Some Some MODER | HR 0.77-0.89
MAs Mod ATE

AKI (safety) 6RCTs+2 | Low None Minor HIGH RR 0.77-0.82
MAs (protective)

DKA (safety) 6 RCTs Low Moderate | Low MODER | 0-2x risk (drug-

ATE dependent)

GRADE: Grading of Recommendations, Assessment, Development and Ewvaluation. RoB: Risk of Bias. HHF:
Hospitalisation for Heart Failure. MA: Meta-analysis. RCT: Randomised Controlled Trial. AKI: Acute Kidney Injury.
DKA: Diabetic Ketoacidosis.

https://medicalsciencereview.com

| Tariq & Ali, 2026 |

Page 1077


https://www.crd.york.ac.uk/PROSPERO/view/CRD420261377175
https://www.crd.york.ac.uk/PROSPERO/view/CRD420261377175

The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 4, Issue 5, 2026

REFERENCES

Wheeler DC, Stefansson BV, Jongs N, et al.
Effects of dapagliflozin on major adverse
kidney and cardiovascular events in
patients with diabetic and non-diabetic
chronic kidney disease: a prespecified
analysis from the DAPA-CKD trial.
Lancet Diabetes Endocrinol.
2021;9(1):22-31.

McMurray JJV, Wheeler DC, Stefansson BV, et al.
Effect of dapagliflozin on clinical
outcomes in patients with chronic kidney
disease, with and without heart failure.
JACC Heart Failure. 2021;9(11):807-820.

The EMPA-KIDNEY Collaborative Group.
Empagliflozin in patients with chronic
kidney disease. N Engl ] Med.
2023;388:117-127.

Bhatt DL, Szarek M, Pitt B, et al. Sotagliflozin in
patients with diabetes and chronic kidney
disease. N Engl ] Med. 2021;384:129-139.

Bhatt DL, Szarek M, Steg PG, et al. Sotagliflozin
in patients with diabetes and recent
worsening heart failure. N Engl ] Med.
2021;384:117-128.

Heerspink HJL, Stefansson BV, Correa-Rotter R,
et al. Dapagliflozin in patients with
chronic kidney disease. N Engl ] Med.
2020;383:1436-1446.

Perkovic V, Jardine M], Neal B, et al. Canagliflozin
and renal outcomes in type 2 diabetes and
nephropathy. N  Engl ] Med.
2019;380:2295-2306.

Waijer SW, Vart P, Cherney DZI, et al. Effect of
dapagliflozin on kidney and
cardiovascular outcomes by baseline
KDIGO risk categories: a post hoc
analysis of the DAPA-CKD trial.
Diabetologia. 2022;65:1085-1097.

Aggarwal R, Bhatt DL, Szarek M, et al. Effect of
sotagliflozin on total MACE in patients
with type 2 diabetes and chronic kidney
disease: a prespecified analysis of the
SCORED  trial. Lancet Diabetes
Endocrinol. 2025;13(4):321-332.

Neuen BL, Fletcher RA, Engelbrecht M, et al.
Effects of SGLT2 inhibitors on kidney
outcomes: a collaborative meta-analysis of
randomised clinical trials (SMART-C).
JAMA. 2026;335(3):233-244.

Staplin N, Roddick AJ, Neuen BL, et al. Effects of
SGLT2 inhibitors on cardiovascular,
kidney, and safety outcomes by diabetes
status and albuminuria: a collaborative
meta-analysis (SMART-QC). JAMA.
2026;335(3):220-232.

Spiazzi BF, Piccoli GF, Leitao CB, et al
Cardiovascular outcomes of SGLT2
inhibitors across KDIGO risk strata and
albuminuria levels: a systematic review
and meta-analysis. Diabetes Res Clin
Pract. 2024;218:111933.

Anuforo AC, Soipe A, Tobechukwu CE, et al.
SGLT2 inhibitors in chronic kidney
disease stage 5: cardiovascular and renal
outcomes from a  propensity-score
matched study. Int ]  Cardiol.
2024;132588.

Mavrakanas TA, Tsoukas MA, Brophy JM, et al.
SGLT?2 inhibitors improve cardiovascular
and renal outcomes in patients with
CKD: a systematic review and meta-
analysis. Sci Rep. 2023;13:15922.

Wu]Y, Tseng KJ, Chen Y], et al. SGLT2 inhibitors
in heart failure and end-stage kidney
disease: a propensity-score matched
cohort study. Front Cardiovasc Med.
2026;13:1652863.

Spiazzi BF, Piccoli GF, Leitao CB, et al. Effects of
SGLT2 inhibitors on kidney outcomes
across KDIGO risk categories: a
systematic review and meta-analysis. Clin
J Am Soc Nephrol. 2025;20(1):39-49.

Heerspink HJL, Sjostrom CD, Jongs N, et al.
Effects of dapagliflozin on mortality in
patients with chronic kidney disease: a
pre-specified analysis from the DAPA-
CKD randomized controlled trial. Eur
Heart J. 2021;42:1216-1227.

https://medicalsciencereview.com

| Tariq & Ali, 2026 |

Page 1078



The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 4, Issue 5, 2026

McMurray JJV, Wheeler DC, Stefansson BV, et al.
Effects of dapagliflozin in patients with
kidney disease, with and without
cardiovascular ~ disease.  Circulation.
2021;143:438-448.

KDIGO 2024 Clinical Practice Guideline for the
Evaluation and Management of Chronic
Kidney Disease. Kidney Int.
2024;105(4S):S117-S314.

Gregg LP, Bozkurt B, Navaneethan SD. Time for
broader SGLT2 inhibitor adoption in
CKD. JAMA. 2026;335(3):217-219.

Jankowski ], Floege ], Fliser D, et al
Cardiovascular disease in chronic kidney
disease: pathophysiological insights and
therapeutic options. Circulation.
2021;143:1157-1172.

Chen YH, Lin MH, Chen DY, et al. SGLT2
inhibitors and renal outcomes in patients
with CKD stage 5 and type 2 diabetes: a
nationwide cohort study. Sci Rep. 2025.

https://medicalsciencereview.com

| Tariq & Ali, 2026 |

Page 1079



