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Beyond haemodynamics: Do SGLT2 inhibitors protect the podocyte?
Arshvini Vijaya Kumar' MRCP (UK), Emmett Tsz Yeung Wong'%® FRCP (Edin)

Over the past decade, sodium-glucose cotransporter 2
(SGLT2) inhibitors have evolved from glucose-lowering
agents into a cornerstone of kidney-protective therapy.
Landmark trials, including CREDENCE, DAPA-CKD,
and EMPA-KIDNEY, demonstrated reductions in
kidney disease progression across a broad spectrum
of patients with chronic kidney disease (CKD),
beyond those attributable to glycaemic control.™® A
subsequent collaborative meta-analysis of 13 large
placebo-controlled trials reported an approximately
37% reduction in the risk of kidney disease progression,
with benefits observed irrespective of diabetes status.
These findings have reshaped contemporary CKD
management, with SGLT2 inhibitors now strongly
recommended by the KDIGO 2024 guidelines for
eligible patients with CKD.>

The renoprotective effects of SGLT2 inhibition have
traditionally been attributed largely to the restoration
of tubuloglomerular feedback. Increased sodium
delivery to the macula densa promotes afferent
arteriolar vasoconstriction, reducing glomerular hyper-
filtration and intraglomerular pressure. However, an
expanding body of evidence suggests that kidney
protection may extend beyond haemodynamic effects,
with proposed mechanisms including reduced tubular
workload and hypoxia, modulation of inflammatory
and fibrotic pathways, attenuation of inflammasome
activation and oxidative stress, and favourable meta-
bolic adaptations.®

Podocytes are particularly relevant in this context.
These highly specialised, terminally differentiated
epithelial cells form a critical component of the glome-
rular filtration barrier and provide structural support
to the glomerular capillary wall. Because their capacity
for regeneration is limited, sustained podocyte injury
and loss can disrupt the filtration barrier, resulting
in proteinuria and progressive glomerulosclerosis.
Podocyte dysfunction is therefore considered a central
feature of diabetic kidney disease (DKD) progression.
While the haemodynamic effects of SGLT2 inhibition
are well established, whether these agents confer
additional protection through direct or indirect effects
on podocytes remains less certain.’

Against this background, a randomised, double-
blind, placebo-controlled trial by Gu et al. in this issue
of the Annals provides a valuable clinical opportunity
to examine the relationship between SGLT2 inhibition
and markers of podocyte injury.® The investigators
randomised 180 patients with type 2 diabetes and
DKD to 12 weeks of standard therapy plus either
canagliflozin or placebo; 172 completed the study
and were included in the analysis. Glycaemic control
during follow-up was comparable between groups,
allowing differences in kidney outcomes and podocyte-
associated biomarkers to be interpreted with less con-
cern that they reflected differential glucose-lowering.

A notable strength of this study is the assessment
of podocyte-associated biomarkers alongside
conventional measures of kidney injury. In addition
to blood urea nitrogen, serum creatinine, urinary
albumin-to-creatinine ratio (UACR), and 24-hour urinary
protein (24h-UP), the investigators serially assessed
urinary podocyte count and the urinary podocalyxin-
to-creatinine ratio (UPCX/Ucr) as markers of podocyte
injury. Canagliflozin was associated with progressive
reductions in urinary podocyte shedding, UACR, and
24h-UP over 12 weeks, with significant treatment-
by-time interactions. By week 12, urinary podocyte
counts were approximately 52% lower and UACR
approximately 28% lower than in the control group.
Serum creatinine also followed a different trajectory
between groups, although the between-group
difference was no longer statistically significant at
week 12. Taken together, the parallel changes in
podocyte-associated biomarkers and proteinuria
support the possibility that reduced podocyte injury
may contribute to the kidney-protective effects of
SGLT2 inhibition.

Several considerations are important when inter-
preting these findings. The 12-week follow-up and
single-centre design necessarily focused the study
on short-term biomarker responses rather than
sustained preservation of kidney function. The study
population was also relatively selected: patients with
rapid estimated glomerular filtration rate (eGFR)
decline (>5 mL/min/1.73 m? per year), a doubling or
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greater increase in UACR within 2 years, nephrotic
syndrome, or other features suggestive of non-
diabetic kidney disease were excluded. While these
criteria increase confidence that the enrolled cohort
had a relatively well-defined DKD phenotype, they
also select for a more clinically stable cohort and may
limit extrapolation to patients with rapidly progressive
disease. The relatively preserved mean baseline eGFR
of approximately 74-76 mL/min/1.73 m? should also
be considered when applying the findings to patients
with more advanced CKD. Urinary podocyte count
and UPCX/Ucr should also be regarded as surrogate
markers of podocyte injury rather than direct measures
of podocyte structure or function. In the absence of
complementary structural assessment, reductions in
urinary biomarkers should therefore be interpreted
as consistent with reduced podocyte injury rather
than definitive evidence of preservation of podocyte
architecture. Manual podocyte quantification may
also introduce measurement variability, although the
high reported inter-observer agreement provides
reassurance regarding measurement consistency.

The mediation analysis represents a particularly
interesting aspect of the study. Rather than asking only
whether canagliflozin reduces proteinuria, mediation
analysis examines whether part of the treatment effect
may operate through an intermediate variable in the
proposed pathway between treatment and outcome.
Here, treatment assignment was considered the
exposure; change in UPCX/Ucr the mediator; and
changes in UACR, 24h-UP, and serum creatinine the
outcomes. Under the assumptions of the mediation
model, the statistically significant indirect effects,
with estimated mediation proportions of 84.39%
for UACR and 86.42% for 24h-UP, support the
hypothesis that reduced podocyte injury may lie on the
pathway linking canagliflozin treatment with reduced
proteinuria.

These estimates, however, require careful interpre-
tation. Although treatment allocation was randomised,
the mediator itself was not, and randomisation there-
fore does not eliminate potential confounding of the
mediator-outcome relationship.? In addition, mediator
and outcome changes were assessed over the same
follow-up interval, making temporal ordering difficult
to establish. For the UACR model, the mediator and
outcome also share urinary creatinine as the denomi-
nator, potentially introducing correlated measurement
variation, although the similar finding for 24h-UP is
less susceptible to this concern. Mediation analysis
in this setting, therefore, strengthens a biologically
plausible mechanistic hypothesis but does not, by
itself, establish that reduced podocyte injury causally
mediates the antiproteinuric effect of canagliflozin.
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These findings also raise a broader question regarding
residual kidney risk despite contemporary SGLT2
inhibitor therapy. Even with substantial reductions in
kidney disease progression, some patients continue
to experience progressive loss of kidney function,
reflecting the multiple haemodynamic, inflammatory,
fibrotic, metabolic, and structural pathways involved
in CKD progression.™ If reductions in podocyte injury
contribute to the clinical effects of SGLT2 inhibition,
persistent podocyte injury despite therapy may repre-
sent 1 component of this residual risk. Further studies
incorporating longer follow-up, serial assessments
of podocyte biomarkers and kidney function trajec-
tories, and, where feasible, complementary structural
or molecular assessments could help determine
whether podocyte preservation is a mediator, biomar-
ker, or consequence of SGLT2 inhibitor-associated
kidney protection.

Large cardiovascular and kidney outcome trials have
established that SGLT2 inhibitors protect the kidney.
The present study contributes to the complementary
question of how that protection may occur, providing
clinical evidence linking canagliflozin treatment with
reduced podocyte injury and proteinuria. Clarifying
the causal relationships between these processes will
be an important next step in understanding the
full spectrum of SGLT2 inhibitor-mediated kidney
protection.
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