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Sodium-glucose cotransporter-2 (SGLT2) inhibitors have revolutionized the management of chronic
kidney disease (CKD), offering unprecedented renoprotective and cardiometabolic benefits. However,
a clinical paradox has emerged wherein the very agents designed to preserve renal function can
precipitate significant toxicity when deployed overzealously or without meticulous patient selection.
This overview considers the spectrum of adverse effects associated with SGLT2 inhibition in the CKD
population, emphasizing the fine line between therapeutic efficacy and iatrogenic harm. Though
robust clinical trials demonstrate profound long-term benefits, real-world application reveals distinct
vulnerabilities, particularly concerning volume depletion-induced acute kidney injury, euglycemic
diabetic ketoacidosis, and severe, recurrent genitourinary infections. The dangers of overzealous
therapeutic use are magnified in patients with advanced CKD, those on concurrent high-dose diuretics
or renin-angiotensin-aldosterone system inhibitors, and individuals failing to adhere to essential sick
day protocols during acute illness. Furthermore, the aggressive continuation of SGLT2 inhibitors
below established estimated glomerular filtration rate thresholds risks exacerbating hemodynamic
instability and electrolyte derangements without conferring additional renoprotective advantages. By
synthesizing recent pharmacovigilance data, case reports, and clinical trial subgroup analyses, this
paper underscores the absolute necessity of individualized risk stratification. Clinicians should know
this paradox by balancing the undeniable long-term organ-preserving potential of SGLT2 inhibitors
with vigilant, proactive monitoring for acute toxicities. Finally, optimizing outcomes in CKD requires
a paradigm shift from blanket, protocol-driven prescribing to precision nephrology, ensuring that
the well-intentioned pursuit of renal preservation does not inadvertently accelerate clinical decline
through unchecked therapeutic enthusiasm and inadequate physiological surveillance.
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Implication for health policy/practice/research/medical education:

The clinical paradox of sodium-glucose cotransporter-2 (SGLT2) inhibition in chronic kidney disease (CKD) lies in its dual
nature; since, these agents offer profound long-term renoprotection by reducing intraglomerular pressure, their overzealous
application risks precipitating acute iatrogenic harm. The spectrum of toxicity ranges from predictable, manageable adverse
effects like volume depletion and genital mycotic infections to rare, life-threatening complications such as euglycemic diabetic
ketoacidosis and Fournier’s gangrene. In advanced CKD, the initial hemodynamically mediated dip in estimated glomerular
filtration rate can be misinterpreted as true nephrotoxicity, prompting inappropriate discontinuation or, conversely, dangerous
continuation in hypovolemic states. Overzealous therapeutic use, particularly without meticulous patient selection and volume
status monitoring, transforms a cornerstone renoprotective therapy into a catalyst for acute kidney injury and metabolic
derangement. Consequently, clinicians should manage a delicate equilibrium, recognizing that the profound benefits of SGLT2
inhibitors are inextricably linked to vigilant, individualized risk assessment to prevent therapeutic excess from overshadowing

renal preservation.
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Introduction

The advent of sodium-glucose cotransporter-2 (SGLT2)
inhibitors has undeniably represented one of the most
profound paradigm shifts in modern nephrology and
cardiometabolic medicine (1). Initially developed as a
novel class of glucose-lowering agents for patients with type
2 diabetes, these medications have rapidly transcended
their original indication to become foundational, disease-
modifying therapies for heart failure and chronic kidney
disease (CKD), regardless of diabetic status (2). Previous
clinical trials have consistently demonstrated their
capacity to significantly slow the progression of renal
decline, reduce the risk of end-stage kidney disease, and
lower cardiovascular mortality (3). However, this meteoric
rise in therapeutic prominence has simultaneously
unveiled a complex clinical paradox (4). The mechanisms
that confer profound renoprotection can, under specific
circumstances or when applied indiscriminately,
precipitate a distinct spectrum of toxicities (5). As
guideline recommendations have aggressively expanded,
a concerning trend of overzealous therapeutic use has
emerged, wherein the enthusiasm for prescribing these
agents occasionally outpaces careful patient stratification,
physiological monitoring, and individualized risk
assessment (6-8). Evaluating this paradox requires an
exact understanding of both the pharmacological elegance
of SGLT?2 inhibition and the very real, sometimes severe,
adverse consequences that arise when these powerful
agents are deployed without adequate clinical vigilance in
vulnerable populations with CKD (9).

Search strategy

For this narrative review, we performed a literature search
across multiple databases, including PubMed, Google
Scholar, the Directory of Open Access Journals (DOAJ),
Web of Science, EBSCO, Scopus, and Embase. The
search strategy employed a variety of relevant keywords,
such as chronic kidney disease, SGLT2 inhibition,
tubuloglomerular feedback, SGLT2 inhibitors, end-stage

kidney disease, glomerular filtration rate, acute kidney
injury and diabetic ketoacidosis.

Pathophysiology of SGLT2 inhibition

To fully appreciate this clinical paradox, one must first
examine the fundamental pathophysiology of SGLT2
inhibition and how it intersects with the compromised
renal architecture of CKD (2). Under normal physiological
conditions, SGLT2 proteins in the proximal convoluted
tubule are responsible for reabsorbing the vast majority of
filtered glucose (10). In states of hyperglycemia, this system
is often upregulated, contributing to sustained high blood
glucose levels (11). By inhibiting this transporter, SGLT2
inhibitors induce profound glucosuria, which in turn
delivers a high sodium and glucose load to the macula
densa. This restored delivery activates tubuloglomerular
feedback, leading to afferent arteriolar vasoconstriction
(12). In the context of CKD, particularly diabetic
nephropathy, the afferent arteriole is often pathologically
dilated due to hyperfiltration, a state that drives
progressive glomerular damage and proteinuria (13). The
SGLT2 inhibitor-induced vasoconstriction effectively
normalizes this intraglomerular pressure, reducing
hyperfiltration and providing a powerful renoprotective
shield. However, this hemodynamic alteration is a double-
edged sword (4,14). The immediate consequence of
this afferent constriction is a predictable, initial decline
in the estimated glomerular filtration rate (eGFR).
While this initial dip is generally considered a benign,
physiological marker of effective target engagement
and long-term renal protection, it exists on a razor-thin
margin with pathological acute kidney injury (15,16). In
patients with advanced CKD, those who are concurrently
volume-depleted, or those receiving maximal doses of
concurrent diuretics and renin-angiotensin-aldosterone
system inhibitors, this hemodynamic shift can tip from
protective autoregulation into overt renal hypoperfusion,
precipitating a true acute kidney injury that can accelerate,
rather than halt, the journey toward end-stage renal
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disease (17). The momentum behind SGLT2 inhibitors
has been overwhelmingly positive that it has catalyzed
a rapid, guideline-driven expansion of their indications
(18). What began as a niche therapy for glycemic control
is now universally recommended across a broad spectrum
of cardiorenal syndromes (19). While this widespread
endorsement is rooted in robust evidence, it has
inadvertently fostered an environment ripe for overzealous
therapeutic use (4). Overzealous use in this context does
not necessarily imply malicious intent or gross negligence;
rather, it refers to the application of a powerful therapeutic
intervention based on a rigid adherence to population-
level guidelines, without sufficient adaptation to the
complex, heterogeneous reality of individual patients (4).
This phenomenon is exacerbated by the halo effect of the
drug class, where the overwhelming potency of benefit
can unconsciously minimize the perceived risk of adverse
events (20). Clinicians, excited to provide state-of-the-art
care and mindful of quality metrics, may initiate SGLT2
inhibitors in patients with CKD who possess multiple,
compounding risk factors for toxicity, such as advanced
age, frailty, recurrent genitourinary infections, or a
history of unreliable oral intake, without implementing
the necessary safeguards or concomitant medication
adjustments (9,21).

Euglycemic diabetic ketoacidosis by SGLT2i

Beyond the immediate hemodynamic perturbations,
the metabolic toxicity of SGLT2 inhibitors presents a
particularly insidious challenge, most notably in the form
of euglycemic diabetic ketoacidosis (22). This condition
is a hallmark paradox of the drug class, as it occurs in the
presence of near-normal or only mildly elevated blood
glucose levels, frequently leading to delayed diagnosis
and treatment (23). The pathophysiology involves a
combination of factors; while, the SGLT2 inhibitor-
induced glucosuria lowers blood glucose, which in
turn suppresses endogenous insulin secretion while
simultaneously stimulating glucagon release (24). This
altered insulin-to-glucagon ratio promotes lipolysis and
hepatic ketogenesis (24). In patients with CKD, the risk
of euglycemic ketoacidosis is compounded by several
factors (25). These patients often have baseline metabolic
derangements, including a reduced capacity to excrete acid
loads, making them more susceptible to metabolic acidosis
(25). Furthermore, the symptoms of early ketoacidosis,
such as nausea, vomiting, and fatigue, are frequently
non-specific and can be easily misattributed to uremia or
other common comorbidities of CKD (26). The danger is
magnified during periods of physiological stress, such as
acute intercurrent illness, fasting, or perioperative states,
which are common in this population (25). Overzealous
therapeutic use manifests here when clinicians fail to
educate patients on sick day rules, neglect to temporarily
withhold the medication during acute illness or prior to
surgery, or fail to maintain a high index of suspicion for
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ketosis when a CKD patient presents with non-specific
malaise and a normal blood glucose reading (27).

Genital mycotic infections by SGLT2i

In parallel with these metabolic concerns, the
genitourinary tract represents another primary locus
of SGLT2 inhibitor toxicity, directly resulting from the
drug’s intended mechanism of action (28). The deliberate
induction of glucosuria creates a nutrient-rich, warm, and
moist environment in the lower urinary tract and genitalia,
which serves as an ideal culture medium for fungal and
bacterial proliferation (29). Genital mycotic infections are
the most frequently reported adverse event associated with
this drug class (30). While often mild and easily treatable in
the general population, the implications for patients with
CKD can be far more severe. This population frequently
exhibits localized or systemic immune dysfunction, and
many have pre-existing urological abnormalities, such
as neurogenic bladder, benign prostatic hyperplasia, or
a history of recurrent urinary tract infections (4). The
introduction of an SGLT2 inhibitor can transform a
manageable, intermittent issue into a chronic, debilitating,
and recurrent source of morbidity (31). In severe cases,
this glucosuria-driven infectious risk can culminate in
complicated pyelonephritis, urosepsis, or the rare but
catastrophic necrotizing fasciitis of the perineum, known
as Fournier’s gangrene (32). Overzealous prescribing
ignores these critical historical factors, initiating therapy
in patients with a known predisposition to severe
genitourinary infections without adequate prophylactic
counseling, hygiene education, or a low threshold for
discontinuation at the first sign of recurrent infection (33).

Administration of SGLT2i in elderly

Furthermore, the cardiovascular and volumetric
consequences of SGLT2 inhibition warrant careful
scrutiny, particularly in the fragile demographic of
advanced CKD (34). The osmotic diuresis caused by
glucosuria leads to a modest but consistent reduction
in intravascular volume and blood pressure. While this
is highly beneficial for patients with volume overload
and hypertension, it poses a significant hazard for those
who are euvolemic or hypovolemic (35). Patients with
CKD are frequently managed with loop or thiazide
diuretics to control blood pressure or manage edema.
The concurrent use of SGLT2 inhibitors and traditional
diuretics can have an additive, sometimes synergistic,
volume-depleting effect (36,37). In elderly or frail
patients with CKD, this iatrogenic volume contraction
can precipitate symptomatic orthostatic hypotension,
dizziness, syncope, and subsequent falls (35). The
morbidity associated with a fall in an elderly patient with
CKD, potentially leading to fractures, head trauma, or a
cascade of hospitalizations, can entirely negate the long-
term renoprotective benefits of the SGLT2 inhibitor (38).
Overzealous therapeutic use is glaringly evident when a
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clinician initiates an SGLT2 inhibitor without proactively
down-titrating or discontinuing concomitant diuretic
therapy, or when the drug is continued despite clear
clinical signs of volume depletion and declining blood
pressure (39). The aggregation of these diverse toxicities
brings into sharp focus the dangers of overzealous
therapeutic use, which is frequently characterized by a
failure to recognize the boundaries of clinical trial data
(40). The landmark trials that established the efficacy
of SGLT2 inhibitors in CKD, such as CREDENCE,
DAPA-CKD, and EMPA-KIDNEY, were meticulously
designed with specific inclusion and exclusion criteria
(41). While these trials included patients with a wide
range of eGFRs, they generally excluded individuals with
the most advanced stages of kidney disease, those with a
high burden of competing risks, or those with a history of
recurrent, severe adverse events related to the drug class
(21). In the real world, however, the boundaries of these
trials are often blurred (21). Overzealous use occurs when
clinicians extrapolate trial benefits to patients who closely
resemble the excluded populations, such as those with an
eGFR persistently below 20 mL/min/1.73 m?, those with
a history of recurrent severe genital infections, or those
with profound frailty and limited life expectancy (42). In
these scenarios, the probability of experiencing a severe
adverse event may outweigh the potential for long-term
renal preservation, transforming a life-saving medication
into a source of iatrogenic harm (42).

The concept of reverse clinical inertia

This overzealous approach is frequently compounded
by the phenomenon of reverse clinical inertia (42,43).
While clinical inertia traditionally refers to the failure
to intensify therapy when indicated, reverse clinical
inertia in the context of SGLT2 inhibitors refers to the
reluctance to de-prescribe or modify therapy in the face
of emerging toxicity or changing clinical circumstances
(43). Once an SGLT2 inhibitor is added to a patients
regimen, it is often viewed as a permanent, untouchable
pillar of their care, much like a statin or an ACE inhibitor
(44,45). Consequently, when a patient with CKD develops
acute gastroenteritis, undergoes a surgical procedure,
or experiences a significant decline in oral intake, the
SGLT2 inhibitor is frequently left active (4,46). This
fajlure to dynamically adjust the medication regimen
in response to acute physiological stressors is a primary
driver of preventable toxicities, such as euglycemic
ketoacidosis and acute kidney injury (47,48). The
overzealous prescriber focuses on the long-term guideline
mandate, losing sight of the patient’s immediate, short-
term physiological vulnerability. Moreover, the danger
of overzealous therapeutic use is inextricably linked to
the broader challenge of polypharmacy in CKD. Patients
with impaired renal function are inherently susceptible
to drug accumulation and altered pharmacokinetics
(44,49). While SGLT2 inhibitors themselves do not

typically require dose adjustment based on renal function
for their glucose-lowering effect, their hemodynamic
and metabolic effects are profoundly influenced by
the renal milieu and concurrent medications (41). The
simultaneous administration of SGLT2 inhibitors, high-
dose RAAS (renin-angiotensin-aldosterone system)
blockade, mineralocorticoid receptor antagonists, and
loop diuretics creates a complex pharmacological web
(50). Overzealous use fails to account for this intricate
web, treating the addition of an SGLT2 inhibitor as a
simple, isolated intervention rather than a significant
perturbation of a delicate, pre-existing physiological
equilibrium (28,43). This lack of holistic medication
review can lead to a cascade of adverse events, where the
treatment of one drug-induced complication inadvertently
exacerbates another, ultimately destabilizing the patient’s
overall clinical status (20). Navigating this clinical paradox
requires a fundamental shift from rigid, protocol-driven
prescribing to a model of highly individualized, vigilant
medicine (44,51). Recognizing the potential for toxicity
is not an argument for abandoning SGLT2 inhibitors in
CKD; rather, it is a mandate for smarter, more cautious
implementation. Safe utilization begins with meticulous
patient selection (9,21). Clinicians must actively screen for
contraindications and high-risk features, such as a history
of recurrent genitourinary infections, severe frailty, or a
propensity for volume depletion (30). Prior to initiation,
a comprehensive review of the patients concurrent
medications is essential, with a proactive plan to reduce
the dosage of loop or thiazide diuretics to mitigate the
risk of hypotension and acute kidney injury (30,52).
Furthermore, robust patient education is a non-negotiable
component of therapy (52). Patients must be thoroughly
counseled on the signs and symptoms of genital infections,
the importance of maintaining adequate hydration, and
the critical “sick day rules” that dictate the temporary
suspension of the medication during periods of acute
illness, fasting, or prior to surgical interventions (33,53).

Monitoring of individuals treated by SGLT2i

Ongoing monitoring is equally critical to mitigating the
dangers of overzealous use. Following the initiation of an
SGLT?2 inhibitor, clinicians should anticipate and accept
a modest initial decline in the eGFR, recognizing it as a
physiological response (54,55). However, they must also
establish clear parameters for when this dip becomes
pathological (55). A decline in eGFR exceeding thirty
percent from baseline, or a concurrent rise in serum
potassium or creatinine accompanied by symptoms of
volume depletion, should trigger an immediate clinical
reassessment and potential temporary discontinuation of
the drug (55). Similarly, in any patient with CKD presenting
with non-specific symptoms such as nausea, abdominal
pain, or fatigue, a low threshold for checking serum or
urine ketones is essential to rule out euglycemic diabetic
ketoacidosis, regardless of the patient’s concurrent blood
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glucose level (25,56). This proactive, dynamic approach
to monitoring ensures that the therapy remains beneficial
and is swiftly modified at the first sign of harm. The role
of the healthcare system and institutional guidelines in
curbing overzealous use cannot be overstated (45,57).
While clinical guidelines are invaluable for synthesizing
evidence and directing standard care, they must be
interpreted as flexible frameworks rather than rigid
mandates (9). Quality improvement metrics that heavily
penalize the non-prescription of SGLT2 inhibitors in
eligible patients with CKD, without providing nuanced
exceptions for high-risk individuals, can inadvertently
incentivize overzealous prescribing (3,58). Healthcare
systems must foster a culture that values thoughtful
clinical judgment and shared decision-making over
blind adherence to checklist medicine (44,59). This
involves empowering both clinicians and patients to
openly discuss the potential risks and benefits of the
therapy, ensuring that the decision to initiate an SGLT2
inhibitor is aligned with the patients overall goals of care,
life expectancy, and personal tolerance for risk (44,60).
Finally, the clinical paradox of SGLT2 inhibition in
patients with CKD serves as a powerful reminder of the
inherent complexities of modern pharmacotherapy. These
agents are undeniably transformative, offering a level of
organ protection that was previously unattainable (21,61).
They have rightfully earned their place at the forefront
of nephrology and cardiology guidelines. However, their
potency demands profound respect (21). The spectrum
of toxicity associated with SGLT2 inhibitors, ranging
from hemodynamic instability and acute kidney injury
to euglycemic ketoacidosis and severe genitourinary
infections, is not a rare anomaly but an intrinsic feature
of their mechanism of action (62). When these drugs are
deployed with overzealous therapeutic intent, divorced
from careful patient selection, vigilant monitoring, and
dynamic medication management, the potential for harm
escalates dramatically (63,64). The true art of medicine
lies not in the blind application of powerful new therapies,
but in the discerning, individualized orchestration of
those therapies. By acknowledging and actively managing
the paradox of SGLT2 inhibition, clinicians can harness
its remarkable renoprotective benefits while steadfastly
guarding their patients with CKD against the very real
dangers of overzealous therapeutic use (41,61,65).

Conclusion

Sodium-glucose cotransporter-2 inhibitors represent a
monumental therapeutic advancement in CKD, offering
unprecedented  renoprotection and cardiovascular
benefits. However, this clinical effectiveness is shadowed
by a profound paradox; since, the very hemodynamic
and metabolic mechanisms that confer long-term organ
protection can precipitate a distinct spectrum of toxicity
when applied without meticulous clinical judgment.
The dangers of overzealous therapeutic use lie not in the
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inherent failure of the drug class, but in the misapplication
of its physiological effects. Aggressive SGLT2 inhibition
can induce significant intravascular volume contraction,
leading to symptomatic hypotension, acute kidney injury,
and the insidious, life-threatening risk of euglycemic
diabetic  ketoacidosis, particularly in vulnerable
populations with advanced renal impairment, poor oral
intake, or concurrent diuretic therapy. Furthermore, the
cumulative burden of recurrent genitourinary infections
and potential electrolyte derangements underscores that,
these agents are not universally benign. Overprescribing,
or failing to individualize therapy by neglecting to down-
titrate concomitant medications or ignoring dynamically
evolving GFRs, transforms a life-saving intervention into
a catalyst for iatrogenic harm. Finally, navigating this
paradox demands a paradigm shift from blanket, protocol-
driven prescribing to highly individualized, vigilant patient
management. Clinicians should continuously balance
the profound long-term renoprotective gains against the
immediate risks of toxicity through rigorous laboratory
monitoring, proactive patient education, and timely dose
adjustments. The future of SGLT2 inhibitor therapy in
CKD contribute not on abandoning these transformative
drugs, but on mastering the delicate equilibrium between
therapeutic efficacy and iatrogenic risk, ensuring that the
noble pursuit of renal preservation does not inadvertently
compromise patient safety.
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