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ABSTRACT

Sodium glucose cotransporter-2 (SGLT?2)
inhibitors and glucagon-like peptide-1
receptor agonists (GLP-1RA) were ini-
tially approved to improve glycemic
control in the treatment of type 2 dia-
betes. Clinical trials have also demons-
trated beneficial effects with regards to
cardiovascular and renal parameters.
Beyond improving glycemic control,
these therapies promote weight loss and
lower blood pressure when used indivi-
dually, and in an additive manner when
used together. Accordingly, taking ad-
vantage of complementary mechanisms
of action with the combined use of these
two classes of agents to further impro-
ve cardiorenal outcomes is conceptually
appealing, but has yet to be explored in
detail in clinical trials. In this review, we
discuss proposed mechanisms for renal
protection, clinical benefits, and adver-
se events associated with the individual
and combined use of SGLT2 inhibitors
and GLP-1RA. The management of type
2 diabetes has significantly changed over
the last few years, moving away from
solely glycemic control towards the con-
current management of associated co-
morbidities in a patient population at
significant risk of cardiovascular disease
and progression of chronic kidney di-
sease. It is from this perspective that we
seek to outline the rationale for the se-
quential and/or combined use of SGLT2
inhibitors and GLP-1RA in patients with
type 2 diabetes.

Keywords: Sodium-Glucose Transporter
2 Inhibitors; Diabetes Mellitus, Type 2;
Glucagon-Like Peptide-1 Receptor; Diabetic
Nephropathies; Cardiovascular Diseases;
Heart Failure.

Resumo

Inibidores do cotransporter-2 de glicose
sodica (SGLT2) e agonistas do receptor
peptideo-1 do tipo glucagon (GLP-1RA)
foram inicialmente aprovados para mel-
horar o controle glicémico no tratamento
da diabetes tipo 2. Os ensaios clinicos
também demonstraram efeitos benéficos
em relacdo aos parametros cardiovascula-
res e renais. Além de melhorar o controle
glicémico, essas terapias promovem perda
de peso e reducio da pressdo arterial quan-
do usadas individualmente, e de forma
aditiva quando usadas em conjunto. Con-
sequentemente, tirar proveito de mecanis-
mos de acdo complementares com o uso
combinado dessas duas classes de agentes
para melhorar ainda mais os resultados
cardiorrenais é conceitualmente atraente,
mas ainda precisa ser explorado em de-
talhes em ensaios clinicos. Nesta revisao,
discutimos 0s mecanismos propostos para
protecao renal, beneficios clinicos e even-
tos adversos associados ao uso individual
e combinado de inibidores de SGLT2 e
GLP-1RA. O tratamento do diabetes tipo
2 mudou significativamente nos tltimos
anos, passando do controle exclusivamente
glicémico para o tratamento simultaneo de
comorbidades associadas em uma popu-
lagio de pacientes com risco significativo
de doenca cardiovascular e progressio da
doenca renal cronica. E nessa perspectiva
que procuramos delinear a justificativa
para o uso sequencial e/ou combinado de
inibidores de SGLT2 e GLP-1RA em paci-
entes com diabetes tipo 2.

Palavras-chave: Inibidores do Transportador
2 de Sodio-Glicose; Diabetes Mellitus Tipo
2; Receptor do Peptideo Semelhante ao
Glucagon 1; Nefropatias Diabéticas; Doencas
Cardiovasculares; Insuficiéncia Cardiaca.
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INTRODUCTION

Based on the results of recent cardiovascular
outcome trials (CVOT) using newer glucose lowe-
ring therapies, diabetes clinical practice guidelines
have had a renewed focus on cardiorenal protection
in patients at significant risk for cardiovascular (CV)
and kidney disease. In contrast to other anti-hyper-
glycemic agents, sodium-glucose contransport-2
(SGLT2) inhibitors and glucagon-like peptide-1
receptor agonists (GLP-1RA) have individually de-
monstrated CV and kidney benefits, as described
below. Moreover, combined use of these medica-
tion classes in patients with T2D is appealing due
to possible mechanistic and clinical synergies. In this
article, we review the mechanisms and clinical bene-
fits of SGLT2 inhibitors and GLP-1RA and outline
the rationale for their sequential or combined use in
people with type 2 diabetes (T2D).

Proprosep MEecHANISMS FOR RENAL PROTECTION
SGLT2 INHIBITORS

It is important to have a general overview of the
main hypotheses that have been put forward to ex-
plain cardiorenal protection with SGLT2 inhibitors.
Detailed reviews of mechanisms linked with cardio-
renal protection have been published elsewhere.!"
Indirect mechanisms — those not directly attributable
to intrinsic renal pathways - that may be protective
include: 1) Improved glycemic control with impro-
ved insulin sensitivity; 2) Body weight loss; and 3)
Blood pressure (BP) lowering possibly via decreases
in arterial stiffness and modulation of neurohormonal
pathways*’. There are also several proposed direct
renal effects including®*$: 1) Reduced intraglome-
rular pressure by activating tubuloglomerular feed-
back (TGF) on the basis of acute proximal tubular
natriuresis®'? leading to afferent arteriolar vasocons-
triction, particularly in the setting of renal hyperfil-
tration'>1%; 2) Suppression of pro-inflammatory and
pro-fibrotic factors in the kidney, possibly via redu-
cing hyperglycemia and by suppressing the renin-an-
giotensin-aldosterone system (RAAS)??* and also by
reducing intraglomerular pressure; and 3) Reducing
renal ischemia via multiple pathways, thereby redu-
cing kidney injury?>?, While it is not known which
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of these hypotheses is most closely related to kidney
protection, the largest body of experimental and hu-
man trial evidence exists for changes in glomerular
hypertension, which could also explain the rapid anti-
-proteinuric effect achieved with these agents and the
rapid, clinically relevant, reversible “dip” in eGFR
seen with these agents?”?5.

GLP-1 RecepTorR AGONISTS

GLP-1RA may similarly have “indirect” and “di-
rect” effects contributing to their kidney protection.
For indirect mechanisms, GLP-1RA therapies have
a variety of effects on metabolism that may be car-
diorenal protective, including reduced postprandial
glucose levels by stimulating insulin secretion, redu-
cing glucagon release and hepatic gluconeogenesis,
and slowing gastric emptying?’. GLP-1RA additio-
nally act at the central nervous system level, incre-
asing satiety leading to weight loss®*32, GLP-1RA
may also lower blood pressure through effects on the
endothelium, and increase heart rate (HR) through
stimulation of the sinoatrial node and the sympa-
thetic nervous system (SNS)*3%*, These agents also
appear to have anti-atherosclerotic effects through
several mechanisms including anti-inflammatory
effects at the level of the vessel wall and reduced en-
dothelial dysfunction?>**; which could also protect
the kidney. Proposed direct renal beneficial effects
include: 1) natriuresis contributing to BP reduction;
2) albuminuria reduction, possibly mediated by su-
ppression of inflammatory-related pathways; and 3)
reduction in renal inflammation and oxidative stress
related mechanisms®*3$. Pathways leading to GLP-
1RA induced natriuresis are unclear, with inhibition
of the sodium hydrogen exchanger-3 (NHE3) anti-
porter in the proximal tubule being one possibili-
ty*>#1, Despite this proximal natriuresis, unlike with
SGLT2 inhibition, blockade of sodium reabsorption
at this level of the nephron with GLP-1RA does not
lead to a characteristic and reversible dip in eGFR
with these therapies. Even though glomerular hemo-
dynamics remain unaffected with GLP-1RA, these
therapies are linked with a rapid reduction in albu-
minuria, possibly on the basis of direct anti-inflam-
matory GLP-1 pathways that may not be dependent
on natriuresis®*.



ImpacT oF SGLT2 InHiBITors AnD GLP-1RA
oN GLycemic ConTROL, BLooD PRESSURE, AND
WEIGHT

GLP-1RAs and SGLT2 inhibitors have benefi-
cial clinical effects on glycemic control, blood pres-
sure, and weight loss, when used alone or together.
In terms of glycemic effects, GLP-1RAs reduce me-
an HbA1c by 0.55-1.2% versus placebo in patients
with T2D, with exaggerated effects seen with lon-
ger-acting agents®. The glucose-lowering effects of
SGLT2 inhibitors are achieved via glucosuria, and
are comparatively modest, reducing HbAlc by 0.5-
0.7% in patients with normal kidney function, and
lesser effects are seen in patients with CKD stage 3
or 4>*, Both agents also have systemic hemodyna-
mic effects. GLP-1RA lower systolic and diastolic BP
to varying degrees, with estimates of 1.2- 4.6 mmHg
systolic / 0 — 1.1 mmHg diastolic***¢. One study
using 24-hour ambulatory blood pressure monito-
ring over 5 weeks reported a more robust systolic BP
lowering effect of 5 mmHg with liraglutide, with a
neutral effect on diastolic BP#’. The effects on BP are
independent of glucose control and weight loss**. BP
lowering with GLP-1RA is associated with increa-
ses in HR by 2-3 beats/minute in large clinical trials
and up to 6-10 beats/minute in 24-hour monitoring
studies’**. SGLT2 inhibitors have a mean BP lowe-
ring effect of 3.8 mmHg systolic/1.4 mmHg diastolic
compared to placebo, an effect which appears to be
largely independent of the baseline BP and HbA1lc
lowering, and preserved in patients with CKD?>*7,
SGLT?2 inhibitors do not affect heart rate®*s. Finally,
both agents promote weight loss. GLP-1RA induce
weight loss ranging from 0.2-7.2 kg, with appro-
ximately 50% of patients achieving a weight loss
of 5% on therapy*. SGLT2 inhibitors lead to a
modest weight loss of 2-3 kg, including both fluid
and adipose tissue loss. The magnitude of SGLT2
inhibitor-induced weight loss is largely preserved in
patients with CKD**4,

Based on their distinct mechanisms of action and
clinical effects, GLP-1RAs and SGLT?2 inhibitors may
have complementary renal and systemic effects, le-
ading to interest in the potential for their combined
use. There is, however, limited data on the combined
use of GLP-1RAs plus SGLT2 inhibition on impro-
ving glycemic control, blood pressure, and weight.

Combined use of SGLT2 inhibitors and GLP1 Receptor Agonists

In the 28-week, phase three randomized control
trial (RCT) DURATION-8, dual therapy with
an SGLT2 inhibitor (dapagliflozin) and a GLP-
1RA (once-weekly exenatide) was shown to re-
duce HbA1c by 0.4% more than either agent alo-
ne, in patients with a starting HbAlc of between
8-12%°°, illustrating that the glycemic response to
dual therapy is less than additive®®. At the conclu-
sion of DURATION-8, systolic BP was reduced by
1.3 mmHg for patients on single-agent exenatide,
1.8 mmHg for those on single-agent dapagliflozin,
and 4.2 mmHg with combined therapy, supporting
an additive BP lowering effect of combined the-
rapy’®. DURATION-8 demonstrated an additive
effect of dual therapy in inducing weight loss, with
an additional 1.87 kg and 1.20 kg of weight loss
versus single-agent exenatide and dapagliflozin,
respectively*’,

Further data comes from AWARD-10, a 24-we-
ek, phase three RCT of placebo versus add-on the-
rapy with the GLP-1RA dulaglutide in patients on
baseline SGLT2 inhibition®!, and SUSTAIN-9, a
30-week trial looking at add-on therapy with the
GLP-1RA semaglutide to baseline SGLT2 inhibi-
tion*2, Both trials included patients with baseline
HbA1c lower limit of 7% (mean HbAlc of 8%)*'2.
Add-on therapy with dulaglutide 1.5 mg weekly
(but not 0.75 mg) to baseline SGLT2 inhibition in
AWARD-10 resulted in 0.9 kg additional weight
loss compared to placebo, while add-on therapy wi-
th semaglutide 1 mg weekly in SUSTAIN-9 resulted
in an additional 3.1 kg weight loss versus place-
bo’1-52. A separate trial examined dual therapy wi-
th dapagliflozin and exenatide in 50 patients with
obesity but without T2D in a single-center RCT?3,
At 24 weeks, patients in the active arm achieved
4.1-kg more weight loss than placebo, with 36%
(versus 4.2% in placebo) achieving >5% body wei-
ght loss®3.

Despite what is known about HbAlc, weight,
and blood pressure effects of combination therapy,
less is known about other mechanisms associated
with cardiorenal protection in response to combina-
tion therapy such as natriuresis and renal hemody-
namics. In the following sections, we describe indi-
vidual cardiorenal benefits of these agents before
outlining a proposal for their combined used.
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CARDIORENAL BENEFITS oF SGLT2 INHIBITORS
AND GLP-1 Receptor AGonists FRom RENAL
AND CARDIOVASCULAR OuTcoME TRIALS

Among large-scale clinical trials involving SGLT2
inhibitors and GLP-1RA, there exists only one dedi-
cated renal outcome trial that has been published to
date. The CREDENCE trial involved patients wi-
th T2D, macroalbuminuria, and eGFR 30-90 mL/
min/1.73m2.5* In this trial involving the SGLT?2 inhi-
bitor canagliflozin versus placebo, the risk of the
primary outcome — doubling of serum creatinine,
end-stage kidney disease, renal death, or CV death
- was reduced by 30% with canagliflozin. More re-
cently, the DAPA-CKD study (NCT03036150), stu-
dying renal outcomes with dapagliflozin in protei-
nuric CKD patients (=25 and <75 mL/min/1.73m?)
with or without diabetes was stopped early due
to overwhelming efficacy with dapagliflozin. The
EMPA-KIDNEY trial (NCT03594110) is similarly
studying the effect of empagliflozin in patients with
diabetic chronic kidney disease (DKD) or non-dia-
betic chronic kidney disease (CKD), and has a lo-
wer limit of inclusion, GFR at >20 mL/min/1.73m?.
Until the results of these studies are available,
CVOTs and CREDENCE account for the current
dataset related to renal protection across a large co-
hort of patients with a range of baseline kidney and
CV disease related to T2D.

SGLT2 INHIBITORS

Prior to CREDENCE, three CVOTs evaluated
SGLT2 inhibitors in participant cohorts with va-
rying degrees of CV and renal risk. EMPA-REG
OUTCOME included 7020 patients with established
atherosclerotic CV disease (ASCVD)*, while the
CANVAS Program trial included 10,142 with two-
-thirds having ASCVD?*. The most recent DECLARE
TIMI-58 had 17,160 patients with approximately
40% having ASCVD*¢. In addition, the trial cohorts
also had differences in baseline renal health, with the
highest mean baseline eGFR in DECLARE TIMI-58.

EMPA-REG OUTCOME first demonstrated sig-
nificant reductions in primary 3-point MACE end-
point, CV mortality, overall mortality, and hospitali-
zation for heart failure (HHF) in its entire cohort and
in subgroups with varying baseline renal function and
proteinuria*®*’, In renal endpoint analyses, Wanner
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et al. reported a 39% risk reduction for the renal
composite of albuminuria progression, serum crea-
tinine doubling or end-stage kidney disease (ESKD),
or renal death’®. Importantly, each component — aside
from renal death — was reduced and renal benefits we-
re consistent across multiple subgroups including tho-
se with CKD at baseline®®. Beyond effects on “hard”
renal endpoints, empagliflozin also resulted in a re-
versible eGFR “dip” after approximately 4 weeks of
therapy. After 4 weeks, eGFR was better preserved
compared to placebo, an effect that was greatest in
patients with baseline macroalbuminuria, where pla-
cebo-treated patients lost ~20 mL/min/1.73m? over
3.1 years compared to ~10 mL/min/1.73m? in the
empagliflozin-treated arm?®. Interestingly, albuminu-
ria reductions in EMPA-REG OUTCOME persisted
in participants with baseline albuminuria even after
drug washout, suggesting renal structural changes
beyond simple hemodynamic effects?®. Finally, renal
benefits were independent of HbAlc lowering, while
hematocrit/hemoglobin — as markers of hemoconcen-
tration with natriuresis — were most closely associated
with CV protection®>®°, This supports the hypothesis
that protection against diabetes-related complications
are independent of metabolic improvements with
SGLT2 inhibitors.

Subsequent to the EMPA-REG OUTCOME trial
being published, the CANVAS Program reported its
results. This trial comprised an intermediate CV risk
cohort and also demonstrated significant reductions in
MACE, without individual improvements in all-cause
or CV mortality®162, Foreshadowing CREDENCE,
canagliflozin significantly reduced the composite of
sustained doubling of serum creatinine, ESKD or re-
nal death, reduced annual eGFR decline by 1.2 mL/
min/1.73 m*year, and UACR decreased by 18% in the
overall cohort®. Two years later, DECLARE-TIMI 58
was completed, and reported the impact of SGLT2
inhibition with dapagliflozin in the lowest CV risk co-
hort*®. Aside from a 27% reduction in the co-primary
endpoint of CV death or HHF (largely driven by HHF
reduction), dapagliflozin reduced the risk of 40% de-
cline in eGFR to <60 mL/min/1.73m?, ESKD or re-
nal death by 47%°%. Hazard ratios for CV outcomes
and mortality were generally similar across baseline
levels of eGFR and albuminuria, aside from a lower
HR in the impaired eGFR with albuminuria group®.



These results demonstrate a consistent role for cardio-
renal protection with SGLT2 inhibitors in relatively
low renal risk population presumably early in their
disease course.

The benefit of SGLT2 inhibition on HHF was
further shown in the DAPA-HF trial, which impor-
tantly included participants with heart failure and
reduced ejection fraction (HFrEF) with and without
T2D¢. Dapagliflozin was effective in reducing the
risk of the primary outcome - composite of worse-
ning heart failure, cardiovascular death, or urgent
care visit for heart failure - in participants with and
without T2D. Benefits on the primary composite en-
dpoint were present across major baseline groups of
clinical characteristics, including use of background
heart failure therapies.®” In DAPA-HE dapagliflo-
zin was well-tolerated, even in elderly trial parti-
cipants.®® In secondary analyses, there was a trend
towards reducing the risk of the composite renal ou-
tcome (=50% sustained decline in eGFR/ESKD/renal
death — HR 0.71, 95% CI 0.44-1.16), with the cave-
at that events rates were low. The investigators also
reported a significant separation in the eGFR slope
curves favoring dapagliflozin, even when stratified
by T2D status.

GLP-1 RecepTor AGONISTS

To date, seven CVOTs assessing GLP-1RA have
been published, combining a total of 56,004 patients.
Multiple meta-analyses certainly confirm a benefit in
terms of reductions in MACE in patients with establi-
shed ASCVD, and reductions in the risk of stroke®-"!,
The benefits of GLP-1RA in those without established
ASCVD and in reducing the risk of HHF is less clear,
and individual trials have not yet demonstrated pro-
tection against HHF"!,

For kidney protection, benefits have been re-
ported with GLP-1RA, though less substantial
compared to those that have been established in
the SGLT2 inhibitor literature. In pre-specified se-
condary renal outcome analyses in LEADER, new-
-onset persistent macroalbuminuria, persistent
doubling of serum creatinine, need for renal repla-
cement therapy (RRT), and death due to renal di-
sease were reduced with a hazard ratio of 0.78 and
an NNT of 67 (95% CI 0.67-0.92; P=0.003)*72,

Combined use of SGLT2 inhibitors and GLP1 Receptor Agonists

This was, however, driven by a reduction in new on-
set persistent macroalbuminuria, though the num-
ber of ‘hard’ renal outcomes was low — 120 of 9340
patients required RRT, 184 of 9430 had a dou-
bling of serum creatinine. In a similar population,
SUSTAIN-6 compared semaglutide with placebo
and demonstrated a reduction in new or worsening
nephropathy with a hazard ratio of 0.64 (95% CI
0.46-0.88; P=0.005)"%, again an effect based on a
lower risk of albuminuria progression. In an explo-
ratory renal outcome analysis of REWIND, dulaglu-
tide reduced the composite outcome of first occur-
rence of new macroalbuminuria (UACR >33.9 mg/
mmol), a sustained decline in eGFR of 30% or more
from baseline, or chronic RRT (HR 0.85, 95% CI
0.77-0.93; p=0.0004) — also driven by a reduction
in new onset macroalbuminuria’7”’. Meta-analyses
of GLP-1RA agents have confirmed that relative risk
reductions in composite renal outcomes are largely
driven by reductions in macroalbuminuria®®7!.

Perhaps the most convincing data for kidney pro-
tection beyond albuminuria lowering stems from the
AWARD-7 trial. This study evaluated dulaglutide
against insulin glargine in 577 patients with mode-
rate-to-severe CKD (stages 3-4, with an approximate
mean eGFR of 38 mL/min/1.73m?) for the primary
outcome of HbAlc reduction at 26 weeks and se-
condary outcomes of eGFR and UACR”. By design,
glycemic lowering between the two treatment arms
was similar. Despite glycemic equipoise, dulaglutide
was associated with a smaller decline in eGFR at one
year, particularly in patients with baseline macroal-
buminuria, who also achieved the greatest reduction
in urinary albumin-to-creatinine ratio with the higher
1.5 mg dulaglutide dose. This important observation
emphasizes that, similar to renal benefits achieved wi-
th SGLT?2 inhibitors, GLP-1RA effects in the kidney
are likely glucose-independent.

How 10 Use THESE AGENTS TOGETHER?

As observed in trials such as DURATION-8, when
used together, SGLT2 inhibitors and GLP-1RA con-
fer additional benefits on glycemic control, BP, and
weight loss. However, there are currently no completed
clinical trials studying impact of combined SGLT2 in-
hibitor plus GLP-1RA on CV use on renal outcomes.
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A post-hoc propensity-matched cohort from the
EXSCEL trial with the GLP-1RA exenatide demon-
strated that the addition of exenatide in patients on
a background of SGLT?2 inhibition tended to exhibit
improvements in MACE and all-cause mortality, and
slower rates of renal decline compared to patients
not on an SGLT2 inhibitor”. In real-world practice,
SGLT2 inhibitors and GLP-1RA are likely to be initi-
ated sequentially. In line with multiple clinical prac-
tice guidelines, we recommend a patient-centered
approach targeting diabetes-related cardiorenal co-
morbidities and risk factors, while considering the
risk of adverse events, patient preference, and cost
(Figure 1).

In obese patients with T2D without other co-
morbidities, while both agents promote weight loss,
GLP-1RA may be preferred as the first agent, due to
greater weight loss at the upper range than SGLT2
inhibitors, particularly with the longer acting liraglu-
tide and semaglutide’. Additionally, weight loss with
SGLT2 inhibitors may be limited by compensatory
adaptations including hyperphagia™. Indeed, liraglu-
tide 3 mg daily is approved as a weight loss agent
when used as an adjunct to a reduced caloric diet and
physical activity. Given the significant heterogeneity
in weight loss with GLP-1RA, inadequate responses
may prompt the addition of SGLT2 inhibition in light
of results of DURATION-8 and AWARD-10.

Figure 1. T2D management with SGLT2 inhibitors and GLP-1 RA.

Among patients with T2D and established ASCVD,
both GLP-1RA and SGLT?2 inhibitors reduce MACE
by similar magnitudes and initiation of either class is
indicated. Such patients may subsequently be prime
candidates for combination therapy. In patients with
T2D and multiple risk factors for ASCVD but without
established disease, meta-analyses have not detected
a MACE benefit for GLP-1RA or SGLT2 inhibi-
tors.® Other considerations may include the type of
background ASCVD. For example, semaglutide and
dulaglutide have demonstrated reductions in risk of
stroke, and similar effects have been reported in the
class as a whole in meta-analyses’®”>7. Accordingly,
it may be reasonable to preferentially initiate patients
with T2D and a history of stroke on a GLP-1RA as
the first agent prior to using an SGLT?2 inhibitor.

In patients with T2D and heart failure, especially
HFrEFE, SGLT2 inhibition should be prioritized in addi-
tion to other guideline-directed therapy, as demons-
trated in the DAPA-HF trial®. Additionally, multiple
meta-analyses have demonstrated reductions in HHF
with SGLT2 inhibitors, reductions that have not been
demonstrated with GLP-1RA®. Moreover, results of
the FIGHT study, where patients with HFrEF were ran-
domized to liraglutide vs placebo, suggested a trend to-
wards harm®. One possible reason for this observation
could be the opposing chronotropic effects of SGLT2
inhibitors and GLP-1RA discussed in the sections above.

.Caveat that strong evidence for reduction in hard renal outcomes with GLP1-RA is limited.
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The chronotropic effects of GLP-1RA may be parti-
cularly deleterious in heart failure patients with hi-
gher sympathetic activity contributing to morbidity
and mortality®**°. Conversely, SGLT2 inhibitors are
not associated with increased HR despite natriure-
sis/osmotic diuresis and reduced blood pressure and
plasma volume, suggestive of reduced SNS activity®s!,
The addition of GLP-1RA to SGLT2 inhibitors in HF
patients with T2D might be considered with a conco-
mitant history of ASCVD. It remains to be seen whe-
ther SGLT2 inhibitors diminish increases in HR when
used in combination with GLP-1RA.

Finally, in T2D patients with DKD, particular-
ly those with high risk of progression, results from
CREDENCE and from secondary CVOT analy-
ses strongly support the use of SGLT2 inhibitors.
Anticipated results of the DAPA-CKD and from
EMPA-Kidney may also make a case for the use of
SGLT2 inhibitors in non-diabetic proteinuric CKD.
Persistent proteinuria and/or hypertension, despite
maximal dose RAAS blockade plus SGLT2 inhibi-
tor use, may prompt consideration of adding a GLP-
1RA. Importantly, the benefits of SGLT2 inhibition
have largely been demonstrated in study cohorts
already taking background treatments that are car-
diorenal protective, such as RAAS blockade. RAAS
blockade and SGLT?2 inhibitors are both associated
with significant renal hemodynamic mediated dips
in GFR, which may limit their use in patients with
renal function at lower limits of clinical trial inclu-
sion criteria (<30 mL/min in the CREDENCE trial
or €25 mL/min in the DAPA-CKD trial). The addi-
tion of eGFR neutral GLP-1RA to hemodynamically
active RAAS inhibition or SGLT2 inhibition may be

Figure 2. Monitoring and side effect considerations.

Combined use of SGLT2 inhibitors and GLP1 Receptor Agonists

desirable under such circumstances given their possi-
ble direct renal benefits that are independent of acute
GFR “dip” effects.

ADVERSE EVENTS

SGLT?2 inhibitors are well tolerated, with mycotic
genital infections the most common side effect and
diabetic ketoacidosis, a rare but potentially serious
complication®?. Reports of acute kidney injury (AKI)
have not been substantiated, with all three CVOTs
and CREDENCE reporting reductions in AKI*3. An
increased risk of lower extremity amputation was ob-
served in CANVAS and a few real-world studies, but
not in CREDENCE*5584 suggesting that this is no
longer a major concern. GLP-1RA have been associa-
ted with dose-dependent gastrointestinal effects inclu-
ding nausea, vomiting, and diarrhea in approximately
5-10% of people®. Animal studies and observational
data on risks of pancreatitis and medullar thyroid
cancer have not been supported in CVOTs*¥7, More
recent post-hoc analyses have shown that GLP-1RA
is safe and well tolerated in patients with kidney
disease®®%.

GLP-1RA have a glucose-dependent mechanism
of action and low rates of hypoglycemia®. The risk of
hypoglycemia is similarly low with SGLT2 inhibition
because the effects on urinary glucose excretion are
dampened at lower glucose levels?. Importantly, the-
re was no increased risk of hypoglycemia seen with
dual therapy in DURATION-8, and minimal risk in
AWARD-10 and SUSTAIN-95%52, Overall, these trials
suggest an acceptable safety profile with combined
therapy and no specific signal for heightened risk of
adverse effects (Figure 2).
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CONCLUSIONS

The use of SGLT2 inhibitors and GLP1-RA in-
dividually has significantly increased over the past
several years. With the emergence of clinical trials
in non-diabetic patient populations demonstrating
benefits of these agents in cardiovascular and re-
nal outcomes, use of these drugs is anticipated to
expand into the arsenal of nephrologists, cardiolo-
gists, and neurologists. We expect their combined
use to similarly increase, particularly in patients wi-
th multiple comorbidities. With respect to their in-
dividual use, important questions remain unanswe-
red, including whether or not GLP-1RA reduces
the risk of end stage kidney disease or doubling of
serum creatinine in cohorts with DKD at baseline
— a question currently being studied in the ongoing
FLOW trial with semaglutide. In addition, it is not
known if there is a lower kidney function limit for
cardiorenal protection with either class of drug, es-
pecially in patients with non-diabetic conditions.
Finally, patients with type 1 diabetes and solid
organ transplant recipients, particularly kidney
transplant recipients, are other populations in whi-
ch ongoing investigation for use of these agents is
warranted. Ultimately, based on data from studies
using individual therapies, it is now of the utmost
importance to elucidate the role of combination
SGLT?2 inhibitor-GLP-1RA therapy as a strategy to
reduce cardiorenal complications.
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