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Purpose of review

Sodium glucose cotransporter 2 (SGLT2) inhibitors are a class of medications initially developed for the
treatment of diabetes, although their cardiac and renal protective benefits are far reaching. There has been
marked interest in the rheumatology community to adopt these medications into our clinical practice,
particularly for chronic kidney disease with persistent proteinuria.

Recent findings

SGLT2 inhibitors have been approved for patients with type 2 diabetes mellitus, heart failure with reduced
or preserved ejection fraction, atherosclerotic cardiovascular disease in the setting of type 2 diabetes
mellitus, as well as chronic kidney disease with proteinuria. Large studies on SGLT2 inhibitors have largely
excluded patients with proteinuric chronic kidney disease due to autoimmune glomerulonephritis due to
concerns for confounding from immunosuppression. The Dapagliflozin and Prevention of Adverse Outcomes
in CKD Trial (DAPA-CKD) showed that SGLT2 inhibition decreased progression of renal disease in patients
with IgA nephropathy. Expanding this to other autoimmune glomerulonephropathies, several small studies
have shown improvements in proteinuria in patients with lupus nephritis treated with SGLT2 inhibitors.
A study evaluating safety of SGLT2 inhibitors in patients with lupus identified no specific concerns even with
concomitant use of immunosuppression.

Summary

Small studies have shown that SGLT2 inhibitors can been utilized safely and efficaciously in patients with
lupus nephritis. Additional research is needed to identify where these medications fit into the rheumatology
treatment armamentarium.
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INTRODUCTION

Sodium glucose cotransporter 2 (SGLT2) inhibitors
are a class of oral medications initially developed for
treatment of diabetes. Their cardiac and renal bene-
fits have been found to far surpass their minimal
glucose lowering effects and these medications have
been subsequently approved for multiple chronic
medical conditions including chronic kidney dis-
ease, atherosclerotic heart disease and heart failure.
These medications are now employed across multi-
ple specialties in medicine.

Patientswith autoimmune diseases, a population
known to be at high risk for cardiovascular and renal-
related morbidity and mortality, could also benefit
from SGLT2 inhibitors. Interest in these medications
within the rheumatology community has grown in
recent years. Data in IgA nephropathy showed the
benefits of SGLT2 inhibitors in decreasing albumi-
nuria and preventing progression of chronic kidney
disease [1

&

]. Since then, interest in applying these
medications to other glomerulopathies, particularly
uthor(s). Published by Wolters Kluwe
the prototypic glomerulopathy lupus nephritis, has
grown. To date, small-scale studies have shown
promising safety and efficacy in patients with lupus
and lupus nephritis. This review seeks to highlight
the useful literature for the rheumatologist, includ-
ing small scales studies with these medications and
future directions for the field.
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KEY POINTS

� The use of SGLT2 inhibitors in patients with chronic
kidney disease with proteinuria is associated with a
decreased risk of end-stage renal disease and all-
cause mortality.

� Small studies in patients with lupus nephritis with short-
term follow up have shown that SGLT2 inhibitors can
be utilized safely and potentially decrease proteinuria
and allow eGFR to remain stable.

Special commentary
SGLT2 INHIBITOR DRUG MECHANISM

SGLT2 inhibitors block the action of sodium glucose
cotransporter 2 (SGLT2), which is located in the
early proximal tubule of the kidney. It is responsible
for reabsorption of approximately 90% of glucose
filtered by the kidney. Sodium glucose cotransporter
1 (SGLT1) is located later in the proximal tubule and
reabsorbs most of the remaining glucose [2] but is
also present in small intestine, heart and skeletal
muscle making it a less ideal drug target [3].

When hyperglycemia occurs, increasing
amounts of glucose are reabsorbed in the proximal
tubule leading to sustained hyperglycemia in the
body, which can be maladaptive in the setting of
chronic hyperglycemia of diabetes. Prolonged
hyperglycemia is also associated with upregulation
of renal SGLT2 protein expression in rodent models,
which can further perpetuate hyperglycemia, wor-
sening long-term effects [2].

As glucose levels in the body escalate, SGLT2
works to reabsorb increasing amounts of glucose
which is followed by sodium, chloride, and fluid.
This decreases the levels of sodium and chloride
delivered to the macula densa further through the
nephron. Tubuloglomerular feedback interprets the
lower concentrations of sodium and chloride as lower
effective circulating volume, increases dilation of the
afferent arteriole, and upregulates glomerular filtra-
tion at the level of the nephron [2,4]. It is hypothe-
sized that this leads to hyperfiltration in the diabetic
kidney, propagating long term injury [4].

SGLT2 inhibitors’ blockage of the actions of
SGLT2 leads to an osmotic diuresis [3]. In addition
to increased levels of glucose remaining in the urine,
there is an increased delivery of sodium, chloride,
andwater to themacula densa with SGLT2 blockade.
The kidney interprets this as increased glomerular
perfusion which leads to afferent arteriolar vasocon-
striction and decreases intraglomerular pressure [5]
leading to less stress on the system. The decreased
intraglomerular pressure also leads to a decrease in
albumin lost in the urine, which is important as
decreased albuminuria is associated with reduction
352 www.co-rheumatology.com
in risk of end-stage renal disease [5]. Hypoglycemia is
not typically seen with isolated use of SGLT2 inhib-
ition because of the compensatory response of
SGLT1 further downstream in the proximal tubule
[6]. The glucose lower effects of SGLT2 inhibition are
higher in the setting of hyperglycemia and decrease
as serum glucose levels fall [6].

SGLT2 inhibitors are known to initially decrease
glomerular filtration rates in the first 2–4weeks of
therapy. While this phenomenon is well docu-
mented, the mechanisms hypothesized have varied
and are potentially different in patients depending
on underlying physiology [6,7

&

,8
&

].
It has also been hypothesized that SGLT2 inhib-

itors may modulate pro-inflammatory cellular proc-
esses and decrease markers of oxidative stress [8

&

],
although mechanisms remain largely unclear.
CURRENTLY APPROVED INDICATIONS OF
SGLT2 INHIBITORS

The currently approved indications for SGLT2 inhib-
itors, as illustrated by a review of the key articles
below, include
(1)
 Type 2 diabetes mellitus

(2)
 Chronic kidney disease with proteinuria with or

without type 2 diabetes mellitus

(3)
 Heart failure with reduced or preserved ejection

fraction

(4)
 Atherosclerotic cardiovascular disease in the

setting of type 2 diabetes mellitus
Type 2 diabetes

SGLT-2 inhibitors were initially approved for use in
type 2 diabetes mellitus, as their glucosuric effects
improve glycemic control, however their effects on
hemoglobin A1cwere found to be relatively weak [9]
with a decrease by only 0.5–1% [10]. SGLT2 inhib-
itors are approved as second-line or third-line ther-
apy for type 2 diabetes depending on prior
medications utilized and other medication contra-
indications. For patients with diabetes and associ-
ated kidney disease, studies have shown SGLT2
inhibitors to decrease risks of dialysis, transplanta-
tion, and death due to chronic kidney disease in
patients previously maximized on renin-angioten-
sin-aldosterone inhibition (RAAS) [11].
Chronic kidney disease with proteinuria with
or without diabetes mellitus

SGLT2 inhibitors are approved for patients with
proteinuric chronic kidney disease. The Dapagliflo-
zin and Prevention of Adverse Outcomes in Chronic
Volume 36 � Number 5 � September 2024



SGLT-2 inhibitors Chakrabarti and McCune
Kidney Disease (DAPA-CKD) trial enrolled 4304
individuals with estimated glomerular filtration rate
(eGFR) 25–75ml/min/1.73m2 and urinary albumin-
to-creatinine 200–5000mg/g (median 950mg/g).
One-third of enrolled patients did not have diabetes.
Patients were assigned dapagliflozin 10mg daily vs.
placebo. At follow up of 2.4 years, patients in the
dapagliflozin group had statistically significant
decreased end stage kidney disease (5.1 vs. 7.5%)
and all-cause mortality (4.7 vs. 6.8%). The risk of
50% or greater decline in eGFR decreased from 9.3 to
5.2% [12].

The Study of Heart and Kidney Protection with
Empagliflozin (EMPA-KIDNEY) trial enrolled 6609
patients with either eGFR 20–44ml/min/1.73m2 or
eGFR 45–89ml/min/1.73m2 and urinary albumin-
to-creatinine ratio greater than 200mg/g [13

&

].
Notably, less than 50% of enrolled patients had
diabetes. Patient were treated with either empagli-
flozin 10mg daily or placebo. At the end of 2 years,
the treatment group demonstrated a reduced inci-
dence of end-stage renal disease (3.3 vs. 4.8%),
sustained decline in eGFR to less than 10ml/min/
1.73m2 (3.5 vs. 5.1%), and sustained decrease in
eGFR of 40% or more (10.9 vs. 14.3%). The risks of
all-cause mortality (4.5 vs. 5.1%) and nonfatal car-
diovascular events (4.3 vs. 4.6%) were similar
between the groups [13

&

]. The largest benefits were
noted in patients with the highest urinary albumin-
to-creatinine ratios [13

&

].
Heart failure with reduced or preserved
ejection fraction

Multiple clinical trials also identified the benefits
of SGLT2 inhibitors in patients with heart failure
including the EMPEROR-reduced trial and DAPA-
HF trial [14,15]. In patients with heart failure with
reduced ejection fraction, SGLT2 inhibitors reduce
hospitalizations, prevent worsening New York
Heart Association class and decrease all-cause mor-
tality [14–16]. This is true in both patients with and
without diabetes, again arguing this is independent
of the glycemic effects of these medications [14–
16].

The CHIEF-HF trial included patients with pre-
served ejection fraction in addition to those with
reduced ejection fraction and either type 2 diabetes
or no diabetes. An analysis of 417 patients identified
higher quality of life scores and lower symptom
burden in patients treated with canagliflozin regard-
less of ejection fraction or presence or absence of
diabetes [17

&

]. The EMPEROR-preserved trial
reported patients treated with empagliflozin had
lower risk of heart failure hospitalizations vs. pla-
cebo [18].
1040-8711 Copyright © 2024 The Author(s). Published by Wolters Kluwe
Atherosclerotic cardiovascular disease in the
setting of diabetes

Studies evaluating patients with diabetes with high
cardiovascular risk have identified benefits with the
use of SGLT2 inhibitors including lower rates of
death from cardiovascular causes, nonfatal myocar-
dial infarction and nonfatal stroke [19,20].

There are additional noted benefits of these med-
ications outside of the typically approved indications.
SLGT2 inhibitors have consistently been found to
decrease blood pressure with decreases in systolic
values by 3–5mmHg and diastolic values by 2–
3mmHg [2,7

&

,8
&

]. In patients with diabetes, SGLT2
inhibitors have been associated with weight loss,
typically around 2–3kg over 6–12months [7

&

,21].
There are also data to suggest that SGLT2 inhibitors
can decrease rates of atrial fibrillation and atrial flutter
in high-risk patientswith type 2 diabetesmellitus [22].
DATA TO SUPPORT USE OF SGLT2
INHIBITORS IN AUTOIMMUNE
GLOMERULONEPHRITIS

The treatment of proteinuric renal disease is partic-
ularly applicable for the rheumatologist. This review
seeks to summarize new data suggesting that SGLT2
inhibitors additionally have a role in the treatment
of renal disease related to underlying autoimmune
conditions.

Large-scale studies have repeatedly identified the
renoprotective benefits of SGLT2 inhibitors when
added to renin-angiotensin-aldosterone (RAAS)
blockade, the current standard of care, in chronic
kidney disease with proteinuria. Unfortunately,
patients with autoimmune glomerulonephritis often
have persistent residual proteinuria despite maximi-
zation of RAAS blockade, optimization of blood
pressure and avoidance of other nephrotoxins.

Data from the Dapagliflozin and Prevention of
Adverse Outcomes in CKD Trial (DAPA-CKD)
included 270 patients with IgA nephropathy. The
uses of dapagliflozin in these patients was associated
with decreased progression of kidney disease and
decreased albuminuria [1

&

]. This is a particularly
hopeful finding, as treatments for IgA nephropathy
have been historically lacking. Rheumatologists are
often called upon to manage immunosuppressive
agents, although the data to guide use of these
medications in IgA nephropathy remain minimal.

Interest in the use of SGLT2 inhibitors has since
expanded to other glomerulonephropathies, partic-
ularly lupus nephritis, a glomerulonephropathy in
which immunosuppression has a clearly defined
role. A handful of small studies have identified both
the safety and efficacy of SLGT2 inhibitor use in
lupus nephritis and are summarized in Table 1.
r Health, Inc. www.co-rheumatology.com 353



Table 1. Studies of SGLT2 inhibitors in patients with lupus and lupus nephritis

Study Patient population SGLT2 inhibitor Follow up Conclusions

Wang et al. RMD Open
2022 [23&&]

38 patients with lupus
Included 17 patients with
active lupus nephritis
defined as proteinuria
>0.5g/24h at entry

Dapagliflozin 10mg daily 6 months 12/38 patients (31.58%) had
adverse events attributed to
dapagliflozin, although only
two adverse events were
severe.
No significant change in
SLEDAI scores.
Proteinuria in patients with
lupus nephritis remained
unchanged.
GFR remained stable.
Mean prednisone dose was
decreased by approximately
30%.

Morales and Galindo,
Ann Rheum Dis 2022
[24]

Five patients with biopsy-
proven lupus nephritis

Empagliflozin 10mg daily 2 months Mean proteinuria decreased
from 2.2g/day to 1.2g/day
No significant changes in GFR.

Zhao et al., Ann Rheum
Dis 2023 [25&&]

Nine patients with biopsy-
proven lupus nephritis

Various SGLT2 inhibitors
including dapagliflozin
10mg daily,
canagliflozin 100mg
daily, ertugliflozin 5mg
daily

2 months Proteinuria decreased by 29.6–
96.3%
GFR was stable over treatment
period.

Special commentary
A study by Wang et al. [23
&&

] showed that the
addition of dapagliflozin to standard therapy in
patients with systemic lupus erythematosus (SLE)
was well tolerated in a phase I/II trial. This study
enrolled 38 patients with SLE, 17 (44.7%) of whom
had active lupus nephritis which was defined as
proteinuria more than 0.5 g/24h. Dapagliflozin
10mg was added to standard of care therapy and
patients were monitored for the following
6months. Eight patients (21%) experienced adverse
events leading to drug discontinuation although
only half of these events were attributed to the
dapagliflozin. One major lupus flare was recorded.
Only one lower urinary tract infection was observed
in the study (2.63% of patients). Secondary end
points of this study included SLE disease activity
index, which decreased over the course of the study
(SLEDAI 4.24!3.97) but was not found to be statisti-
cally significant. From baseline to 6-month follow
up, the mean daily prednisone dose decreased by
30% (14.21 to 10.67mg). The median 24-h urine
protein remained unchanged in the patients with
active lupus nephritis throughout the course of the
study. It should be noted that the baseline SLEDAI
score (mean 4.24) suggested that patients enrolled
in this study had relatively low SLE-related disease
activity upon entry [23

&&

].
In a pilot study of five patients with biopsy-

proven lupus nephritis, the addition of empagliflo-
zin 10mg/day to their ongoing immunosuppressive
354 www.co-rheumatology.com
therapy led to improvements in proteinuria (mean
baseline 2.2 g/day with 8week follow upmean 1.2 g/
day). The authors did not note a significant change
in glomerular filtration rates among these patients
[24].

A study by Zhao et al. [25
&&

] also included a
review of nine patients with biopsy-proven lupus
nephritis who were treated with SGLT2 inhibitors
for 2months. Follow-up evaluation showed a
decrease in proteinuria among all nine patients
ranging from 29.6 to 96.3% with stable glomerular
filtration rate over treatment period [25

&&

].
There has also been a push to use SGLT2 inhib-

itors in other proteinuric renal diseases such as
ANCA-associated vasculitis [26

&

], although to our
knowledge, this has not been formally studied
to date.
SGLT2 INHIBITORS AND INFLAMMATORY
MODELS

SGLT2 inhibitors are also thought to have a role in
mitigating inflammation, explaining in part why
they may be additionally helpful in disease proc-
esses such as atherosclerosis and heart failure.
Inflammation is part of the body’s immune response
to dealing with stress, but prolonged inflammation
can lead to chronic damage and organ dysfunction.

Data suggest that SGLT2 inhibitors decrease
inflammation through multiple mechanisms. In
Volume 36 � Number 5 � September 2024



Table 2. Potential side effects of SGLT2 inhibitors

Side effect High-risk population

Genitourinary infections, including
urinary tract infection, candida
infections and rare cases of
Fournier’s gangrene

Patients with known risk factors for genitourinary infections including concomitant
immunosuppression

Diabetic ketoacidosis Any history of diabetic ketoacidosis

Hypotension/volume depletion Concomitant use of blood pressure medications and/or diuretics
Population at risk for being unable to drink sufficient fluids

Fragility fractures Any other risk factors for osteoporosis including high dose steroid use

Lower limb amputation Avoid use in patients with severe neuropathy, peripheral vascular disease or foot ulcerations
which carry higher risks for amputation

SGLT-2 inhibitors Chakrabarti and McCune
animal models, SGLT2 inhibitors have been shown
to decrease polarization of macrophages and
decrease infiltration into affected tissues [27

&

] as
well as decrease NLRP3 inflammasome activation
[25

&&

,27
&

]. SGLT2 inhibition has been reported to
reduce oxidative stress and adipose tissue-mediated
inflammation [16]. In in-vitro models, SGLT2 inhib-
itors have been shown to suppress secretion of pro-
inflammatory cytokines from endothelial cells [28].

SGLT2 inhibitors may also have additional ben-
efits in autoimmune diseases via altering T cell
mediated processes [29,30]. It was recently reported
that canagliflozin inhibits T cell activation as well as
T cell proliferation via downregulation of mamma-
lian target of rapamycin complex 1 (mTORC1). Via
multiple intracellular mechanisms canagliflozin
inhibits the secretion of multiple pro-inflammatory
cytokines including interleukin-17 (IL-17) and
interferon gamma (IFNg). Importantly, these find-
ings have not been confirmed with the use of dapa-
gliflozin [29].

Of particular interest to rheumatologists, a
recent study in Annals of Rheumatic Diseases reported
that SGLT2 inhibitors decreased podocyte damage in
experimental models of lupus nephritis. Mouse
models of lupus nephritis (MRL/lpr mice) were
treated with empagliflozin with significant improve-
ments in creatinine levels as well as proteinuria.
Histologic evaluation showed that empagliflozin
treated mice had less foot process effacement, which
the authors posit was due to less inflammasome
activation and increased autophagy [25

&&

].
ADVERSE EVENTS

Despite the numerous noted benefits of SGLT2
inhibitors, there are several potential adverse events
of which clinicians should be cognizant. Identifica-
tion of any high-risk baseline features in a patient
will allow a clinician to guide therapy accordingly.
1040-8711 Copyright © 2024 The Author(s). Published by Wolters Kluwe
Side effects and high-risk populations are summar-
ized in Table 2.
Genitourinary tract infections

Themost cited adverse events with SGLT2 inhibitors
are urinary tract infections and genitourinary infec-
tions, a common issue seen in patients on chronic
steroids for treatment of autoimmune diseases. By
blocking glucose reabsorption in the proximal
tubules, SGLT2 inhibitors increase the amount of
glucose in the urinary tract, which can foster an
environment for bacterial growth. A meta-analysis
identified a trend toward increased UTI with SGLT2
inhibitor use [relative risk (RR) 1.07, 95% confidence
interval (95% CI) 0.99–1.15] and a significant
increase in the risk of genital infection (RR 3.75,
95% CI 3.00–4.67) [31

&

]. The initiation of canagli-
flozin was associated with both increased vaginal
colonization of candida species as well as increased
symptomatic candida infections in women with
diabetes [32]. There have also been reports of Four-
nier gangrene associated with SGLT2 inhibitor use
[33]. Interestingly, the study by Wang et al. [23

&&

]
only identified one UTI among 38 lupus patients
over a 6-month period despite standard-of-care con-
comitant immunosuppressive agents arguing that
SGLT-2 inhibitors may not add to urogenital infec-
tion risk in patients despite ongoing use of immu-
nosuppression.
Diabetic ketoacidosis

Diabetic ketoacidosis (DKA) is a known risk with the
use of SGLT2 inhibitors through the stimulation of
ketogenesis as well as possibly decreased renal clear-
ance of ketone bodies [34]. Atypically, DKA in the
setting of SGLT2 inhibitor use can present with
normal blood sugars [35]. As a result, any patient
with symptoms of DKA such as nausea, vomiting or
r Health, Inc. www.co-rheumatology.com 355



Special commentary
malaise should have SGLT2 inhibitor held until the
presence of acidosis can be ruled out. These medi-
cations are typically avoided in patients with type 1
diabetes or any history of DKA; there have been
successful reports of their use [4], but serious con-
cerns remain [36]. Patients should be cautioned to
skip SGLT2 inhibitor dose on days they are fasting
(e.g., due to scheduled surgery or illness) [37].
Hypotension and volume depletion

With initiation of SGLT-2 inhibitors, blood pressure
needs to be closely monitored. By causing osmotic
diuresis [38], urine volume can increase by up to
400–500ml [7

&

,39] putting patients at risk for vol-
ume depletion [31

&

] and subsequent hypotension.
In some cases, diuretics and/or blood pressure med-
ications will need to be lowered or discontinued.
Acute kidney injury

While there is an initial expected decrease in eGFR
with the initiation of SGLT2 inhibitors, in general,
these medications have been found to be protective
against the development of acute kidney injury
[31

&

].
Hypoglycemia

In isolation, SGLT2 inhibitors are not thought to
carry a significant risk of hypoglycemia. A meta-
analysis did not show concerns for severe hypogly-
cemia with SGLT2 inhibitors compared to placebo
[31

&

]. As SGLT2 inhibitors are commonly utilized
with other treatments for diabetes, however, the
clinician must be cognizant of combined risks of
medications. Risk is thought to be largely due to
background medications [39]. This may be partic-
ularly pertinent for the use of SGLT2 inhibitors in
patients with lupus, as hydroxychloroquine is also
associated with a rare risk of hypoglycemia and
patients should be monitored for adverse events
[40,41].
Fragility fractures

A study of canagliflozin reported a higher incidence
of fractures in patients on treatment [42]. This is
hypothesized to be due to potential risks of ortho-
static hypotension [38] as well as actual decreases in
bone density [43]. A meta-analysis did identify a
trend toward increased risk of fracture for SGLT2
inhibitors (RR 1.07, 95% CI 0.99–1.16) [31

&

]. For the
rheumatologist, this risk needs to be kept in mind,
particularly in the setting of concomitant high-dose
steroid use, an additional risk factor for bone loss.
356 www.co-rheumatology.com
Lower limb amputation

Finally, SGLT2 inhibitor use has been associated
with an increased risk of lower limb amputation
[20,31

&

] and should be used with caution in patients
with known risk factors including severe neuropa-
thy, peripheral vascular disease or history of foot
ulceration. The mechanisms for this risk remain
unclear with hypotheses suggesting volume deple-
tion leads to reduced tissue perforation predisposing
to ulceration [44].

Of note for rheumatologists, there has been one
case report for the development of cutaneous poly-
arteritis nodosa associated with the use of empagli-
flozin [45] and a case of anti-HMGCR positive
myopathy after dapagliflozin exposure [46].
LABORATORY ABNORMALITIES WITH THE
USE OF SGLT2 INHIBITORS

Clinically, SGLT-2 inhibitors are associated with an
immediate decrease in eGFR around 5ml/min/
1.73m2 [7

&

] over the first 2–4weeks of treatment,
but eGFR remains preserved when compared to
placebo over long-term follow up ofmonths to years
[5,47,48]. Studies looking at the discontinuation of
SGLT2 inhibitors have shown that eGFR rebounds to
baseline value when medication is stopped even
after long term use [47,48]. This detail is important
for physicians, as an initial decrease in eGFR should
not be caused to discontinue the SGLT2 inhibitor.
This physiologic response can also make interpret-
ing clinical responses to medications challenging,
particularly if SGLT2 inhibitors are started around
the same time as immunosuppression.

Additional laboratory monitoring for patients
on SGLT2 inhibitors depends on their indication
for use. In patients with chronic kidney disease,
creatinine, eGFR and potassium should be routinely
monitored. In patients with diabetes, hemoglobin
A1c should be followed. Patients should be reas-
sessed for any risk factors predisposing to known
side effects of these medications throughout their
treatment course.
HOW DO SGLT2 INHIBITORS DIFFER
FROM ANGIOTENSIN-CONVERTING
ENZYME INHIBITORS?

Angiotensin-converting enzyme (ACE) inhibitors
have long been used as standard of care therapy
in chronic kidney disease, hypertension and heart
failure and have well defined roles in the treatment
paradigm. ACE inhibitors block the conversion of
angiotensin I to angiotensin II, thereby decreasing
vasoconstriction of arterioles, and decreasing release
of aldosterone. Normal aldosterone release causes
Volume 36 � Number 5 � September 2024



Table 3. ACE inhibitors vs. SGLT2 inhibitors

ACE inhibitors SGLT2 inhibitors

Approved indications Hypertension
Chronic kidney disease, most effective with
proteinuria
Heart failure
ST-elevation myocardial infarction
Patients with coronary artery disease and
hypertension if diabetes mellitus, left
ventricular dysfunction, or chronic kidney
disease also present

Type 2 diabetes mellitus
Atherosclerotic cardiovascular disease in the setting of type
2 diabetes mellitus
Chronic kidney disease with proteinuria with or without
type 2 diabetes mellitus
Heart failure with reduced or preserved ejection fraction

Mechanism of action Inhibition of renin-angiotensin-aldosterone
system (RAAS).

ACE inhibitors block conversion of angiotensin I
to angiotensin II promoting efferent arteriolar
dilatation and decrease aldosterone
secretion.

Block sodium glucose cotransporter 2 (SGLT2) leading to
decreased glucose reabsorption in the proximal tubule

Side effects Dry cough
Hypotension
Dizziness, syncope
Hyperkalemia

Genitourinary infections including UTI and candida
infections
Hypotension
Diabetic ketoacidosis
Fragility fractures
Lower limb amputations

SGLT-2 inhibitors Chakrabarti and McCune
reabsorption of sodium and chloride in the tubules
followed by water. RAAS blockade leads to efferent
arteriole vasodilation. By blocking aldosterone, ACE
inhibitors decrease the effective circulating volume
and blood pressure [49–51]. Meta-analyses have
identified particular benefits in patients with pro-
teinuric chronic kidney disease with reductions in
rate of progression to end-stage renal disease [50,51].
In current practice, ACE inhibitors are standard of
care for patients with proteinuric renal disease due
to underlying autoimmune disease such as lupus
nephritis [52].

As summarized above, the effects of SGLT2
inhibition are concentrated in the proximal tubule
and downstream macula densa. SGLT2 inhibition
leads the system to see a higher glomerular perfu-
sion and as a result decreases intraglomerular pres-
sure [5,8

&

]. ACE inhibitors and SGLT2 inhibitors
target separate processes integral to modulating
stress on the kidney.

Mechanisms, indications and common side
effects of ACE inhibitors and SGLT2 inhibitors are
summarized in Table 3.
WHY USE SGLT2 INHIBITORS WITH
ANGIOTENSIN-CONVERTING ENZYME
INHIBITORS?

The combination of ACE inhibitors and SGLT2
inhibitors is hypothesized to be increasingly effec-
tive, as they target separate pathways. SGLT2 in-
hibition ultimately leads to afferent arteriole
1040-8711 Copyright © 2024 The Author(s). Published by Wolters Kluwe
constriction and ACE inhibitors lead to efferent
arteriole vasodilation. These combined effects ulti-
mately decrease renal workload [8

&

].
Data have also supported combination use of

these medications in cardiovascular disease. Ameta-
analysis looking at the use of both ACE inhibitors or
angiotensin II receptor blocker (ARB) plus SGLT2
inhibitors found a greater reduction in risks of major
adverse cardiovascular events (MACE), cardiovascu-
lar death or hospitalization due to heart failure
when compared to use of ACE inhibitor/ARB plus
placebo [25

&&

].
To date, studies have focused on the use of

SGLT2 inhibitors as adjunctive therapy along with
standard of care ACE inhibitors. Isolated use of
SGLT2 inhibitors has not been effectively evaluated
to date, as greater than 97% of participants in the
large renal trial DAPA-CKD were on background
RAAS blockade [53]. New clinical trials are evaluat-
ing the efficacy of SGLT2 inhibition in isolation.
WHERE SHOULD SGLT-2 INHIBITORS BE
USED IN THE TREATMENT PARADIGM FOR
AUTOIMMUNE GLOMERULONEPHRITIS?

SGLT2 inhibitors provide a new tool for clinicians
treating complex renal disease with proteinuria, yet
the timing of these additional medications should
be considered cautiously. In patients with new diag-
nosis of lupus nephritis, it is of the utmost impor-
tance to start immunosuppression in a timely
manner. This should be done concomitantly with
r Health, Inc. www.co-rheumatology.com 357



Special commentary
other standard of care management for proteinuria,
including RAAS inhibition, strict management of
blood pressure, elimination of other nephrotoxic
agents and maximization of healthy practices (e.g.
smoking cessation). Use of SGLT2 inhibitors should
also be tailored to renal function as eGFR cut-offs
and approved indications outside of diabetes vary
between the multiple medications in this class.

Starting SGLT2 inhibitors at the same time as
immunosuppression can lead to clinical confusion.
The expectant drop in eGFR with initiation of
SGLT2 inhibition may lead the clinician to errone-
ously believe that initial immunosuppression is not
effective leading to unnecessary escalations in
immunosuppressive therapy. The initiation of mul-
tiple medications, all with a myriad of side effects,
can lead to confusion in teasing out any adverse
events. SGLT2 inhibitors have known infectious
risk, which can be compounded with concomitant
immunosuppression. Finally, the clinician must be
conscious of pill burden and difficulties with med-
ication compliance with complex chronic diseases.

SGLT2 inhibitors are most appropriate for
patients with mild to moderate decreases in eGFR,
particularly those with high levels of proteinuria.
We recommend considering use once patients have
completed initial intensive immunosuppressive
treatment for their glomerulonephritis and are
receiving maintenance doses of immunosuppres-
sion and steroids to avoid confusion with fluctuat-
ing labs and decrease side effect risks. SGLT2
inhibitors should be started after the standard of
care therapy with ACE inhibitors. Clinicians should
remember that the benefits of SGLT2 inhibition are
seen in the long rather than short term; while
initiation of these medications is important, it
should be delayed until it can be done safely with
the lowest risk for side effects to ensure they can be
utilized in the long term.

Hopefully upcoming studies will be able to elu-
cidate exactly when SGLT2 inhibitors should be
introduced in patients with autoimmune glomeru-
lonephritis.
CONCLUSION

As most studies in the rheumatology community
focus on the use of immunosuppression in auto-
immune glomerulonephritis, the emergence of
SGLT2 inhibitors has provided an exciting new treat-
ment modality. The clear cardiorenal and renal pro-
tective effects of thesemedications provide a hopeful
adjunctive therapy to current standard of care, par-
ticularly as chronic kidney disease and atheroscle-
rosis are common comorbidities in our patients
associated with significant morbidity and mortality.
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A small body of literature has identified poten-
tial benefits and confirmed safety of the use of
SGLT2 inhibitors in patients with lupus nephritis.
We posit that these medications may be most effec-
tively utilized in patients with autoimmune glomer-
ulonephritis with mild to moderate decreases in
eGFR, particularly those with high levels of protei-
nuria, once they are entering the maintenance
phase of immunosuppressive therapy. While SGLT2
inhibitors are generally well tolerated, the clinician
should keep the multiple reported side effects, par-
ticularly risk of genitourinary infections in mind.
We are hopeful that use of SGLT2 inhibitors in the
long term will help to mitigate cardiac and renal
complications commonly seen with patients with
autoimmune glomerulonephritis.

The wealth of literature on SGLT2 inhibitors has
exploded in the past decade. Going forward, the
literature needs to clarify exactly where these med-
ications fit into our treatment paradigm and the full
breadth of rheumatology patients for which these
medications should be considered.
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