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ARTICLE HIGHLIGHTS

• Dapagliflozin is nephroprotective in patients with chronic kidney disease, in whom many glucose-lowering thera-
pies (GLTs) are not recommended.

• We aimed to determine whether the kidney benefits of dapagliflozin in patients with type 2 diabetes and chronic
kidney disease varied by the baseline number and type of GLTs.

• The benefit of dapagliflozin in reducing the risk of kidney failure was consistent across GLT classes and number
of GLTs.

• These data support the initiation of dapagliflozin regardless of background GLT use.
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OBJECTIVE

To determine whether the benefits of dapagliflozin in patients with type 2 diabe-
tes and chronic kidney disease (CKD) in the Dapagliflozin And Prevention of Ad-
verse Outcomes in CKD trial (DAPA-CKD) varied by background glucose-lowering
therapy (GLT).

RESEARCH DESIGN AND METHODS

We randomized 4,304 adults (including 2,906 with type 2 diabetes) with a base-
line estimated glomerular filtration rate (eGFR) 25–75 mL/min/1.73 m2 and uri-
nary albumin-to-creatinine ratio of 200–5,000 mg/g to dapagliflozin 10 mg or
placebo once daily (NCT03036150). The primary end point was a composite of
‡50% eGFR decline, end-stage kidney disease, and kidney or cardiovascular cause
of death. Secondary end points included a kidney composite end point (primary
composite end point without cardiovascular death), a cardiovascular composite
end point (hospitalized heart failure or cardiovascular death), and all-cause mor-
tality. In this prespecified analysis, we investigated the effects of dapagliflozin on
these and other outcomes according to baseline GLT class or number of GLTs.

RESULTS

The effects of dapagliflozin on the primary composite outcome were consistent
across GLT classes and according to the number of GLTs (all interaction P > 0.08).
Similarly, we found consistent benefit of dapagliflozin compared with placebo on
the secondary end points regardless of background GLT class or number of GLTs.
The same applied to the rate of decline in the eGFR rate and safety end points.
Dapagliflozin reduced the initiation of insulin therapy during follow-up compared
with placebo (hazard ratio 0.72; 95% CI 0.54–0.96; P = 0.025).

CONCLUSIONS

Dapagliflozin reduced kidney and cardiovascular events in patients with type 2
diabetes and CKD across baseline GLT class or classes in combination.

Optimization of glycemic control in patients with diabetes reduces the risk of micro-
vascular complications, including kidney failure (1,2). However, achieving optimal glu-
cose control can be challenging in patients with type 2 diabetes and chronic kidney
disease (CKD) because impaired kidney function hampers the use of several oral or
injectable glucose-lowering drugs (3) and increases the likelihood of hypoglycemia.
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Sodium–glucose cotransporter 2 (SGLT2)
inhibitors were originally developed for the
treatment of type 2 diabetes, and caution
was advised when combining with glucose-
lowering therapies (GLTs) that can cause
hypoglycemia, such as insulin and sulfony-
lureas. SGLT2 inhibitors were later found to
confer cardiovascular and kidney benefits,
initially in patients with type 2 diabetes
and normal or nearly normal kidney func-
tion (4–7). The Canagliflozin and Renal
Events in Diabetes with Established Ne-
phropathy Clinical Evaluation (CREDENCE)
trial demonstrated benefits in patients
with type 2 diabetes and mild to moder-
ate (stages 1–3) CKD (8). The Dapagliflo-
zin and Prevention of Adverse Outcomes
in CKD (DAPA-CKD) trial extended these
benefits to patients with CKD without di-
abetes and to a sizeable fraction of pa-
tients with type 2 diabetes and moderate
to advanced (stage 3b and 4) CKD, where
several GLTs are not recommended or
dose adjustment for kidney function is
necessary (9). Specifically, the DAPA-CKD
study, with many participants having re-
duced kidney function, provides an op-
portunity to explore whether the clinical
benefits of SGLT2 inhibitors are present
in patients with type 2 diabetes and CKD
irrespective of whether they are treat-
ment naive or already using metformin.
To assess the clinical impact of combining
dapagliflozin to different GLT groups, we
undertook the current analysis to deter-
mine the relative safety and efficacy of
dapagliflozin in patients with type 2 dia-
betes and stages 2–4 CKD treated with
other GLTs alone or in combination.

RESEARCH DESIGN AND METHODS

Study Design and Participants
DAPA-CKD was a prospective, randomized,
double-blind, placebo-controlled, multi-
center trial conducted at 386 clinical prac-
tice sites in 21 countries (NCT03036150).
The trial design and primary results have
been published previously (9,10). DAPA-
CKD recruited 4,304 participants with CKD
with an estimated glomerular filtration
rate (eGFR) of 25–75 mL/min/1.73 m2

and a urinary albumin-to-creatinine ratio
(UACR) of 200–5,000 mg/g, with or with-
out type 2 diabetes. Patients with type 1
diabetes, polycystic kidney disease, lupus
nephritis, or anti-neutrophil cytoplasmic
antibody–associated vasculitis, as well as
those receiving immunotherapy for pri-
mary or secondary kidney disease within

6 months prior to enrolment were
excluded. All eligible participants were
receiving treatment with a stable dose of
an ACE inhibitor or angiotensin receptor
blocker for$4 weeks prior to randomiza-
tion, unless there was a documented in-
tolerance to these drugs (10).

Randomization and Follow-up
Participants were randomly assigned to
receive dapagliflozin (10 mg once daily) or
matching placebo, in accordance with the
sequestered, fixed-randomization schedule,
with the use of balanced blocks to ensure
an �1:1 ratio of the two regimens. Ran-
domization was stratified according to
the diagnosis of type 2 diabetes (yes or
no) and the UACR (#1,000 mg/g or
>1,000 mg/g). Investigators used an in-
teractive voice-response or Web-response
system to determine trial group assign-
ments. Randomization was monitored to
ensure that a minimum of 30% of the par-
ticipants were recruited to either the
population with type 2 diabetes or the
population without diabetes. Participants
and all trial personnel (except the mem-
bers of the independent data monitoring
committee) were unaware of the trial
group assignments (9). Following randomi-
zation, in-person study visits were per-
formed after 2 weeks, 2, 4, and 8 months,
and at 4-month intervals thereafter. At
each follow-up visit, we recorded vital
signs, sent blood and urine samples for
laboratory assessment, and collected in-
formation on potential study end points,
adverse events, concomitant therapies,
and study drug adherence.

Outcomes
As described previously (10), the primary
clinical trial end point was a composite
of sustained $50% decline in the eGFR
(confirmed by a second measurement af-
ter at least 28 days), onset of end-stage
kidney disease (defined as maintenance
dialysis for >28 days, kidney transplanta-
tion, or eGFR <15 mL/min/1.73 m2 con-
firmed by a second measurement after
at least 28 days), or death from a kidney
or cardiovascular cause. Secondary end
points were, in hierarchical order: a kidney-
specific end point defined in the same
way as the primary outcome but exclud-
ing death from a cardiovascular cause, a
cardiovascular composite end point of car-
diovascular death or hospitalization for
heart failure, and all-cause mortality.

Number and Classes of GLTs
In this prespecified analysis, we included
randomized patients with type 2 diabetes
defined by a medical history of type 2 di-
abetes or a central laboratory HbA1c value
$6.5% (48 mmol/mol) at both screening
and randomization visits. We examined
the effect of dapagliflozin, compared with
placebo, by individual GLT classes: bigua-
nides (hereafter referred to as metfor-
min), sulfonylureas, dipeptidyl peptidase
4 (DPP-4) inhibitors, glucagon-like peptide
1 (GLP-1) receptor agonists, and insulin,
and by the number of GLTs at baseline.
We examined the effects of dapagliflozin
on the primary end point, a composite of
sustained decline in eGFR of $50%, end-
stage kidney disease, or death from kid-
ney or cardiovascular causes, and on three
secondary end points: a kidney-specific
composite (the same as the primary com-
posite end point without cardiovascular
death), a composite of hospitalizations for
heart failure and cardiovascular mortality,
and all-cause mortality.

Statistical Analyses
The DAPA-CKD trial had 90% power to
detect a relative risk reduction of 22% in
the primary end point based on primary
events being observed in 681 patients
and a two-sided P value of 0.05. The pre-
sent analyses were prespecified explor-
atory analyses. To quantify the relative
effects on the primary and secondary end
points, we fitted Cox proportional hazards
regression models with treatment group
assignment as the fixed-effect factor. We
explored effect modification by each GLT
class by using a GLT drug class times ran-
domized treatment interaction. We deter-
mined the effects of dapagliflozin on the
rate of decline in the eGFR from baseline
to month 30 with the use of a two-slope
model, described in detail elsewhere (9).
We also determined the effects of dapa-
gliflozin compared with placebo on the
initiation of insulin therapy for at least
28 days during follow-up in patients not
using insulin therapy at baseline by using
Cox proportional hazards regression.
We conducted statistical analyses using
R 4.10 software (R Foundation for Sta-
tistical Computing, Vienna, Austria). We
considered P values <0.05 statistically
significant.

Data and Resource Availability
Data underlying the findings described
in this manuscript may be obtained in
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accordance with AstraZeneca’s data shar-
ing policy described at https://astrazeneca
grouptrials.pharmacm.com/ST/Submission/
Disclosure. Data for studies directly listed
on Vivli can be requested through Vivli at
http://www.vivli.org. Data for studies not
listed on Vivli can be requested through
Vivli at https://vivli.org/members/enquiries-
about-studies-not-listed-on-the-vivli-platform/.
AstraZeneca Vivli member page is also
available outlining further details: https://
vivli.org/ourmember/astrazeneca/.

RESULTS

Of the 4,304 randomized patients in DAPA-
CKD, 2,906 (68%) had a documented medi-
cal history of type 2 diabetes or had undiag-
nosed type 2 diabetes and were therefore
included in the analysis. Of these, 1,244
(43%) were on metformin, 1,598 (55%)
were on insulin, 774 (27%) on sulfonylur-
eas, 742 (26%) on DPP-4 inhibitors, and
122 (4%) on GLP-1 receptor agonists. Other
GLTs, such as thiazolidinediones (“glitazones”)
and acarbose, were rarely used. At baseline,
327 patients (11%) were without diabetes
treatment, 1,442 (50%) were treated with
one GLT, 943 (32%) with two, and 194 (7%)
with three or more. Baseline characteristics
of patients by number of GLTs at baseline are
summarized in Table 1.

During a median follow-up of 2.4 years,
the effect of dapagliflozin on the primary
composite end point (hazard ratio [HR]
0.64; 95% CI 0.52–0.79) was consistent ir-
respective of the number of prescribed
GLTs at baseline (interaction P = 0.08) (Fig.
1A). When considering individual GLT clas-
ses (Fig. 1B), there was no effect modifica-
tion by GLT class (all interaction P$ 0.19).
We found similar benefits of dapagliflozin
irrespective of background GLT class for
the kidney composite (HR 0.57; 95% CI
0.45–0.73; interaction P = 0.05), cardiovas-
cular composite (HR 0.70; 95% CI 0.53–
0.92; interaction P = 0.93), and all-cause
mortality (HR 0.74; 95% CI 0.55–0.98;
interaction P = 0.47) end points (Supp-
lementary Fig. 1).

The effect of dapagliflozin compared
with placebo on the rate of eGFR decline
is shown in Supplementary Fig. 2. Over-
all, compared with placebo, dapagliflozin
reduced the annual rate of change in
eGFR from baseline to end of treatment
(difference of 0.95 mL/min/1.73 m2 per
year; 95% CI 0.63–1.27) with consistent
effects regardless of the number of GLTs
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(interaction P = 0.88) or background GLT
class (all interaction P $ 0.087).
During follow-up, 78 and 109 patients

in the dapagliflozin and placebo group, re-
spectively, started insulin treatment for at
least 28 days (HR 0.72; 95% CI 0.54–0.96;
P = 0.025) (Fig. 2). The results were similar
when the effect of dapagliflozin was ana-
lyzed in patients starting insulin for any
day (HR 0.68; 95% CI 0.51–0.90; P <

0.01) (Supplementary Fig. 3).
Supplementary Table 1 summarizes the

adverse events leading to study drug dis-
continuation, serious adverse events, and
major hypoglycemia events stratified by

baseline use/nonuse of GLTs. There was
no increase in risk of these events irre-
spective of the number of GLTs or back-
ground GLT class.

CONCLUSIONS

In this prespecified analysis of the DAPA-
CKD trial, we found that the benefit of
dapagliflozin compared with placebo in
reducing the risk of the primary and sec-

ondary kidney and cardiovascular end
points among patients with type 2 diabe-
tes and CKD was consistent across all
classes of commonly used GLTs and

according to the number of GLTs. We
also found that dapagliflozin reduced the
initiation of insulin therapy during fol-
low-up compared with placebo.

The Kidney Disease Improving Global
Outcomes (KDIGO) clinical practice guide-
line recommends metformin and SGLT2
inhibitors as first-line GLT in patients with
type 2 diabetes and CKD (11). Metformin
was the most commonly used GLT next
to insulin in the DAPA-CKD trial. How-
ever, the proportion of patients using
metformin (43%) was lower than that
observed in other SGLT2 inhibitor trials
in patients with type 2 diabetes at high

Figure 1—The primary end point by the number of baseline GLTs (A) and by the type of GLT at baseline (B).
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cardiovascular risk, most likely because
clinical practice guidelines do not recom-
mend metformin in patients with an
eGFR <30 mL/min/1.73 m2 due to a per-
ceived risk of lactic acidosis. Studies have
suggested that the benefit of SGLT2 in-
hibitors may be attenuated in patients
using metformin (12,13), but the pre-
sent results of the DAPA-CKD trial and
other trials and meta-analysis did not
confirm this finding. These data support
guideline recommendations that sug-
gest that SGLT2 inhibitors be initiated in
patients with type 2 diabetes at high or
very high cardiovascular risk, irrespective
of whether they are treatment naive or
already using metformin (14).

Many clinical practice guidelines now
recommend SGLT2 inhibitors in patients
with cardiovascular disease, CKD, and
heart failure (11,15,16). Clinical practice
guidelines also recommend GLP-1 re-
ceptor agonists in patients with athero-
sclerotic cardiovascular disease (1,11).
An analysis from the Canagliflozin Car-
diovascular Assessment Study (CANVAS)
program reported that the HbA1c-, body
weight-, and blood pressure-lowering
effects of canagliflozin were accentu-
ated in patients using, compared with
not-using, GLP-1 receptor agonists at
baseline (17). In addition, the Dapagli-
flozin Effect on Cardiovascular Events-
Thrombolysis in Myocardial Infarction
58 (DECLARE-TIMI 58) trial suggested
that the effect of dapagliflozin in reducing

the risk of heart failure hospitalizations or
cardiovascular death was more pronounced
in participants using GLP-1 receptor agonists
compared with those not using these
agents (18). We could not confirm this
finding; however, the number of patients
using GLP-1 receptor agonists in DAPA-
CKD was low.

The data presented here suggest that
dapagliflozin can be safely administered
and poses little to no risk for hypoglyce-
mia irrespective of background GLTs or
number of GLTs. As reported previously,
dapagliflozin only reduced HbA1c in DAPA-
CKD participants with type 2 diabetes by
0.1% (19). This phenomenon is most
likely caused by less filtration of glucose
in patients with CKD, attenuating glyce-
mic efficacy, and causing a low risk of hy-
poglycemia. In addition, patients were
treated according to international or local
guidelines. Because HbA1c was treated
according to local practice guidelines, ad-
justments to background GLTs could be
made during the trial, which could have
masked an effect of dapagliflozin on HbA1c.
There was thus no restriction for intro-
ducing additional GLTs, which may have
contributed to the small HbA1c-lowering
effect. The current data provide further
evidence that the risk of hypoglycemia
remains low irrespective of background
GLTs. These data confirm the positive
risk benefit profile of dapagliflozin and
supports evolving clinical practice guide-
lines to routinely initiate SGLT2 inhibitors

in patients with type 2 diabetes and
CKD.

A limitation of this prespecified analy-
sis is that background GLT was not strati-
fied and that some of the subgroups
were small, limiting statistical power. In
addition, background GLT was based on
patient-specific characteristics, prescriber
patterns, and regional guidelines and rec-
ommendations. These factors may deter-
mine clinical outcomes, and the results
should be interpreted with this in mind.

In summary, this prespecified analysis
of the DAPA-CKD trial supports the safety
and efficacy of dapagliflozin used in con-
junction with other GLTs in patients with
type 2 diabetes and CKD to lower the
risks of cardiovascular events and pro-
gressive kidney disease.
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