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ORIGINAL RESEARCH

Effects of Dapagliflozin in Chronic 
Kidney Disease, With and Without Other 
Cardiovascular Medications:  
DAPA-CKD Trial
Glenn M. Chertow , MD*; Ricardo Correa-Rotter, MD*; Priya Vart, PhD; Niels Jongs, PhD; John J. V. McMurray , MD;  
Peter Rossing , MD; Anna Maria Langkilde, MD; C. David Sjöström , MD; Robert D. Toto , MD;  
David C. Wheeler , MD; Hiddo J. L. Heerspink , PhD;  for the DAPA-CKD Trial Committees and Investigators†

BACKGROUND: The DAPA-CKD (Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease) trial 
(NCT03036150) demonstrated that dapagliflozin reduced the risk of kidney and cardiovascular events in patients with chronic 
kidney disease and albuminuria with and without type 2 diabetes. We aimed to determine whether baseline cardiovascular 
medication use modified the dapagliflozin treatment effect.

METHODS AND RESULTS: We randomized 4304 adults with baseline estimated glomerular filtration rate 25 to 75 mL/min per 
1.73 m2 and urinary albumin:creatinine ratio 200 to 5000 mg/g to dapagliflozin 10 mg or placebo once daily. The primary 
end point was a composite of ≥50% estimated glomerular filtration rate decline, end-stage kidney disease, and kidney or 
cardiovascular 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 
mortality. We categorized patients according to baseline cardiovascular medication use/nonuse. Patients were required by 
protocol to receive a stable (and maximally tolerated) dose of a renin-angiotensin-aldosterone system inhibitor. We observed 
consistent benefits of dapagliflozin relative to placebo, irrespective of baseline use/nonuse of renin-angiotensin-aldosterone 
system inhibitors (98.1%), calcium channel blockers (50.7%), β-adrenergic antagonists (39.0%), diuretics (43.7%), and an-
tithrombotic (47.4%), and lipid-lowering (15.0%) agents. Use of these drugs in combination with dapagliflozin did not increase 
the number of serious adverse events.

CONCLUSIONS: The safety profile and efficacy of dapagliflozin on kidney and cardiovascular end points in patients with chronic 
kidney disease were consistent among patients treated and not treated at baseline with a range of cardiovascular medications.

REGISTRATION INFORMATION: clini​caltr​ials.gov. Identifier: NCT03036150.

Key Words: cardiovascular medications ■ chronic kidney disease ■ dapagliflozin ■ SGLT2 inhibitors

In the DAPA-CKD (Dapagliflozin and Prevention of 
Adverse outcomes in Chronic Kidney Disease)) 
trial, the sodium-glucose cotransporter-2 (SGLT2) 

inhibitor dapagliflozin reduced the risk of major kid-
ney and cardiovascular events and prolonged sur-
vival in patients with chronic kidney disease (CKD), 
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with and without type 2 diabetes.1 Similar results 
had been observed in patients with type 2 diabetes 
in the CREDENCE (Canagliflozin and Renal Events 
in Diabetes with Established Nephropathy Clinical 
Evaluation) trial, in which canagliflozin significantly re-
duced the risks of progressive kidney disease and 
major cardiovascular events but not cardiovascular 
mortality.2 Previous studies with these and other SGLT2 
inhibitors in patients with type 2 diabetes demon-
strated significant cardiovascular benefits (EMPA-REG 
(Empagliflozin) Cardiovascular Outcome), DECLARE-
TIMI 58 (Dapagliflozin Effect on Cardiovascular Events–
Thrombolysis in Myocardial Infarction 58), and CANVAS 
(Canagliflozin Cardiovascular Assessment Study).2–4

Patients included in these and other cardiovascular 
trials are typically treated with a variety of concomi-
tant medications, many of which are indicated either 
for control of hypertension or for prevention or treat-
ment of other cardiovascular conditions (eg, hypercho-
lesterolemia, coronary, cerebrovascular or peripheral 
arterial disease, heart failure, and atrial fibrillation). In 
DAPA-CKD and other trials, maximally tolerated doses 
of renin-angiotensin-aldosterone system (RAAS) inhib-
itors were required by protocol.

The DAPA-CKD trial required that all patients be 
treated with standard of care (regional guideline–
concordant) therapies for kidney, cardiovascular, and 

CLINICAL PERSPECTIVE

What Is New?
•	 The DAPA-CKD (Dapagliflozin and Prevention of 

Adverse Outcomes in Chronic Kidney Disease) 
trial demonstrated that compared with placebo, 
dapagliflozin reduced adverse kidney and car-
diovascular outcomes and all-cause mortality in 
patients with chronic kidney disease, irrespec-
tive of the presence of diabetes; however, it is 
unknown whether the use of cardiovascular 
medications modifies these effects of dapagli-
flozin in this patient population.

•	 We investigated the benefits of dapagliflozin in 
participants treated and not treated with a range 
of cardiovascular medications—diuretics, calcium 
channel blockers, β-adrenergic antagonists, an-
tithrombotic agents, and lipid-lowering agents—
used as standard of care in the aforementioned 
patient population; results showed that the effi-
cacy of dapagliflozin on kidney and cardiovascu-
lar end points was consistent, with no change in 
associated safety, irrespective of treatment with a 
range of cardiovascular medications.

What Are the Clinical Implications?
•	 These results document the safety and efficacy of 

dapagliflozin with use/nonuse of a wide range of 
cardiovascular medications, demonstrating ben-
efits on kidney and cardiovascular outcomes in pa-
tients with mild, moderate, and advanced chronic 
kidney disease, with and without diabetes, which 
are populations at higher risk of adverse drug ef-
fects relative to persons with normal or near normal 
kidney function. Furthermore, the demonstrated 
safety of coadministration of dapagliflozin with a 
range of antithrombotic and lipid-lowering agents 
may allow patients to enjoy the benefits of dapagli-
flozin on reducing risks of heart failure and progres-
sive kidney disease, while safely gaining treatment 
benefits with other agents aimed to reduce cardio-
vascular complications, thus expanding the treat-
ment repertoire for this patient population.

Nonstandard Abbreviations and Acronyms

AE	 adverse event
CANVAS	 Canagliflozin 

Cardiovascular 
Assessment Study

CKD-EPI	 Chronic Kidney Disease 
Epidemiology Collaboration

CREDENCE	 Canagliflozin and Renal 
Events in Diabetes with 
Established Nephropathy 
Clinical Evaluation

CRT	 cardiac resynchronization 
therapy

DAPA-CKD	 Dapagliflozin and 
Prevention of Adverse 
Outcomes in Chronic 
Kidney Disease

DECLARE-TIMI 58	 Dapagliflozin Effect on 
Cardiovascular Events–
Thrombolysis in 
Myocardial Infarction 58

EMPA-REG	 (Empagliflozin) 
Cardiovascular Outcome

EMPEROR-Reduced	 Empagliflozin Outcome 
Trial in Patients With 
Chronic Heart Failure 
With Reduced Ejection 
Fraction

FIDELIO-DKD	 Finerenone in Reducing 
Kidney Failure and 
Disease Progression in 
Diabetic Kidney Disease

NC	 non calculable
RAAS	 renin-angiotensin-

aldosterone system
SGLT2	 sodium-glucose 

cotransporter-2
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other conditions unless contraindicated.1 The protocol 
itself did not mandate specific drugs or doses, with 
the exception of the RAAS inhibitors, as previously 
described.

In this prespecified analysis of the DAPA-CKD trial, 
we aimed to examine whether baseline use of cardio-
vascular medications modified the effects of dapagli-
flozin on kidney and cardiovascular end points and on 
safety in patients with CKD and albuminuria.

METHODS
Data Sharing Statement
Data underlying the findings described in this article 
may be obtained in accordance with AstraZeneca’s 
data sharing policy described at https://astra​zenec​
agrou​ptria​ls.pharm​acm.com/ST/Submi​ssion/​Discl​
osure.

Data for studies directly listed on Vivli can be re-
quested through Vivli at www.vivli.org. Data for stud-
ies not listed on Vivli can be requested through Vivli at 
https://vivli.org/membe​rs/enqui​ries-about​-studi​es-not-
liste​d-on-the-vivli​-platf​orm/. AstraZeneca Vivli member 
page is also available outlining further details: https://
vivli.org/ourme​mber/astra​zenec​a/.

DAPA-CKD was a randomized, double-blind, 
placebo-controlled, multicenter clinical trial; articles 
describing trial design, baseline characteristics, pri-
mary results, and results stratified by diabetes status, 
history of cardiovascular disease, and several other 
baseline clinical characteristics have been previously 
published.1,5 The trial was sponsored by AstraZeneca 
and conducted at 386 sites in 21 countries from 
February 2017 through June 2020 and registered at 
clini​caltr​ials.gov (NCT03036150). The safety of partici-
pants in the trial was overseen by an independent Data 
and Safety Monitoring Committee. The DAPA-CKD 
trial was conducted according to the principles of the 
Declaration of Helsinki. Ethics committees at all partic-
ipating centers approved the protocol, and all partic-
ipants provided written informed consent before any 
study-specific procedure commenced.

Participants

Adults with or without type 2 diabetes, estimated 
glomerular filtration rate (eGFR) 25 to 75 mL/min per 
1.73 m2, and urinary albumin:creatinine ratio 200 to 
5000 mg/g were eligible for participation. We required 
patients to be treated with a stable maximally toler-
ated dose of RAAS inhibitor (angiotensin-converting 
enzyme [ACE] inhibitor or angiotensin receptor blocker 
[ARB]) for ≥4 weeks, unless medically contraindi-
cated. Key exclusion criteria included documented 
diagnosis of type 1 diabetes, polycystic kidney dis-
ease, lupus nephritis, or antineutrophil cytoplasmic 

antibody-associated vasculitis. A complete list of inclu-
sion and exclusion criteria and the trial protocol have 
been previously published.1

Procedures

Participants were randomly assigned to dapagli-
flozin 10 mg once daily or matching placebo, in ac-
cordance with the sequestered, fixed-randomization 
schedule, with the use of balanced blocks to en-
sure an approximate 1:1 ratio of the 2 regimens. 
Randomization was stratified by diabetes status and 
urinary albumin:creatinine ratio (≤or >1000 mg/g). We 
calculated eGFR using the Chronic Kidney Disease 
Epidemiology Collaboration and incorporated results 
from the equation as originally defined, including a 
term for self-reported race (Black versus non-Black 
race). Recruitment of patients with eGFR 60 to 75 mL/
min per 1.73 m2 was limited to no more than 10% of 
trial participants. Participants and all study personnel 
(except the Independent Data Monitoring Committee) 
were masked to treatment allocation.

After randomization, in-person study visits were 
performed after 2 weeks, 2, 4, and 8 months, and at 
4-month intervals thereafter. At each follow-up visit, 
study personnel recorded vital signs, obtained blood 
and urine samples, and recorded information on po-
tential study end points, adverse events, concomitant 
therapies, and study drug adherence.

End Points

The primary composite end point was time to ≥50% 
decline in eGFR (confirmed by a second serum creati-
nine measurement after at least 28 days), onset of kid-
ney failure (defined as maintenance dialysis for at least 
28 days, kidney transplantation, or eGFR <15 mL/min 
per 1.73 m2 confirmed by a second measurement after 
at least 28 days), or death from a kidney or cardiovas-
cular cause. Secondary end points were time to (1) a 
composite kidney end point of ≥50% sustained decline 
in eGFR, kidney failure, or death from kidney disease; 
(2) a composite cardiovascular end point defined as 
hospitalization for heart failure or cardiovascular death; 
and (3) death from any cause. We also prespecified 
change in eGFR slope as an exploratory efficacy end 
point. All efficacy end points were adjudicated by a 
masked, independent Clinical Events Committee, ex-
cept for the quantitative assessments of eGFR, which 
were obtained from our central laboratory.

Cardiovascular Medication Use

Participants were required to receive the highest tol-
erated dose of RAAS inhibitors; all other agents were 
prescribed at the discretion of the treating physician 
in accordance with regional standards of care for 
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associated conditions. We categorized cardiovascu-
lar medications as follows: diuretics (loop diuretic, thi-
azide diuretic, or mineralocorticoid receptor antagonist), 
calcium channel blockers, β-adrenergic antagonists, 
antithrombotic agents (antiplatelet drugs or anticoagu-
lants), and lipid-lowering agents (statins or other). We 
further categorized patients according to baseline RAAS 
inhibitor dose, defined as 100% (or more), 50 to <100%, 
and <50% of the maximum labeled antihypertensive 
dose, and those not treated with RAAS inhibitors.

Statistical Analysis

The overall analytic approach, power calculation, and 
prespecified statistical analysis plan have been previ-
ously published.1 All analyses presented here followed 
the intention-to-treat principle. Briefly, we conducted 
time-to-event analyses using a proportional hazards 
(Cox) regression stratified by randomization factors 
(diabetes status and urinary albumin:creatinine ratio), 
adjusting for baseline eGFR, yielding hazard ratios and 

95% CI from model parameter coefficients and SEs. 
For the purpose of the current analysis, we evalu-
ated the primary and secondary efficacy end points in 
participants stratified by baseline use/nonuse of car-
diovascular medication class. We tested for heteroge-
neity of the dapagliflozin treatment effect by including 
a multiplicative interaction term between randomized 
treatment group and use/nonuse of cardiovascular 
medications. For time-to-event analyses, we assessed 
for nonuniformity of hazard ratios with the Akaike’s in-
formation criterion. We considered 2-tailed P values 
<0.05 to be statistically significant.

RESULTS
As previously described,1 4304 adults with and with-
out type 2 diabetes with baseline eGFR 25 to 75 mL/
min per 1.73 m2 and urinary albumin:creatinine ratio 
of 200 to 5000 mg/g were randomized to either da-
pagliflozin 10 mg or placebo once daily with a me-
dian follow-up of 2.4 years. Table 1 shows selected 

Table 1.  Baseline Characteristics of Participants Stratified by Diabetes Status at Baseline (All Randomized Participants)

Characteristic

With type 2 diabetes Without type 2 diabetes

Dapagliflozin (n=1455) Placebo (n=1451) Dapagliflozin (n=697) Placebo (n=701)

Age,y, mean (SD) 64.1 (9.8) 64.7 (9.5) 56.9 (14.6) 56.0 (14.6)

Female sex, n (%) 494 (34.0) 471 (32.5) 215 (30.8) 245 (35.0)

Weight,kg, mean (SD) 83.2 (20.9) 83.8 (21.2) 77.9 (17.8) 78.3 (19.9)

BMI,kg/m2, mean (SD) 30.2 (6.2) 30.4 (6.3) 27.7 (5.2) 28.1 (5.9)

Blood pressure,mm Hg, mean (SD)

Systolic 138.8 (17.6) 139.6 (17.1) 132.3 (16.4) 132.9 (16.9)

Diastolic 76.5 (10.4) 76.5 (9.9) 79.6 (10.9) 79.6 (10.8)

eGFR,mL/min/1.73 m2 44.0 (12.6) 43.6 (12.6) 41.7 (11.5) 41.8 (11.9)

UACR,mg/g, median (IQR) 1024.5 (472.5–2111.0) 1004.5 (493.2–2017.0) 870.5 (472.0–1533.5) 841.5 (458.5–1554.5)

HbA1c,%, mean (SD) 7.8 (1.7) 7.8 (1.6) 5.6 (0.4) 5.6 (0.4)

History of cardiovascular disease, n (%)* 640 (44.0) 641 (44.2) 173 (24.8) 156 (22.2)

Prior cardiovascular medication, n (%)

ACE inhibitors 451 (31.0) 443 (30.5) 222 (31.9) 238 (34.0)

ARB 984 (67.6) 974 (67.1) 460 (66.0) 452 (64.5)

Calcium channel blockers 767 (52.7) 782 (53.9) 307 (44.0) 327 (46.6)

Dihydropyridine† 738 (96.2) 759 (97.1) 293 (95.4) 313 (95.7)

Nondihydropyridine‡ 29 (3.8) 23 (2.9) 14 (4.6) 14 (4.3)

β-blockers 627 (43.1) 640 (44.1) 219 (31.4) 194 (27.7)

Diuretics 718 (49.3) 747 (51.5) 210 (30.1) 207 (29.5)

MRA 82 (5.6) 89 (6.1) 27 (3.9) 31 (4.4)

Antithrombotic agents§ 820 (56.4) 829 (57.1) 202 (29.0) 191 (27.2)

Lipid-lowering agents 209 (14.4) 243 (16.7) 111 (15.9) 82 (11.7)

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, 
hemoglobin A1c; IQR, interquartile range; MRA, mineralocorticoid receptor antagonist; and UACR, urine albumin:creatinine ratio.

*Coronary heart disease, cerebrovascular disease, peripheral artery disease, heart failure, valvular heart disease, atrial fibrillation or atrial flutter, ventricular 
arrhythmia, pulmonary embolism, and cardiac devices other than those used for cardiac resynchronization therapy.

†Includes amlodipine, nifedipine, isradipine, felodipine, nicardipine, and nisoldipine.
‡Includes diltiazem and verapamil.
§Antiplatelet agents and anticoagulants.
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demographic and clinical characteristics of partici-
pants in each of the randomized groups (dapagli-
flozin versus placebo) stratified by diabetes status, 
including baseline use/nonuse of cardiovascular 
medications.

Cardiovascular medications were generally used 
more frequently in patients with diabetes, but there 
were no material differences in the proportion of pa-
tients using cardiovascular medications by random-
ized group. Of the 4304 randomized participants, 
4224 (98.1%) were receiving a RAAS inhibitor at base-
line, with roughly twice as many patients treated with 
ARBs as compared with ACE inhibitors. Among the 
4296 (99.9%) participants with available data on base-
line RAAS inhibitor dose, 1231 (28.6%), 1867 (43.5%), 
and 1068 (24.8%) were prescribed 100% (or more), 50 
to <100%, and <50% of the maximum labeled antihy-
pertensive dose, respectively, and 130 (3.0%) were not 
prescribed RAAS inhibitors.

Efficacy of Dapagliflozin by Baseline Use/
Nonuse of Cardiovascular Medications
Figure  1 shows the effects of dapagliflozin on 
the primary composite end point in randomized 

participants by use/nonuse of cardiovascular medi-
cations. Figure 2A through 2C show corresponding 
effects of dapagliflozin on the secondary efficacy 
end points. While there were slight differences in 
the point estimates for the relative and absolute risk 
reductions across use/nonuse of specific cardio-
vascular medications, there was no clear evidence 
of heterogeneity. In other words, there was no evi-
dence that the beneficial effects of dapagliflozin 
were enhanced or diminished by any of the cardio-
vascular medications examined.

Relative Efficacy of Dapagliflozin by 
Baseline Dose of RAAS Inhibitors
Among patients randomized to placebo, event rates 
for the primary composite end point were highest 
among the 3.0% of participants untreated with RAAS 
inhibitors (13.2 events per 100 patient-years); event 
rates were similar among the 3 other RAAS inhibitor 
dose groups (7.1, 8.1, and 6.0 events per 100 patient-
years for 100% [or more], 50 to <100%, and <50% of 
the maximum labeled antihypertensive dose, respec-
tively). Dapagliflozin compared with placebo consist-
ently reduced the risk of the primary and secondary 

Figure 1.  Primary composite end point by cardiovascular medication use/nonuse at baseline.
Primary composite end point: ≥50% decline in eGFR, end-stage kidney disease, or death from a kidney or cardiovascular cause. ACE 
indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; and eGFR, estimated glomerular filtration rate.
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end points irrespective of the RAAS inhibitor dose 
group (Figure 3).

The effects of dapagliflozin (versus placebo) on at-
tenuating the decline in eGFR was evident irrespec-
tive of the dose of the prescribed RAAS inhibitor dose 
(Figure S1, interaction P=0.88).

Safety of Dapagliflozin by Baseline Use/
Nonuse of Cardiovascular Medications
Table 2 shows a summary of serious adverse events 
and adverse events leading to discontinuation in pa-
tients stratified by baseline use/nonuse of cardiovas-
cular medications, with safety outcomes by RAAS 
inhibitor dose in Table S1. We were particularly inter-
ested in whether concomitant use of dapagliflozin and 
diuretic agents (used in the treatment of heart failure or 
hypertension) would increase the risk of hypotension, 
acute kidney injury, falls, or other complications, owing 
to the natriuretic effects of dapagliflozin. At baseline, 
1056 (24.6%) patients were treated with loop diuretics, 
and 906 (21.1%) were treated with thiazide diuretics. 
We did not observe an increased risk of serious ad-
verse events with concomitant dapagliflozin and diu-
retic use. While the proportion of patients treated with 
diuretics at baseline who experienced an adverse event 
leading to discontinuation of study drug was numeri-
cally higher among patients randomized to dapagliflo-
zin compared with those randomized to placebo, the 
favorable effects of dapagliflozin on the primary com-
posite end point were similar among patients treated 
and not treated with loop diuretics (interaction P=0.86) 

and those treated and not treated with thiazide diuret-
ics (interaction P=0.46).

DISCUSSION
We conducted this prespecified analysis to determine 
whether a variety of commonly prescribed cardiovas-
cular medications modified the safety and efficacy of 
dapagliflozin in patients with CKD, with and without 
type 2 diabetes, a sizeable fraction of whom have un-
derlying cardiovascular disease, including coronary, 
cerebral and peripheral arterial disease, heart failure, 
atrial fibrillation, and hypercholesterolemia. We found 
consistent benefits of dapagliflozin on the primary 
composite end point, as well as on the secondary end 
points, among patients treated and not treated with di-
uretics (loop diuretic, thiazide diuretic, or mineralocor-
ticoid receptor antagonists), calcium channel blockers, 
β-adrenergic antagonists, antithrombotic agents (an-
tiplatelet agents or anticoagulants), and lipid-lowering 
medications. Moreover, we found no evidence that use 
of any of these medication classes modified the safety 
profile of dapagliflozin.

In addition to examining whether cardiovascular 
medications modified the effects of dapagliflozin in 
this population, we took the opportunity to examine 
the effects of dapagliflozin in patients based on base-
line dosing of ACE inhibitors or ARBs. While higher 
doses of ACE inhibitors or ARBs are generally thought 
to afford patients a greater benefit than lower doses,6 
dosing in practice is frequently limited by hypotension 

Figure 2.  Secondary end points (A, kidney-specific composite; B, composite of HHF or cardiovascular death; and C, all-
cause death) by cardiovascular medication use/nonuse at baseline.
Kidney-specific composite end point: ≥50% decline in eGFR, end-stage kidney disease, or death from a kidney cause. ACE indicates 
angiotensin-converting enzyme; ARB, angiotensin receptor blocker; eGFR, estimated glomerular filtration rate; and HHF, hospitalization 
for heart failure; NC, not calculable.
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or hyperkalemia, and some patients are intolerant of 
troublesome side effects (eg, cough) or serious allergic 
reactions (eg, angioedema) seen more frequently with 
ACE inhibitors. We found consistent relative and abso-
lute benefits of dapagliflozin across the range of RAAS 
inhibitor doses.

Our results generally confirm findings observed 
in other populations treated with dapagliflozin and in 
patients with diabetic kidney disease treated with da-
pagliflozin and other SGLT2 inhibitors. In the DAPA-HF 
trial, in which the primary composite end point was car-
diovascular death or worsening heart failure, Docherty 
et al found consistent benefits of dapagliflozin by use/
nonuse or dose of a variety of background heart fail-
ure treatments, including diuretics, RAAS inhibitors, 
and β-adrenergic antagonists in patients with heart 
failure with reduced ejection fraction.7 Verma et al 
found similar results in the EMPEROR-Reduced trial 
in which patients were randomized to empagliflozin 
or placebo8; both studies also examined effects of 
SGLT2 inhibitors with and without background use of 
guideline-concordant therapies in combination. These 
analyses did not examine effects of background heart 
failure therapies on incidence or progression of kidney 
disease. In an analysis of data from the EMPA-REG 
OUTCOME trial, Mayer et al showed that the effects of 
empagliflozin on a classic kidney composite end point 

(ie, doubling of serum creatinine, initiation of dialysis, or 
death due to kidney disease) were consistent among 
patients irrespective of baseline use/nonuse of diuret-
ics, calcium channel blockers, and RAAS inhibitors.9 
The analyses we present here confirm and extend pre-
viously published findings by documenting the safety 
and efficacy of dapagliflozin with use/nonuse of a wide 
range of cardiovascular medications, demonstrating 
benefits on kidney end points among patients with and 
without type 2 diabetes, and among patients with mild, 
moderate, and advanced CKD, populations at higher 
risk of adverse drug effects relative to persons with 
normal or near normal kidney function.

While the effects of antithrombotic and lipid-
lowering agents on kidney function are not as pro-
found as those of other cardiovascular drugs that alter 
renal hemodynamics, including diuretics, RAAS inhib-
itors, β-adrenergic antagonists, and calcium channel 
blockers, antiplatelet agents, anticoagulants, statins, 
and other lipid-lowering agents are commonly pre-
scribed in patients with CKD, particularly those with 
type 2 diabetes, a history of cardiovascular events, 
and atrial fibrillation. The demonstrated safety of co-
administration of dapagliflozin with a range of anti-
thrombotic and lipid-lowering agents should allow 
patients to enjoy the benefits of dapagliflozin on re-
ducing risks of heart failure and progressive kidney 

Figure 3.  Primary and secondary end points by baseline ARB or ACEi dose.
ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CV, cardiovascular; eGFR, estimated 
glomerular filtration rate; ESKD, end-stage kidney disease; and NC, not calculable.D
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disease, while safely deriving the benefits of treatment 
with other agents aimed to reduce complications of 
atherosclerotic vascular disease and to prevent isch-
emic and cardioembolic stroke.

RAAS inhibitors were initially shown to slow the pro-
gression of CKD more than 2 decades before publica-
tion of the CREDENCE and DAPA-CKD trial results.10–13 
It is essential that we understand how best to deliver 
RAAS inhibitors and SGLT2 inhibitors in combina-
tion, particularly among patients with moderate-to-
advanced CKD who experience relatively high rates of 
hyperkalemia. Dapagliflozin was efficacious irrespec-
tive of the level of the participants’ maximally tolerated 
RAAS inhibitor dose, when the latter was described 
as the proportion of the maximal daily antihypertensive 
dose as outlined in the respective product label. Nearly 
three-quarters of participants were treated with an ACE 
inhibitor or ARB at doses 50% or more of the maximal 
daily antihypertensive dose, ensuring that placebo-
treated patients were receiving guideline-concordant 

care for CKD with albuminuria. A similar distribution of 
dosing of background ACE inhibitor or ARB therapy 
was recently reported from the FIDELIO-DKD trial.14

While the bulk of the analyses presented here ad-
dress efficacy end points, the safety findings are equally 
if not more meaningful. Despite theoretical risks asso-
ciated with coadministration of SGLT2 inhibitors and 
diuretics, RAAS inhibitors, β-adrenergic antagonists, 
and calcium channel blockers, we saw no increase in 
serious adverse events or adverse events of special 
interest when these agents were used in combination 
with dapagliflozin, or when several of these agents 
were used in combination. Indeed, serious adverse 
events were less frequent among patients treated with 
dapagliflozin compared with placebo.

There are several limitations to these analyses. First, 
while we can definitively state that there was no evi-
dence of heterogeneity of the dapagliflozin effect de-
pending on use/nonuse of cardiovascular medications 
or in the case of RAAS inhibitors, the proportion of 

Table 2.  SAEs and AEsLeading to Discontinuation in Patients Stratified by Baseline Use/Nonuse of Cardiovascular 
Medications

AE, n/N (%)

With use of cardiovascular medication Without use of cardiovascular medication

Dapagliflozin Placebo Dapagliflozin Placebo

ACEi use

Any AE leading to discontinuation of 
the study drug

39/673 (5.8) 30/678 (4.4) 79/1476 (5.4) 93/1471 (6.3)

Any SAE* 211/673 (31.4) 229/678 (33.8) 422/1476 (28.6) 500/1471 (34.0)

ARB use

Any AE leading to discontinuation of 
the study drug

76/1441 (5.3) 86/1426 (6.0) 42/708 (5.9) 37/723 (5.1)

Any SAE* 406/1441 (28.2) 482/1426 (33.8) 227/708 (32.1) 247/723 (34.2)

Calcium channel blocker use

Any AE leading to discontinuation of 
the study drug

56/1073 (5.2) 67/1108 (6.0) 62/1076 (5.8) 56/1041 (5.4)

Any SAE* 311/1073 (29.0) 412/1108 (37.2) 322/1076 (29.9) 317/1041 (30.5)

β-blocker use

Any AE leading to discontinuation of 
the study drug

44/843 (5.2) 46/833 (5.5) 74/1306 (5.7) 77/1316 (5.9)

Any SAE* 292/843 (34.6) 345/833 (41.4) 341/1306 (26.1) 384/1316 (29.2)

Diuretic use

Any AE leading to discontinuation of 
the study drug

56/927 (6.0) 57/953 (6.0) 62/1222 (5.1) 66/1196 (5.5)

Any SAE* 330/927 (35.6) 391/953 (41.0) 303/1222 (24.8) 338/1196 (28.3)

Antithrombotic agent use

Any AE leading to discontinuation of 
the study drug

52/1022 (5.1) 62/1018 (6.1) 66/1127 (5.9) 61/1131 (5.4)

Any SAE* 368/1022 (36.0) 414/1018 (40.7) 265/1127 (23.5) 315/1131 (27.9)

Lipid-lowering agent use

Any AE leading to discontinuation of 
the study drug

18/320 (5.6) 25/325 (7.7) 100/1829 (5.5) 98/1824 (5.4)

Any SAE* 99/320 (30.9) 120/325 (36.9) 534/1829 (29.2) 609/1824 (33.4)

ACEi indicates angiotensin-converting enzyme inhibitor; AE, adverse event; ARB, angiotensin receptor blockers; and SAE, serious adverse event.
*Includes death.
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maximum labeled antihypertensive dose at baseline, 
the power to detect interactions was limited, and we 
may have missed subtle but clinically meaningful accen-
tuation or attenuation of effects that might be evident in 
larger patient samples. It may be informative to repeat 
these analyses using population-based (“real world”) 
samples in future years. Second, given differences in 
practice patterns among and within geographic re-
gions, we were unable to examine effect modification 
by individual agents, as the modest sample size of the 
trial required us to explore these interactions by drug 
class. Finally, although the broad inclusion criteria for 
the DAPA-CKD trial resulted in inclusion of participants 
with many underlying causes of CKD, we had insuffi-
cient power to determine whether any cardiovascular 
drug class or individual agent exerted unique modifying 
effects in patients with immunoglobulin A nephropathy, 
focal segmental glomerulosclerosis, membranous ne-
phropathy, or other specific causes of CKD.

CONCLUSIONS
In summary, the safety profile and efficacy of dapa-
gliflozin on kidney and cardiovascular end points in 
patients with CKD were consistent among patients 
treated and not treated with a range of cardiovascular 
medications.
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Table S1: Serious adverse events (SAEs) and adverse events (AEs) leading to 
discontinuation in patients stratified by ACEi/ARB dose 

AE, n/N (%) Dapagliflozin Placebo 
Any AE leading to discontinuation of the study drug 

None 
<50% 
50 to <100% 
100% or more 

3/64 (4.7) 
24/547 (4.4) 
54/934 (5.8) 
37/604 (6.1) 

8/74 (10.8) 
22/517 (4.3) 
51/932 (5.5) 
42/626 (6.7) 

Any SAE*   
None 
<50% 
50 to <100% 
100% or more 

22/64 (34.4) 
161/547 (29.4) 
278/934 (29.8) 
172/604 (28.5) 

29/74 (39.2) 
161/517 (31.1) 
325/932 (34.9) 
214/626 (34.2) 

*Includes death. Categories refer to the percent of maximum labelled antihypertensive dose.  
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers.  
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Figure S1: eGFR decline between dapagliflozin 10 mg and placebo based in ARB or ACEi 
dose (A) Chronic slope, (B) Total slope 
 

 
Chronic eGFR slope was determined from Week 2 to the end of the study; Total eGFR slope was determined 

over the entire study period  

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; eGFR, estimated 
glomerular filtration rate. 
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