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Effect of Dapagliflozin on Cardiovascular Outcomes According to Baseline
Kidney Function and Albuminuria Status in Patients With Type 2 Diabetes
A Prespecified Secondary Analysis of a Randomized Clinical Trial
Thomas A. Zelniker, MD, MSc; Itamar Raz, MD; Ofri Mosenzon, MD, MSc; Jamie P. Dwyer, MD; Hiddo H. J. L. Heerspink, PharmD, PhD; Avivit Cahn, MD;
Erica L. Goodrich, MSc; Kyungah Im, PhD; Deepak L. Bhatt, MD, MPH; Lawrence A. Leiter, MD; Darren K. McGuire, MD, MHSc; John P. H. Wilding, MD;
Ingrid Gause-Nilsson, MD, PhD; Anna Maria Langkilde, MD, PhD; Marc S. Sabatine, MD, MPH; Stephen D. Wiviott, MD

IMPORTANCE Sodium-glucose cotransporter 2 inhibitors, such as dapagliflozin, promote renal
glucose excretion and reduce cardiovascular (CV) deaths and hospitalizations for heart failure
(HHF) among patients with type 2 diabetes. The relative CV efficacy and safety of
dapagliflozin according to baseline kidney function and albuminuria status are unknown.

OBJECTIVE To assess the CV efficacy and safety of dapagliflozin according to baseline
estimated glomerular filtration rate (eGFR) and urinary albumin to creatinine ratio (UACR).

DESIGN, SETTING, AND PARTICIPANTS This secondary analysis of the randomized clinical trial
Dapagliflozin Effect on Cardiovascular Events–Thrombolysis in Myocardial Infarction 58
compared dapagliflozin vs placebo in 17 160 patients with type 2 diabetes and a baseline
creatinine clearance of 60 mL/min or higher. Patients were categorized according to
prespecified subgroups of baseline eGFR (<60 vs �60 mL/min/1.73 m2), urinary albumin to
creatinine ratio (UACR; <30 vs �30 mg/g), and of chronic kidney disease (CKD) markers using
these subgroups (0, 1, or 2). The study was conducted from May 2013 to September 2018.

INTERVENTIONS Dapagliflozin vs placebo.

MAIN OUTCOMES AND MEASURES The dual primary end points were major adverse
cardiovascular events (myocardial infarction, stroke, and CV death) and the composite of
CV death or HHF.

RESULTS At baseline, 1265 patients (7.4%) had an eGFR below 60 mL/min/1.73 m2, and 5199
patients (30.9%) had albuminuria. Among patients having data for both eGFR and UACR,
10 958 patients (65.1%) had an eGFR equal to or higher than 60 mL/min/1.73 m2 and an UACR
below 30 mg/g (mean [SD] age, 63.7 [6.7] years; 40.1% women), 5336 patients (31.7%) had
either an eGFR below 60 mL/min/1.73 m2 or albuminuria (mean [SD] age, 64.1 [7.1] years;
32.6% women), and 548 patients (3.3%) had both (mean [SD] age, 66.8 [6.9] years; 30.5%
women). In the placebo group, patients with more CKD markers had higher event rates at
4 years as assessed using the Kaplan-Meier approach for the composite of CV death or HHF
(3.9% for 0 markers, 8.3% for 1 marker, and 17.4% for 2 markers) and major adverse
cardiovascular events (7.5% for 0 markers, 11.6% for 1 marker, and 18.9% for 2 markers).
Estimates for relative risk reductions for the composite of CV death or HHF and for major
adverse cardiovascular events were generally consistent across subgroups (both P > .24
for interaction), although greater absolute risk reductions were observed with more markers
of CKD. The absolute risk difference for the composite of CV death or HHF was greater for
patients with more markers of CKD (0 markers, −0.5%; 1 marker, −1.0%; and 2 markers,
−8.3%; P = .02 for interaction). The numbers of amputations, cases of diabetic ketoacidosis,
fractures, and major hypoglycemic events were balanced or numerically lower with
dapagliflozin compared with placebo for patients with an eGFR below 60 mL/min/1.73 m2

and an UACR of 30 mg/g or higher.

CONCLUSIONS AND RELEVANCE The effect of dapagliflozin on the relative risk for CV events
was consistent across eGFR and UACR groups, with the greatest absolute benefit for the
composite of CV death or HHF observed among patients with both reduced eGFR and
albuminuria.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01730534
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K idney dysfunction, including both reduced glomeru-
lar filtration rate (GFR) and albuminuria, is associated
with increased risk for cardiovascular (CV) outcomes.1,2

Patients with both type 2 diabetes and kidney dysfunction,
a frequent comorbidity, therefore represent a particularly vul-
nerable patient population.

Sodium-glucose cotransporter 2 inhibitor (SGLT2i) therapy,
which promotes urinary glucose excretion, decreases the risk
for CV death and hospitalization for heart failure (HHF) among
patients with type 2 diabetes.3 The extent of increased glu-
cosuria, and therefore the glucose-lowering efficacy of an
SGLT2i, is attenuated in patients with worse kidney function,
as reflected by a lower estimated GFR (eGFR).4 However, a
meta-analysis of the 3 SGLT2i CV outcomes trials published to
date indicates that the benefit for HHF is greatest among pa-
tients with lower baseline kidney function.3 These observa-
tions support the hypothesis that glucose control per se is not
the driving factor in preventing CV events with SGLT2i therapy
and underpin the paradigm shift from a glucocentric focus to
broader CV risk mitigation considerations in the treatment of
patients with type 2 diabetes. Although the exact mecha-
nisms of CV benefits are incompletely understood, SGLT2i
therapy exerts multiple favorable cardiorenal and metabolic
effects, including weight loss, improvement in ventricular load-
ing by reducing preload and afterload, reduction in inflam-
mation and oxidative stress, increased oxygen supply by ex-
pansion of red blood cell mass, and lowering of intraglomerular
pressure.5-9 In light of the well-known association between
chronic kidney disease (CKD) and the risks of volume over-
load, mineral and bone disorders, and peripheral artery dis-
ease, among others,10,11 the safety profile of dapagliflozin is un-
known in this particularly susceptible and thus challenging
patient cohort. The present study is a secondary analysis of the
Dapagliflozin Effect on Cardiovascular Events–Thrombolysis
in Myocardial Infarction (DECLARE-TIMI) 58 randomized clini-
cal trial to examine the CV efficacy and safety of dapagli-
flozin according to baseline kidney function and albuminuria
status.12-14 The dual primary end points of the DECLARE-
TIMI 58 trial were the composite of CV death or HHF and ma-
jor adverse cardiovascular events (MACE), which are the com-
posite of myocardial infarction, ischemic stroke, and CV death.
Dapagliflozin has been shown to significantly reduce the risk
of CV death or HHF, caused by a reduction in HHF, and is non-
inferior with respect to MACE.14

Methods
Study Population
The design and the primary results of the DECLARE-TIMI 58
trial15 have been previously published (trial protocol in
Supplement 1).12-14 In brief, the DECLARE-TIMI 58 trial ran-
domized 17 160 patients with type 2 diabetes and multiple risk
factors for or established atherosclerotic cardiovascular dis-
ease (ASCVD) after a 4 week run-in phase to either dapagli-
flozin or placebo in addition to standard-of-care medical
therapy, enrolling patients from May 2013 to June 2015. Eli-
gible patients with established ASCVD had to be 40 years of

age or older and have a history of ischemic heart disease, cere-
brovascular disease, or peripheral arterial disease. Patients with
multiple risk factors were men 55 years of age or older and
women 60 years of age or older who had at least 1 of the fol-
lowing CV risk factors: dyslipidemia, hypertension, or cur-
rent tobacco use. Patients with a creatinine clearance below
60 mL/min (to convert to milliliters per second per millime-
ter square, multiply by 0.0167) at screening before entering
the run-in period were excluded from the trial. This study fol-
lowed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline. The trial and this analysis were
approved by the institutional review boards of all participating
sites. Written informed consent was obtained from all
participating patients in a manner consistent with the Common
Rule requirements. No one was offered any incentive for
participating in this study.

Outcomes of Interest
The goal of the present analyses was to examine the efficacy
and safety of dapagliflozin according to baseline eGFR and al-
buminuria status. The composites of CV death or HHF and of
MACE were used as the primary efficacy outcomes of inter-
est. Additional outcomes were the individual components of
the composite outcomes as well as all-cause death. Safety out-
comes of interest included major hypoglycemia, amputation,
diabetic ketoacidosis, and fracture. All primary, secondary, and
tertiary outcomes were prespecified. The eGFR and albumin-
uria subgroups were prespecified, but the combined analyses
(number of risk factors added together) were not.

Patients were categorized according to their baseline eGFR
(<60 vs ≥60 mL/min/1.73 m2 using the Chronic Kidney Dis-
ease Epidemiology Collaboration [CKD-EPI] equation) and
baseline urinary albumin to creatinine ratio (UACR; <30 vs ≥30
mg/g) and then categorically ranked by the number of CKD
markers (ie, 0, 1, or 2 markers). These strata were selected based
on diabetes guidelines, including the recommended initia-
tion of treatment with angiotensin-converting enzyme inhibi-
tors or angiotensin receptor blockers for patients with type 2

Key Points
Question What is the relative cardiovascular (CV) efficacy and
safety of dapagliflozin according to the baseline estimated
glomerular filtration rate and urinary albumin to creatinine ratio
in patients with type 2 diabetes?

Findings In this secondary analysis of 17 160 participants included
in the DECLARE-TIMI 58 trial, the effect of dapagliflozin (vs
placebo) on the relative risk of a composite of CV death and
hospitalization for heart failure (HHF) and of major adverse
cardiovascular events was similar. However, the absolute risk
reduction of CV death and HHF was significantly larger for
dapagliflozin-treated patients who had more markers of chronic
kidney disease.

Meaning In this study, the effect of dapagliflozin on the relative
risk for CV events was consistent across kidney function and
albuminuria status, with the greatest absolute benefit for the
composite of CV death or HHF observed among patients with both
reduced estimated glomerular filtration rate and albuminuria.
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diabetes and with an eGFR lower than 60 mL/min/1.73 m2,
UACR equal or higher than 30 mg/g, or both.16 Patients with
an eGFR of at least 60 mL/min/1.73 m2 and UACR lower than
30 mg/g were therefore considered to have zero markers of
CKD. A sensitivity analysis was conducted using the eGFR and
albuminuria risk categories of progression of CKD from the
Kidney Disease: Improving Global Outcomes (KDIGO) 2012
Clinical Practice Guideline (eTable 1 in Supplement 2).17

Further analyses were performed using strata of eGFR (<60,
60 to <90, and ≥90 mL/min/1.73 m2) and UACR (<30, 30-300,
and >300 mg/g).

Statistical Analysis
The baseline characteristics stratified by markers of kidney dys-
function are reported as mean (SD) values or median values
with the interquartile range (IQR) for continuous variables and
as counts and proportions for categorical variables. To assess
the trend across the levels of kidney dysfunction, we used the
Jonckheere-Terpstra trend test for continuous variables and
the Cochran-Armitage trend test for categorical variables.

To assess the risk of patients with CKD compared with
those without in the placebo group, we adjusted the Cox re-
gression models for age (≥65 vs <65 years), sex, race/ethnicity
(White vs non-White), median weight (≥89 vs <89 kg), his-
tory of heart failure, dyslipidemia, hypertension, ischemic
stroke, peripheral artery disease, duration of diabetes (≤10 vs
>10 years), insulin use at baseline, and smoking status. The
mean changes in eGFR, blood pressure, and glycated hemo-
globin (HbA1c) level over time and the differences between
dapagliflozin and placebo during the trial were assessed using
least-squares mean values and tested for interactions be-
tween subgroups at 6 months. Cox regression models with
interaction testing were used to test the heterogeneity of
the relative treatment effect across the subgroups. All Cox
models testing the treatment effects of dapagliflozin vs pla-
cebo were stratified according to the presence or absence of
known ASCVD and hematuria at baseline and analyzed using
an intention-to-treat approach. The proportional hazards as-
sumption was confirmed using statistical tests.18 The P val-
ues for heterogeneity are reported for the difference in mag-
nitude of the absolute risk difference across subgroups.19

Data were collected from May 2013 to September 2018.
Statistical significance was assessed at a nominal α level of .05.
All reported P values are 2-sided with no adjustments for mul-
tiple testing. Statistical analyses were carried out using R,
version 3.6.0 (R Foundation for Statistical Computing), and
SAS software, version 9.4 (SAS Institute Inc).

Results
Study Population
The number of participants randomized and constituting fol-
low-up have been published previously14 and are shown in
eFigure 1 in Supplement 2. In the overall population, the mean
(SD) eGFR was 85 (16) mL/min/1.73 m2, and the median UACR
was 13 mg/g (IQR, 6-44 g/mg). Overall, 1265 patients (7.4%) had
an eGFR lower than 60 mL/min/1.73 m2, and 5199 patients

(30.9%) had albuminuria (4029 patients with UACR 30-300
mg/g; 1169 patients with UACR >300 mg/g). Among patients
who had both eGFR and UACR readings, 1234 (7.3%) had an
eGFR lower than 60 mL/min/1.73 m2, and 5198 patients (30.9%)
had albuminuria (4030 with UACR 30-300 mg/g; 1169 with
UACR >300 mg/g) at randomization. Accordingly, 10 958 pa-
tients (65.1%) had no markers of higher than stage 2 CKD (mean
[SD] age, 63.7 [6.7] years; 40.1% women), whereas 5336 pa-
tients (31.7%) (mean [SD] age, 64.1 [7.1] years; 32.6% women)
had 1 marker of CKD (either eGFR <60 mL/min/1.73 m2

[n = 686] or albuminuria with UACR ≥30 mg/g [n = 4650]), and
548 patients (3.3%) had both (mean [SD] age, 66.8 [6.9] years;
30.5% women) (Table 1). These categories are similar to the
KDIGO categories of low, mild, and moderate or high risk of
CKD progression (eTables 1 and 2 in Supplement 2). Patients
with more markers of CKD were more likely to be older, male,
and have ASCVD and HF, and they were well treated with an-
giotensin-converting enzyme inhibitors or angiotensin recep-
tor blockers (87.6%) and statins (81.4%) (Table 1).

CV Outcomes by Markers of CKD in the Placebo Group
Within the placebo group, patients with more markers of kid-
ney disease had a higher risk for the composite of CV death or
HHF (Kaplan-Meier [KM] event incidence at 4 years: 3.9% for
0 markers of CKD, 8.3%, for 1 marker, and 17.4% for 2 mark-
ers) (Figure 1A) and MACE (KM event incidence at 4 years: 7.5%
for 0 markers of CKD, 11.6% for 1 marker, and 18.9% for 2 mark-
ers) (Figure 1B). Patients with only 1 marker of CKD had com-
parably increased event rates irrespective of whether it was
eGFR lower than 60 mL/min/1.73 m2 (4-year KM incidence:
7.2% for composite of CV death or HHF, and 12.1% for MACE)
or UACR at least 30 mg/g (4-year KM incidence: 8.5% for com-
posite of CV death or HHF, and 11.6% for MACE).

This gradient, with a stepwise increase of risk for pa-
tients with more markers of CKD, remained apparent after mul-
tivariable adjustment for both the composite of CV death or
HHF (adjusted hazard ratio [AHR] with no markers of CKD
as reference: AHR, 1.84 [95% CI, 1.52-2.23] for 1 marker;
AHR, 2.97 [95% CI, 2.17-4.07] for 2 markers; both P < .001) as
well as MACE (AHR, 1.38 [95% CI, 1.19-1.61] for 1 marker; AHR,
2.00 [95% CI, 1.51-2.65] for 2 markers) (both P < .001).

Effects of Dapagliflozin on CV Risk Factors
According to Baseline Kidney Function
At 6 months, the extent of HbA1c reduction with dapagli-
flozin was significantly smaller in patients with lower base-
line eGFR compared with patients with more preserved
kidney function (least-squares mean absolute difference at 6
months: −0.39 [95% CI, −0.52 to −0.27] for eGFR <60 mL/min/
1.73 m2; −0.47 [95% CI, −0.51 to −0. 42] for eGFR 60 to <90
mL/min/1.73 m2; and −0.70 [95% CI, −0.75 to −0.65] for eGFR
≥90 mL/min/1.73 m2; P < .001 for interaction) (eFigure 2 in
Supplement 2). Conversely, the magnitude of effect of dapa-
gliflozin compared with placebo (average least-squares mean
absolute difference at 6 months) across baseline kidney func-
tion was similar for systolic blood pressure (−3.0 mm Hg
for eGFR ≥90 mL/min/1.73 m2; −3.2 mm Hg for eGFR 60 to
<90 mL/min/1.73 m2; and −3.6 mm Hg for eGFR <60 mL/min/
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1.73 m2; P = .20 for interaction), diastolic blood pressure (−1.2
mm Hg for eGFR ≥90 mL/min/1.73 m2; −1.1 mm Hg for eGFR
60 to <90 mL/min/1.73 m2; and −1.6 mm Hg for eGFR <60 mL/
min/1.73 m2; P = .53 for interaction), and body mass index (cal-
culated as weight in kilograms divided by height in meters
squared) (−0.6 for eGFR ≥90 mL/min/1.73 m2; −0.6 for eGFR
60 to <90 mL/min/1.73 m2; and −0.5 for eGFR <60 mL/min/
1.73 m2; P = .08 for interaction) (eFigure 2 in Supplement 2).

Clinical Efficacy and Safety of Dapagliflozin vs Placebo
According to Baseline Kidney Function
The relative risk reduction for the composite of CV death or
HHF for dapagliflozin vs placebo was consistent across the kid-
ney function subgroups (P = .24 for interaction), although nu-
merically greatest (42%) for patients with both reduced eGFR
and albuminuria (HR, 0.87 [95% CI, 0.72-1.06] for no CKD; HR,
0.87 [95% CI, 0.72-1.05] for 1 marker of CKD; HR, 0.58 [95%

CI, 0.36-0.94] for 2 markers of CKD) (Figure 1 and Figure 2).
Moreover, no effect modification for the magnitude of the rela-
tive risk reduction was observed when eGFR (P = .54 for in-
teraction) and log-transformed UACR (P = .24 for interac-
tion) were fit as continuous variables using natural splines with
4 knots. However, given their higher baseline risk, the mag-
nitude of the absolute risk difference was significantly higher
for patients with more markers of CKD (−0.5% for 0 markers,
−1.0% for 1 marker, and −8.3% for 2 markers; P = .02 for inter-
action for absolute risk difference). These findings suggest that
13 patients with both eGFR lower than 60 mL/min/1.73 m2 and
UACR of at least 30 mg/g need to be treated for 4 years to pre-
vent 1 event of the composite of CV death or HHF. An analo-
gous pattern was detected for MACE, with similar relative risk
reductions across the subgroups (P = .64 for interaction), but
with the absolute risk difference being numerically greatest
for patients with more markers of CKD (−0.3% for 0 markers,

Table 1. Patient Demographic and Clinical Characteristics at Baseline According to Baseline Kidney Function
and Urinary Albumin Status

Characteristic

Marker of CKD, No. (%) of participants

P value
for trend

None (eGFR
≥60 mL/min/1.73 m2

and UACR <30 mg/g)
(n = 10 958)

1 (eGFR
<60 mL/min/1.73 m2

or UACR ≥30 mg/g)
(n = 5336)

2 (eGFR
<60 mL/min/1.73 m2

and UACR ≥30 mg/g)
(n = 548)

Age, mean (SD), y 63.7 (6.7) 64.1 (7.1) 66.8 (6.9) <.001

Female sex 4392 (40.1) 1738 (32.6) 167 (30.5) <.001

Race/ethnicity
(Black/African
American)

371 (3.4) 189 (3.5) 28 (5.1) .12

BMI, mean (SD) 31.8 (5.9) 32.3 (6.1) 34.8 (6.1) <.001

HbA1c,
mean (SD), %

8.2 (1.2) 8.5 (1.3) 8.4 (1.2) <.001

LDL-C, mean (SD),
mg/dL

87.8 (34.7) 87.3 (36.8) 84.3 (36.7) .007

Diabetes duration,
median (IQR), y

10.0 (6.0-15.0) 12.0 (7.0-18.0) 15.0 (10.0-20.0) <.001

ASCVD 4123 (37.6) 2396 (44.9) 297 (54.2) <.001

Ischemic heart
disease

3367 (30.7) 1921 (36.0) 252 (46.0) <.001

Prior ischemic stroke 611 (5.6) 399 (7.5) 63 (11.5) <.001

PAD 508 (4.6) 423 (7.9) 62 (11.3) <.001

Prior HF 970 (8.9) 615 (11.5) 106 (19.3) <.001

Prior amputation 30 (0.3) 62 (1.2) 11 (2.0) <.001

Smoker 1548 (14.1) 833 (15.6) 54 (9.9) .66

Insulin 3972 (36.2) 2559 (48.0) 343 (62.6) <.001

Metformin 9121 (83.2) 4359 (81.7) 347 (63.3) <.001

Sulfonylurea 4782 (43.6) 2236 (41.9) 183 (33.4) <.001

ACE-I or ARB 8782 (80.1) 4425 (82.9) 480 (87.6) <.001

Any diuretic 4204 (38.4) 2291 (42.9) 342 (62.4) <.001

Antiplatelet therapy 6526 (59.6) 3370 (63.2) 389 (71.0) <.001

Statin 8090 (73.8) 3988 (74.7) 446 (81.4) .002

CKD-EPI eGFR,
mean (SD),
mL/min/1.73 m2

88.1 (12.7) 83.0 (17.7) 50.7 (7.2) NA

UACR, median (IQR),
mg/g

7.9 (4.7-13.8) 73.6 (38.7-205.8) 118.9 (58.5-422.3) NA

UACR, mg/g

<30 10958 (100) 686 (12.9) 0 NA

30-300 0 3648 (68.4) 381 (69.5) NA

>300 0 1002 (18.8) 167 (30.5) NA

Abbreviations: ACE-I,
angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor
blocker; ASCVD, atherosclerotic
cardiovascular disease; BMI, body
mass index (calculated as weight in
kilograms divided by height in meters
squared); CKD, chronic kidney
disease; CKD-EPI, Chronic Kidney
Disease Epidemiology Collaboration;
eGFR, estimated glomerular filtration
rate; HbA1c, glycated hemoglobin;
HF, heart failure; IQR, interquartile
range; LDL-C, low-density lipoprotein
cholesterol; NA, not applicable;
PAD, peripheral artery disease;
UACR, urinary albumin to creatinine
ratio.

SI conversion factors: To convert the
percentage of total hemoglobin to
proportion, multiply by 0.01;
LDL-C to millimoles per liter, by
0.0259.
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−0.3% for 1 marker, and −5.3% for 2 markers; P = .31 for inter-
action for absolute risk difference). For patients with 1 marker
of CKD, the results were consistent and qualitatively similar
irrespective of whether eGFR was below 60 mL/min or UACR
was 30 mg/g or higher (eFigure 3 in Supplement 2).

After examination of the individual components of the
composite of CV death or HHF, eGFR appeared to have a greater
association with the magnitude of risk reduction with dapa-
gliflozin for HHF, whereas UACR appeared to have a greater as-
sociation with the magnitude of risk reduction with dapagli-
flozin for CV death (eFigure 4 in Supplement 2). Moreover, an
interaction (P = .04 for interaction) was observed for effects
of dapagliflozin vs placebo on all-cause mortality, indicating
a relatively greater treatment benefit for patients with more
markers of CKD (HR, 0.82 [95% CI, 0.68-0.98] for 1 marker; HR,
0.75 [95% CI, 0.47-1.18] for 2 markers), whereas no effect was
detected for patients with 0 markers (HR, 1.11 [95% CI, 0.93-
1.32]). This effect modification appeared to be caused by UACR

(P = .007 for interaction) and not by eGFR (P = .61 for interac-
tion). In particular, patients with a greater UACR tended to de-
rive a greater reduction in all-cause mortality (HR, 1.11 [95%
CI, 0.94-1.30] for UACR <30 mg/g; HR, 0.77 [95% CI, 0.62-
0.95] for UACR 30-300 mg/g; and HR, 0.73 [95% CI, 0.53-1.01]
for UACR >300 mg/g; P = .007 for interaction).

Similar results were found when examining patients cat-
egorized according to the KDIGO risk grouping (eFigure 5 in
Supplement 2). Moreover, applying the inclusion criteria of
the Canagliflozin and Renal Events in Diabetes with Estab-
lished Nephropathy Clinical Evaluation (CREDENCE) trial4

(ie, eGFR between 30 and <90 mL/min/1.73 m2 and UACR
>300 mg/g; 718 participants) identified a subgroup that
showed a 32% relative risk reduction (HR, 0.68 [95% CI,
0.46-1.00]) for CV death or HHF composite and a 17%
relative risk reduction (HR, 0.83 [95% CI, 0.58-1.18]) for
MACE. The observed point estimates were thus similar to
those observed in the CREDENCE trial (HR, 0.69 [95% CI,

Figure 1. Kaplan-Meier Curves for Composite of Cardiovascular (CV) Death and Hospitalization for Heart Failure
(HHF) and for Composite of Major Adverse Cardiovascular Events (MACE) Myocardial Infarction, Ischemic
Stroke, and CV Death, Stratified by Treatment and Number of Markers of Chronic Kidney Disease (CKD)
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Figure 2. Relative Effect of Dapagliflozin vs Placebo on Cardiovascular (CV) Events and Absolute Risk Difference
Between Dapagliflozin and Placebo by Number of Markers of Chronic Kidney Disease
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0.57-0.83] for CV death or HHF composite; HR, 0.80 [95%
CI, 0.67-0.95] for MACE).4

The safety profile of dapagliflozin was similar across
all tested subgroups (Table 2). Most notably, the numbers of
amputations, cases of diabetic ketoacidosis, fractures, and
major hypoglycemic events were balanced or numerically lower
with dapagliflozin compared with placebo in patients with an
eGFR lower than 60 mL/min/1.73 m2 and an UACR of 30 mg/g
or higher.

Discussion
The results from the present analyses of the DECLARE-TIMI
58 trial showed largely consistent relative risk reductions with
dapagliflozin in CV events irrespective of baseline eGFR and
albuminuria status in a broad population of patients with type
2 diabetes who had or were at risk for ASCVD. However, pa-
tients with more markers of CKD derived a significantly greater
absolute risk reduction for the composite of CV death or HHF,
reflecting a consistent effect in the context of their higher base-
line risk, and with a clear disconnect between CV efficacy and
measures of glucose control. Consistent with the results in the
overall patient population, those favorable effects were not
counterbalanced by adverse events because there were no dif-
ferences in major hypoglycemic events, amputations, or frac-
tures by treatment group in patients with more markers of CKD.
Baseline kidney function also did not modify the risk of dia-
betic ketoacidosis.

Initial concerns about the glucose-lowering efficacy of
dapagliflozin in patients with a lower eGFR led to requested
modifications of the DECLARE-TIMI 58 trial protocol by the
US Food and Drug Administration to exclude patients with

a creatinine clearance below 60 mL/min at screening. The tim-
ing (enrollment before entering the run-in period vs random-
ization) and the use of the CKD-EPI creatinine equation that
tends to yield eGFR values lower than the corresponding cre-
atinine clearance estimates may explain why a small propor-
tion of patients with an estimated creatinine clearance below
60 mL/min at enrollment had eGFR levels below 60 mL/min/
1.73 m2 at randomization. Treatment with dapagliflozin is not
recommended by the US Food and Drug Administration for
glycemic control in patients with an eGFR below 45 mL/min/
1.73 m2 and is contraindicated for glycemic control in pa-
tients with an eGFR below 30 mL/min/1.73 m2 without estab-
lished CV disease or CV risk factors. However, these regulations
were established because of attenuated urinary glucosuria and
thus lower efficacy in HbA1c reductions in those patients and
not because of safety concerns. In the DECLARE-TIMI 58 trial,
we observed lower, albeit still significant, reductions in HbA1c

levels in patients with a lower baseline eGFR compared with
patients who had more preserved baseline kidney function,
whereas the magnitude in blood pressure and body mass in-
dex reductions were consistent irrespective of baseline kid-
ney function, suggesting that these effects are mediated
through nondiuretic mechanisms.

Although no difference was appreciated in secondary analy-
ses of the individual trials by baseline kidney function,20,21

meta-analyses of the 3 completed SGLT2i CV outcomes trials
indicated even greater protection from HHF among patients
with worse baseline kidney function.3 In addition to the fa-
vorable CV outcomes across the different stages of CKD, SGLT2i
therapy preserved the effect on risk reduction of kidney events
among patients with worse baseline kidney function. The prog-
nostic importance of the cardiorenal interaction and its bidi-
rectional nature has been well established.1,22,23 Both acute

Table 2. Safety Outcomes of Dapagliflozin vs Placebo by Number of Markers of CKD

Event or
CKD marker subgroup

Dapagliflozin (n = 8424) Placebo (n = 8409)

P value
P value for
interaction

No. of
events

Events/1000
patient-years

No. of
events

Events/1000
patient-years

Amputation

eGFR ≥60 and UACR <30 54 2.4 43 2.0 .27

.53eGFR <60 or UACR ≥30 59 5.6 62 6.0 .67

eGFR<60 and UACR ≥30 6 6.2 6 5.4 .79

Diabetic ketoacidosis

eGFR ≥60 and UACR <30 21 1.1 6 0.3 .009

.36eGFR <60 or UACR ≥30 6 0.6 5 0.6 .83

eGFR <60 and UACR ≥30 0 0 1 1.1 NA

Fracture

eGFR ≥60 and UACR <30 274 12.7 262 12.1 .65

.98eGFR <60 or UACR ≥30 159 15.5 153 15.1 .88

eGFR <60 and UACR ≥30 15 15.9 18 16.7 .98

Major hypoglycemic event

eGFR ≥60 and UACR <30 30 1.5 36 1.9 .40

.59eGFR <60 or UACR ≥30 21 2.2 35 3.9 .04

eGFR <60 and UACR ≥30 4 5.0 8 9.0 .36

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate (in units of mL/min/1.73 m2); NA, not applicable; UACR, urinary albumin to
creatinine ratio (in units of mg/g).
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and chronic disorders of the heart and kidneys may cause
acute or chronic disorders in the other.1,22 However, SGLT2i
therapy has multiple favorable effects that may interrupt this
vicious circle by decreasing the risk of HHF, preventing dete-
rioration of kidney function, and reducing the progression of
albuminuria.24-28 The exact mechanisms of action remain
incompletely understood and are subject to current research,
but they are believed to include lowering blood pressure, re-
ducing volume overload, changing myocardial energetics, and
reducing intraglomerular pressure, inflammation, and oxi-
dant stress.5,9,29

The first dedicated SGLT2i kidney outcomes trial, the
CREDENCE trial,4 lends further support for the use of SGLT2i
therapy for patients with kidney dysfunction. The CRE-
DENCE trial, which included 4401 patients with diabetes and
an eGFR between 30 and <90 mL/min/1.73 m2 and concomi-
tant macroalbuminuria (UACR >300 mg/g to 5000 mg/g),
was terminated early for overwhelming efficacy.4 As com-
pared with placebo, canagliflozin reduced the risk of the pri-
mary end point, a composite of end-stage kidney disease,
doubling of serum creatinine levels, or kidney or CV death,
by 30%. In addition, significant reductions for CV outcomes,
including the composite of HHF or CV death (31%) and the
composite of myocardial infarction, stroke, or CV death
(20%), were observed.4,30 As compared with the CREDENCE
trial4 (and the 2 other SGLT2i CV outcomes trials31,32),
patients in the DECLARE-TIMI 58 trial had more preserved
baseline kidney function. Even though only a small propor-
tion of the DECLARE-TIMI 58 patient population would have
met the inclusion criteria of the CREDENCE trial (and thus
the CIs are wide), it is noteworthy that the point estimates
of CV efficacy from analyses of this small subset in the
DECLARE-TIMI 58 trial yielded relative risk reductions
nearly identical to those observed in the CREDENCE trial
for the composite of CV death or HHF (32% vs 31%) and for
MACE (17% vs 20%).

Kidney outcomes in the DECLARE-TIMI 58 trial, accord-
ing to baseline kidney function, have been recently reported
showing a consistent favorable effect supporting the use of
SGLT2i therapy for patients with CKD.33 Dedicated kidney out-
come trials studying the role of SGLT2i therapy for patients with
or without type 2 diabetes are currently ongoing. Recently, the
Dapagliflozin and Prevention of Adverse Outcomes in Chronic
Kidney Disease (DAPA-CKD) trial showed a significant reduc-
tion of kidney events in patients with CKD irrespective of the
presence or absence of diabetes.34 Those data with their fa-
vorable safety profile across the different subgroups of CKD
support the use of dapagliflozin in this patient population and
support further investigation of patients with more severe
stages of CKD despite the lower glucose-lowering effective-
ness of dapagliflozin for this condition.

Limitations
These analyses are subject to the known limitations of sub-
group analyses, including their exploratory nature and lim-
ited statistical power. In addition, no adjustment for multiple
testing was conducted. Furthermore, as aforementioned,
owing to the inclusion criteria of the DECLARE-TIMI 58 trial,
most of the patients had an eGFR of at least 60 mL/min/1.73
m2, constraining the generalizability of the present results to
patients with a lower eGFR.

Conclusions
Patients with more markers of kidney dysfunction had higher
rates of adverse CV outcomes. The use of dapagliflozin showed
generally consistent relative risk reductions but greater abso-
lute risk reductions for the composite of CV death or HHF for
patients with more severe kidney disease (evidenced by both
reduced eGFR and albuminuria), reflecting their increased
baseline risk.
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