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Effects of dapagliflozin on development and progression of 
kidney disease in patients with type 2 diabetes: an analysis 
from the DECLARE–TIMI 58 randomised trial
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Martin Fredriksson, Peter A Johansson, Anna Maria Langkilde, Marc S Sabatine, Itamar Raz

Summary
Background Sodium-glucose co-transporter-2 (SGLT2) inhibitors have shown beneficial effects on renal outcomes 
mainly in patients with established atherosclerotic cardiovascular disease. Here we report analyses of renal outcomes 
with the SGLT2 inhibitor dapagliflozin in the DECLARE–TIMI 58 cardiovascular outcomes trial, which included 
patients with type 2 diabetes both with and without established atherosclerotic cardiovascular disease and mostly with 
preserved renal function.

Methods In DECLARE–TIMI 58, patients with type 2 diabetes, HbA1c 6·5–12·0% (47·5–113·1 mmol/mol), with either 
established atherosclerotic cardiovascular disease or multiple risk factors, and creatinine clearance of at least 
60 mL/min were randomly assigned (1:1) to 10 mg dapagliflozin or placebo once daily. A prespecified secondary 
cardiorenal composite outcome was defined as a sustained decline of at least 40% in estimated glomerular filtration 
rate [eGFR] to less than 60 mL/min per 1·73m², end-stage renal disease (defined as dialysis for at least 90 days, kidney 
transplantation, or confirmed sustained eGFR <15mL/min per 1·73 m²), or death from renal or cardiovascular causes; 
a prespecified renal-specific composite outcome was the same but excluding death from cardiovascular causes. In this 
renal analysis, we report findings for the components of these composite outcomes, subgroup analysis of these 
composite outcomes, and changes in eGFR at different timepoints. DECLARE–TIMI 58 is registered with 
ClinicalTrials.gov, number NCT01730534.

Findings The trial took place between April 25, 2013, and Sept 18, 2018; median follow-up was 4·2 years (IQR 3·9–4·4). 
Of the 17 160 participants who were randomly assigned, 8162 (47·6%) had an eGFR of at least 90 mL/min per 1·73 m², 
7732 (45·1%) had an eGFR of 60 to less than 90 mL/min per 1·73 m², and 1265 (7·4%) had an eGFR of less than 
60 mL/min per 1·73 m² at baseline (one participant had missing data for eGFR); 6974 (40·6%) had established 
atherosclerotic cardiovascular disease and 10 186 (59·4%) had multiple risk factors. As previously reported, the 
cardiorenal secondary composite outcome was significantly reduced with dapagliflozin versus placebo (hazard ratio 
[HR] 0·76, 95% CI 0·67–0.87; p<0·0001); excluding death from cardiovascular causes, the HR for the renal-specific 
outcome was 0·53 (0·43–0·66; p<0·0001). We identified a 46% reduction in sustained decline in eGFR by at least 
40% to less than 60 mL/min per 1·73 m² (120 [1·4% vs 221 [2·6%]; HR 0·54 [95% CI 0·43–0·67]; p<0·0001). The risk 
of end-stage renal disease or renal death was lower in the dapagliflozin group than in the placebo group (11 [0·1%] vs 
27 [0·3%]; HR 0·41 [95% CI 0·20–0·82]; p=0·012). Both the cardiorenal and renal-specific composite outcomes were 
improved with dapagliflozin versus placebo across various prespecified subgroups, including those defined by 
baseline eGFR (cardiorenal outcome pinteraction=0·97; renal-specific outcome pinteraction=0·87) and the presence or absence 
of established atherosclerotic cardiovascular disease (cardiorenal outcome pinteraction=0·67; renal-specific outcome 
pinteraction=0·72). 6 months after randomisation, the mean decrease in eGFR was larger in the dapagliflozin group than 
in the placebo group. The mean change equalised by 2 years, and at 3 and 4 years the mean decrease in eGFR was less 
with dapagliflozin than with placebo.

Interpretation Dapagliflozin seemed to prevent and reduce progression of kidney disease compared with placebo in 
this large and diverse population of patients with type 2 diabetes with and without established atherosclerotic 
cardiovascular disease, most of whom had preserved renal function.
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Introduction
For many years, optimal glucose control plus blood 
pressure control with angiotensin-converting enzyme 

(ACE) inhibitors or angiotensin receptor blockers 
(ARBs)1,2 has been the basis of treatment of diabetic 
kidney disease.3–5 Early identification of renal impairment 
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and appropriate interventions are more effective than 
later interventions for the prevention of adverse renal 
outcomes.3 Even if patients with type 2 diabetes are 
treated with ACE inhibitors or ARBs, their residual risk 
of adverse renal and cardiovascular outcomes remains 
higher than that in age-matched and sex-matched 
counterparts without diabetes,4,5 and diabetes remains 
the leading cause of end-stage renal disease in most parts 
of the world.6,7 Novel treatments are therefore needed to 
both prevent and slow progression of chronic kidney 
disease in patients with type 2 diabetes.

Sodium-glucose co-transporter-2 (SGLT2) inhibitors are 
a class of drugs that have been shown to decrease the rate 
of decline in renal function in patients with type 2 diabetes 
and cardiovascular disease. In the EMPA-REG OUTCOME 
cardiovascular outcomes trial,8 treatment with the SGLT2 
inhibitor empagliflozin reduced the risk of the main 
composite renal outcome (defined as progression to 
macroalbuminuria; a doubling of the serum creatinine 
level accompanied by an eGFR of ≤45 mL/min per 1·73 m²; 
initiation of renal-replacement therapy; or death from 
renal disease) by 39% compared with placebo in a high-
risk population of patients with previous atherosclerotic 
cardiovascular disease and a high prevalence of chronic 
kidney disease (baseline median estimated glomerular 
filtration rate [eGFR] 74·1 mL/min per 1·73 m², with 
25·9% [1819/7020] with an eGFR below 60 mL/min per 
1·73 m² and 39·6% [2782/7020] with microalbuminuria or 

macroalbuminuria).9 In the CANVAS trial Program,10–12 the 
SGLT2 inhibitor canagliflozin improved renal outcomes 
compared with placebo in a population of patients 
predominantly with atherosclerotic cardiovascular disease 
(65·6% [6656/10 142]) and with renal function similar to 
that of the EMPA-REG OUTCOME population (mean 
eGFR 76·5 mL/min per 1·73 m² and median urinary 
albumin-to-creatinine ratio [UACR] 12·3 mg/g). In 
the CREDENCE trial,13 patients with type 2 diabetes 
and albuminuric chronic kidney disease (eGFR 
30 to <90 mL/min per 1·73 m² and UACR 
>300 to 5000 mg/g) were randomly assigned to 
canagliflozin or placebo. Canagliflozin was associated with 
a 30% reduction in the primary composite outcome of 
end-stage renal disease (ie, dialysis, transplantation, or a 
sustained eGFR <15 mL/min per 1·73 m²), doubling of 
serum creatinine concentrations, or death from renal or 
cardiovascular causes.13

In the placebo-controlled Dapagliflozin Effect on 
Cardiovascular Events (DECLARE)–TIMI 58 trial,14 the 
SGLT2 inhibitor dapagliflozin reduced the frequency 
of one of the dual primary composite outcomes 
(cardiovascular death or hospital admission for heart 
failure) but did not significantly reduce the frequency of 
the other (major adverse cardiovascular events). As 
previously reported,14 a cardiorenal secondary composite 
outcome (≥40% decrease in eGFR to <60 mL/min per 
1·73 m², new end-stage renal disease, or death from renal 

Research in context

Evidence before this study
We searched PubMed for all English-language publications 
from Jan 1, 2000, to May 28, 2019, using the search terms 
“SGLT2”, “CKD”, “kidney disease”, “diabetic nephropathy”, 
and “eGFR”. Previous trials have shown that the 
sodium-glucose co-transporter-2 (SGLT2) inhibitors 
empagliflozin and canagliflozin slowed the progression of 
nephropathy in patients with type 2 diabetes. However, most 
of the patients in these trials had established atherosclerotic 
cardiovascular disease or mild to moderate chronic kidney 
disease, or both. In the primary report of the DECLARE–TIMI 58 
trial, a cardiorenal secondary composite outcome 
(≥40% decrease in estimated glomerular filtration rate [eGFR] 
to <60 mL/min per 1·73 m², new end-stage renal disease, or 
death from renal or cardiovascular causes) was reduced by 24%, 
and a renal-specific composite outcome excluding 
cardiovascular death was reduced by 47%.

Added value of this study
In this renal analysis of the DECLARE–TIMI 58 trial, we identified 
a 46% reduction in sustained decline in eGFR by at least 40% to 
less than 60 mL/min per 1·73 m² (hazard ratio 0·54 [95% CI 
0·43–0·67]; p<0·0001). Despite small numbers of events, we 
also showed a reduction in the combined risk of end-stage renal 
disease or renal death (0·41 [95% CI 0·20–0·82]; p=0·012). 

Furthermore, we have shown the consistent beneficial effects 
of dapagliflozin on composite renal outcomes compared with 
placebo in predefined subgroups of patients, including those 
defined by eGFR status and the presence or absence of 
atherosclerotic cardiovascular disease at baseline. Thereby, our 
results show the effect of an SGLT2 inhibitor on both early 
prevention and reduction in progression of chronic kidney 
disease in patients with type 2 diabetes. DECLARE–TIMI 58 is 
the first study to show the effects of an SGLT2 inhibitor on 
clinically important renal outcomes and on changes in eGFR in 
a large cohort of patients with type 2 diabetes with and without 
previous atherosclerotic cardiovascular disease, most of whom 
had normal or only mildly reduced renal function.

Implications of all the available evidence
On the basis of available evidence, SGLT2 inhibitors seem to 
reduce the risk of both progression and development of 
nephropathy in patients with type 2 diabetes, irrespective of 
the presence of atherosclerotic cardiovascular disease or 
baseline renal function. The effect of SGLT2 inhibitors on 
nephropathy is being examined in dedicated studies of renal 
outcomes, both in patients with and without type 2 diabetes. 
However, these trials focus on populations with nephropathy 
at baseline, and therefore should be considered as 
complementary to our findings.
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or cardiovascular causes) was reduced by 24% and the 
same composite outcome excluding cardiovascular death 
(renal-specific outcome) was reduced by 47%. Notably, the 
study population of DECLARE–TIMI 58 included a 
mixture of patients with established atherosclerotic 
cardiovascular disease and those multiple risk factors for 
cardiovascular disease; additionally, most of the 
participants had preserved renal function (mean eGFR 
85·2 mL/min per 1·73 m²). Here we report results of 
detailed analyses of renal outcomes of the DECLARE–
TIMI 58 trial, including components of the cardiorenal 
and renal-specific composite outcomes, subgroup analysis 
of these composite outcomes, and change in eGFR at 
different timepoints, in order to investigate the renal 
effects of dapagliflozin in this large and diverse study 
population.

Methods
Study design and participants
The DECLARE–TIMI 58 trial design, baseline 
characteristics of participants, and main results have 
been previously reported.14–16 Briefly, patients with type 2 
diabetes and either established atherosclerotic cardio-
vascular disease (age ≥40 years and either ischaemic heart 
disease, cerebrovascular disease, or peripheral arterial 
disease), or multiple risk factors for atherosclerotic 
cardiovascular disease (age ≥55 years for men or ≥60 years 
for women plus at least one of dyslipidaemia, hyper-
tension, or current tobacco use) were eligible to be 
enrolled. Participants were also required to have HbA1c 
between 6·5% and 12.0% (47·5–113·1 mmol/mol) and 
creatinine clearance (estimated by the Cockcroft-Gault 
equation17) of 60 mL/min or higher. A full list of inclusion 
and exclusion criteria is provided in the appendix.

The trial protocol was approved by the institutional 
review board at each participating site and all participants 
provided written informed consent.

Randomisation and masking
Participants entered a 4–8 week, single-blind, placebo 
run-in period, which was designed to ensure completion 
of all necessary blood and urine tests and to identify 
immediate non-compliers. Patients who remained 
eligible after the run-in period were randomly assigned 
(1:1) via web-based response system to dapagliflozin 
10 mg once daily or matching placebo. Dapagliflozin and 
placebo tablets were identical in appearance. Participants 
and all study staff were masked to treatment allocations 
until study completion. Randomisation was stratified by 
cardiovascular risk category (established disease vs 
multiple risk factors) and baseline haematuria status 
(present vs absent; because of the regulatory requirement 
to investigate the risk for bladder cancer14).

Procedures
Following the baseline (randomisation) visit, patients 
had an in-person follow-up visit every 6 months for 

assessment of adherence to the trial regimen and clinical 
and safety events and for laboratory testing. Patients 
were contacted by telephone every 3 months between in-
person visits. In addition to assigned treatments, all 
participants also received standard-of-care therapy for 
type 2 diabetes, cardiovascular diseases, and risk factors. 
The trial was designed to continue until at least 
1390 patients had a major adverse cardiovascular event.

Laboratory tests used in the analysis reported here 
including measurement of both serum creatinine and 
urinary albumin and creatinine, were done at the central 
laboratories (LabCorp Clinical Trials [Covance], various 
locations) at screening, baseline, 6 months, 12 months, 
and yearly thereafter. Serum creatinine and urine 
albumin and creatinine concentrations were also 
measured at the end of the trial, or at the last on-
treatment visit, in patients who prematurely discontinued 
study drug. eGFR was calculated with the Chronic 
Kidney Disease Epidemiology Collaboration equation.

According to the trial protocol, an unscheduled serum 
creatinine test was done if central or local laboratory 
analyses identified doubling of serum creatinine concen-
trations from baseline, serum creatinine concentrations 
higher than 6·0 mg/dL (530 µmol/L), a decrease from 
baseline in eGFR by 30% or more to an eGFR of less 
than 60 mL/min per 1·73 m², or an eGFR of less than 
15 mL/min per 1·73 m². In these instances, a new central 
laboratory measurement was obtained as soon as 
possible (ideally within 4 days), and another central 
laboratory measurement was obtained after at least 
4 weeks. The baseline value for each laboratory test for 
safety was the last assessment on or before the date of 
randomisation. The change from this baseline was 
calculated for these parameters, and time to onset of 
the outcomes was calculated according to the first of the 
two subsequent laboratory assessments.

Outcomes
As per the final protocol,14,15 the trial had dual primary 
efficacy endpoints: major adverse cardiovascular events 
(a composite of cardiovascular death, myocardial 
infarction, or ischaemic stroke) and a composite of cardio-
vascular death or hospital admission for heart failure. The 
trial had two secondary efficacy outcomes: a composite 
cardiorenal outcome and all-cause death. Because the trial 
met only one of its dual primary outcomes for superiority 
(cardiovascular death or hospital admission for heart 
failure), all other analyses of additional outcomes should 
be considered hypothesis generating only.

In the present renal analysis, we report data for a 
cardiorenal secondary composite outcome, a renal-
specific composite outcome (both previously reported for 
the overall study population14), and the individual 
components of these composite outcomes. We also 
report findings from predefined subgroup analyses of 
these composite outcomes and comparisons of eGFR 
changes at different timepoints in the treatment and 

See Online for appendix
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eGFR* ≥90 (n=8162) eGFR* 60 to <90 (n=7732) eGFR* <60 (n=1265) p value†

Demographic characteristics

Sex ·· ·· ·· 0·18

Men 5057 (62·0%) 4866 (62·9%) 814 (64·3%) ··

Women 3105 (38·0%) 2866 (37·1%) 451 (35·7%) ··

Age, years 61·2 (6·1) 66·2 (6·5) 67·3 (6·6) <0·0001

Age ≥75 years 95 (1·2%) 818 (10·6%) 183 (14·5%) <0·0001

BMI (kg/m²) 31·6 (6·1) 32·1 (5·9) 34·5 (6·0) <0·0001

Race ·· ·· ·· <0·0001

White 6251 (76·6%) 6313 (81·6%) 1088 (86·0%) ··

Non-white 1911 (23·4%) 1419 (18·4%) 177 (14·0%) ··

Medical history

Duration of type 2 diabetes 10·9 (7·2) 12·5 (8·0) 14·5 (8·9) <0·0001

Established atherosclerotic cardiovascular disease 3193 (39·1%) 3138 (40·6%) 643 (50·8%) <0·0001

History of congestive heart failure 688 (8·4%) 809 (10·5%) 227 (17·9%) <0·0001

History of dyslipidaemia‡ 6370 (78·0%) 6327 (81·8%) 1098 (86·8%) <0·0001

History of hypertension§ 7133 (87·4%) 7088 (91·7%) 1205 (95·3%) <0·0001

Cardiovascular drugs used

Antiplatelet drugs 4813 (59·0%) 4790 (62·0%) 884 (69·9%) <0·0001

ACE inhibitors or ARBs 6434 (78·8%) 6418 (83·0%) 1097 (86·7%) <0·0001

β blockers 3978 (48·7%) 4235 (54·8%) 816 (64·5%) <0·0001

Statins or ezetimibe 5934 (72·7%) 5903 (76·3%) 1031 (81·5%) <0·0001

Diuretics 2752 (33·7%) 3442 (44·5%) 773 (61·1%) <0·0001

Mineralocorticoid receptor antagonists 262 (3·2%) 386 (5·0%) 114 (9·0%) <0·0001

Glucose-lowering drugs used

Metformin 6961 (85·3%) 6263 (81·0%) 843 (66·6%) <0·0001

Insulin 3018 (37·0%) 3284 (42·5%) 711 (56·2%) <0·0001

Sulfonylureas 3671 (45·0%) 3205 (41·5%) 445 (35·2%) <0·0001

Dipeptidyl peptidase-4 inhibitors 1366 (16·7%) 1331 (17·2%) 191 (15·1) 0·17

Glucagon-like peptide-1 receptor agonists 347 (4·3%) 331 (4·3%) 72 (5·7%) 0·058

Laboratory and clinical measurements

HbA1c (%) 8·5 (1·2) 8·1 (1·1) 8·2 (1·2) <0·0001

HbA1c (mmol/mol) 68·9 (13·6) 65·3 (12·5) 66·5 (12·9) <0·0001

eGFR* (mL/min per 1·73 m²) 98·3 (6·5) 77·0 (8·5) 51·4 (7·2) <0·0001

UACR group (mg/g)

N¶ 8026 7582 1234 ··

<30 5691 (70·9%) 5267 (69·5%) 686 (55·6%) <0·0001

30–300 1887 (23·5%) 1761 (23·2%) 381 (30·9%) ··

>300 448 (5·6%) 554 (7·3%) 167 (13·5%) ··

Blood pressure (mm Hg)

Systolic 134·9 (15·0) 135·3 (15·6) 133·5 (16·6) 0·0012

Diastolic 78·9 (8·8) 77·5 (9·2) 75·3 (9·4) <0·0001

Lipids (mg/dL)

LDL cholesterol 90·3 (35·9) 85·4 (34·5) 83·5 (36·4) <0·0001

HDL cholesterol 47·4 (13·1) 47·4 (13·0) 44·2 (12·0) <0·0001

Triglycerides 179·4 (141·8) 173·9 (121·7) 197·4 (155·3) <0·0001

Data are n (%) or mean (SD), unless otherwise specified. eGFR=estimated glomerular filtration rate. ACE=angiotensin-converting enzyme. ARBs=angiotensin receptor blockers. UACR=urine albumin-to-creatinine ratio. 
*eGFR (measured in mL/min per 1·73m²) was calculated with the Chronic Kidney Disease Epidemiology Collaboration formula. †p values were calculated for comparison of all 3 categories; p values for continuous 
variables were calculated with the Kruskal-Wallis test and for categorical variables with the χ² test. ‡History of dyslipidaemia was defined as LDL cholesterol concentration >130 mg/dL (3·36 mmol/L) within the past 
12 months or on lipid-lowering therapy prescribed by a physician for hypercholesterolemia (documented LDL cholesterol >130 mg/dL [3·36 mmol/L]) for more than 12 months. §History of hypertension was defined as 
blood pressure >140/90 mm Hg at enrolment visit (with both an elevated systolic blood pressure [>140 mm Hg] and an elevated diastolic blood pressure [>90 mm Hg] at both measurements) or antihypertensive 
therapy prescribed by a physician for blood pressure lowering at any time. ¶UACR was not measured at baseline for all patients, so N values are smaller for UACR group than for the overall population.

Table: Baseline characteristics by eGFR categories at baseline
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placebo groups (in the overall population and by baseline 
eGFR subgroup). The cardiorenal secondary composite 
outcome was defined as time to first event of a composite 
of sustained confirmed decrease in eGFR by at least 40% 
(as confirmed by two tests at the central laboratory at 
least 4 weeks apart)18 to less than 60 mL/min per 1·73 m², 
end-stage renal disease (defined as either dialysis for 
90 days or more, kidney transplantation, or sustained—
ie, two measurements at the central laboratory at least 
4 weeks apart—eGFR of <15 mL/min per 1·73 m²), or 
cardiovascular or renal death. The renal-specific outcome, 
which was the same as the cardiorenal composite but 
excluding cardiovascular death, was a prespecified 
exploratory outcome. The individual components of the 
composite renal outcomes were prespecified exploratory 
endpoints. Here we also report findings from sensitivity 
analyses in which a one-time decrease in eGFR of 40% or 
more to an eGFR of less than 60 mL/min per 1·73 m² 
was used to define the eGFR decline component of the 
cardiorenal and renal specific composite outcomes, 
without the requirement of confirmation by repeat 
testing.

The analyses reported here were predefined in the trial 
statistical analysis plan14 or specified in a separate 
academic analysis plan created prior to database lock 
(appendix).

Statistical analysis
In the present analysis, we report findings for the 
cardiorenal and renal-specific composite outcomes and 
their components, subgroup analyses of these composite 
outcomes, and comparison of eGFR change by treatment 
group at different timepoints.

We divided participants into subgroups according to 
their baseline eGFR, based on the Chronic Kidney Disease 
Epidemiology Collaboration equation, in order to test if the 
renal effect of dapagliflozin is affected by patients baseline 
renal function. Participants were classified into one of 
three groups: eGFR equal to or greater than 90 mL/min 
per 1·73 m², eGFR 60 to less than 90 mL/min per 1·73 m², 
and eGFR less than 60 mL/min per 1·73 m². Baseline 
characteristics are reported as absolute numbers and 
percentages for categorical variables and as mean and SDs 
for continuous variables. We used the χ² test to compared 
categorical variables, and the Kruskal-Wallis test to 
compared continuous variables, between eGFR subgroups.

Analyses were done according to the intention-to-treat 
principle, using data for all randomly assigned 
participants. Adjudicated outcome data were used to 
define cardiovascular death and renal death events.

We used the Kaplan-Meier method to generate 
cumulative incidence curves for the cardiorenal and 
renal-specific composite outcomes and for sustained 
decrease in eGFR by at least 40% to less than 60 mL/min 
per 1·73 m². Hazard ratios (HRs) and 95% CIs were 
calculated with the Cox proportional-hazard model for 
the cardiorenal and renal-specific composite outcomes 

(previously reported only for the entire population14), and 
their individual components, both in the entire population 
and in prespecified subgroups according to patients’ 
baseline demographics, medical histories, background 
medications, and baseline measure ments. For these 
subgroup analyses, an interaction term for the subgroup 
with randomisation group was included in the Cox 
model. Treatment effect models included the stratification 
factors of baseline atherosclerotic cardiovascular disease 
(ie, established disease vs multiple risk factors) and 
haematuria (ie, present vs absent) at baseline.

Change in eGFR was calculated with a mixed model for 
repeated measures, which produced least-squares mean 
estimates and 95% CIs for each treatment group, the 
entire trial population, and by eGFR categories at 
baseline.

No adjustments for multiplicity were made in any 
analyses. We used SAS (version 9.4) and Stata 
(version 14.2) for all analyses.

DECLARE–TIMI 58 is registered with ClinicalTrials.gov, 
number NCT01730534.

Role of the funding source
The DECLARE–TIMI 58 trial was a collaboration 
between the funder and two academic research 
organizations (TIMI Study Group and Hadassah Medical 
Organization). The funder was involved in the study 
design, data collection, data analysis, interpretation, and 
writing of this report. IAMG-N, MF, PAJ, AML are 
employed by the study funder. Data analyses were done 
by the TIMI Study Group, which has access to the 
complete study database, allowing independent analyses 
of the results; any discrepancies were resolved by 
discussion. The DECLARE–TIMI 58 publication 
committee made the decision to submit for publication.

Results
The trial took place between April 25, 2013, and 
Sept 18, 2018; median follow-up was 4·2 years 
(IQR 3·9–4·4). Of the 17 160 participants who were 
randomly assigned, 6974 (40·6%) had established 
atherosclerotic cardiovascular disease and 10 186 (59·4%) 
had multiple risk factors for atherosclerotic cardiovascular 
disease.

Of the 17 159 participants with available baseline eGFR 
data (one participant had missing data for eGFR), 
8162 (47·6%) had an eGFR of at least 90 mL/min per 
1·73 m² and 7732 (45·1%) had an eGFR of 60 to less than 
90 mL/min per 1·73 m², reflecting the enrolment criteria. 
Because of the difference between creatinine clearance 
(estimated by the Cockcroft-Gault equation17) and eGFR 
calculations, and because inclusion criteria were applied at 
the screening visit but baseline eGFR was calculated at the 
randomisation visit, there were 1265 (7·4%) participants 
who entered the trial with an eGFR of less than 60 mL/min 
per 1·73 m² (table). The mean eGFR was 85·2 mL/min per 
1·73 m² (SD 15·9) in the overall population, 98·3 mL/min 
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per 1·73 m² (6·5) in the subgroup of patients with an 
eGFR of at least 90 mL/min per 1·73 m², 77·0 mL/min per 
1·73 m² (8·5) in the subgroup with an eGFR of 60 to less 
than 90 mL/min per 1·73 m², and 51·4 mL/min per 
1·73 m² (7·2) in the subgroup with an eGFR less than 
60 mL/min per 1·73 m² (table). At baseline, 11 644 (69·1%) 
of the 16 843 patients with available data for UACR had 
normoalbuminuria (ie, <30 mg/g), 4030 (23·9%) 
had microalbuminuria (ie, ≥30 to ≤300 mg/g), and 
1169 (6·9%) had macroalbuminuria (ie, >300 mg/g).

Participants with lower eGFR at baseline were older, 
had been diagnosed with type 2 diabetes for longer, and 
had higher BMIs than those with higher eGFRs at 
baseline (table). Patients in the lower eGFR categories 
had a higher baseline prevalence of atherosclerotic 
cardiovascular disease and were more likely to have a 
history of heart failure and cardiovascular risk factors 
(such as hypertension and hyperlipidaemia) than those 
with a baseline eGFR of 90 mL/min per 1·73 m² or 
higher (table). The use of various cardiovascular drugs 
was consistently more common in the lower eGFR 
categories than in those with a baseline eGFR of 
90 mL/min per 1·73 m² or higher (table). ACE inhibitor 
or ARB use ranged from 78·8% in those with a baseline 
eGFR of 90 mL/min per 1·73 m² or higher to 86·7% in 
those with a baseline eGFR below 60 mL/min per 
1·73 m². Metformin and sulfonylurea were less 
commonly used in the lower eGFR subgroups than in 
those with a baseline eGFR of 90 mL/min per 1·73 m² or 
higher; insulin use was more common in the lower 
eGFR subgroups (table). At baseline, patients in the 
lower eGFR subgroups had lower HbA1c and LDL 
cholesterol but higher albuminuria than those with 

eGFR of 90 mL/min per 1·73 m² or higher (table). There 
were no meaningful differences between treatment 
groups in terms of baseline characteristics in the 
different eGFR subgroups (appendix pp 1–2).

As previously reported,14 the frequency of the secondary 
cardiorenal composite outcome was significantly lower 
in the dapagliflozin group than in the placebo group in 
the overall study population (HR 0·76 [95% CI 
0·67–0·87]; p<0·0001; figures 1, 2A). A sensitivity 
analysis in which a one-time decrease in eGFR of 40% or 
more to an eGFR of less than 60 mL/min per 1·73 m² 
was used to define meeting the eGFR decline component 
of the cardiorenal endpoint, without requirement of 
confirmation by repeat testing, also showed a significant 
reduction in the cardiorenal composite outcome with 
dapagliflozin compared with placebo (HR 0·77 [95% CI 
0·70–0·85]; p<0·0001). As previously reported,14 the 
renal-specific composite outcome was 47% less common 
in the dapagliflozin group than in the placebo group 
(HR 0·53 [95% CI 0·43–0·66]; p<0·0001; figures 1, 2B). 
The sensitivity analysis in which a one-time decrease in 
eGFR of 40% or more to an eGFR of less than 60 mL/min 
per 1·73 m² was used, without requirement of 
confirmation by repeat testing, also showed a significant 
reduction in the renal-specific outcome with dapagliflozin 
compared with placebo (HR 0·69 [95% CI 0·62–0·78]; 
p<0·0001).

In assessing the components of the composite renal 
outcomes, the risk of a sustained confirmed decrease in 
eGFR of more than 40% to an eGFR of less than 
60 mL/min per 1·73 m² was significantly lower in the 
dapagliflozin group than in the placebo group (HR 0·54 
[95% CI 0·43–0·67]; p<0·0001; figures 1, 2C). End stage 

Figure 1: Composite cardiorenal and renal-specific outcomes and their individual components for dapagliflozin versus placebo in the overall trial population
The composite cardiorenal outcome consisted of a sustained decrease in eGFR by at least 40% to less than 60 mL/min per 1·73 m², end-stage renal disease, or cardiovascular or renal death. The 
composite renal-specific outcome consisted of a sustained decrease in eGFR by at least 40% to less than 60 mL/min per 1·73 m², end-stage renal disease, or renal death. eGFR was calculated with the 
Chronic Kidney Disease Epidemiology Collaboration equation. Data for the composite cardiorenal and renal-specific outcomes and cardiovascular death were previously reported in reference 14.  
eGFR=estimated glomerular filtration rate.
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renal disease or renal death occurred in 11 of 
8582 patients in the dapagliflozin group and 27 of 8578 
in the placebo group (HR 0·41 [95% CI 0·20–0·82]; 
p=0·012; figure 1).

We noted no significant interactions between most 
prespecified subgroups defined by demographics, 
medical history, background medication, and baseline 
laboratory measurements and the favourable effect of 
dapagliflozin compared with placebo on both the 
cardiorenal composite outcome and the renal-specific 
composite outcome (figure 3; appendix pp 3–4). There 
was no difference between the stratum with established 
atherosclerotic cardiovascular disease and those with 
multiple risk factors for atherosclerotic cardiovascular 
disease, both for the renal-specific composite outcome 
(pinteraction=0·72; figure 3) and for the cardiorenal 
composite outcome (pinteraction=0·67; appendix p 3). An 
absence of interaction was also seen for eGFR group at 
baseline (renal-specific outcome pinteraction=0·87 [figure 3]; 
cardiorenal outcome pinteraction=0·97 [appendix p 4]). The 
exceptions were an interaction between treatment 
groups and UACR subgroups for the cardiorenal 
composite outcome (pinteraction=0·020; appendix p 4), but 
not the renal-specific outcome (pinteraction=0·30; figure 3), 
and an interaction between treatment groups and 
diuretics use for the renal-specific outcome 
(pinteraction=0·0021; figure 3)—although benefit was 
apparent both with and without diuretics, the positive 
effect of dapagliflozin seemed to be greater in patients 
without diuretic use at baseline.

Figure 4 shows the mean change in eGFR over time in 
the two treatments groups for the overall population and 
by eGFR subgroups. 6 months after randomisation, the 
mean decrease in eGFR was larger in the dapagliflozin 
group than in the placebo group. The mean change 
equalised by 2 years, and at 3 and 4 years the mean 
decrease in eGFR was less with dapagliflozin than with 
placebo. A similar pattern was seen in subgroups defined 
by baseline eGFR.

Discussion
In the DECLARE–TIMI 58 trial, patients randomly 
assigned to dapagliflozin had significantly reduced 
frequencies of composite cardiorenal and renal-specific 

Figure 2: Kaplan-Meier curves for the composite cardiorenal outcome (A), the 
composite renal-specific outcome (B), and sustained decrease in eGFR by at 
least 40% to less than 60 mL/min per 1·73 m² (C)
The composite cardiorenal outcome consisted of a sustained decrease in eGFR by 
at least 40% to less than 60 mL/min per 1·73 m², end-stage renal disease, or 
cardiovascular or renal death. The composite renal-specific outcome consisted of a 
sustained decrease in eGFR by at least 40% to less than 60 mL/min per 1·73 m², 
end-stage renal disease, or renal death. eGFR was calculated with the Chronic 
Kidney Disease Epidemiology Collaboration equation. The Kaplan-Meier curve for 
the composite cardiorenal outcome (A) was previously reported in reference 14. 
HR=hazard ratio. eGFR=estimated glomerular filtration rate.
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outcomes compared with those in the placebo group.14 
Components of the composite outcomes were also 
significant reduced with dapagliflozin, including a 
sustained decrease in eGFR by at least 40% to less than 
60 mL/min per 1·73 m². End-stage renal disease, although 
a rare event in the trial, as would be expected in a 
population with near-normal baseline eGFR, was also 

significantly reduced with dapagliflozin compared with 
placebo. These benefits occurred in a large and diverse 
population of patients with type 2 diabetes, irrespective of 
the presence of established atherosclerotic cardiovascular 
disease. Only 7·4% of the study population had moderate 
renal impairment (ie, an eGFR <60 mL/min per 1·73 m²), 
suggesting that the effects of dapagliflozin are not limited 

Figure 3: Subgroup analyses of dapagliflozin versus placebo for the composite renal-specific outcome
The composite renal-specific outcome consisted of a sustained decrease in eGFR by at least 40% to less than 60 mL/min per 1·73 m², end-stage renal disease, or renal death. eGFR was calculated with 
the Chronic Kidney Disease Epidemiology Collaboration equation. ACE=angiotensin-converting enzyme. ARB=angiotensin receptor blocker. eGFR=estimated glomerular filtration rate. UACR=urine 
albumin-to-creatinine ratio.
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to patients with renal impairment. Collectively, these data 
suggest that treatment with SGLT2 inhibitors could be 
useful for the early prevention of chronic kidney disease 
in patients with type 2 diabetes.

There are several important differences between the 
renal outcome data from DECLARE–TIMI 58 and those 
from the EMPA-REG OUTCOME (empagliflozin)8,9 and 
CANVAS (canagliflozin) trials.10–12 The DECLARE–
TIMI 58 population had a lower prevalence of established 
atherosclerotic cardiovascular disease (40·6% vs 100% in 
EMPA-REG OUTCOME and 65·6% in CANVAS) and 
better renal function (mean eGFR 85·2 mL/min per 
1·73 m² vs 74·1 mL/min per 1·73 m² in EMPA-REG 
OUTCOME and 76·5 mL/min per 1·73 m² in CANVAS) 

at baseline. Median follow-up was 4·2 years in DECLARE–
TIMI 58, compared with 3·1 years in EMPA-REG 
OUTCOME and 2·4 years in CANVAS. The cardiorenal 
and renal-specific composite renal outcomes analysed in 
DECLARE–TIMI 58 included only outcomes based on 
sustained change in eGFR and clinical endpoints and not 
on softer endpoints based on changes in albuminuria, 
unlike the main renal outcomes in EMPA-REG 
OUTCOME8 and the CANVAS Program.10 The inclusion 
of sustained eGFR changes only (ie, with two consecutive 
tests >4 weeks apart) adds to the robustness of our 
analysis.

CREDENCE13 was the first large-scale outcome trial of 
an SGLT2 inhibitor (canagliflozin) with a renal primary 

Figure 4: Change in mean eGFR in the overall population (A) and in patients with baseline eGFRs ≥90 mL/min per 1·73 m² (B), of 60 to <90 mL/min per 1·73 m² (C), and <60 mL/min 
per 1·73 m² (D)
eGFR means were adjusted for the stratification variables in a mixed-effects model. Error bars represent 95% CIs. eGFR was calculated with the Chronic Kidney Disease Epidemiology Collaboration 
equation. eGFR=estimated glomerular filtration rate.
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outcome to be completed. CREDENCE and other trials 
that are underway (NCT03036150, NCT03315143) will 
help to define the role of SGLT2 inhibitors in the 
pharmacological management of diabetic kidney disease 
and possibly other nephropathies, due to the inclusion 
of participants without diabetes (NCT03594110, 
NCT03190694). However, the participants in these 
dedicated renal outcomes trials all have prevalent 
nephropathy. In CREDENCE, albuminuric chronic 
kidney disease was an inclusion criterion. By contrast, 
the population of DECLARE–TIMI 58 mainly did not 
have substantially reduced eGFR at baseline, and 69·1% 
of the study population had normoalbuminuria. 
Therefore, the population was at much lower risk of 
adverse renal outcomes.19–22 Thus, our findings for the 
effects of dapagliflozin on renal outcomes could have 
important implications for the early prevention of 
diabetic kidney disease. Notably, the renal benefits of 
dapagliflozin were seen in almost all subgroups analysed, 
which further emphasises the consistency of this effect.

The mechanisms underlying the beneficial effects of 
SGLT2 inhibitors on renal outcomes are unknown, 
but could include haemodynamic, metabolic, and possibly 
other mechanisms.23–27 The beneficial effect of dapagliflozin 
on the renal-specific composite outcome seems to be 
relatively greater in the subgroup of patients not treated 
with any diuretics (pinteraction=0·0021)—although this might 
be a chance finding and should be interpreted with 
caution, it could be related to the patient population 
prescribed diuretics, or might be associated with the 
potential renal protective mechanisms of SGLT2 inhibitors. 
ACE inhibitors and ARBs were extensively used in 
DECLARE–TIMI 58, but did not attenuate the beneficial 
renal effects of dapagliflozin (pinteraction=0·16). The positive 
renal effect of dapagliflozin when combined with ACE 
inhibitors or ARBs further supports the haemodynamic 
theory of the renal effect of SGLT2 inhibitors—ie, reduction 
of intraglomerular pressure driven both by vasoconstriction 
of the afferent arteriole with SGLT2 inhibitors and 
vasodilation of the efferent arteriole with ACE inhibitors or 
ARBs.23–27 

The mean decrease in eGFR was larger in the 
dapagliflozin group than in the placebo group at 
6 months, but the mean change had equalised by 
2 years—by 3 and 4 years, the mean decrease in eGFR 
was less with dapagliflozin than with placebo. These 
finding can be explained by the difference between the 
acute versus chronic effects of SGLT2 inhibitors on renal 
function, associated with their haemodynamic effect.23–27 
The DECLARE–TIMI 58 population had well preserved 
renal function and therefore the rate of deterioration in 
both treatment groups was slow, meaning that it took 
longer to show the benefit of dapagliflozin on eGFR 
compared with previous cardiovascular outcome trials of 
SGLT2 inhibitors,8,10 The low frequency of testing of renal 
function throughout the trial limits our ability to 
accurately estimate the exact timing of changes in eGFR. 

The between difference in eGFR between treatment 
groups was small, and probably does not fully account 
for the larger between-group differences in terms of the 
cardiorenal and renal-specific composite outcomes—
specifically the lower frequency of eGFR decreases of at 
least 40% to sustained eGFR less than 60 mL/min per 
1·73 m² in the dapagliflozin group compared with the 
placebo group that seemed to be apparent at 2 years. This 
discrepancy, however, is not unique to DECLARE–
TIMI 58. In CREDENCE,13 the between-group difference 
in the rate of decline in eGFR was only 1·52 mL/min per 
1·73 m² per year (95% CI 1·11–1·93), yet the between-
group difference in the cardiorenal composite outcome 
was already significant at the 1-year follow-up. When 
assessing differences in eGFR between treatment 
groups, group size should be considered: in the smallest 
eGFR subgroup in the present analysis (eGFR 
<60 mL/min per 1·73 m²), the difference between the 
dapagliflozin and placebo groups was not statistically 
significant, although the trend was similar to what was 
seen in the other, larger eGFR subgroups (figure 4).

On the basis of post-marketing reports, the US Food 
and Drug Administration published a warning28 about 
the risk of acute kidney injury in patients taking SGLT2 
inhibitors. However, in DECLARE–TIMI 58,14 there was a 
31% decrease in the risk of acute kidney injury in the 
dapagliflozin group compared with the placebo group. 
No increase in acute kidney injury was associated with 
the use of SGLT2 inhibitors in the CANVAS Program10 or 
in observational retrospective cohorts,29,30 and a decrease 
in acute kidney injury was identified in EMPA-REG 
OUTCOME8 and in CREDENCE.13

A limitation of our analysis is that the cardiorenal 
composite outcome was a secondary outcome in the 
DECLARE–TIMI 58 trial, and because one of the dual 
primary outcomes was not superior to placebo, all other 
outcomes should be considered hypothesis generating 
only. However, the extent, consistency, and robustness of 
the renal findings in all cardiovascular outcome trials of 
SGLT2 inhibitors and in retrospective cohorts29,30 strongly 
supports the conclusion that SGLT2 inhibitors are potent 
renoprotective drugs. Another limitation is that creatinine 
concentrations and spot urine-based UACR were 
measured only at screening, baseline, 6 months, 
12 months, and yearly thereafter, except when specific 
criteria required an early repeated test; therefore, subtle 
changes in renal function might have been missed. 
Finally, the choice to use only confirmed sustained 
outcomes and not any one-off change in eGFR (like in the 
previous cardiovascular outcome trials of SGLT2 
inhibitors8,10) might have led to a reduction in the numbers 
of events, but adds to the robustness of our findings and 
helps to differentiate between transient acute kidney 
injuries and permanent changes in renal function. 

In conclusion, in the DECLARE–TIMI 58 trial, 
dapagliflozin treatment led to substantial reduction in 
the risk of clinically significant renal deterioration in a 
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large and diverse population of patients with type 2 
diabetes. These results emphasise the value of SGLT2 
inhibitors as an important component of both prevention 
and treatment of chronic kidney disease among patients 
with type 2 diabetes.
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