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OBJECTIVE

International guidelines propose prescribing sodium–glucose cotransporter 2
(SGLT2) inhibitors to patients with type 2 diabetes (T2D) as secondary prevention
in patients with established atherosclerotic cardiovascular disease (ASCVD) or for
primary prevention of cardiovascular events in high-risk patients with multiple
risk factors (MRF) for ASCVD. The current analyses expand on the cardiovascular
renal and metabolic effects of SGLT2 inhibitors in MRF patients.

RESEARCH DESIGN AND METHODS

In DECLARE-TIMI 58, 17,160 patients with T2D and MRF (59.4%) or established
ASCVD (40.6%) were randomized to dapagliflozin versus placebo; patients were
followed for a median of 4.2 years. The cardiovascular and renal outcomes in the
MRF cohort were studied across clinically relevant subgroups for treatment effect
and subgroup-based treatment interaction.

RESULTS

Among patients with MRF, the reduction with dapagliflozin in risk of cardiovascu-
lar death or hospitalization for heart failure (CVD/HHF) (hazard ratio [HR] 0.84,
95% CI 0.67–1.04) and the renal-specific outcome (HR 0.51, 95% CI 0.37–0.69) did
not differ from that for patients with ASCVD (Pinteraction 0.99 and 0.72, respective-
ly). The effect on CVD/HHF was entirely driven by a reduction in HHF (HR 0.64,
95% CI 0.46–0.88). The benefits of dapagliflozin on HHF and on the renal-specific
outcome, among the subset with MRF, were directionally consistent across clini-
cally relevant subgroups. At 48 months, HbA1c, weight, systolic blood pressure,
and urinary albumin–to–creatinine ratio were lower with dapagliflozin versus pla-
cebo and estimated glomerular filtration rate was higher (P< 0.001).

CONCLUSIONS

In patients with T2D and MRF, dapagliflozin reduced the risk of HHF and adverse
renal outcomes regardless of baseline characteristics. These analyses support the
benefit of dapagliflozin for important outcomes in a broad primary prevention
population.
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Sodium–glucose cotransporter 2 (SGLT2)
inhibitors have been approved for the
treatment of type 2 diabetes (T2D) since
2012. Early clinical trials with these
agents demonstrated their capacity not
only for lowering glucose but also for re-
ducing weight and blood pressure, thus
addressing several important compo-
nents of the metabolic syndrome (1). The
Empagliflozin Cardiovascular Outcome
Event Trial in Type 2 DiabetesMellitus Pa-
tients (EMPA-REG OUTCOME), the first
published cardiovascular outcome trial
(CVOT) of a drug in the class, revolution-
ized our view of management of T2D by
demonstrating significant reduction in
risk for major adverse cardiovascular
events (MACE) and cardiovascular death
or hospitalization for heart failure (CVD/
HHF), as well as significant reduction in
the occurrence of adverse renal out-
comes (2,3). Subsequently, published
CVOTs demonstrated some heterogene-
ity with respect to SGLT2 inhibitor effects
on MACE and cardiovascular death, yet
the effects on HHF and renal outcomes
were largely consistent (4–7). Still, all pa-
tients included in the studies of empagli-
flozin and ertugliflozin and most of the
patients included in the canagliflozin pro-
gram had established atherosclerotic car-
diovascular disease (ASCVD), thus
limiting our ability to extrapolate the ef-
fects of these drugs on populations with-
out established ASCVD, which include
themajority of patients with T2D (8,9).

In the CVOT Dapagliflozin Effect on
Cardiovascular Events trial (DECLARE-
TIMI 58) with dapagliflozin versus place-
bo, 59.4% of the patients had multiple
risk factors (MRF) but not established
ASCVD. This large primary prevention co-
hort (N 5 10,146) represents a broad
T2D population with respect to the num-
ber of cardiovascular risk factors, age,
disease duration, and renal function.
Thus, this trial affords a unique opportu-
nity to assess the effects of an SGLT2 in-
hibitor in a population with T2D without
prevalent ASCVD (6,10).

In the overall trial, dapagliflozin dem-
onstrated a reduction in one of the dual
primary composite outcomes of CVD/
HHF (hazard ratio [HR] 0.83, 95% CI
0.73–0.95), driven by a reduction in HHF,
and also met the prespecified criterion
for noninferiority but did not achieve sta-
tistically significant superiority with re-
spect to the second dual primary
outcome of MACE (HR 0.93, 95% CI

0.84–1.03) (6). The renal-specific out-
come was significantly reduced with da-
pagliflozin (HR 0.53, 95% CI 0.43–0.66)
(11). All outcomes were directionally con-
sistent in the established ASCVD and the
MRF groups (Pinteraction> 0.05) (6). In the
current analysis, we focus on theMRF co-
hort, aiming to better characterize the
cardiovascular, renal, and metabolic ben-
efits of dapagliflozin for a broad popula-
tion with varying demographic, clinical,
andmetabolic features.

RESEARCH DESIGN AND METHODS

Study Overview
In DECLARE-TIMI 58, a total of 17,160 pa-
tients were randomly assigned to receive
dapagliflozin 10 mg daily or placebo and
followed for a median of 4.2 years. The
trial included 6,974 patients with

established ASCVD and 10,186 with MRF
but without ASCVD. MRF participants
were men aged $55 and women aged
$60 years with at least one additional
cardiovascular risk factor including dysli-
pidemia, hypertension, or current tobac-
co use. Patients with HbA1c of 6.5% to
<12.0% and creatinine clearance of$60
mL/min were eligible for inclusion. All pa-
tients were treated according to guide-
lines and regional standards of care for
cardiovascular risk factors, blood pres-
sure, lipids, antithrombotic treatment,
and HbA1c. The trial protocol was ap-
proved by the institutional review board
at each participating site, and all partici-
pants provided written informed con-
sent. The design, baseline characteristics,
and principal results of this study have
previously been published (6,10,12).

Table 1—Baseline characteristics of the MRF population

Dapagliflozin Placebo P

N 5,108 5,078

Age, years, mean (SD) 64.8 (5.7) 64.8 (5.6) 0.697

Male sex, N (%) 2,874 (56.3) 2,839 (55.9) 0.717

BMI (kg/m2), mean (SD) 32.0 (5.9) 32.0 (6.1) 0.958

White, N (%) 4,056 (79.4) 4,013 (79.0) 0.639

Diabetes duration, years, mean (SD) 11.8 (7.4) 11.7 (7.7) 0.316

HbA1c (%), mean (SD) 8.3 (1.2) 8.3 (1.2) 0.818

SBP (mmHg), mean (SD) 135.7 (15.0) 135.5 (15.2) 0.704

DBP (mmHg), mean (SD) 78.4 (8.9) 78.4 (8.8) 0.550

eGFR (CKD-EPI) (mL/min/1.73 m2), mean (SD) 85.4 (15.2) 85.8 (14.8) 0.522

<60 325 (6.4) 297 (5.8) 0.445
60 to <90 2,281 (44.7) 2,313 (45.5)
$90 2,501 (49.0) 2,468 (48.6)

UACR (mg/g), median (IQR) 12.2 (5.9–35.9) 12.1 (5.8–36.7) 0.835

<30 3,602 (71.6) 3,590 (71.8) 0.769
30–300 1,123 (22.3) 1,121 (22.4)
>300 305 (6.1) 286 (5.7)

LDL-C (mg/dL), mean (SD) 91.4 (34.9) 91.5 (35.4) 0.832

Number of additional risk factors, N (%)

One 1,440 (28.2) 1,422 (28.0) 0.770
Two 3,257 (63.8) 3,263 (64.3)
Three 406 (8.0) 386 (7.6)

History of heart failure, N (%) 268 (5.2) 300 (5.9) 0.146

Dyslipidemia, N (%) 3,745 (73.3) 3,782 (74.5) 0.182

Hypertension, N (%) 4,692 (91.9) 4,595 (90.5) 0.015

Current tobacco use, N (%) 735 (14.4) 729 (14.4) 0.962

Baseline medications

Insulin, N (%) 1,948 (38.1) 1,873 (36.9) 0.192
Antiplatelet, N (%) 2,221 (43.5) 2,231 (43.9) 0.644
ACE/ARB, N (%) 4,123 (80.7) 4,092 (80.6) 0.864
MRA, N (%) 123 (2.4) 145 (2.9) 0.158
β-Blocker, N (%) 1,969 (38.5) 1,992 (39.2) 0.481
Statin or ezetimibe, N (%) 3,395 (66.5) 3,414 (67.2) 0.411

ARB, angiotensin receptor blocker; CKD-EPI, Chronic Kidney Disease Epidemiology Collabora-
tion; DBP, diastolic blood pressure; IQR, interquartile range; LDL-C, LDL cholesterol; MRA,
mineralocorticoid receptor agonists.
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Assessment of Outcomes
The dual primary composite efficacy
outcomes were CVD/HHF and MACE
(the composite of cardiovascular death,
myocardial infarction, and ischemic
stroke). A renal-specific composite out-
come included a sustained decrease of
40% or more in estimated glomerular
filtration rate (eGFR) to <60 mL/min/
1.73 m2, end-stage renal disease, or
death from renal cause. Additional out-
comes included the components of the
primary outcomes and all-cause
mortality.

Statistical Analysis
Baseline characteristics are reported as
frequencies and percentages for cate-
gorical variables and as mean and SD or
median (interquartile range) for contin-
uous variables. Baseline and efficacy
analyses were performed on an inten-
tion-to-treat basis. Safety analyses were
performed with use of the on-treatment
analysis set, as previously described, ex-
cept for amputation, fracture, and ma-
lignancy outcomes, which included all
events after first dose in all patients
who were randomized and received at
least one dose of study drug.
We calculated the effect of dapagli-

flozin on the incidence of the efficacy
outcome within each subgroup using
Cox regression models that included the
randomization stratification factor of
baseline hematuria, and we report the
HRs and 95% CIs. To test for heteroge-
neity of effect, we included an interac-
tion term in the Cox regression model.
The least squares (LS) mean ± SE val-

ues of HbA1c, weight, systolic blood
pressure (SBP), diastolic blood pressure,
eGFR, and urinary albumin–to–creati-
nine ratio (UACR) with dapagliflozin ver-
sus placebo during the trial in the MRF
group are graphically shown. Mixed
models for repeated measures were an-
alyzed for comparison of change from
baseline by treatment group at month
48. All urine albumin values <7.0 mg/L
were imputed to a value of 7 mg/g
UACR, which was the lowest detectable
level of the assay used in the latter part
of the trial. Since UACR did not follow a
normal distribution, UACR data were
log transformed before analysis. LS
means and SE were back transformed
to the original scale.
There was no statistical adjustment

for multiple comparisons. A P value

<0.05 was considered statistically
significant.

All analyses were performed with SAS
software, version 9.4 (SAS Institute,
Cary, NC) and Stata, version 16.1 (Col-
lege Station, TX).

RESULTS

Baseline Characteristics
A total of 10,186 MRF patients were in-
cluded in these analyses. Their baseline
characteristics are shown in Table 1.
There were 5,713 (56.1%) males, and
the mean ± SD age was 64.8 ± 5.6
years, BMI 32.0 ± 6.0 kg/m2, and base-
line HbA1c 8.3 ± 1.2%. Heart failure at
baseline was noted in 568 (5.6%)

patients, and 622 (6.1%) had an eGFR
<60 mL/min/1.73 m2.

Cardiovascular and Renal Outcomes
Among patients with MRF, the reduction
with dapagliflozin in risk of CVD/HHF
(HR 0.84, 95% CI 0.67–1.04) did not dif-
fer from that seen in patients with
ASCVD (Pinteraction 0.99). The effect on
CVD/HHF was entirely driven by a reduc-
tion in HHF (HR 0.64, 95% CI 0.46–0.88)
(Fig. 1A). HHF was reduced with dapagli-
flozin versus placebo in MRF patients,
with no heterogeneity across subgroups
assessed (Pinteraction > 0.05) (Fig. 2A).
MACE was balanced with dapagliflozin
versus placebo in the MRF patients (HR
1.01, 95% CI 0.86–1.20), consistent with

Figure 1—A: Hospitalization for heart failure in the MRF cohort with dapagliflozin versus place-
bo. B: The renal-specific outcome in the MRF cohort with dapagliflozin versus placebo.
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observations in the established ASCVD
cohort (Pinteraction 0.25).

The risk of the renal-specific outcome
was reduced with dapagliflozin versus
placebo in the MRF group (HR 0.51,
95% CI 0.37–0.69) (Fig. 1B) and the
magnitude of the risk reduction did
not differ from that in patients with
ASCVD (Pinteraction 0.72). This ob-
served reduction was consistent
across all subgroups assessed (Fig.
2B), with a nominally greater benefit
of dapagliflozin observed in current
smokers versus nonsmokers, but note
that the subgroup of current smokers
and, hence, the number of events
were very small.

Metabolic Outcomes
At 48 months, LS mean ± SE for patients
randomized to dapagliflozin versus place-
bo was lower for HbA1c (7.79 ± 0.04 vs.
8.03 ± 0.04%), weight (85.76 ± 0.14 vs.
87.86 ± 0.14 kg), SBP (132.96 ± 0.37 vs.
135.32 ± 0.37 mmHg), and UACR (22.53
± 1.03 vs. 27.42 ± 1.03 mg/g) and higher
for eGFR (77.21 ± 0.31 vs. 75.62 ± 0.31
mL/min/1.73 m2). There was a significant
difference in change from baseline for
dapagliflozin versus placebo for all meas-
urements (P < 0.001) (Fig. 3).

Safety Outcomes
In the MRF group, there were fewer pa-
tients with a serious adverse event or

with major hypoglycemia with dapagli-
flozin versus placebo. Genital infections
and diabetic ketoacidosis were in-
creased consistent with the known safe-
ty profile of the class. Additional safety
outcomes including amputations, frac-
tures, volume depletion, acute kidney
injury, urinary tract infection, and cancer
were balanced with dapagliflozin versus
placebo (Supplementary Table 1).

CONCLUSIONS

This post hoc analysis of the large pri-
mary prevention cohort (MRF) in DE-
CLARE-TIMI 58 delineates the benefits
of dapagliflozin in patients without

Figure 2—A: Hospitalization for heart failure in the MRF cohort by subgroups. B: Renal-specific outcome in the MRF cohort by subgroups. Age is
presented in years. ARB, angiotensin receptor blocker; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.
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established ASCVD. The reduction in
HHF and in adverse renal outcomes that
was observed in the overall study popu-
lation was consistently observed in the
MRF group irrespective of age, sex, dia-
betes duration, current smoking, HbA1c,
eGFR, history of heart failure, number
of additional cardiovascular risk factors,
and baseline medications. Moreover, in
line with the overall study data, no new
safety signals emerged in this cohort,
and the metabolic benefits known for
the class were observed as well.
In recent years, with accumulating

data from cardiovascular and renal out-
come trials of SGLT2 inhibitors, the posi-
tion of these agents in the treatment
algorithm of patients with T2D has

been under extensive discussion
(13–15). Trials of SGLT2 inhibitors have
demonstrated consistent metabolic ben-
efits in patients with T2D with clinically
significant reductions in HbA1c, blood
pressure, and weight, irrespective of
baseline cardiovascular risk. The cardio-
vascular and renal benefits of the class
were initially assessed in a mostly sec-
ondary prevention population; however,
the large primary prevention population
in DECLARE-TIMI 58 has enabled closer
scrutiny of the benefits of dapagliflozin
in this patient cohort.

In determination of the treatment reg-
imen for patients with T2D, particularly
in the case of lower risk patients without
established ASCVD, several factors

should be considered. T2D usually occurs
in the constellation of the metabolic syn-
drome, with obesity, hypertension, and
dyslipidemia being important comorbid-
ities. Multifactorial intervention targeting
several cardiovascular risk factors, partic-
ularly when implemented in the early
stages of T2D, is thus of paramount im-
portance (16). The unique mode of ac-
tion of SGLT2 inhibitors, which is insulin
independent, yields metabolic advan-
tages in early as well as progressive T2D,
when endogenous insulin reserves may
have diminished. Our analyses of the
large primary prevention population in
the trial demonstrate a sustained benefit
of dapagliflozin versus placebo added to
standard of care in reducing HbA1c,

Figure 2—Continued
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weight, and blood pressure. Long-term
benefits can be expected in slowing of
diabetes progression by maintenance of
HbA1c reduction and reducing microvas-
cular complications as well as decreasing
cardiovascular complications (17–20).

Besides control of the “standard” car-
diovascular risk factors (obesity, hyper-
tension, dyslipidemia, dysglycemia), the

clinical relevance of the cardio-renal axis
is becoming increasing apparent (21). Re-
duced eGFR and increased albuminuria
lead to a synergistic increase in the risk
of cardiovascular events (22,23). SGLT2
inhibitors have consistently demonstrat-
ed improvements in renal outcomes.
These include both reversal of preexist-
ing albuminuria and reduced conversion

from normo- to micro- or macroalbumi-
nuria. Moreover, SGLT2 inhibitors have
been shown to slow the decline in eGFR
and lead to a significant reduction in
end-stage renal disease (3,9,11,24,25).
These benefits have been observed in
those with and without baseline chronic
kidney disease (CKD) and regardless of
established ASCVD (5).

Figure 3—Metabolic outcomes in the MRF cohort. Data shown are LS mean ± SE. eGFR, estimated glomerular filtration rate; UACR, urinary albumin
creatinine ratio.
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In the current analysis, adverse renal
outcomes have been markedly reduced
with dapagliflozin, along with a marked
decline in albuminuria. The renal-specif-
ic outcome was reduced irrespective of
baseline cardiovascular or renal risk and
consistently across all risk categories in
the MRF population. These data further
support the role of dapagliflozin in early,
primary prevention of adverse renal
outcomes (11).
HHF was also significantly reduced

with dapagliflozin in the present analy-
ses—also in lower-risk patients with no
heterogeneity based on age, sex, smok-
ing, BMI, diabetes duration, HbA1c,
eGFR, history of heart failure, baseline
medications, or number of additional
risk factors. The pivotal role of heart
failure in the prognosis of patients with
diabetes is becoming increasingly appar-
ent, and the role of dapagliflozin in the
primary prevention of HHF in patients
with T2DM is of utmost importance
(26,27).
The American Diabetes Association

2021 Standards of Medical Care in Dia-
betes propose prescribing SGLT2 inhibi-
tors with evidence of reducing heart
failure and/or CKD progression, inde-
pendently of HbA1c levels and use of
metformin, to patients in whom heart
failure or CKD predominates (14). Yet,
these benefits were observed in our
study irrespective of preexisting heart
failure or CKD, and consistently across
risk categories, suggesting that these
recommendations may be expanded to
a broader population with T2D.
The European Society of Cardiology

2019 guidelines propose prescribing
SGLT2 inhibitors to patients with T2D
and cardiovascular disease or at high or
very high cardiovascular risk (13). Addi-
tionally, the 2019 American College of
Cardiology/American Heart Association
Guideline on the Primary Prevention of
Cardiovascular Disease proposes initiat-
ing SGLT2 inhibitors or glucagon like
peptide-1 receptor agonists in patients
with T2D and additional cardiovascular
risk factors (15). This definition is reflec-
tive of the broad inclusion criteria of
DECLARE-TIMI 58.
The CREDENCE (Canagliflozin and

Renal Events in Diabetes with Estab-
lished Nephropathy Clinical Evalua-
tion) trial which included patients
with type 2 diabetes and albuminuric
chronic kidney disease showed no

evidence of heterogeneity on the ef-
fects of MACE in patients with and
without ASCVD (8). Notably, MACE re-
duction was noted for glucagon like
peptide-1 receptor agonists as well,
with no heterogeneity in primary ver-
sus secondary prevention populations
(28,29). These results were mainly
driven by data from the CVOT of dula-
glutide Researching Cardiovascular
Events With a Weekly INcretin in Dia-
betes (REWIND), which included a
large primary prevention population
(30). However, though relative risk re-
duction was consistent in both classes
in primary and secondary prevention
populations, absolute risk reduction
was smaller in the lower-risk popula-
tions, and individualized decision-mak-
ing is recommended.

Safety is an important consideration
for a drug intended for use early in the
disease, as long-term exposure is ex-
pected. In that respect, the safety pro-
file of dapagliflozin, which we
extensively reviewed in our previous
analysis, was consistently observed in
the MRF population, providing further
reassurance regarding the early use of
this agent (31).

Recent data have expanded the role
of dapagliflozin from the prevention of
HHF and adverse renal outcomes to the
treatment of these conditions once es-
tablished. The Dapagliflozin And Preven-
tion of Adverse outcomes in Heart
Failure (DAPA-HF) trial demonstrated a
reduction in HHF in patients with heart
failure and reduced ejection fraction
with or without diabetes (32). Notably,
a reduction in HHF in patients with
heart failure and reduced ejection frac-
tion was also observed with empagliflo-
zin and was likewise unrelated to
baseline diabetes status (33). Moreover,
a reduction in adverse renal outcomes
with dapagliflozin in patients with es-
tablished CKD has been shown in the
Dapagliflozin And Prevention of Adverse
outcomes in Chronic Kidney Disease
(DAPA-CKD) study, and the benefit was
observed irrespective of preexisting dia-
betes (34).

The strengths of our analyses are the
inclusion of a large, broad population of
patients with T2D at high risk for cardio-
vascular disease. Our study further ex-
pands on different levels of risk within
this population as defined by clinically
relevant subgroups. However, several

limitations to our analyses should be
considered. First, as is generally noted
in subgroup analyses, the trial was not
powered to detect all possible event re-
ductions and treatment-by-subgroup in-
teractions. Furthermore, although the
comparison of results in ASCVD vs. MRF
patients was pre-specified, the analyses
of subgroups within the MRF patients
are post hoc and no adjustment was
made for multiple comparisons; thus,
these data should be considered as hy-
pothesis generating. Finally, creatinine
clearance <60 mL/min was an exclusion
criterion in the study, limiting our ability
to draw conclusions on this specific high-
risk, primary prevention population.

In conclusion, extensive early clinical
data show the beneficial glucose-,
weight-, and blood pressure–lowering
effects of dapagliflozin in patients at all
stages of T2D. The current analyses
highlight the benefits of dapagliflozin in
the prevention of HHF and adverse re-
nal outcomes across a broad risk contin-
uum of a primary prevention population
with T2D. Expected outcomes of dapa-
gliflozin treatment include long-term
metabolic benefits (glucose, weight,
blood pressure, and albuminuria) as
well as primary prevention of HHF and
adverse renal outcomes. Moreover, da-
pagliflozin’s overall favorable safety pro-
file places it as an appropriate option
early in the disease for patients with
T2D.

Duality of Interest. The sponsor of DECLARE-
TIMI 58 was initially AstraZeneca and Bristol-
Myers Squibb, and AstraZeneca later became
the sole sponsor of the study. DECLARE-TIMI
58 was a collaboration between the funder
and two academic research organizations
(TIMI Study Group and Hadassah Medical Or-
ganization). The funder was involved in the
study design, data collection, data analysis, in-
terpretation, and writing of this report. Data
analyses were done by the academic TIMI
Study Group, which has access to the com-
plete study database, allowing independent
analyses of the results, and any discrepancies
were resolved by discussion. The DECLARE-
TIMI 58 publication committee made the de-
cision to submit for publication.

A.C. reports grants and personal fees from
AstraZeneca and Novo Nordisk and personal
fees from Abbott, Eli Lilly, Sanofi, Boehringer
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Boehringer Ingelheim, Concenter BioPharma
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