
Association of Baseline HbA1c
With Cardiovascular and Renal
Outcomes: Analyses From
DECLARE-TIMI 58
Diabetes Care 2022;45:938–946 | https://doi.org/10.2337/dc21-1744

Avivit Cahn,1 Stephen D. Wiviott,2

Ofri Mosenzon,1 Erica L. Goodrich,2

Sabina A. Murphy,2 Ilan Yanuv,1

Aliza Rozenberg,1 Deepak L. Bhatt,3

Lawrence A. Leiter,4 Darren K. McGuire,5

John P.H. Wilding,6

Ingrid A.M. Gause-Nilsson,7

Anna Maria Langkilde,7

Marc S. Sabatine,2 and Itamar Raz1

OBJECTIVE

Current guidelines recommend prescribing SGLT2 inhibitors to patients with type
2 diabetes and established or at high risk for atherosclerotic cardiovascular dis-
ease (ASCVD), irrespective of HbA1c levels. We studied the association of HbA1c

with cardiovascular and renal outcomes and whether the benefit of dapagliflozin
varies by baseline HbA1c.

RESEARCH DESIGN AND METHODS

In the Dapagliflozin Effect on Cardiovascular Events trial (DECLARE-TIMI 58),
17,160 patients with type 2 diabetes were randomly assigned to dapagliflozin or
placebo for a median follow-up of 4.2 years. Cardiovascular and renal outcomes
by baseline HbA1c in the overall population and with dapagliflozin versus placebo
in HbA1c subgroups were studied by Cox regression models.

RESULTS

In the overall population, higher baseline HbA1c was associated with a higher risk
of cardiovascular death or hospitalization for heart failure (HHF); major adverse
cardiovascular events (MACE), including cardiovascular death, myocardial infarc-
tion, and ischemic stroke; and cardiorenal outcomes (adjusted hazard ratios 1.12
[95% CI 1.06–1.19], 1.08 [1.04–1.13], and 1.17 [1.11–1.24] per 1% higher level,
respectively). Elevated HbA1c was associated with a greater increased risk for
MACE and cardiorenal outcomes in patients with multiple risk factors (MRF) than
in established ASCVD (P-interaction 5 0.0064 and 0.0093, respectively). Com-
pared with placebo, dapagliflozin decreased the risk of cardiovascular death/
HHF, HHF, and cardiorenal outcomes, with no heterogeneity by baseline HbA1c

(P-interaction > 0.05).

CONCLUSIONS

Higher HbA1c levels were associated with greater cardiovascular and renal risk,
particularly in the MRF population, yet the benefits of dapagliflozin were
observed in all subgroups irrespective of baseline HbA1c, including patients
with HbA1c <7%.

HbA1c is an important indicator of glycemic control, providing an estimate of the
glycemic burden in the 3 months before the test (1). Interventional trials comparing
intensive versus conventional glycemic control in patients with type 2 diabetes
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demonstrated a robust decline in the
occurrence of microvascular complica-
tions, predominantly kidney and eye
outcomes (2). However, the clinical imp-
act of HbA1c reduction on the risk of
macrovascular diabetic complications has
been a source of much deliberation (3–5).
While a short-term benefit of intensive
glycemic control has not been demon-
strated in individual studies, meta-analyses
have shown a 15% reduced risk for myo-
cardial infarction, and long-term observa-
tion has indicated some benefit when the
intervention was implemented at disease
onset (6,7). It has been proposed that
long-standing, poorly controlled diabetes
establishes a negative glycemic legacy,
which cannot be easily reversed, and
therefore, ameliorating hyperglycemia
after the complications have already
set in has limited benefit and may pos-
sibly pose some risk (8). Setting higher
glycemic targets in patients with multi-
ple comorbidities and long-standing dia-
betes has thus been recommended (9).
Patients with diabetes are at increased

risk of macrovascular complications, these
being a major cause of morbidity and
mortality (10). The cardiovascular impact
of the individual glucose-lowering agents
has been explored in recent years. While
dipeptidyl peptidase 4 inhibitors demon-
strated an overall neutral effect, marked
cardiovascular benefits have been dem-
onstrated with sodium glucose cotrans-
porter 2 (SGLT2) inhibitors and glucagon-
like peptide 1 receptor agonists (11). The
cardiovascular benefits observed with
these agents are generally attributed to
their pleiotropic effects, although a con-
tributory benefit of HbA1c reduction per
se has been suggested (12–14). These

findings have led current guidelines to
propose prescribing glucagon-like peptide
1 receptor agonists or SGLT2 inhibitors to
patients with type 2 diabetes and estab-
lished or at high risk for atherosclerotic
cardiovascular disease (ASCVD) to imp-
rove their outcomes (15,16). These rec-
ommendations are irrespective of the
prevailing HbA1c and include those with
HbA1c <7%.

The Dapagliflozin Effect on Cardiovas-
cular Events trial (DECLARE-TIMI 58)
assessed the cardiovascular and renal
outcomes of dapagliflozin versus pla-
cebo in a broad population of patients
with type 2 diabetes (17). We studied
the association of baseline HbA1c levels
with cardiovascular and renal outcomes
and in a prespecified analysis, assessed
whether the benefits observed with
dapagliflozin were consistent across all
levels of baseline HbA1c.

RESEARCH DESIGN AND METHODS

Study Overview
In DECLARE-TIMI 58, 17,160 patients
were randomly assigned to receive dapa-
gliflozin 10 mg daily or placebo and fol-
lowed for a median of 4.2 years. Patients
with a HbA1c of 6.5 to <12.0% and a
creatinine clearance of $60 mL/min/
1.73 m2 were eligible for inclusion. The
trial included 6,974 patients with estab-
lished ASCVD (40.6%) and 10,186 with
multiple risk factors (MRF) but without
ASCVD (59.4%). Participants with MRF
were men aged $55 years and women
aged $60 years with at least one addi-
tional cardiovascular risk factor, including
dyslipidemia, hypertension, or current
tobacco use. All patients were treated
according to guidelines and regional

standards of care for cardiovascular
risk factors, including blood pressure,
LDL cholesterol, antithrombotic treat-
ment, and HbA1c. The trial protocol was
approved by the institutional review
board at each participating site, and all
participants provided written informed
consent. The design, baseline characteris-
tics, and principal results of this study
have been previously published (17–19).

Assessment of Outcomes
The prespecified dual primary compos-
ite efficacy outcomes were cardiovascu-
lar death or hospitalization for heart
failure (HHF) and major adverse cardio-
vascular events (MACE), which included
the composite of cardiovascular death,
myocardial infarction, or ischemic stroke.
A prespecified secondary cardiorenal
composite outcome included a sustained
decrease of $40% in eGFR to <60 mL/
min/1.73 m2, end-stage renal disease, or
death as a result of cardiovascular or
renal cause. Additional outcomes inc-
luded components of the primary end
points as well as a renal-specific compos-
ite outcome that was similar to the cardi-
orenal outcome excluding cardiovascular
death. Analysis of outcomes by HbA1c cat-
egories was prespecified.

Statistical Analysis
Baseline characteristics are reported as
frequencies and percentages for categor-
ical variables and as median (interquar-
tile range) for continuous variables by
HbA1c group. P-trend values for categori-
cal variables were calculated from the
Cochran-Armitage trend test, and contin-
uous variables were calculated from the
Jonckheere-Terpstra test. Baseline and

Table 1—Risk of adverse outcomes with higher baseline HbA1c

Overall population ASCVD population MRF population P-interaction

Cardiovascular death/HHF 1.12 (1.06–1.19), <0.0001 1.10 (1.03–1.17), 0.0072 1.18 (1.08–1.29), 0.0004 0.2430

MACE 1.08 (1.04–1.13), 0.0002 1.04 (0.99–1.10), 0.1307 1.18 (1.10–1.26), <0.0001 0.0064

HHF 1.06 (0.99–1.15), 0.1095 1.07 (0.97–1.17), 0.1722 1.08 (0.94–1.23), 0.2736 0.8204

Cardiovascular death 1.17 (1.09–1.26), <0.0001 1.11 (1.01–1.22), 0.0281 1.30 (1.16–1.46), <0.0001 0.0670

Myocardial infarction 1.05 (0.99–1.12), 0.0768 1.03 (0.96–1.10), 0.4139 1.12 (1.00–1.25), 0.0462 0.3223

Ischemic stroke 1.07 (0.99–1.16), 0.0815 0.97 (0.87–1.07), 0.5460 1.25 (1.11–1.40), 0.0001 0.0004

Cardiorenal outcome 1.17 (1.11–1.24), <0.0001 1.09 (1.01–1.17), 0.0263 1.29 (1.18–1.40), <0.0001 0.0093

Renal-specific outcome 1.17 (1.07–1.27), 0.0003 1.07 (0.94–1.21), 0.2905 1.26 (1.12–1.42), <0.0001 0.0704

Data are HR (95% CI), P value of the risk for outcome per 1% greater baseline HbA1c. Models are adjusted by treatment arm, age, sex, BMI,
diabetes duration, eGFR, history of HF, and use of insulin, sulfonylureas, metformin, and statins. The model of the overall population is also
adjusted for risk category (ASCVD vs. MRF).
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efficacy analyses were performed on an
intention-to-treat basis. The risk of out-
come by baseline categorical HbA1c was
calculated using Cox regression models
with HbA1c of 7 to <8% set as the refer-
ence group, and a P-trend value was cal-
culated for each outcome analyzed. The
models were adjusted for age, sex, BMI,
diabetes duration, eGFR, history of heart
failure, and insulin, metformin, sulfonyl-
urea, and statin use, as well as for ran-
domized treatment arm and ASCVD risk
category in models not restricted to a
specific treatment arm or risk category.
The risk for each outcome was also con-
sidered, analyzing HbA1c as a continuous
variable, and adjusted hazard ratios (HRs)
with 95% CIs were calculated per 1%
higher HbA1c. An interaction term was
included to test for heterogeneity of the
effect of HbA1c on outcomes between
the MRF and ASCVD subgroups.

The effect of dapagliflozin on the inci-
dence of the outcomes within each
HbA1c subgroup was calculated using Cox
regression models that included the ran-
domization stratification factor of baseline
hematuria and the risk category (ASCVD
or MRF) for the overall population, and
we report the HRs and 95% CIs. When
the effect of dapagliflozin within HbA1c
subgroups was considered as a further
subset by risk category (ASCVD or MRF),
models included only the stratification
factor of baseline hematuria status, as
described in the study design article (18).
To test for heterogeneity of effect, an
interaction term was included in the Cox
regression model. Probability and 95% CIs
of outcomes by HbA1c were graphed in a
continuous model implementing a rest-
ricted cubic spline for HbA1c.

Mixed models for repeated measures
in HbA1c were analyzed to produce least
squares mean estimates in each treat-
ment and baseline HbA1c group. Models
included baseline HbA1c values, hema-
turia status, risk category, treatment,
visit, and the interaction of treatment
and visit. Three-way interactions were
calculated assessing the interaction of
baseline HbA1c group, visit, and treatment
allocation to dapagliflozin versus placebo.

There was no statistical adjustment
for multiple comparisons. P < 0.05 was
considered statistically significant. All
analyses were performed using SAS 9.4
software (SAS Institute, Cary, NC).

RESULTS

Baseline Characteristics
Demographic, clinical, and laboratory
characteristics of patients by baseline

HbA1c are shown in Supplementary
Table 1. With higher baseline HbA1c,
patients were more likely to be youn-
ger and female, to have a longer

Figure 1—Cardiovascular and renal outcomes by baseline HbA1c. Adjusted HRs of outcomes in
the overall study population (A), in patients with established ASCVD (B), and in patients with
risk factors (C).
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diabetes duration, and to be using
insulin or sulfonylureas. They were less
likely to be using metformin or statins.
Patients with higher HbA1c were also
more likely to have a history of heart
failure, be current smokers, and have
had a higher eGFR at baseline. The
baseline characteristics of patients in
the ASCVD and MRF populations are
shown in Supplementary Tables 2 and
3, respectively, and followed similar
patterns.

Cardiovascular and Renal Outcomes
in the Overall Population
In the overall study population, higher
baseline HbA1c was associated with an
increased risk of cardiovascular death/HHF
(adjusted HR 1.12 [95% CI 1.06–1.19] per
1% higher HbA1c), driven by an
increased risk of cardiovascular death.
The risk of MACE and cardiorenal and
renal-specific outcomes was greater
with higher HbA1c. The risk for HHF did
not differ by baseline HbA1c (Table 1

and Fig. 1A). Analyses of these out-
comes in the subgroups of patients with
established ASCVD and with MRF but no
established ASCVD revealed some het-
erogeneity in the association of HbA1c
with outcomes in these two populations
(Table 1 and Fig. 1B and C). Specifically,
the risk of MACE was greater with higher
HbA1c in the MRF but not the ASCVD
subgroup (P-interaction 5 0.0064). This
was driven by a stronger association of
HbA1c with cardiovascular death and

Figure 1— Continued
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stroke in the MRF than in the ASCVD
populations (P-interactions 5 0.0670
and 0.0004, respectively). The risk for
the cardiorenal and renal-specific out-
comes was more prominently increased
with higher HbA1c in the MRF versus
ASCVD subgroup (P-interaction 5 0.0093
and 0.0704). Of note, the risk of adverse
outcomes was higher in the ASCVD sub-
group than in the MRF subgroup (Fig. 1B
and C).

Cardiovascular Renal and Metabolic
Outcomes With Dapagliflozin Versus
Placebo
In the overall study population, dapagli-
flozin led to a reduction in cardiovascu-
lar death/HHF, driven by a reduction in
HHF. The cardiorenal and renal-specific
outcomes were also markedly reduced
with dapagliflozin. These outcomes were
consistently reduced irrespective of
baseline HbA1c (P-interaction > 0.05)

(Fig. 2 and Supplementary Fig. 1). Similar
trends were observed in the ASCVD and
MRF subgroups (Supplementary Figs. 2
and 3). Plotting the risk for outcomes by
HbA1c as restricted cubic splines with
dapagliflozin versus placebo revealed
that the benefits of dapagliflozin were
generally maintained across all HbA1c
levels (Fig. 3).

HbA1c levels following baseline were
lower with dapagliflozin versus placebo

Figure 2—Cardiovascular and renal outcomes with dapagliflozin vs. placebo in the overall study population.

942 HbA1c and Cardiorenal Outcomes in DECLARE-TIMI 58 Diabetes Care Volume 45, April 2022

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/4/938/672181/dc211744.pdf by guest on 19 M
ay 2023

https://doi.org/10.2337/figshare.17118962
https://doi.org/10.2337/figshare.17118962
https://doi.org/10.2337/figshare.17118962


at all time points in all HbA1c subgroups
(P < 0.01) (Supplementary Fig. 4). In
the higher versus lower baseline HbA1c
subgroups, the difference in HbA1c bet-
ween dapagliflozin and placebo was
greater (P-trend interaction 5 0.0006 at
month 48).

CONCLUSIONS
Our study sheds more light on the asso-
ciation of HbA1c with cardiovascular and
renal outcomes in a broad population of
patients with type 2 diabetes and
increased risk of cardiovascular disease.
Overall, higher baseline HbA1c was

associated with a higher rate of adverse
cardiovascular outcomes and with a
higher rate of adverse renal outcomes.
Notably, the association of HbA1c with
outcomes was stronger in the MRF ver-
sus the ASCVD subgroup. The risk for
HHF was not modified by baseline HbA1c

Figure 3—Probability of outcomes and 95% CIs for dapagliflozin and placebo by baseline HbA1c as restricted cubic splines. MACE (A), cardiovascular
death/HHF (B), HHF (C), cardiorenal outcomes (D), and renal-specific outcomes (E) with dapagliflozin (blue) vs. placebo (red). The vertical lines rep-
resent the 10th, 50th, and 90th percentiles of HbA1c in the overall population.
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overall or in the ASCVD or MRF sub-
group. Nonetheless, dapagliflozin reduced
the risk of cardiovascular death/HHF,
HHF, adverse renal outcomes across all
HbA1c categories with no heterogeneity.

In a large observational study, higher
HbA1c was associated with a greater risk
of mortality, heart failure, and macrovas-
cular complications, yet patients with
prior stroke or myocardial infarction were
excluded from this analysis (20). In the
Saxagliptin Assessment of Vascular Out-
comes Recorded in Patients with Diabe-
tes Mellitus–Thrombolysis in Myocardial
Infarction 53 (SAVOR-TIMI 53) trial,
higher baseline HbA1c was associated
with a greater risk of macrovascular com-
plications, yet not of HHF (21). In the
Trial Evaluating Cardiovascular Outcomes
With Sitagliptin (TECOS), baseline and
time-updated HbA1c were each associ-
ated with a higher risk of HHF and addi-
tional macrovascular outcomes (22). To
the contrary, an association between
baseline or 1-month HbA1c levels and
the risk of MACE was not found in the
Examination of Cardiovascular Outcomes
with Alogliptin versus Standard of Care
(EXAMINE) trial (23). Of note, participants
in the EXAMINE trial were of highest car-
diovascular risk among these three
dipeptidyl peptidase 4 inhibitor cardio-
vascular outcome studies. These patients
were within 15–90 days of an acute coro-
nary syndrome and had the highest rate
of three-point MACE among the three tri-
als (24,25). Thus, it is possible that their
enhanced cardiovascular risk masked the
modest impact of glycemic control (23).

In the current study, higher baseline
HbA1c was associated with a higher risk
of MACE in the MRF but not the ASCVD
subgroup. A differential association of
glycemic control and cardiovascular out-
comes has also been reported in a large
observational study, whereby the risk of
cardiovascular events was lower with
lower HbA1c in patients in the low to
moderate comorbidity subgroup but not
in the high comorbidity subgroup (26).
These data may support the notion that
while glycemic control is associated with
cardiovascular outcomes in lower-risk
patients, the role of glycemia is mini-
mized with increased cardiovascular risk.
This further highlights the importance of
prescribing drug classes that have an
independent effect in reducing cardio-
vascular risk to high-risk patients with

diabetes, irrespective of their prevailing
glycemic control.

HHF was not associated with baseline
HbA1c in the overall study population or
within the ASCVD or MRF subgroups.
These observations are in contrast to
multiple observational studies indicating
a greater risk of HHF with higher HbA1c,
with some indicating a U-shaped associ-
ation (20,27,28). It is possible that our
cohort of patients may be at higher risk
for HHF; thus, while diabetes and poor
glycemic control are well-established risk
factors for heart failure, once clinical or
subclinical heart failure has ensued, the
association between glycemia and dis-
ease exacerbation is diminished.

The risk of adverse renal outcomes
was strongly associated with baseline
HbA1c in the MRF subgroup, yet the
magnitude of this association was again
much smaller in the ASCVD subgroup.
The renal-specific outcome comprised
hard renal outcomes, including a sus-
tained decrease of $40% in eGFR to
<60 mL/min/1.73 m2, end-stage renal
disease, and renal death. While reduc-
ing HbA1c has been clearly shown to
reduce macroalbuminuria, evidence sup-
porting its role in improving eGFR-based
renal outcomes has been limited (2,29,30).
Improved glycemic control appears to
have a role in the primary prevention of
diabetic kidney disease, particularly when
implemented early (31). While the eGFR in
the ASCVD subgroup was only slightly
lower than that of the MRF subgroup, and
the urinary albumin-to-creatinine ratio
somewhat higher (19), it is possible that
in the presence of prevailing ASCVD,
subclinical chronic kidney disease has
already ensued, limiting the association
between baseline glycemia on kidney
outcomes.

Randomization to dapagliflozin versus
placebo reduced the risk of cardiovascu-
lar death/HHF, driven by a reduction in
HHF, and led to a reduction in the rate
of adverse renal outcomes (17). This
observation persisted at all levels of
baseline HbA1c, including in those with
HbA1c <7%. No heterogeneity of the
effect of dapagliflozin by baseline HbA1c
was noted in the ASCVD or MRF
subgroups. Notably, the effect of dapa-
gliflozin on HbA1c was greater with
higher HbA1c, yet the cardiovascular
and renal benefits were consistently
maintained irrespective of baseline
HbA1c. Similar results have been noted

with empagliflozin and canagliflozin,
indicating the modest contributory role,
if any, of glycemic control per se on the
benefits of SGLT2 inhibitors on cardio-
vascular and renal outcomes (32–34). In
a recently published mediation analysis,
a limited role of baseline HbA1c and its
change on the beneficial effects of
dapagliflozin on HHF has been demon-
strated as well (35). These data support
that the cardiac and renal beneficial
effect of dapagliflozin persist irrespec-
tive of baseline HbA1c, even in those
seemingly on target with an HbA1c
<7%. We have also recently demon-
strated that these benefits persist irre-
spective of baseline glucose-lowering
agents (36). Moreover, a reduced risk of
HHF and adverse renal outcomes with
SGLT2 inhibitors has been recently dem-
onstrated in patients without diabetes,
further supporting the HbA1c-inde-
pendent benefits of SGLT2 inhibitors
(37–39).

Several limitations of our analysis
should be considered. The association
of HbA1c with cardiovascular and renal
outcomes is post hoc and, thus, should
be viewed as hypothesis generating.
Moreover, the number of events were
quite small in some of the HbA1c sub-
groups, particularly in the MRF popula-
tion, and we did not adjust for multiple
comparisons. Finally, only the baseline
HbA1c was considered in these analyses,
and we did not account for the impact
of HbA1c changes occurring over time
on cardiovascular and renal outcomes.

In conclusion, our study demonstrates
an association of high baseline HbA1c
with adverse cardiovascular and renal
outcomes, which were mainly observed
in the MRF and not the ASCVD subgroup,
highlighting the greater importance of
glycemic control early on, before compli-
cations ensue. However, the beneficial
effect of dapagliflozin on HHF and adv-
erse renal outcomes was consistently
observed in the overall population and in
both subgroups. These data highlight the
importance of including SGLT2 inhibitors
in the treatment regimen of all patients
with type 2 diabetes with or at high risk
for ASCVD, irrespective of glycemic
control.
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