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Data from epidemiological and random-
ized controlled trials on the benefits of
HbA1c reduction have been contradictory
and therefore confusing for health care
practitioners. The publication of numer-
ous differing guideline recommendations
on glycemic control has also caused con-
fusion among health care professionals
who have questioned the usefulness of
lowering HbA1c. This is likely a major rea-
son for the failure to achieve guideline-
recommended risk factor targets in rou-
tine clinical practice (1). It is therefore
timely that an article in this issue of Dia-
betes Care by Cahn et al. (2) reports
analysis from the Dapagliflozin Effect on
Cardiovascular Events trial (DECLARE-
TIMI 58) on the association of baseline
HbA1c with cardiovascular and kidney
outcomes. This post hoc analysis of
17,160 participants with type 2 diabetes
in the DECLARE-TIMI 58 trial, who
were randomized to dapagliflozin or
placebo and followed up for a median of
4.2 years, demonstrated that in the
whole population, increasing HbA1c was
associated with higher risk of cardiovas-
cular death or hospitalization for heart
failure, major adverse cardiovascular
events (MACE), and cardiorenal out-
comes. The risk of MACE and cardiorenal
outcomes was significantly higher with
increasing HbA1c in the group with

multiple risk factors compared with the
population with atherosclerotic cardio-
vascular disease (ASCVD). Interestingly,
baseline HbA1c was not associated with
risk of hospitalization for heart failure.
However, dapagliflozin led to a decrease
in all outcomes with no heterogeneity
by baseline HbA1c, a finding seen in
other studies.

Association of hyerglycemia and car-
diovascular outcomes in observational
studies. A meta-analysis of 46 observa-
tional studies in people with diabetes
showed an increased risk of all-cause
mortality and cardiovascular mortality
associated with glycemic control, with
an optimal HbA1c level of 6% for reduc-
tion in all-cause and cardiovascular
mortality (3). Another meta-analysis of
26 prospective cohort studies reported
that the pooled relative risk association
of a 1% increase in glycated hemoglobin
in people with type 2 diabetes was
1.15 (95% CI 1.11–1.20) for all-cause
mortality, 1.17 (95% CI 1.12–1.23) for
cardiovascular disease, 1.15 (95% CI
1.10–1.20) for coronary heart disease,
1.11 (95% CI 1.05–1.18) for heart fail-
ure, 1.11 (95% CI 1.06–1.17) for stroke,
and 1.29 (95% CI 1.18–1.40) for periph-
eral arterial disease (4). A meta-analysis
of 39 studies with 532,799 participants
showed that every 1% increase in

HbA1c was associated with a 17% (haz-
ard ratio [HR] 1.17, 95% CI 1.09–1.25)
increase in the first-ever occurrence of
a stroke in people with diabetes (5).

Association of hyperglycemia and
cardiovascular outcomes in RCTs. The
UK Prospective Diabetes Study (UKPDS)
of people newly diagnosed with type 2
diabetes was the first to demonstrate
risk reduction for myocardial infarction
and death from all causes at 10 years
posttrial follow-up (6). A meta-analysis of
intensive glucose-lowering trials, Action
to Control Cardiovascular Risk in Diabetes
(ACCORD), Action in Diabetes and Vascu-
lar Disease: Preterax and Diamicron MR
Controlled Evaluation (ADVANCE), Veter-
ans Affairs Diabetes Trial (VADT), and
UKPDS, also reported a 9% reduction for
risk of MACE (HR 0.91, 95% CI 0.84–0.99)
and 15% (HR 0.85, 95% CI 0.76–0.94) for
myocardial infarction (7). Meta-regression
in a recent meta-analysis of 18 cardiovas-
cular trials with 161,156 participants rep-
orted that HbA1c lowering was associated
with reduction of MACE that explained
97% of between-study variance (8). The
meta-analysis also showed that heart fail-
ure and all-cause death were not associ-
ated with improvement in glycemic con-
trol in these cardiovascular outcome trials
(CVOTs) (8). The risk reduction for
MACE was greater for sodium–glucose
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cotransporter 2 inhibitors (SGLT2i) than
for dipeptidyl peptidase 4 inhibitors for
the same level of HbA1c reduction, sug-
gesting that SGLT2i have additional ben-
efits irrespective of HbA1c levels.
Surprisingly, although heart failure is

one of the most common complications
of type 2 diabetes, the benefits of glu-
cose lowering in patients with heart fail-
ure have not been conclusively defined.
A meta-analysis of 12 cardiovascular out-
come trials in people with type 2 diabe-
tes found no association between the
degree of HbA1c reduction and risk of
heart failure (8). Another meta-analysis
of 30 trials reported no overall effect of
glucose-lowering interventions on the
risk of heart failure (risk ratio 0.98, 95%
CI 0.90–1.08), with high heterogeneity
between drug classes (9). However, an
analysis from the Trial Evaluating Cardio-
vascular Outcomes With Sitagliptin
(TECOS), in which participants had good
glycemic control, showed that glycated
hemoglobin exhibited a U-shaped associ-
ation with cardiovascular outcomes in
people with type 2 diabetes and ASCVD,
with the lowest risk at an HbA1c around
7% (10).
Reasons for differences in observa-

tional and interventional studies. A for-
ward-thinking aspect of the DECLARE-
TIMI 58 study was that 59% of the par-
ticipants did not have established
ASCVD but had multiple risk factors,
and it was adequately powered with
long follow-up (4.2 years) to separately
assess outcomes for those with ASCVD
and those with multiple risk factors.
However, there may be a number rea-
sons for the differences observed in var-
ious observational and interventional
studies. Although these CVOTs deter-
mined the safety of new glucose-lower-
ing therapies with recommendations for
the placebo arm to have glycemic equi-
poise with intervention arms, many tri-
als reported worse glycemic control in
the placebo arm (8). These conflicting
results may be due to the different
background therapies that were used.
A meta-analysis of 10 randomized
controlled trials of 92,400 participants
with type 2 diabetes of glucose-lower-
ing therapies with low risk of hypoglyce-
mia demonstrated that a 1% reduction
in HbA1c was associated with a signifi-
cant 30% (95% CI 17–40%) reduced risk
for MACE outcomes (11). However, tri-
als using conventional glucose-lowering

agents with a higher risk of hypoglyce-
mia failed to demonstrate any benefits
(11). The beneficial effects observed in
CVOTs irrespective of HbA1c reduction
could also be due to pleiotropic proper-
ties of SGLT2i and glucagon-like protein
1 receptor agonists (GLP-1RA) (12). Fur-
ther explanatory factors include higher
baseline prevalence of coronary heart
disease in CVOTs, potentially reducing
the beneficial effects of glycemic con-
trol. In the DECLARE-TIMI 58 trial, peo-
ple with ASCVD were more likely to be
on cardioprotective therapies at base-
line (13), and it is plausible that the
results are driven by background thera-
pies in people with established ASCVD.

Implementing findings into routine
clinical practice. Although the beneficial
effects of reduction in microvascular com-
plications by improving glycemic control
are well established, the benefits to car-
diovascular outcomes still remain uncer-
tain, except for those in patients who are
targeted early in the course of disease, as

seen in the UKPDS. Early management of
other risk factors, including lipids and
blood pressure, can also lead to improved
microvascular and macrovascular compli-
cations, particularly in the context of early
control of multiple risk factors (14). Novel
therapies using SGLT2i and GLP-1RA have
advanced the treatment paradigm for
those with established or at high risk of
ASCVD, chronic kidney disease, or heart
failure, although most of these CVOTs
have been in patients much later in the
course of diabetes (duration of diabetes
�11–13 years) (15). Whether earlier
introduction of these novel therapies will
have long-term benefits is unknown.

Recent epidemiological evidence dem-
onstrates a substantial reduction in car-
diovascular complications over the last
two decades (16) but an increase in the
incidence of microvascular complications
globally (17). We have made much pro-
gress in improving macrovascular compli-
cations over the last two decades, and
we need to continue implementing novel
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Figure 1—Strategy to reduce microvascular and macrovascular complications.
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therapies, including SGLT2i and GLP-1RA,
for prevention of cardiovascular disease
in high-risk patients. However, as 80% of
people with type 2 diabetes live in low-
to middle-income countries, the key pri-
ority should be the implementation of
multiple risk factor control from diagno-
sis using affordable glucose-lowering
therapies to reduce the increasing micro-
vascular and macrovascular burden in
people with and without established
ASCVD and to advance early therapy
(Fig. 1). The growing increase in preva-
lence of diabetes globally will further
escalate the burden of complications in
the coming decades, and therefore early
glycemic and control of multiple risk fac-
tors need to be prioritized.
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