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Does it matter how you 
lower glucose?
Introduction

According to the World Health Organization (WHO), diabetes mellitus was the 
sixth leading cause of death worldwide in 2016. During that year, diabetes killed 
1.6 million people, a significant increase from the fewer than one million deaths 
attributable to diabetes in 2000.1 Even so, these figures may be an underestimation. 
The most common cause of death globally is ischaemic heart disease, which is also 
the most common cause of mortality in patients with type 2 diabetes. Therefore 
deaths due to complications of diabetes may be attributed to the atherosclerotic 
pathology rather than to the underlying disease itself. 

Although the incidences of diabetes-related complications including cardiovascular 
disease (CVD) have declined over the past 20 years, people with diabetes continue 
to have an approximately 2-3 times higher risk of atherosclerotic cardiovascular 
morbidity and mortality than those without.2,3 Diabetes accounts for 10% of 
population-attributable risk (PAR) for first myocardial infarction (MI) in men and 20% 
PAR in women.4 More than 60% of people with type 2 diabetes will die from CVD and 
an even greater proportion will suffer from cardiovascular-related complications.2,5

KEY MESSAGES

• Macrovascular complications are extremely common in type 2 diabetes and are the cause of 
most morbidity and mortality associated with the disease 

• The initial presentations of macrovascular disease in type 2 diabetes are often peripheral 
vascular disease, heart failure and/or ischaemic heart disease 

• HbA1c-lowering as a target in isolation is a poor marker of the impact of a therapeutic regimen 
on cardiovascular disease risk and survival

• Reducing rates of macrovascular complications requires attention to all risk factors, including 
lifestyle (smoking, nutrition and physical activity), glycaemia, body weight, blood pressure, 
lipids and renoprotection

• Approximately half of all patients with type 2 diabetes will develop renal disease as a 
complication thereof

• Antidiabetic medications that have been proven to lower HbA1c and prevent or reduce 
macrovascular and microvascular complications should be preferred over those that have not 

• In primary and secondary prevention populations, SGLT2 inhibitors are associated with 
significant reductions in risk of hospitalisation for heart failure, composite of hospitalisation 
for heart failure and cardiovascular death, and composite of worsening of renal function, end-
stage renal disease or renal death.
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“Intensive glucose 
control has been 
shown to significantly 
reduce the risk 
of microvascular 
complications of 
type 2 diabetes, but 
benefits in terms 
of cardiovascular 
outcomes have been 
disappointing.”

Relationship between HbA1c and complications of 
diabetes
There is a significant association between 
increasing HbA1c and incident CVD. In 
adults without a history of CVD, each one 
percentage point increase in HbA1c above 
5% is associated with an approximate 
40% increase in risk of coronary heart 
disease, independent of age, sex and other 
risk factors.6 In adults with type 2 diabe-
tes, in comparison to HbA1c <6%, those 
with HbA1c ≥8% were almost three times 
more likely to die from heart disease. The 
risk was increased by 90% among those 
with an HbA1c between 6% and 7%.7

However, while intensive glucose con-
trol has been shown to significantly reduce 
the risk of microvascular complications 
of type 2 diabetes, benefits in terms of 
cardiovascular outcomes have been dis-
appointing.3,8-15 In the United Kingdom 
Prospective Diabetes Study (UKPDS), 
each percentage drop in HbA1c was asso-
ciated with a 37% reduction in incidence 
of microvascular complications, but only 
14% reduction in risk of MI.9 Over 10 
years follow-up the combined endpoints 
of MI and stroke were five times more 
common than renal failure or blindness, 
and after 30 years, macrovascular com-
plications remained at least twice as com-
mon as all microvascular complications 
combined.8,10 

Further evidence that HbA1c-lowering 
alone is a poor marker of the impact of 
a therapeutic regimen on CVD risk and 

survival in type 2 diabetes comes from 
a large meta-analysis of randomised 
controlled studies, including the Action 
to Control Cardiovascular Risk in 
Diabetes (ACCORD), Action in Diabetes 
and Vascular Disease: Preterax and 
Diamicron Modified Release Controlled 
Evaluation (ADVANCE), UKPDS and 
Veterans Affairs Diabetes Trial (VADT).13 
It included a total of 27 049 participants 
with 2 370 major cardiovascular events. 
Allocation to a more intensive glucose 
control regimen (in comparison to a less 
intensive control regimen) was associated 
with a 9% reduced risk of major cardio-
vascular events, primarily due to a 15% 
reduced risk of MI. However, there were 
no significant differences between groups 
in either all-cause mortality or cardiovas-
cular mortality. 

Most cardiovascular outcomes trials 
have shown a neutral effect of antihyper-
glycaemic agents on cardiovascular events, 
whereas diabetes therapies may be associ-
ated with adverse events that may signifi-
cantly impact quality of life.12,14,15

These observations highlight the 
necessity for careful consideration when 
choosing a therapeutic regimen for the 
management of type 2 diabetes. The 
goal of therapy - to reduce complica-
tions - clearly goes beyond merely reduc-
ing HbA1c, which is a surrogate marker of 
average glycaemia.

Risk factors and cardiovascular outcomes in 
diabetes

A cohort study comparing 271 174 
patients with type 2 diabetes to more 
than 1.3 million matched control subjects 
examined the relationship between risk 
factors and cardiovascular outcomes over 
a six-year follow-up period.16 The subjects 
with diabetes were categorised according 
to age, sex and presence of risk factors, 
including elevated HbA1c, elevated low-
density lipoprotein cholesterol (LDL-C), 
albuminuria, smoking and elevated blood 
pressure. Compared to the general popu-
lation, patients with five risk factor vari-
ables within the target ranges had little 
or no excess risk of death, MI or stroke. 
However, there was a linearly increasing 
risk of all cardiovascular outcomes with 

increasing number of risk factor variables 
outside the target range. Surprisingly, 
the risk of heart failure was elevated in 
all patients with diabetes, regardless of 
risk factors, even in those with risk fac-
tor variables within target ranges, and 
this increased with number of risk factors 
outside of target range.

The strongest predictors for adverse 
cardiovascular outcomes and death were 
low physical activity, smoking, HbA1c, 
systolic blood pressure and LDL-C out-
side the target range. Because of the 
observational nature of the study and 
because some patients may have had 
risk factor variables in the target ranges 
without treatment, it may not be entirely 



APRIL 2019  I  3

Does it matter how you lower glucose?

“Statins have proven 
to be among the 
most effective 
treatments to reduce 
cardiovascular events 
among patients with 
type 2 diabetes.”

accurate to infer from this study that 
treating risk factors will reduce rates of 
morbidity and mortality to those of the 
nondiabetic population. However, it does 

highlight the profound importance of 
overall health status in outcomes among 
people with diabetes.

Antihypertensive therapy and statins
Numerous studies have shown that man-
agement of blood pressure and LDL-C 
does reduce cardiovascular morbidity and 
mortality in type 2 diabetes. In the Steno-2 
study, 160 patients with type 2 diabetes 
and persistent microalbuminuria were 
randomised to receive either conventional 
multifactorial treatment or intensified, tar-
get-driven intensive therapy (HbA1c <6.5%, 
fasting total serum cholesterol <4.5mmol/l, 
fasting triglycerides <1.7mmol/l, systolic 
blood pressure <130mmHg and diastolic 
blood pressure <80mmHg).17 Patients were 
treated with renin-angiotensin-aldosterone 
system blockers regardless of blood pres-
sure and received low-dose aspirin as pri-
mary prevention. The mean treatment 
period was 7.8 years and patients were sub-
sequently followed for a mean of 5.5 years. 
In comparison with conventional treat-
ment, the risks of cardiovascular death 
and cardiovascular events were reduced by 
more than half  in the intensive treatment 
group. 

Even small reductions in blood pressure 
can reduce risk in high-risk cardiovascu-
lar patients. The blood pressure-lowering 
Treatment Trialists’ Collaboration showed 
that systolic blood pressure reductions of 
around 4mmHg in people with a high five-
year risk of CVD (>21%) would avoid 
around 19 cardiovascular events per 1 000 
individuals treated – a number similar to 
that achieved with a 16mmHg reduction 
in those with lower baseline cardiovascu-
lar risk (<11%).18 Regardless of baseline 
risk, greater reductions in blood pressure 

were associated with incremental reduc-
tions in risk of CVD. Specifically, in 
patients with type 2 diabetes, a meta-anal-
ysis of 40 published trials showed that 
each 10mmHg lowering of systolic blood 
pressure is associated with a significant 
risk for mortality (relative risk reduction 
[RRR] 13%), cardiovascular events (RRR 
11%), coronary heart disease (RRR 12%), 
stroke (RRR 27%), albuminuria (RRR 
17%) and retinopathy (RRR 13%).19 
Benefits were limited to patients with a 
mean baseline systolic blood pressure 
≥140mmHg, with no significant associa-
tions among the group with a lower base-
line systolic blood pressure.

Statins have proven to be among the 
most effective treatments to reduce car-
diovascular events among patients with 
type 2 diabetes.20 In primary preven-
tion studies, cardiovascular events were 
reduced by up to 37%. Similar to what 
is seen with antihypertensive treatment, 
intensive statin therapy with additional 
reductions in LDL-C is associated with 
incremental reductions in cardiovascular 
events overall and also among patients 
with type 2 diabetes specifically.20,21 In a 
large meta-analysis of trials of statin ther-
apy for primary or secondary prevention, 
in the overall population, each 1mmol/l 
lowering of LDL-C was associated with a 
10% reduction in all-cause mortality, 20% 
reduction in deaths due to coronary heart 
disease and 24% reduction in any major 
coronary event.21

Glycaemic targets
Clearly, if  clinical outcomes for patients 
with type 2 diabetes are to be improved, 
management needs to address all risk fac-
tors associated with micro- and macro-
vascular events from as early as possible 
after diagnosis, rather than just focus on 
glycaemic control. Indeed, because of the 
inherent potential for harm associated 
with tight glycaemic control (e.g. hypo-
glycaemia), it may actually be prudent 

to encourage less strict HbA1c targets 
in patients at risk (Table 1).13,22 In these 
individuals, including those with dura-
tion of diabetes in excess of eight years or 
very high cardiovascular risk, treatment 
should be individualised, aiming for the 
lowest HbA1c that is reasonable to prevent 
microvascular disease without causing 
hypoglycaemia.22 
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Table 1. Characteristics of patients requiring less stringent HbA1c targets22

• Risk of hypoglycaemia

• Risk of drug interactions that may increase risk of hypoglycaemia

• Longer duration of type 2 diabetes

• Limited life expectancy

• Major comorbidities

• Very high cardiovascular risk

• Not motivated, non-adherent to treatment, poor self-care ability

• Limited resources and support

Antidiabetic drugs that decrease the risk of 
macrovascular complications

In the Liraglutide Effect and Action in 
Diabetes: Evaluation of Cardiovascular 
Outcome Results (LEADER) trial, which 
compared treatment with liraglutide to 
placebo in patients with type 2 diabetes 
at high risk for cardiovascular events, 
liraglutide was associated with a small, 
but significant 13% RRR in the primary 
composite endpoint of first occurrence of 
death from cardiovascular causes, non-
fatal (including silent) MI or nonfatal 
stroke.23 The rates of death from cardio-
vascular causes and all-cause mortality 
were also significantly lower in the lira-
glutide group, but the rates of MI, stroke 
and hospitalisation for heart failure were 
not significantly different from placebo. 
Similar benefits have not been demon-
strated with exenatide or lixisenatide. 
Although the differences in outcomes in 
the glucagon-like peptide-1 (GLP-1) ago-
nist studies might arise from heterogene-
ity in study populations and trial designs, 
it may also be possible that the pharma-
cokinetic and pharmacodynamic differ-
ences among the members of this class 
may influence their long-term cardiovas-
cular effects.24

In contrast to the GLP-1 agonists, all 
three of the currently available sodium-glu-
cose co-transporter-2 (SGLT2) inhibitors 
have demonstrated favourable cardiovascu-
lar outcomes in large randomised placebo-
controlled studies. Notably, reductions in 
hospitalisation for heart failure and slowed 
progression of markers of renal disease 
have been consistent in studies of this class 
of medications.25-30

In the prospective, randomised Empa- 
gliflozin, Cardiovascular Outcomes, and 
Mortality in Type 2 Diabetes (EMPA-REG 
OUTCOME) trial, treatment with empa-
gliflozin was associated with a statistically 
significant 14% reduction in the primary 
outcome, a composite of death from car-
diovascular causes, nonfatal MI (excluding 
silent MI) or nonfatal stroke.25 Rates of MI 
and stroke did not differ between groups, 
but in comparison with placebo, death 
from cardiovascular causes, hospitalisa-
tion for heart failure and all-cause mortal-
ity were reduced by 38%, 35% and 32%, 
respectively, in the empagliflozin group.

Similar results were observed in the 
Canagliflozin Cardiovascular Assessment 
(CANVAS) programme, in which the 
primary outcome comprising a compos-
ite of death from cardiovascular causes, 
nonfatal MI or nonfatal stroke was sig-
nificantly reduced by 14% in patients 
randomised to treatment with canagli-
flozin.26 Hospitalisation for heart failure 
was reduced by 33%. In both the EMPA-
REG OUTCOME and CANVAS studies 
patients had a history of atherosclerotic 
CVD or were high cardiovascular risk at 
baseline. In EMPA-REG OUTCOME 
more than 99% of patients had established 
CVD, whereas in CANVAS two-thirds of 
patients had a history of CVD, while the 
remainder had two or more risk factors 
placing them at high cardiovascular risk.

In the recently published DECLARE-
TIMI 58 study, a randomised, double-blind, 
multinational, placebo-controlled phase 3 
study comparing dapagliflozin to placebo 
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in addition to other treatments as usual in 
17 160 patients with type 2 diabetes, treat-
ment with dapagliflozin was associated with 
a 27% reduction in risk of hospitalisation 
for heart failure.29 DECLARE-TIMI 58 was 
a large study in a diverse group of patients 
with type 2 diabetes at high risk for car-
diovascular events. However, in contrast to 
EMPA-REG OUTCOME and CANVAS, 
it contained a large proportion of patients 
without established atherosclerotic CVD. 
Only approximately 40% of patients had 
established atherosclerotic CVD, whereas 
the remaining 60% had multiple cardiovas-
cular risk factors, but no CVD. Compared 
with placebo, dapagliflozin was associated 
with a lower rate of cardiovascular death 
or hospitalisation for heart failure, which 
remained consistent across this broad range 
of patients regardless of history of heart 
failure or overt atherosclerotic CVD at 
baseline. 

Meta-analysis of the combined data 
from EMPA-REG OUTCOME, CANVAS 
and DECLARE-TIMI 58 showed that the 
effect of SGLT2 inhibitors on MACE was 
modest and confined to individuals with a 
history of atherosclerotic CVD.30 However, 
SGLT2 inhibitors were associated with 

significant reductions in risk of hospi-
talisation for heart failure, composite of 
hospitalisation for heart failure and car-
diovascular death, and composite of wors-
ening of renal function, end-stage renal 
disease or renal death; these effects were 
similarly robust in patients with athero-
sclerotic CVD and those with multiple risk 
factors, but without atherosclerotic CVD.

The benefits in terms of hospitalisa-
tion for heart failure and composite renal 
endpoint (renal worsening, end-stage 
renal disease or renal death) were pre-
sent regardless of baseline renal func-
tion, but the magnitude of benefit was 
dependent on baseline renal function. 
Rate of hospitalisation for heart failure 
was reduced by 40% among those with an 
eGFR of less than 60ml/min/1.73m², by 
31% in those with an eGFR between 60 
and 90ml/min/1.73m², and by 12% (not 
significant) in patients with an eGFR 
≥90ml/min/1.73m² (P value for interac-
tion 0.007). In contrast, reduction of 
progression of renal disease was greatest 
among individuals with preserved renal 
function at baseline (RRR 33%, 44% and 
56%, respectively; P value for interaction 
0.026).

Conclusions
Although glycaemic control remains 
an important target of type 2 diabetes 
management, it is clear that an optimal 
approach should begin with the end in 
mind - to prevent both micro- and mac-
rovascular complications. This requires 
attention to all additional risk factors, 
including lifestyle (smoking, nutrition 
and physical activity), body weight, blood 
pressure, lipids and renoprotection. 

Medications that have been proven 
to reduce HbA1c and reduce complica-
tions are preferred over those that have 
not. In particular, prevention of heart 
failure and progression of renal impair-
ment are important targets of therapy, 
especially in patients with established 
atherosclerotic CVD. Heart failure and 
peripheral arterial disease are the most 
common initial presenting manifestations 
of CVD in patients with type 2 diabetes, 
whereas approximately one-third to one-
half  of individuals with newly diagnosed 
type 2 diabetes may already have renal 

involvement.31-33

With regard to antidiabetes medi-
cations, metformin remains the first-
line drug of choice. South African and 
American Diabetes Association (ADA)/
European Association for the Study of 
Diabetes (EASD) guidelines recommend 
an SGLT2 inhibitor or GLP-1 agonist 
as second-line options for patients with 
established CVD.22,34 However, the dis-
tinction between primary and secondary 
prevention is based on atherosclerotic 
risk and not risk of hospitalisation for 
heart failure or renal disease. Therefore 
the appropriateness of this division of 
patients to define the use of risk reduc-
tion therapies has been questioned. While 
reductions in MACE might be limited to 
the secondary prevention group, SGLT2 
inhibitors would be expected to pre-
vent heart failure and renal disease in 
both primary and secondary prevention 
populations.35
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