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KEY MESSAGES

• Diabetes significantly accelerates the development and natural history of
cardiovascular disease compared to individuals without diabetes.

• Healthy behaviour interventions and pharmacological approaches aimed
at cardiovascular disease risk reduction can significantly reduce morbid-
ity and mortality, and are an important cornerstone of the management
of diabetes.

• Although young people with diabetes rarely have a high proximate (<10
year) risk for cardiovascular disease events, they have a relative proxi-
mate risk manyfold greater than individuals of similar age without diabetes.

• Historically, pharmacological cardiovascular protection approaches
have focused on low-density lipoprotein cholesterol and blood pressure
reduction, and have demonstrated significant and clinically meaningful car-
diovascular risk reduction. Recent data have indicated that certain
antihyperglycemic agents are also cardioprotective.

• The requirement for pharmacological cardiovascular protection therapies
(statins, angiotensin-converting enzyme inhibitors or aldosterone recep-
tor blockers, and anti-platelets) should consider both an individual’s proxi-
mate and lifetime cardiovascular disease event risk.

• There is emerging recognition that nonatherothrombotic cardiovascular
disease complications, such as heart failure, are an important cause of mor-
bidity and mortality in diabetes.

KEY MESSAGES FOR PEOPLE WITH DIABETES

• Ask your doctor about the ABCDEs to reduce your risk of heart attack and
stroke:

◦ A = A1C – Blood glucose control. The target is usually 7.0% or less.
◦ B = BP – Blood pressure control (less than 130/80 mmHg).
◦ C = Cholesterol – LDL-cholesterol less than 2.0 mmol/L. Your physician/

nurse practitioner may advise you to start cholesterol-lowering
medication.

◦ D = Drugs to protect your heart – These include blood pressure pills
(ACE inhibitors or ARBs), cholesterol-lowering medication (“statins”),
and, in people with existing cardiovascular disease, certain blood
glucose lowering medications. These blood glucose-lowering medi-
cations can protect your heart even if your blood pressure and/or LDL-
cholesterol are already at target.

◦ E = Exercise/Eating — Regular physical activity, which includes healthy
eating, and achievement and maintenance of a healthy body weight.

◦ S = Stop smoking and manage stress.

Introduction

Of the many complex complications of diabetes, adverse car-
diovascular (CV) events have the greatest capacity to cause sudden
or premature death and devastating disability. Myocardial infarc-
tion (MI), stroke and amputation are all manifestations of the aggres-
sive atherosclerosis that can occur with diabetes. However, not every
person with diabetes is at equal risk for CV atherosclerotic events
and not everyone will benefit equally from healthy behaviour and
pharmacological interventions intended to reduce cardiovascular
disease (CVD) event risk. Over the last 2 decades, strong evidence
has continued to accumulate that the CV risks of diabetes can be
reduced significantly through comprehensive and treatment target-
driven risk factor modification (1–5). There is also growing appre-
ciation that, in addition to atherothrombotic consequences, other
CV disorders, such as heart failure, are an important cause of mor-
bidity and mortality in diabetes.

Determining CVD Event Risk

People with diabetes are clearly at increased risk of premature
morbidity and mortality related to CVD (6). Diabetes confers a CVD
event risk that is equivalent to aging approximately 15 years, with
a transition from intermediate to high risk in men at age 47.9 years,
and in women at 54.3 years (6). The term “vascular age” refers to
models of CVD event risk that predict an individual’s CVD event risk
and compare the event risk to age-adjusted CVD event risk. Vas-
cular age is a primary determinant in both proximate (<10 years)
and lifetime risk of adverse CVD events. In people with diabetes with
low-to-normal levels of blood pressure (BP), low-density lipopro-
tein cholesterol (LDL-C) and blood glucose (BG), chronological age
and vascular age are usually in close continuity. However, in the pres-
ence of elevated levels of those same variables, together with
smoking and physical inactivity, vascular age accelerates far more
rapidly than chronological age.

As a powerful catalyst of vascular inflammation, diabetes is the
disease state that accelerates vascular age at the greatest rate. Thus,
the use of pharmacotherapy for CVD risk factor reduction in younger
persons with diabetes who are not at a high proximate risk but, as
a consequence of their diabetes, have a steep CVD event risk tra-
jectory, can be justified by the potentially substantial long-term ben-
efits of earlier and lifelong therapy (3–5,7,8).Conflict of interest statements can be found on page S167.
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Traditional CVD event risk models predict an individual’s proxi-
mate CVD event risk based on risk factors, such as diabetes,
hypertension, serum lipids and smoking. These models discrimi-
nate poorly between higher- and lower-risk populations, particu-
larly for younger individuals (9–12). In addition, no current CVD
event risk model can reliably exclude people with diabetes who are
unlikely to benefit from long-term CV protection strategies given
the well-documented lifetime risk of CVD events. As a result, far
in advance of the appearance of CV symptomatology, most people
with diabetes are very likely to benefit from CVD risk factor reduc-
tion and the adoption of healthy behaviours (3–5,7,8).

Cardiovascular Protection

The phrase “vascular protection” was originally coined in rec-
ognition of the apparent ability of some pharmacologic interven-
tions to evoke greater reductions in the incidence of CVD events
than would have been predicted based on their separate direct effects
on the risk factors for atherosclerosis (13). This putative protec-
tive effect has been attributed to the enhancement of vascular endo-
thelial functions that inhibit thrombosis, suppress macrophage and
monocyte adherence to the endothelium, and minimize oxidative
stress at the level of the endothelium (14). Over time, the protec-
tive effect from adverse CVD events has also been extended to com-
prehensive healthy behaviour interventions and simultaneous
multifactorial atherosclerosis risk factor reductions, such that the
whole in CV protection is indeed greater than the sum of the parts
(3–5). The mechanistic explanation for why multifaceted CV pro-
tection interventions are multiplicative, rather than simply addi-
tive, is almost certainly related to, but not necessarily limited to,
their favourable modulation of the pro-inflammatory, pro-thrombotic
and pro-proliferative atherosclerotic vascular environment in
diabetes.

In the STENO-2 Trial, a very small number of participants with
type 2 diabetes (n=160) were randomized to usual care or a program
of comprehensive healthy behaviour interventions (smoking ces-
sation, weight management, physical activity) and the treatment
target-driven pharmacological therapy of BP and serum lipids (3,4).
Despite the very small number of participants, there was a 53% rela-
tive risk reduction in major adverse cardiac events (MACE) and a
20% absolute risk reduction after 13 years of follow up. The number
needed to treat (NNT) for mortality reduction was a mere 5 persons.
More recently, data from the Bypass Angioplasty Revascularization
Investigation 2 Diabetes (BARI 2D) study have demonstrated that,
following cardiac revascularization, participants who had their CVD
risk factors controlled benefited from significantly improved CVD
morbidity and mortality over 5 years of follow up (5). Similarly, in
a population-based observational study of 867 newly diagnosed indi-
viduals with diabetes, the relative risk of MACE was increased over
4-fold during 5 years of follow up for those persons who adopted
no healthy behaviour changes vs. those who adopted either 3 or 4
healthy behaviours (15).

Although the number of participants in these trials is rela-
tively small compared to those in randomized trials of pharmaco-
logical agents, the data suggest that efficacious CV protection can
be achieved through a combination of healthy behaviours and phar-
macologic treatment of CVD risk factors to achieve the targets rec-
ommended by evidence-informed clinical practice guidelines (16).
Therefore, all people with diabetes should receive a comprehen-
sive, multifactorial strategy to reduce CVD event risk.

Strategies for CV Protection

In 1 prospective cohort study of 867 people with newly diag-
nosed diabetes aged 40 to 69 years, CVD risk was inversely associated

with the number of healthy behaviour changes adopted in the year
after the diagnosis of diabetes (15). The CV protection benefits of
each of the healthy behaviour interventions discussed below can
be attributed to their significant anti-inflammatory, antithrombotic
and anti-proliferative effects (17).

Smoking cessation

In individuals with diabetes, smoking is an independent risk
factor for all-cause mortality. It increases the risk of MI 1.4-fold,
stroke by 30% (18), and progression to end stage renal disease (ESRD)
(19); and is associated with poorer glycemic control. Quitting
smoking has been shown to reduce CV risk in people with diabetes
(20).

Physical activity

In several randomized trials, exercise has been shown to improve
CV risk factors (dyslipidemia, BP and body composition) in people
with type 2 diabetes (21). However, no clinical trials have demon-
strated a reduction in major CV endpoints or mortality. The Look
AHEAD (Action for Health in Diabetes) trial was the largest ran-
domized trial to date evaluating the efficacy of a physical activity
and dietary control intervention (targeting a ≥7% weight loss), in
older adults with type 2 diabetes (22). In this study, at least 175 min/
week of unsupervised exercise was targeted as part of the Intense
Lifestyle Intervention (ILI), while the control group (Diabetes Support
and Education-DSE group) received usual care. After a median follow
up of 9.6 years, the composite primary outcome (death from CV
causes, nonfatal MI, nonfatal stroke and hospitalization for angina)
occurred in a similar number of participants in the intervention and
control groups (22). Possible reasons for this finding include the
lower-than-expected rates of CV events in both groups, improved
overall CV risk factor treatment with antihypertensive agents and
statins, enrollment of a relatively healthy population and gradual
weight loss in the control group (difference in weight loss between
the 2 groups was 2.5% at the end of the study). Importantly, and
perhaps one explanation for why there was no significant effect on
CVD outcomes, after the first year of the trial, the intervention group
and the control group were virtually performing the same amounts
of exercise and physical activity (see Physical Activity and Diabe-
tes chapter, p. S54).

Several prospective cohort studies have shown that physical activ-
ity is associated with improvement in CV outcomes and a reduc-
tion in CV and overall mortality in people with type 2 diabetes or
impaired glucose tolerance and CVD. In the Nurses’ Health Study,
among women who reported having type 2 diabetes, the women
who spent at least 4 hours per week performing moderate (includ-
ing walking) or vigorous exercise had a 40% lower risk of develop-
ing CVD (including coronary heart disease [CHD] and stroke) than
those who did not. In another study of 2,896 adults with diabetes,
those who walked for at least 2 hours per week had lower CV mor-
tality rates compared to inactive individuals (hazard ratio [HR] 0.66,
95% CI 0.45–0.96) (23). Rates were even lower for those who walked
3 to 4 hours per week (HR 0.47, 95% CI 0.24–0.91).

Nutrition therapy

The CVD event risk reduction benefits of a Mediterranean style
diet are well documented (see Nutrition Therapy chapter, p. S64)
and may be related to anti-inflammatory and antioxidative effects.
The PREDIMED (Prevencion con Dieta Mediterranea trial) random-
ized nearly 7,500 participants at high CV risk to a Mediterranean
diet supplemented with extra-virgin olive oil or mixed nuts, or to
a control diet. About 50% of participants had type 2 diabetes. The
trial was stopped early after a 30% reduction in the primary
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composite outcome of CV death, MI or stroke was observed with
the Mediterranean diet. People with existing diabetes (n=3,614) had
results similar to the main trial population.

Weight management

No randomized prospective trials, including the Look AHEAD trial
discussed above, have shown a reduction in major CV endpoints or
mortality with weight loss in people with diabetes and obesity (22)
(see Physical Activity and Diabetes chapter, p. S54).

Glycemic control

The Diabetes Control and Complications Trial (DCCT) in type 1
diabetes (24), the Kumamoto trial (25), and the United Kingdom
Prospective Diabetes Study (UKPDS) (26,27) in type 2 diabetes dem-
onstrated that improved glycemic control significantly reduced the
risk of microvascular complications, but had no significant effect
on CV outcomes. Subsequent observational data from long-term
follow up after termination of randomization periods of both the
DCCT and UKPDS cohorts showed a persistence of significant micro-
vascular benefits and also demonstrated an emergence of benefi-
cial effect on CV outcomes attributed to intensive glycemic control
(28,29) (see Targets for Glycemic Control chapter, p. S42).

Three major randomized controlled trials—the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) (30), Action in Diabetes
and Vascular Disease: Preterax and Diamicron MR Controlled Evalu-
ation (ADVANCE) (31,32), and Veterans Affairs Diabetes Trial (VADT)
(33,34)—examined the effect of intensive glycemic control on middle-
aged or older (mean age 60 to 68 years) participants with estab-
lished type 2 diabetes for 8 to 11 years, with either CVD or multiple
CVD risk factors. These studies compared intensive glycemic control
with an A1C of 6.4% to 6.9% vs. 7.0% to 8.4% in the standard glyce-
mic control cohort. No benefit on CV outcomes was seen in any of
the 3 studies. The ACCORD trial was stopped early because of a 22%
increase in all-cause mortality (HR 1.22, 95% CI 1.01-1.46) driven
predominantly by CV mortality (30). The reasons for the increased
mortality associated with intensive glycemic control are unclear (see
Targets for Glycemic Control chapter, p. S42).

A retrospective analyses of data from the ADVANCE trial sug-
gests that visit-to-visit variability in A1C and fasting plasma glucose
predicted future CV events, microvascular events and all-cause mor-
tality independent of CVD risk factors (35). Glycemic variability has
been linked to mitochondrial superoxide overproduction, and oxi-
dative stress is a key driver of atherosclerotic disease develop-
ment and progression (36–39). In addition, glycemic variability has
been linked to increases in inflammatory cytokines and increased
macrophage and monocyte adhesion to the vascular endothe-
lium, also promoting the development and progression of athero-
sclerosis (35–39). In one cohort study of >5,000 people with type 2
diabetes, time-dependent variation of fasting glycemia was a strong
predictor of all-cause and CV mortality (40) (see Targets for Gly-
cemic Control chapter, p. S42).

Antihyperglycemic agents

Based on controversies regarding rosiglitazone, in 2008, the
United States Food and Drug Administration (FDA) required that all
new antidiabetic therapies undergo evaluation for CV safety at the
time of approval. Since then, several trials have reported evaluations
of dipeptidyl peptidase (DPP)-4 inhibitors (41–43), glucagon-like
polypeptide (GLP)-1 receptor agonists (44–46), sodium-glucose
cotransporter (SGLT)-2 inhibitors (47,48) and insulin (49); and many
other trials are underway. These studies were done in high-risk
people with diabetes with either established CVD or multiple CV
risk factors, and are discussed in detail in the Pharmacologic Gly-
cemic Management of Type 2 Diabetes in Adults chapter, p. S88).

In general, the DPP-4 inhibitors studied thus far have demon-
strated non-inferiority/safety for MACE. The exception was the
Saxagliptin Assessment of Vascular Outcomes Recorded in Patients
with Diabetes Mellitus (SAVOR-TIMI 53) trial with saxagliptin, where
there was an observed increase in the risk of hospitalization for heart
failure (41).

In the Empagliflozin Cardiovascular Outcome Event (EMPA-
REG OUTCOME) trial, which included 7,020 people with type 2 dia-
betes and clinical CVD, the SGLT2 inhibitor, empagliflozin,
demonstrated a significant reduction in MACE and heart failure hos-
pitalizations, driven by a marked reduction in CV mortality and all-
cause mortality (47). There was no heterogeneity observed between
the doses of empagliflozin 10 mg or 25 mg, and therapy was gen-
erally very well tolerated. Although the exact mechanism(s) of
benefit of empagliflozin remains unclear, the observed CVD risk
reduction was driven by a reduction in hospitalization for heart
failure and CV mortality and not via a reduction in fatal and non-
fatal atherothrombotic events. In the Canagliflozin Cardiovascular
Assessment (CANVAS) Study, which combined data from 2 trials
involving a total of 10,142 participants with type 2 diabetes and high
CV risk, the SGLT2 inhibitor, canagliflozin, demonstrated a reduc-
tion in MACE (48); however, there was an increase in the risk of
lower limb amputations and fractures in the canagliflozin group.

The Liraglutide Effect and Action in Diabetes: Evaluation of Cardio-
vascular Outcome Results (LEADER) trial enrolled 9,340 participants
with longstanding type 2 diabetes (45). The majority of participants
(81%) were ≥50 years of age on pre-existing antihyperglycemic therapy
with at least 1 CV condition (coronary heart disease, cerebrovascular
disease, peripheral arterial disease, heart failure, or stage 3 or higher
chronic kidney disease [CKD]). Over a median follow up of 3.8 years,
fewer participants in the GLP-1 receptor agonist, liraglutide, arm com-
pared to placebo had the primary endpoint of CV death, nonfatal MI
or nonfatal stroke (13.0% vs. 14.9%, respectively; HR 0.87, 95% CI 0.78–
0.97), fulfilling the statistical criteria for both noninferiority (p<0.001)
and superiority (p=0.01). The Trial to Evaluate Cardiovascular and Other
Long-term Outcomes with Semaglutide in Subjects with Type 2 Dia-
betes (SUSTAIN-6) enrolled 3,297 participants with a mean duration
of type 2 diabetes of 13.9 years (46). At baseline, 83% had established
CVD or stage 3 or higher CKD. After a median follow up of 2.1 years,
the primary composite outcome of CV death, nonfatal MI or nonfatal
stroke occurred in 6.6% of participants treated with the GLP-1 recep-
tor agonist, semaglutide, and 8.9% of participants treated with placebo
(HR 0.74, 95% CI 0.58–0.95), fulfilling statistical criteria for noninferiority
(p<0.001); a non-pre-specified test for superiority was also signifi-
cant (p=0.02).

The CV safety of sulfonylureas and meglitinides is uncertain
(50,51). In a meta-analysis of 115 trials (of at least 6 months dura-
tion) comparing sulfonylureas with an active comparator in people
with type 2 diabetes, there was no difference in the incidence of
MACE, although overall mortality (but not CV mortality) was
increased (odds ratio [OR] 1.22, 95% CI 1.01–1.49) (52). In a subse-
quent meta-analysis of 47 trials (of at least 1-year duration) com-
paring second-generation sulfonylureas (gliclazide, glimepiride) with
diet, placebo or an active comparator, sulfonylureas were not asso-
ciated with an increased risk of overall mortality, CV mortality, MI
or stroke (53). Trials comparing metformin and sulfonylurea have
suggested higher rates of cardiac events with sulfonylureas than
metformin (54–56); however, it is not known whether the increase
in CV risk is due to CV toxicity from sulfonylureas or from the pos-
sibly protective effects of metformin.

Blood pressure control

Hypertension is very common in persons with diabetes. Rec-
ommended BP targets and pharmacological therapies are dis-
cussed in the Treatment of Hypertension chapter, p. S186.
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Antiplatelet therapy

Primary prevention. Platelets play a pivotal role in the develop-
ment of atherosclerosis and vascular thrombosis. As people with
diabetes have increased in vitro platelet reactivity and aggrega-
tion, they might be expected to have enhanced benefit from plate-
let inhibition with agents, such as acetylsalicylic acid (ASA). However,
in vitro tests of platelet aggregation suggest that people with dia-
betes have platelets that are more likely to be resistant to the inhibi-
tory effect of ASA (57,58). Thus, despite the proven advantages of
ASA therapy in people with established CVD, the evidence for ben-
efits of ASA therapy for the primary prevention of CVD events in
persons with diabetes is less robust (59). More recently, a sub-
group analysis of the Japanese Prevention of Atherosclerosis (JPAD)
trial of ASA in the primary prevention of CVD events in diabetes
has suggested that persons with diabetes and an elevated C-reactive
protein level may benefit from ASA (60).

Pooled estimates suggest that, for primary prevention of CVD
events in people with diabetes, ASA results in no reduction of MI
and stroke, but an important increase in gastrointestinal hemor-
rhage (61–64).

Despite a plethora of data, there remains uncertainty about the
use of ASA in the primary prevention of CVD events in persons with
diabetes, and its routine use in primary CVD event prevention is
not recommended. However, some people with multiple CV risk
factors and evidence of vascular inflammation, as reflected by
C-reactive protein levels, may cross the risk-benefit threshold in
which the potential benefits justify the potential increase in hem-
orrhagic events.

Existing evidence suggests that some people with diabetes may
be resistant to the effects of ASA for a number of reasons. The Study
Comparing Cardiovascular Effects of Ticagrelor vs. Placebo in Patients
with Type 2 Diabetes Mellitus (THEMIS) is currently underway and
is examining the role of the adenosine receptor antagonist, ticagrelor,
in primary prevention of MACE in people with type 2 diabetes (65).

Secondary prevention. ASA has been shown to reduce CVD events
in people with and without diabetes and established CVD (66). The
clinical trial evidence, as reflected in the 2011 Canadian Cardio-
vascular Society Guidelines on the “Use of Antiplatelet Therapy in
the Outpatient Setting”, supports the use of ASA 75 mg to 162 mg
daily for the secondary prevention of CVD events in those with
diabetes (67).

Clopidogrel 75 mg may be used in people unable to tolerate ASA.
The Clopidogrel vs. Aspirin in Patients at Risk of Ischaemic Events
(CAPRIE) trial found that clopidogrel had a modest and margin-
ally significant advantage over aspirin for the prevention of stroke,
MI, and vascular disease in 19,185 participants with a recent stroke,
MI or peripheral artery disease (annual event rate 5.3% vs. 5.8%)
although the study population was not specific for people with
diabetes (68).

In addition, there is evidence from the Prevention of Cardiovas-
cular Events in Patients with Prior Heart Attack Using Ticagrelor
Compared to Placebo on a Background of Aspirin-Thrombolysis in
Myocardial Infarction 54 (PEGASUS-TIMI 54) trial to indicate that
people with diabetes and a prior MI may experience a reduction
in MACE from dual antiplatelet therapy, with both ASA and ticagrelor,
when this therapy is extended more than 1 year beyond the original
acute coronary event (69); however, increased major bleeding was
observed (HR 2.56, 95% Cl 1.52–4.33, p=0.0004).

Renin angiotensin aldosterone system (RAAS) inhibition

The benefit of angiotensin-converting enzyme (ACE) inhibition
for CV protection with ramipril 10 mg daily was demonstrated by
the Heart Outcomes Prevention Evaluation (HOPE) trial in partici-

pants with and without diabetes (70). It was also shown in the
Micro-HOPE subset analysis of participants with diabetes, which
enrolled individuals with diabetes, aged ≥55 years, with 1 other CV
risk factor (total cholesterol >5.2 mmol/L, HDL-C <0.9 mmol/L, hyper-
tension, microalbuminuria or smoking) or established CVD (71). In
participants with diabetes enrolled in the European Trial on Reduc-
tion of Cardiac Events with Perindopril in Stable Coronary Artery
Disease (EUROPA) study, the benefits from perindopril 8 mg daily
were similar to those observed in the overall group; however, in
this subgroup, the sample size was too small to show a statisti-
cally significant benefit (72). The Ongoing Telmisartan Alone and
in Combination with Ramipril Global Endpoint Trial (ONTARGET)
indicated similar CV protective effect from the angiotensin recep-
tor blocker (ARB) telmisartan 80 mg daily as the ACE inhibitor
ramipril 10 mg daily in a subset of participants with diabetes (73).

Whether the benefits of ACE inhibition result from a reduction
in BP or from an unique CV benefit remains controversial. The ben-
efits of ACE inhibition in both the HOPE and EUROPA trials were
observed in individuals with or without a history of hypertension,
and in those with higher and lower BP readings (70,74). In the HOPE
study, after adjustment for the changes in systolic (2.4 mmHg) and
diastolic (1.0 mmHg) BPs, ramipril still lowered the risk of the com-
bined primary outcome by 25% (95% Cl 12–36, p=0.0004) (71).

One meta-analysis demonstrated a significant reduction in all-
cause mortality, CV mortality and major CV events with ACE inhibi-
tors in people with diabetes (75). Twenty-three of 35 identified trials
compared ACE inhibitors with placebo (n=11) or active drugs (n=12)
(32,827 participants) and 13 compared ARBs with active drugs (n=3)
or placebo (n=10) (23,867 participants); the vast majority of studies
were performed in participants with hypertension. When com-
pared with controls (placebo/active treatment), ACE inhibitors sig-
nificantly reduced the risk of all-cause mortality by 13% (risk
reduction [RR] 0.87, 95% CI 0.78–0.98), CV deaths by 17% (RR 0.83,
95% Cl 0.70–0.99) and major CV events by 14% (RR 0.86, 95% Cl 0.77–
0.95). Treatment with ARBs did not significantly affect all-cause mor-
tality (RR 0.94, 95% CI 0.82–1.08), CV death rate (RR 1.21, 95% CI 0.81–
1.80) and major CV events (RR 0.94, 95% CI 0.85–1.01).

In contrast, a recent meta-analyses of 19 randomized con-
trolled trials (25,414 participants) that compared the use of ACE
inhibitors and ARBs to other antihypertensive agents in people with
diabetes found no difference in CV outcomes (76). When com-
pared with other antihypertensive agents, ACE inhibitors and ARBs
were associated with a similar risk of death (RR 0.99, 95% CI 0.93–
1.05), CV death (RR 1.02, 95% CI 0.83–1.24) and MI (RR 0.87, 95% CI
0.64–1.18). There was also no difference in the hard renal outcome
of ESRD (RR 0.99, 95% CI 0.78–1.28). Although the authors acknowl-
edged that while doubling of creatinine is a stringent and com-
monly used endpoint and even though there are trials that have
shown benefit of renin angiotensin aldosterone system (RAAS) on
this outcome, doubling of creatinine was not consistently reported
in the trials reviewed and was not examined explicitly in their
analysis.

There is emerging uncertainty as to whether the use of RAAS
blockade in people with diabetes, but without a history of hyper-
tension or CV risk factors, derive a CV event reduction benefit from
being placed on RAAS inhibition. Given the significant differences
in the clinical trial protocols, the specific patient populations, the
durations of the interventions, the conflicting findings between renal
outcomes and CV outcomes, and the durations of the trial follow
ups, it is difficult to state emphatically whether or not RAAS inhi-
bition, independent of the presence of hypertension, is a benefit in
all people with diabetes. The Vascular Protection in People with Dia-
betes chapter in the Canadian Diabetes Association 2013 Clinical Prac-
tice Guidelines for the Prevention and Management of Diabetes in
Canada recommended that all people with diabetes ≥55 years of
age be started on an ACE inhibitor or ARB, at doses that have
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demonstrated vascular protection, even in the absence of a CV risk
factor or end organ damage (i.e. albuminuria, retinopathy, left ven-
tricular hypertrophy) (77). This Grade D, Consensus recommenda-
tion has been eliminated from the 2018 guidelines as no studies
have clearly demonstrated CV benefit for this specific lower-risk
population. However, it is important to recognize that the over-
whelming majority of people with diabetes have additional com-
pelling indications to be on RAAS inhibitors by age 55 years, almost
always require multiple medications to achieve BP targets and almost
always have suboptimal BP control. Therefore, the clinical likeli-
hood that people with diabetes will end up on some form of RAAS
inhibition remains extremely high. While the recommendation to
use RAAS therapy in all adults ≥55 years has been removed, we
strongly encourage clinicians to regularly evaluate CV risk in all
persons with diabetes to ensure people with diabetes who would
benefit from RAAS inhibition are identified and treated appropriately.

Lipid-modifying therapies

There is clinical trial evidence of the benefits of statin therapy
for primary prevention in people with diabetes at ages prior to
achieving a high proximate 10-year CVD risk. The Heart Protec-
tion Study (HPS) enrolled 5,963 individuals from age 40 years with
diabetes, of whom 49% had no evidence of CVD (78). CV events were
reduced by 22% (95% CI 13–30) in the participants with diabetes
receiving simvastatin 40 mg daily for the 5-year treatment period
(79). The same relative benefit was observed in participants with
or without evidence of CVD. In the 615 participants with type 1 dia-
betes, there was a similar (although not statistically significant) risk
reduction as observed in the 5,438 participants with type 2 dia-
betes. The Collaborative Atorvastatin Diabetes Study (CARDS)
included 2,838 participants with diabetes, 1 CV risk factor and age
>40 years (80). They were treated for an average of 3.9 years with
either atorvastatin 10 mg daily or placebo. CV events were reduced
by 37% (95% CI −52% to -17%, p=0.001) by atorvastatin compared
to placebo, with a 36% reduction of acute coronary heart disease,
a 31% reduction of coronary revascularization and a 48% reduc-
tion of stroke. There was a strong trend toward a 27% reduction in
all-cause mortality (95% CI −48% to 1%, p=0.059). Consequently, both
the HPS and CARDS studies provided evidence supporting the use
of statin therapy for all people with diabetes ≥40 years of age with
or without 1 CV risk factor. The CARDS study concluded with the
statement: “The debate about whether all patients with type 2 dia-
betes warrant statin treatment should now focus on whether any
patients can reliably be identified as being at sufficiently low risk
for this safe and efficacious treatment to be withheld” (80).

As a direct reflection of the impact of diabetes on lifetime risk
for CVD, increased vascular aging, premature development of CVD,
shorter life expectancy for the individual with diabetes, poor pre-
dictive value of current risk models and studies demonstrating
benefit of lipid lowering in people with diabetes, the current guide-
lines recommend statin therapy for primary CVD prevention for all
people with diabetes ≥40 years of age. The guidelines also con-
tinue to support the use of statins in secondary prevention in those
with evidence of end organ damage (CVD, microvascular disease,
particularly albuminuria). In addition, there are other circumstances,
not specific to diabetes, that may warrant statin therapy for a par-
ticular individual based on the 2016 Canadian Cardiovascular Society
(CCS) Guidelines for the Management of Dyslipidemia (81).

LDL-C reduction should aim to achieve targets recommended in
the current guidelines, and statins should be prescribed up to the
maximally tolerated and approved dose. However, the use of other
lipid-lowering agents in addition to statins may be necessary in some
patients to achieve LDL-C goals (see Dyslipidemia chapter, p. S178).
The IMProved Reduction of Outcomes: Vytorin Efficacy Interna-
tional trial (IMPROVE-IT) showed that the addition of ezetimibe to

simvastatin in participants with recent acute coronary syndrome
imparted an incremental CVD event benefit compared to use of
simvastatin alone and the magnitude of the event reduction was
commensurate with the degree of additional LDL-C lowering
imparted by ezetimibe. The mean LDL-C in the simvastatin plus
ezetimibe arm was 1.4 mmol/L and 1.8 mmol/L in the simvastatin-
treated cohort. The event reductions were particularly evident in
people with type 2 diabetes (82). Whether this is a specific effect
of this drug combination or simply a reflection of the additional
reduction in LDL-C remains unknown; however, existing data point
strongly to the additional reduction in LDL-C as being signifi-
cantly beneficial in people with diabetes.

Most recently, proprotein convertase subtilisin/kexin type 9
(PCSK-9) inhibitors have been shown to add clinically significant
LDL-C lowering when added to standard therapy (83,84). The Further
Cardiovascular Outcomes Research with PCSK9 Inhibition in Sub-
jects with Elevated Risk (FOURIER) study of evolocumab vs. placebo
in stable CAD and CVD participants receiving moderate to high-
dose statin therapy, demonstrated a 15% reduction in MACE (CV death,
MI, stroke, hospital admission for unstable angina or coronary
revascularization) (85). The study included more than 11,000 par-
ticipants with diabetes and a sub-analysis revealed that risk reduc-
tions in participants with or without diabetes were similar (HR 0.83,
95% CI 0.75–0.93, p=0·0008 for participants with diabetes and 0.87,
95% Cl 0·79–0·96, p=0·0052 for participants without diabetes) (86).

RECOMMENDATIONS

1. All individuals with diabetes should follow a comprehensive, multifac-
eted approach to reduce CV risk, including:

a. A1C ≤7.0% implemented early in the course of diabetes [Grade C, Level
3 (28,29)]

b. Systolic BP of <130 mmHg [Grade C, Level 3 (87)] and diastolic BP
of <80 mmHg [Grade B, Level 1 (88)] (see Treatment of Hyperten-
sion chapter, p. S186)

c. Additional vascular-protective medications in the majority of adults
with diabetes (see recommendations below) [Grade A, Level 1 (3,4)
for those with type 2 diabetes age >40 years with albuminuria; Grade
D, Consensus for those with type 1 diabetes]

d. Achievement and maintenance of healthy weight goals [Grade D,
Consensus]

e. Healthy eating (see Nutrition Therapy chapter, p. S64 for specific
dietary recommendations)

f. Regular physical activity [Grade D, Consensus] (see Physical Activ-
ity chapter, p. S54)

g. Smoking cessation [Grade C, Level 3 (20)].

2. Statin therapy should be used to reduce CV risk in adults with type 1 or
type 2 diabetes with any of the following features:

a. Clinical CVD [Grade A, Level 1 (79)]
b. Age ≥40 years [Grade A, Level 1 (79,80), for type 2 diabetes; Grade

D, Consensus for type 1 diabetes]
c. Age <40 years and 1 of the following:

i. Diabetes duration >15 years and age >30 years [Grade D,
Consensus]

ii. Microvascular complications [Grade D, Consensus]
iii. Warrants therapy based on the presence of other CV risk factors

according to the 2016 Canadian Cardiovascular Society Guide-
lines for the Diagnosis and Treatment of Dyslipidemia (81) [Grade
D, Consensus].

3. For individuals not at LDL-C goal despite statin therapy, a combination of
statin therapy with second-line agents may be used to achieve the goal
and the agent used should be selected based upon the size of the exist-
ing gap to LDL-C goal [Grade D, Consensus]. Generally, ezetimibe should
be considered [Grade D, Consensus]. In people with diabetes who also have
concomitant clinical CVD, ezetimibe or evolocumab may be used to further
reduce major adverse cardiac events [Grade A, Level 1 (82) for ezetimibe,
Grade A, Level 1 (85) for evolocumab], and they should also be consid-
ered in those with concomitant familial hypercholesterolemia [Grade D,
Consensus for ezetimibe and PCSK9 inhibitor].
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4. ACE inhibitor or ARB, at doses that have demonstrated vascular protec-
tion, should be used to reduce CV risk in adults with type 1 or type 2 dia-
betes with any of the following:

a. Clinical CVD [Grade A, Level 1 (70,73)]
b. Age ≥55 years with an additional CV risk factor or end organ damage

(albuminuria, retinopathy, left ventricular hypertrophy) [Grade A,
Level 1 (70,73)]

c. Microvascular complications [Grade D, Consensus].

Note: Among women with childbearing potential, ACE inhibitors, ARBs or
statins should only be used if there is reliable contraception.

5. In people with established CVD, low-dose ASA therapy (81–162 mg) should
be used to prevent CV events [Grade B, Level 2 (66)].

6. ASA should not be used routinely for the primary prevention of CVD events
in people with diabetes [Grade A, Level 1A (62–64)]. ASA may be used in
the presence of additional CV risk factors [Grade D, Consensus].

7. Clopidogrel 75 mg may be used in people unable to tolerate ASA [Grade D,
Consensus].

8. In adults with type 2 diabetes with clinical CVD in whom glycemic targets
are not achieved with existing antihyperglycemic medication(s) and with
an eGFR > 30mL/min/1.73 m2, an antihyperglycemic agent with demon-
strated CV outcome benefit should be added to reduce the risk of major
CV events [Grade A, Level 1A (47) for empagliflozin; Grade A, Level 1A for
liraglutide (45); Grade C, Level 2 for canagliflozin (48) (see Pharmaco-
logic Glycemic Management of Type 2 Diabetes in Adults chapter, p. S88).

Abbreviations:
A1C, glycated hemoglobin; BG, blood glucose; BP, blood pressure; CAD,
coronary artery disease; CI, confidence interval; CKD, chronic kidney
disease; CV, cardiovascular; CVD, cardiovascular disease; CKD, chronic
kidney disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; MACE, major cardiovascular events; NNT,
number needed to treat; RAAS, renin angiotensin aldosterone system; RR,
relative risk.

Other Relevant Guidelines

Targets for Glycemic Control, p. S42
Physical Activity and Diabetes, p. S54
Nutrition Therapy, p. S64
Pharmacologic Glycemic Management of Type 2 Diabetes in

Adults, p. S88
Weight Management in Diabetes, p. S124
Dyslipidemia, p. S178
Treatment of Hypertension, p. S186
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