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Abstract

Purpose of Review Cardiovascular disease (CVD) is the leading cause of mortality in people with diabetes. Our aim was to
review the pathophysiology of CVD in diabetes, review related landmark trials, and discuss the cardiovascular benefit of glucose-
lowering agents. We have also discussed the role of controversial anti-platelet therapy.

Recent Findings Recent studies have shown the impact of glucose-lowering agents on CVD in people with diabetes. Statins are
now recommended for all patients with diabetes over the age of 40 regardless of the LDL level given the cardiovascular benefit of
these drugs. Current recommendations suggest a blood pressure < 130/80 for individuals with high cardiovascular risk.
Summary Cardiovascular risk reduction should be an important part of the management of diabetes. Focusing solely on glycemic
control may not be the best therapeutic strategy. Multifactorial risk reduction should be taken into account. Lipid-lowering agents
and anti-hypertensives should be a corner stone of treatment of diabetes. With currently available data, glucose-lowering agents

with cardiovascular benefit should be started early in the disease process.
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Introduction

Diabetes mellitus (DM) is a heterogeneous disorder characterized
by hyperglycemia, insulin deficiency, and/or insulin resistance.
According to 2017 National Diabetes Statistics Report by
Centers for Disease Control and Prevention (CDC), 30.3 million
adults had diabetes in the USA, accounting for 9.4% of the
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population [1] (an estimated 5% of people with DM have type
1 diabetes). It is an increasing health and economic burden
throughout the world. In fact, the American Diabetes
Association (ADA) estimated that direct medical cost related to
DM in the USA was around $237 billion in addition to $90
billion in reduced productivity in 2017, representing a 26% in-
crease in the cost of this disease over a five-year period [2].
Cardiovascular disease (CVD) is one of the leading causes
of morbidity and mortality among people with diabetes.
Coronary artery disease (CAD), peripheral vascular disease
(PVD), ischemic stroke, and heart failure are major manifes-
tations of CVD associated with diabetes. Adverse CVD events
such as acute myocardial infarction (MI), stroke or death from
any cardiovascular cause occur at an ecarlier age (average
14.6 years) in men and women with diabetes [3]. Women with
diabetes are at an even higher risk of CVD events due to loss
of protective effects of estrogen in women with diabetes [4].
Additionally, diabetes is often accompanied by synergistic
risk factors such as hypertension, obesity, systemic inflamma-
tion, hypercoagulability, and dyslipidemia; which further in-
crease CVD death rates [5]. There are various biochemical
mechanisms that independently increase the risk of CVD in
people with diabetes, and these will be explored in this review.
Further, in this review, we summarize the pathophysiologic
abnormalities that promote CVD in diabetes as well as con-
temporary preventative and therapeutic approaches.
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Pathophysiology

The underlying pathophysiology of atherosclerotic cardiovas-
cular disease (ASCVD) in diabetes is multifactorial which not
only involves macro vascular plaque formation but also
chronic insults at various cellular and molecular levels due
to hyperglycemia and insulin resistance (Fig. 1).

Obesity especially visceral obesity which often precedes
development of type 2 diabetes (T2DM) is associated with
other metabolic risk factors such as insulin resistance, athero-
genic dyslipidemia, hypertension, and a pro-thrombotic and
pro-inflammatory state [6]. Obesity and related dysfunctional
adipose tissue is often associated with excess release of non-
esterified fatty acids into the skeletal muscle and liver which
promotes development of systemic insulin resistance [7].
Increased flux of free fatty acids into the liver also leads to
hepatic production of atherogenic lipids. Resultant increases
in triglycerides and very low-density lipoproteins (VLDL) and
oxidized small dense LDL particles leads to activation of
cholesteryl ester transfer protein which enriches HDL and
LDL with triglyceride particles. These triglyceride-rich HDL
molecules are more prone to catabolism. Triglyceride-rich
small dense LDL particles are more prone to oxidation leading
to LDL particles that are more amenable to get incorporated
into plaques in arterial walls thus making them profoundly
atherogenic [8].

Obesity, especially abdominal obesity, also promotes a pro-
inflammatory environment, with dysregulated secretion of
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various inflammatory cytokines, and chemokines (chemotac-
tic cytokines). These chemokines recruit macrophages to ad-
ipose tissue and also induce a phenotypic switch from an anti-
inflammatory M2 state to a pro-inflammatory M1 state [9].
Conversely, production of insulin-sensitizing adipokines such
as adiponectin is reduced in obese states. Abnormalities in
coagulation and hemostasis are well known features of obesi-
ty. Concentrations of pro-coagulant factors such as fibrinogen,
protein C, and von Willebrand factor are elevated in individ-
uals with obesity compared to lean individuals, which along
with increased levels of plasminogen activator inhibitor-1
generates a prothrombotic state [10]. Additionally, increased
production of angiotensinogen and aldosterone from an ex-
panded adipocyte mass activates the renin-angiotensin-
aldosterone system (RAAS) and in turn, induces vascular stiff-
ness and hypertension [11].

Insulin resistance as seen in obesity, pre-diabetes, and dia-
betes promotes atherosclerosis through development of vas-
cular stiffness, hypertension, diabetic dyslipidemia, and in-
creased systemic and vascular tissue inflammation.
Reduction in endothelial nitric oxide (NO) synthase and NO
production along with increased production of endothelin and
adhesion molecules lead to endothelial cell dysfunction, vas-
cular stiffness, and increased entry of inflammatory cells into
the vasculature promoting plaque formation [12].

Hyperglycemia promotes CVD by a number of mecha-
nisms. Elevated glucose levels lead to the activation of protein
kinase C, the polyol and hexamine pathways with increased
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The pathophysiological factors that contribute to increased CVD in diabetes.

Fig. 1 The pathophysiological factors that contribute to increased CVD in diabetes [13]
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formation of advanced glycation end-products which deplete
intracellular anti-oxidants and accumulation of radical oxygen
species [14]. Excess radical oxygen species causes endothelial
dysfunction via mitochondrial injury and reduced endothelial
NO production. Additionally, activation of nuclear factor kB
leads to increased expression of pro-inflammatory and pro-
coagulant genes and increased production of tumor necrosis
factor alpha (TNF-&), monocyte chemotactic protein-1
(MCP-1), and interleukins [15]. Increased MCP-1 promotes
adhesion of monocytes and macrophages to the endothelium
and trans-endothelial migration to vessels. These inflammato-
ry macrophages contribute to early atherogenesis [12].
Furthermore, a hyperglycemic environment in animal models
has shown to cause increased glucose uptake in vascular
smooth muscle cells leading to impaired contractility and in-
duction of a pro-inflammatory and atherogenic vascular
smooth muscle cell phenotype in response to various vascular
injuries [16].

Diabetic Cardiomyopathy

Diabetes is a well-known risk factor for development of ab-
normal myocardial structure and function even without other
risk factors such as CAD, hypertension, and significant val-
vular disease [17]. This phenomenon was first described in a
series of four postmortem reports in 1972, with diffuse fibro-
sis, ventricular hypertrophy, and narrowing of intramural ar-
terioles [18]. Many epidemiological, animal, and clinical stud-
ies have supported an association between DM and heart fail-
ure since that original observation [17, 19]. Primary features
of diabetic cardiomyopathy include cardiac stiffness, myocar-
dial fibrosis, and diastolic dysfunction which eventually lead
to impaired systolic function and heart failure [17].

Insulin resistance, abnormal metabolic insulin signaling
in cardiac myocytes, and hyperglycemia contribute to the
development and progression of diabetic cardiomyopathy.
The complex pathophysiology often involves an interplay
of oxidative stress, mitochondrial dysfunction, increased
advanced glycation end-products, inappropriate activation
of the systemic and cardiac RAAS, cardiac autonomic
neuropathy, inflammation, maladaptive immune function,
and depletion of NO which contributes to coronary micro-
vascular dysfunction and impaired mitochondrial calcium
handling [20e°].

During the initial stages, diabetic cardiomyopathy is clini-
cally silent, characterized by microstructural changes in
myocytes, increased ventricular fibrosis and stiffness leading
to diastolic dysfunction [19]. This is followed by accelerated
myocyte apoptosis due to oxidative stress, defects in calcium
transport, increased TGF (31, and mild cardiac autonomic neu-
ropathy eventually resulting in further myocardial fibrosis.
These abnormalities may reflect changes in left ventricular

structure and hypertrophy with detectable changes in diastolic
and later systolic function on echocardiography [21].

Interventions to Decrease CVD in Patients
with Diabetes

Lifestyle modification is the cornerstone in managing diabetes
as emphasized in diabetes management guidelines [22¢e,
23e].This approach aims for weight loss of 5% or more (in
overweight and obese patients) with intensified physical ac-
tivity, individualized diet, and behavioral therapy.

The Diabetes Prevention Program (DPP) demonstrated that
metformin as well as intensive changes in lifestyle (goal of 7%
weight loss and 150 min of moderate intensity exercise per
week), reduce T2DM incidence in pre-diabetic patients. In
that trial 3234 participants with elevated risk of T2DM (high
BMI, pre-diabetes) were randomized to standard lifestyle
modification and placebo, standard lifestyle modification
and metformin, or an intensive lifestyle intervention (ILI) pro-
gram and participants were followed for 2.8 years. The trial
was terminated early due to efficacy of both metformin and
ILIL ILI and metformin both reduced the incidence of T2DM
by 58% and 31% respectively, and both interventions were
well tolerated [24].

The Look AHEAD (Action for health in Diabetes)
study was a multicenter, randomized controlled trial
(RCT) published in 2013, which at the time was the larg-
est trial designed to evaluate the effect of weight manage-
ment on CVD risk in overweight participants with T2DM.
Five thousand one hundred forty-five participants were
randomly assigned to ILI or to usual care (diabetes sup-
port and education “DSE®). The primary outcome was
death from CVD, non-fatal MI, non-fatal stroke, or hospi-
talization for angina over 13.5 years of follow-up. The
trial had to be terminated early (9.6 years) due to futility,
and it showed greater weight loss in the ILI group, greater
reduction in glycated hemoglobin (HbAlc), greater im-
provement in fitness, and all CVD risk factors except
VLDL levels, but failed to show clinically significant re-
duction in CVD event rates in overweight and obese
T2DM (P =0.51) [25].

The PREDIMED-Plus trial, whose first-year interim results
were published in 2019, was designed to evaluate the long-
term effects of intensive lifestyle modification on primary
CVD prevention. In the initial report, 626 overweight/obese
participants were randomized to an intensive weight loss in-
tervention with a caloric restricted Mediterranean diet, en-
hanced physical activity and behavioral support, or a control
group. After 1 year, those in the intervention group lost more
weight (P<0.001) with improvement in multiple CVD risk
factors: waist circumference, fasting blood glucose, triglycer-
ides, HDL, insulin resistance, HbA ¢, leptin level, interlukin-
18, and MCP-1 (all P < 0.005) [26]. While this rather intensive
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lifestyle modification is effective, it may be difficult to accom-
plish in a real life.

In primary care-led weight management for remission of
people with type 2 diabetes (DiRECT), an open-labeled clus-
ter randomized trial showed remission of type 2 diabetes with
weight management. Three hundred six patients from 49 pri-
mary care practices in Scotland participated. Patients aged 20—
65 with BMI 27-45 kg/m* with type 2 diabetes for less than
6 years were selected. Intervention comprised withdrawal of
anti-diabetic and anti-hypertensive drugs, total diet replace-
ment (825-853 kcal/day formula diet for 3—5 months),
stepped food reintroduction (2—-8 weeks), and structured sup-
port for long-term weight loss maintenance. Co-primary out-
comes were weight loss of 15 kg or more, and remission of
diabetes, defined as glycated HbA1c of less than 6.5% after at
least 2 months off all anti-diabetic medications. At 12 months,
46% of participants achieved remission to non-diabetic state
off of anti-diabetic drugs, with 86% remission rate in the
group that lost more than 15 kg, and none in the group that
gained weight [27]. This shows that weight loss will help with
remission of T2DM in patients not on insulin with a relatively
recent onset of diabetes.

The Role of Glycemic Control

The Diabetes Control and Complications Trial (DCCT) was a
landmark trial for type 1 diabetes (TIDM). This showed the
importance of tight control of diabetes. This multicenter con-
trolled study, published in 1993, randomized 1441 partici-
pants with TIDM to either intensive insulin therapy with the
goal of tight glucose control, or conventional therapy with the
goal of attaining asymptomatic hyperglycemia [28]. The re-
sults showed lower risk of diabetic retinopathy (76%), diabet-
ic nephropathy (50%), and diabetic neuropathy (60%), but
initially it was not able to definitively determine the effect
on CVD risk given the small number of patient with CVD
[28]. This prompted a follow-up observational study, the
Epidemiology of Diabetes Interventions and Complications
(EDIC) to evaluate the potential CVD legacy effects of the
more rigorous glucose-lowering arm of the DCCT. In EDIC,
there was a lower risk of CVD (myocardial infarction and
stroke) and CVD-related death in the intensive treatment
group, with 57% risk reduction at 11 years, and 32% at
20 years after the end of DCCT. It also showed a persistent
beneficial effect of intensive treatment on retinopathy (48%
risk reduction at 17 years), nephropathy (50% risk reduction at
18 years) and neuropathy (40% risk reduction at 14 years).
Thus, EDIC demonstrated a metabolic memory, as the effect
of tight glycemic control showed sustained benefit well after
the trial ended [29].

The United Kingdom Prospective Diabetes Study
(UKPDS) published in 1999 evaluated the impact of intensive
treatment in patients with newly diagnosed T2DM [30]. This
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trial was followed by a 10-year follow-up to assess longevity
(legacy) of the CVD benefit of more intensive treatment. Of
5102 persons with newly diagnosed T2DM, 4209 were ran-
domized to conventional treatment (targeting asymptomatic
hyperglycemia) with diet only, or intensive therapy (targeting
tight control of blood glucose, median HbAlc of 7%) using
one or more of the following (insulin, sulfonylurea, and met-
formin “in overweight patients”) and were followed for a me-
dian of 10 years. At 10 years, there was a reduction in micro-
vascular complications (retinopathy, nephropathy, and neu-
ropathy) by 24% (P =0.001), reduction in CVD by 15%
(P=0.01) and in all-cause mortality by 13% (P =0.007) with
intensive therapy. It also showed that metformin significantly
decreased any diabetes related endpoint (21% risk reduction,
P=0.01), MI (33% risk reduction, P =0.005), and death from
any cause (27% risk reduction, P=0.002). A legacy effect
was seen again in UKPDS as it had been seen in EDIC
[30-32]. Differences in HbAlc levels between intensively
and conventionally treated participants disappeared within
1 year of the trial’s end. Outcomes continued to favor the
intensively treated group: significant relative reduction in mi-
crovascular disease persisted, and significant reductions in MI
and all-cause mortality emerged in the intensive-control
group.

The intensified multifactorial intervention in patients with
T2DM and microalbuminuria (the Steno 2) RCT evaluated the
effect of stepwise intensified treatment (behavioral modifica-
tion, medications targeting blood glucose control [mostly met-
formin and sulfonylureas], hypertension and hyperlipidemia)
vs. standard treatment (following Danish guidelines) on par-
ticipants with T2DM and microalbuminuria. The trial showed
lower risk of progression of microvascular complications in
participants randomized to the intervention arm [33]. This
multifactorial intervention was followed by a 21-year fol-
low-up to evaluate the impact of tight glycemic control for
7.8 years on CVD risk. The study showed a median of
7.9 years longer life in the intensified intervention group
(P =0.005), with an 8.1-year delay in CVD in this group
compared to the standard treatment group [34].

In 2008, the Action in Diabetes and Vascular Disease:
Preterax and Diamicron MR Controlled Evaluation
(ADVANCE) trial was instituted to evaluate if targeting lower
HbAlc (<6.5%) has benefit in improving the outcome of
T2DM treatment. It was a multicenter, multifactorial, RCT,
involving 11,140 participants who were followed for 5 years
[35]. Participants were randomly assigned to intensive vs.
standard glucose control using mostly sulfonylurea-based in-
tensive glycemic therapy. The intensive therapy reduced mi-
crovascular events by 23% (P =0.01), but it failed to show a
statistically significant reduction in CVD [35].

The Action to Control Cardiovascular Risk in Type 2
Diabetes (ACCORD) study, published in 2008, had to be ter-
minated early secondary to futility. It was a double factorial
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RCT aimed to compare intensive (goal of HbAlc <6%) vs.
standard (HbAlc 7-7.9%) glycemic control, with the use of
glucose-lowering agents (metformin, sulfonylureas,
thiazolidinediones, insulin, and/or an alpha glucoside inhibi-
tor) on macro vascular complications in participants with
T2DM and either risk or history of CVD. Ten thousand two
hundred fifty-one participants were evaluated and followed
for 3.7 years, and the trial showed worse all-cause mortality
(P=0.04) and CV mortality (P = 0.02) in the intensive control
group [36].

The Glucose Control and Vascular Complications in
Veterans with Type 2 Diabetes (VADT) trial was published
in 2009. A total of 1791 participants with suboptimal glyce-
mic control were randomized to either intensive or standard
treatment, with the goal of a reduction in HbAlc of 1.5%
absolute points in the intensive treatment group. The treatment
was assigned based on the participant’s BMI (>27 kg/m®:
metformin and rosiglitazone; <27 kg/m2: glimepiride and
rosiglitazone). VADT showed no clinically significant CVD
risk reduction, microvascular complications, or all-cause mor-
tality with intensive glycemic control in these veterans with
T2DM. However, a significant improvement was observed in
diabetic nephropathy. A 15-year follow-up was recently re-
ported showing no mortality benefit or CVD legacy effect
[37, 38e].

The results of the ORIGIN trial designed to evaluate the
effects of intensifying basal insulin to normalize fasting glu-
cose on CVD risk was published in 2012 [39]. This was a
multicenter RCT assigning 12,537 participants with impaired
fasting glucose, impaired glucose tolerance or T2DM and
CVD risk to either insulin glargine targeting a fasting glucose
goal of <95 mg/dL or standard care. Participants were follow-
ed for 6.2 years, and there were similar CVD outcomes in the
two groups [39]. These negative study results, however, did
reinforce the notion that intensive insulin therapy does not
increase CVD in patients with diabetes.

Meta-analysis of ACCORD, ADVANCE, UKPDS, and
VADT had 27,049 participants with 2370 major vascular
events. There was a 9% reduction in cardiovascular events
in the intensive glucose control group compared to less inten-
sive mainly due to a 15% reduction in myocardial infarction.
This meta-analysis showed that with intensive glucose control
there was a 16% reduction in CVD in those with no history of
macro vascular disease and no cardiovascular benefit in those
who had a history [40]. There is data to support that genetic
predisposition to hyperglycemia increases CAD separate from
T2DM and other CAD risk factors such as hypertension, hy-
perlipidemia, and obesity. These findings provide ancillary
evidence that modulating glycemia may provide cardiovascu-
lar benefit [41].

Studies of the impact of newer glucose-lowering agents on
CVD, designed as a result of the FDA mandate regarding
CVD outcomes for newer anti-diabetic drugs, have yielded

promising results. These included studies of sodium-glucose
cotransporter 2 (SGLT?2) inhibitors and their impact on CVD.
The results of the Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes Mellitus Patients (EMPA-
REG OUTCOME) trial involving 7028 participants with dia-
betes at high risk for CVD was published in 2015 [42]. These
participants were randomized to receive empagliflozin or pla-
cebo. While the trial showed no significant difference between
the groups in the rates of MI or stroke, it showed significant
superiority for the empagliflozin group for total CVD-related
mortality, CHF hospitalization, and all-cause death.

The Canagliflozin Cardiovascular Assessment Study
(CANVAS) Program and CANVAS-Renal were published
in 2017 [43]. These two trials were pooled and included
9734 participants with T2DM, 65.6% of whom had baseline
CVD. The participants were randomized to canagliflozin vs.
placebo. The composite results showed superiority of the
canagliflozin group in CVD mortality, non-fatal MI, or non-
fatal stroke. The canagliflozin group had non-significant less
death from any cause or death from CVD, fewer hospitaliza-
tions for heart failure, and progression of albuminuria. There
was an increased risk of amputation of the toes, feet, or legs
(71% of the affected participants had their highest amputation
at the level of toes or metatarsal) in the canagliflozin group,
and increase in the risk of infection of male genitalia and
mycotic genital infection in women [43].

The Dapagliflozin Effect on Cardiovascular Events—
Thrombolysis in Myocardial Infarction (DECLARE-TIMI)
58 was published in 2019 [44]. It was a multi-national, ran-
domized, double-blind trial, designed to evaluate the CVD
safety profile of dapagliflozin. The trial randomized 17,150
participants with T2DM and either CVD or at CVD risk to
receive dapagliflozin vs. placebo and followed them for a
median of 4.5 years. CVD-related mortality and heart failure
hospitalization improved in the dapagliflozin group. However,
genital infections were increased in the dapagliflozin group
[44]. Collectively, these three trials suggest that the SGLT2
inhibitors have a positive effect on CVD outcomes in patients
with T2DM.

Another group of anti-diabetic agents that have been shown
to have potential CVD benefits are the glucagon-like peptide-
1 receptor agonists (GLP-1 RA). The FDA has approved
twice-daily injections of exenatide, once-daily injections of
liraglutide and lixisenatide, and once-weekly injections of
dulaglutide, semaglutide, and exenatide. First oral form of
GLP-RA semaglutide was approved in September 2019.
There have been several major clinical trials evaluating their
effect on CVD outcomes, with two of them showing superi-
ority and two non-inferiority. The primary outcome for all of
them was the composite of first occurrence of death from
CVD causes, non-fatal MI, or non-fatal stroke.

The Evaluation of Lixisenatide in Acute Coronary
Syndrome (ELIXA) trial studied 6068 participants with
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T2DM and a recent history of an acute coronary event (within
180 days prior to enrollment) along with hospitalization for un-
stable angina. Participants were followed for a median of
25 months. The lixisenatide treatment group showed non inferi-
ority for the primary outcome but failed to show superiority [45].

The Liraglutide Effect and Action in Diabetes: Evaluation
of Cardiovascular Outcome Results (LEADER) trial was pub-
lished in 2016 [46]. It included 9340 participants. 81.3% had
established CVD. They had a median follow-up of 3.8 years.
The liraglutide group had less CVD events and lower all-
cause mortality and nephropathy. The study showed increased
risk for acute cholecystitis but not acute pancreatitis [46].

The trial to Evaluate Cardiovascular and Other Long term
outcomes with Semaglutide in Subjects with T2DM
(SUSTAIN-6) was published in 2016. This trial enrolled
3297 participants and 83% had CVD. They underwent ran-
domization to semaglutide or placebo. The primary CVD out-
come and incidence of non-fatal strokes was lower in the
semaglutide group. There was however no significant differ-
ence in frequency of nonfatal MI or CV-related death [47].

The Peptide Innovation for Early Diabetes Treatment
(PIONEER) 6 was a double-blind, placebo-controlled cardio-
vascular outcomes trial for oral semaglutide. This evaluated
the cardiovascular safety of oral semaglutide vs placebo when
added to standard of care in 3183 people with T2DM at high
risk of cardiovascular events. After a median follow-up of
16 months, the study showed that the first occurrence of pri-
mary outcome (cardiovascular death, non-fatal myocardial in-
farction, or non-fatal stroke) was significantly lower with the
semaglutide group. All-cause mortality was lower and weight
reduction was greater with the semalutide group. This trial
showed that semiglutide is not inferior to placebo [48].

The Exenatide Study of Cardiovascular Event Lowering
(EXSCEL) Study Group evaluated exenatide in 14,752 par-
ticipants, of whom 73.1% had pre-existing CVD. The study,
published in 2017, showed no inferiority or superiority to
placebo [49].

Three of the dipeptidyl peptidase 4 (DPP-4) inhibitors
have been studied for CVD safety; while none showed su-
periority, they did show non-inferiority. The saxagliptin
study showed increased risk of heart failure hospitalization,
but the two consecutive studies with alogliptin and
sitagliptin did not show this risk. The Saxagliptin
Assessment of Vascular Outcomes Recorded in Patients
with Diabetes Mellitus (SAVOR)-Thrombolysis in
Myocardial Infarction (TIMI) 53, published in 2013, ran-
domized 16,492 participants with T2DM and increased risk
for CVD events to receive saxagliptin or placebo in addition
to standard care [50]. The primary endpoint was the same as
the GLP-1 agonist trials, the secondary endpoints were (1)
composite primary endpoint plus hospitalization for heart
failure, coronary revascularization, or unstable angina; (2)
death from any cause; and (3) CVD-related death. It showed
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non-inferiority of saxagliptin (P <0.001), but increased
heart failure hospitalization by 2.5% [50, 51e°].

Another trial, the Examination of Cardiovascular
Outcomes with Alogliptin vs Standard of Care (EXAMINE),
was published in 2013 [S1ee, 52]. This trial evaluated 5380
participants with T2DM and a history of MI or unstable angi-
na requiring hospitalization within 15-90 days prior to the
enrollment. Participants were randomized to alogliptin or pla-
cebo and followed for 40 months. The primary end point was
composite major cardiovascular adverse events (MACE); the
secondary outcomes were all-cause mortality, death from
CVD and with post hoc analysis heart failure hospitalizations.
Alogliptin showed non-inferiority with no statically signifi-
cant difference in adverse events or other outcomes [51¢e, 52].

In the Trial Evaluating Cardiovascular Outcomes with
Sitagliptin (TECOS), 14,671 participants with T2DM with a
history of major CAD, ischemic stroke, or atherosclerotic pe-
ripheral arterial disease were randomized to receive sitagliptin
or placebo (on top of the existing treatment) [S3]. The primary
outcome composite was as for EXAMINE plus hospitaliza-
tion for unstable angina. Secondary outcomes were the same
as above. Sitagliptin was non-inferior to placebo for primary
cardiovascular outcome [53]. Thus, these trials indicate that
DPP-4 inhibitors are safe but do not lessen CVD events,

Dyslipidemia Management in Diabetes

American Diabetes Association (ADA) guidelines emphasize
that lifestyle modification is the first step in managing diabetes
and its complications. Dyslipidemia is a well-known risk fac-
tor for CVD, especially in patients with diabetes; therefore,
screening for it is recommended at the time of diagnosis and
every 5 years in patients younger than 40 years of age, or more
often with longstanding disease and in patients receiving lipid-
lowering medications. In this regard, it is recommended that
LDL levels be rechecked 1-3 months after starting medica-
tion, either changing the dose or adding another agent after
evaluating medication adherence [54]. Statins are recom-
mended for primary prevention of CVD in patients with dia-
betes who are older than 40 years of age as diabetes is major
CVD risk factor in the 10-year atherosclerotic cardiovascular
disease risk calculator. For patients younger than 40 years of
age with CVD or significant risk factors for CVD, use of high-
intensity statin treatment should be considered. In patients
older than 40 years without risk factors, moderate-intensity
statin should be considered. It is recommended that any pa-
tient with diabetes over the age of 40 years with >20% CVD
risk should be treated with high-intensity statin therapy. In
case of statin intolerance, the maximally tolerated dose of
statin or an alternative lipid lowering agent should be used.
If LDL goals are not met with the use of statins, ezetimibe, or
Proprotein convertase subtilisin/kexin type 9 (PCSK 9), inhib-
itors should be added [54].
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There have been several trials designed to assess dyslipidemia
management in patients with diabetes and CVD risk. Primary
prevention of cardiovascular disease with atorvastatin in T2DM
in the Collaborative Atorvastatin Diabetes Study (CARDS) was
published in 2004. It was a multicenter randomized placebo-
controlled trial with a goal to assess the benefits of using 10 mg
of atorvastatin daily in primary prevention of MI, stroke, or
MACE in participants with T2DM but without what was consid-
ered high LDL levels. Accordingly, 2838 participants were
followed for a median of 3.9 years, and the study was terminated
2 years earlier than expected as it met the pre-specified early stop-
ping rule for efficacy. Atorvastatin reduced CVD by 37% and
death rate by 27% without an excess of adverse effects [55].

A trial to evaluate intensive vs. moderate lipid lowering
with statins after acute coronary syndromes, The Pravastatin
or Atorvastatin Evaluation and—Therapy—Thrombolysis in
Myocardial Infarction 22 (PROVE IT-TIMI 22) trial was
published in 2004. This involved 1462 participants with prior
hospitalization for acute coronary syndrome within 10 days of
enrollment. Participants were assigned to receive 40 mg of
pravastatin daily or 80 mg of atorvastatin daily (intensive ther-
apy), and followed for a mean of 24 month. The primary
endpoint was a composite of death from any cause, MI, doc-
umented unstable angina requiring re-hospitalization, revas-
cularization (performed at least 30 days after randomization),
and stroke. Study results showed more reduction in LDL level
in the atorvastatin group and also showed superiority of this
intensive statin therapy [56].

In 2010, the ACCORD lipid investigators studied the ben-
efits of adding fibrate to statins in reducing CVD endpoint in
participants with T2DM who were at risk of CVD.
Accordingly, 5518 simvastatin-treated participants were ran-
domized to receive fenofibrate or placebo. The primary out-
come was the first occurrence of non-fatal MI, non-fatal
stroke, or death from CVD with a mean follow-up of4.7 years.
In this milestone study, there was no statistically significant
benefit of adding fenofibrate to statins [57].

The benefit of adding ezetimibe, which works by decreas-
ing intestinal cholesterol absorption, was evaluated in the
IMPROVE IT trail (Ezetimibe Added to Statin Therapy after
Acute Coronary Syndromes) [58]. It was a double-blind RCT
involving 18,144 participants with acute coronary syndrome
requiring hospitalization within the preceding 10 days. The
subjects had LDL cholesterol levels of 50 to 100 mg/dL on
lipid-lowering therapy or 50 to 125 mg/dL if they were not
receiving lipid-lowering therapy. The combination of simva-
statin (40 mg) and ezetimibe (10 mg) was compared with
simvastatin (40 mg) and placebo. The primary endpoint was
a composite of CVD deaths, non-fatal MI requiring re-hospi-
talization, coronary revascularization (> 30 days after random-
ization), or non-fatal stroke. Follow-up was 6 years. The
simvastatin-ezetimibe group showed superiority for reduction
of endpoints in conjunction with more LDL reduction [58].

PCSKO9 increases LDL-receptor degradation. PCSK9
Inhibitors reduce degradation of LDL receptors and increase
hepatic uptake of LDL causing significant LDL reduction.
There are currently two FDA-approved medications in this
group, alirocumab and evolocumab. They were approved in
2015 in addition to diet and maximally tolerated statins to treat
homozygous and heterozygous familial hypercholesterol-
emia. They lower the risk of MACE and MI as well as the
need for revascularization, and should be used to achieve
lipid-lowering goals that cannot be achieved with statins in
patients with diabetes [59¢].

In 2018, a sub-analysis of current studies to evaluate the
impact of PCSK9 inhibitors on managing dyslipidemia in pa-
tients with diabetes and high CVD risk was published. This
was based on the Evolocumab and Clinical Outcomes in
Patients with Cardiovascular Disease (FOURIER) trial. This
trial followed a total of 27,564 participants, 11,031 with dia-
betes, 10,344 with pre-diabetes, and the rest without glycemic
abnormalities. The trial demonstrated that treatment with
evolocumab resulted in a 57% reduction in LDL levels in
participants with and without diabetes, with CVD risk preven-
tion being more pronounced in those with diabetes (greater
absolute risk reduction) compared to those without diabetes
(2.7% vs 1.6% respectively) over 3 years [60—62].

Hypertension

Hypertension in patients with both type 1 and type 2 diabetes
poses a significant risk for micro- and macro-vascular compli-
cations. Furthermore, over 50% of patients with diabetes have
hypertension [63]. Hypertension is associated with arterial
dysfunction which can lead to impaired NO-mediated vasodi-
lator capacity. Activation of the RAAS and sympathetic ner-
vous activity increases in oxidative stress and tissue inflam-
mation can lead to progression of arterial stiffening, hyperten-
sion, and associated CVD [64].

Lifestyle intervention with weight loss, decreased alcohol
consumption, and increase in activity is recommended as the
initial approach for individuals with blood pressure > 120/
80 mmHg and is included in the treatment algorithm outlined
by the ADA [54]. RAAS blockade using angiotensin-
converting enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARBs) remains the first-line medical therapy for
hypertension in patients with diabetes and/or albuminuria, as
activation of the RAAS is considered to be a primary patho-
logical process leading to a vicious cycle of hypertension and
renal failure in diabetes. Dihydropyridine calcium channel
blockers, and diuretics, especially indapamide and
chlorthalidone, can be added to ACE inhibitors or ARBs if
more than one drug is needed. Beta blockers and mineralocor-
ticoid receptor antagonists are reserved for patients with car-
diomyopathy, ischemic heart disease, or resistant
hypertension.

@ Springer



161  Page 8 of 13

Curr Diab Rep (2019) 19:161

There has seen significant debate over defining targets for
blood pressure (BP) in patients with diabetes. The more con-
servative 8th Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure
recommended a systolic BP of <140 mm Hg. There have
been several clinical trials investigating intensive vs. moderate
blood pressure control which have resulted in informative data
[65]. For example, the ACCORD-Blood Pressure (ACCORD-
BP) trial included 4733 participants to test the cardiovascular
benefits of lower systolic BP targets. Participants were ran-
domized into an intensive BP group with a goal systolic BP of
< 120 mmHg (average 119.3 mmHg) or a standard BP group
with a goal systolic blood pressure of < 140 mmHg (average
133.5 mmHg). After 4.9 years, there was no significant dif-
ference in CVD outcomes (P = 0.20). The incidence of stroke
was lower in the intensive group, but the risk of renal injury
and hypokalemia were higher [66]. The ACCORD follow-on
study (ACCORDION) then assessed the randomized groups
of the ACCORD study for long-term effects of intensive ver-
sus standard blood pressure control. Over a follow-up period
of 8.8 years among the 3957 participants (87% of living par-
ticipants at the end of the ACCORD trial), there was no dif-
ference in the cardiovascular mortality among both groups,
and the stroke benefit was no longer seen as the difference
in blood pressure waned [67]. This contrasts to the results of
the Systolic Pressure Interventional (SPRINT) trial [68].
Among 9361 participants who were randomized into <
120 mmHg intensive systolic BP treatment group vs. <
140 mmHg standard systolic BP treatment group, a significant
decrease in the fatal and non-fatal cardiovascular events were
noted in the < 120/80 mmHg arm. The SPRINT trial did not
include patients with diabetes, leaving the controversy regard-
ing appropriate systolic blood pressure targets in this popula-
tion open. A post hoc analysis in ACCORD and a meta-
analysis suggest that a systolic blood pressure target of <
130 mmHg may be more appropriate in the diabetic popula-
tion [69, 70e, 71]. A study of 3159 diabetic non-hypertensive
patients from a large Chinese cohort of 101,510 individuals
showed that having a BP < 120/80 or a decline in BP to less
than 120/80 was associated with increased all-cause mortality,
whereas development of hypertension with a BP over 140/90
increased the risk of cardiovascular events [72]. The more
recent ADVANCE trial that studied 10,948 participants over
4.5 years using Cox models showed that perindopril-
indapamide reduced mortality and major vascular events com-
pared to placebo, regardless of baseline systolic BP (evaluated
down to <120 mm Hg), diastolic BP (evaluated down to
<70 mm Hg), or whether the 10-year CVD risk was >20%
or < 20% [73+]. These data indicate that patients with diabetes
would gain cardiovascular benefit with a blood pressure
somewhere between 120 and 135 mmHg, while a blood pres-
sure of < 120 mmHg may be beneficial in patients at risk of
stroke [70¢]. As per ADA guidelines for individuals with

@ Springer

diabetes and hypertension with ASCVD or a 10-year
ASCVD risk >15%, a blood pressure target of <130/
80 mmHg may be appropriate, if it can be safely attained.
For individuals with 10-year atherosclerotic cardiovascular
disease (ASCVD), risk < 15% treatment to a blood pressure
target of < 140/90 mmHg is recommended [54].

Diabetic Nephropathy

Poor glycemic control leads to diabetic kidney disease which,
in turn, can worsen hypertension, heart failure and increase
CVD mortality. The ADVANCE ON trial showed that inten-
sive glucose control reduced the risk of progression to end-
stage renal disease even after 9.9 years of post-trial follow-up
[75]. Inhibition of RAAS, along with good glucose and BP
control, is key in slowing down the progression of diabetic
kidney disease to end-stage renal disease. Given the effective-
ness of ACE inhibitors or ARBs, the combination therapy of
these agents was also explored, but unfortunately the adverse
events of hyperkalemia and renal dysfunction limit this ap-
proach [75].

Newer agents like SGLT2 inhibitors have gained particular
interest with their novel mechanism of action and beneficial
effects on albuminuria [76¢]. Large-scale clinical trials with
GLP-1 RA, SGLT-2 inhibitors, and DPP4 inhibitors and their
effects on BP and kidney disease are summarized in Table 1.

Antiplatelet Therapy

Antiplatelet agents like aspirin block platelet aggregation and
prevent the progression of atherosclerotic plaques. Meta-
analysis of data published over 20 years has shown the benefit
of aspirin in the secondary prevention of acute coronary dis-
ease and stroke [78¢]. However, the use of aspirin for primary
prevention of major vascular events remained controversial,
as the net benefit was outweighed by risk of bleeding events.
The ASCEND trial (effects of aspirin for primary prevention
in persons with diabetes mellitus) focused on the use of aspirin
for primary prevention of CVD in diabetes. This was a large
RCT where 15,480 individuals with diabetes were random-
ized to receive 100 mg aspirin daily and placebo and followed
through a mean duration of 7.4 years. There was a 12% lower
risk of major CVD events (M1, stroke, and transient ischemic
episodes) but a 29% higher risk of major bleeding (intracrani-
al, gastrointestinal, ophthalmic, etc.) in the aspirin group com-
pared to the placebo group [78].

The use of aspirin for primary prevention in patients with-
out diabetes was studied in two other large RCTs, ARRIVE
(Aspirin to Reduce Risk of Initial Vascular Events) and
ASPREE (Aspirin in Reducing Events in the Elderly) in the
elderly [79, 80]. ARRIVE, with 12,546 participants over a
period of 60 months follow-up, showed no difference in the
incidence of adverse events (P=0.6) but an increase in the



Page 9 of 13 161

(2019) 19:161

Curr Diab Rep

[LL] (sso1d Aystoatu) pIoyxQ jo uorsstutad £q ‘szoAdu/yle/c601°01/310710p//:dNy *176—ST6:(S)TE €T 1dv 8107 "suopadAH [ ury ‘e 10 ( emSueys] woy paydepy)
d[qeordde jou y/x ‘oner sprezey yi

(9L°0-8%°0) (8T1—-9190-) (L€ ELT) (1-19°0) 8L°0
9°0 Jouadng S6'0— €e— JUBDLIUTIS JON 97 10t uIZo3ue) HONAATID
(10'1-88°0)
V/N V/N V/N 86°() JOLIJUI-UON 0°¢ 1L9Y1 undr3ens SOD4L
(1000> d)
V/N V/N V/N 96°() JOLIQJUI-UON Sl 08€S undy3ory ANINVXH
(TI'1-68°0)
V/N VN VN 0’1 JoLyuI-UON 1 691 undrgexeg INIL-4OAVS
Loo=4a)
JuBdYIUTIS (€0-0¢1-) (LT 1-68°0)
10N 0 80— 20" J0LIJUI-UON 1T 8909 SPIRUASIXI] VXITd
(L¥'0 91 $0°0) AT1-926T-) (1-€8°0)
V/N STO+ LST— 16°0 JOLIJUI-UON] a3 WL apyeusxXy TASOXA
(1000> 9T~
asop Swr | 10
(88°0-9%°0) T0=d) €1- ($6-85°0)
£9°( JoLadng 0 asop 3w §() 104 () JOLIJUI-UON 1T L6TE apnn|gewag INIVLSNS
(160-9°0) (S0-06T-) (€6'0-99°0)
L0 Jo1adng 0 Tl- ¥8L°( Jouadng 8¢ 0r€6 apnn|genry yAavAa1
UdAIS 10U YH UQAIS 10U YH
—0 11— W\Sonm _
(L'0-€50) :es0p Sw ¢ :as0p S 67 (66°0—+L°0)
19°0 Jouadng pue 3w (] |oq 104 pue Sw (] Yoq 104 98°() JoLadng '€ 8T0L uizofyySedwy HNODLNO DHI-VANT
(LL'O-LY0) UTT-9T19T-) (9§'¢—01 gy —) (L6'0-SL°0)
9°0 Jouadng 6€1 — €6°¢— 98°() Jotadng Sl ST16 uZof[deue) SVANVD
(1D %56) ¥H (1D %56) anfeA J/(1D %56)
Jrjouaq SHww ur 93ueyd SHww ur oFueyd anfea J/(1D %S6) IH (uerpour)
EEOM d4d oﬁoumm% UBIIN dd omoum%m UBIN m::moh AD to?o:& SIedN N.LH _.EB N ﬁotmowvoz EE.H

sjuage J1uaoA[30dAY Jomau JO J1JoUSq [BUAI PUB JB[NISBAOIPILI AU} UO SIIPNS 9[BIS-031e] JO S)NSAY | d|qel

pringer

Qs


https://doi.org/10.1093/ajh/hpy025

161  Page 10 of 13

Curr Diab Rep (2019) 19:161

incidence of bleeding (P =0.0007) in the aspirin group com-
pared to placebo. In the ASPREE trial, with 19,114 persons
over a median of 4.7 years of follow-up, the rates of all-cause
mortality per 1000 person-years were 12.7 in the aspirin arm
vs. 11.1 in the placebo arm (HR 1.14; 95% CI11.01-1.29). The
rate of major hemorrhage per 1000 person-years was 8.6
events vs. 6.2, respectively (HR 1.38; 95% CI 1.18-1.62;
P<0.001).

Based on current evidence, aspirin appears to be beneficial
for secondary prevention of ASCVD in patients with diabetes,
but the risk of major bleeding limits the use of aspirin as
primary prevention. The 2019 ADA standards of care in dia-
betes suggest that for adults with ASCVD risk of > 1% per
year, the use of aspirin may be considered, with the caveat that
the number of ASCVD events prevented will be similar to the
number of episodes of bleeding induced, although these com-
plications do not have equal effects on long-term health [54].

Future Trends

In this rapidly evolving age of technology, diabetes manage-
ment has witnessed the development of high-technology so-
lutions including use of continuous glucose monitoring which
helps maintain glycemic control and increases the time in
target range. The DIAMOND study showed that in adults with
T1DM who used multiple daily insulin injections, the use of
continuous glucose monitoring compared with usual care re-
sulted in significant less time with Glucose level below 70 mg/
dl and a greater decrease in HbAlc [82]. .The VADT trial
showed that longitudinal variation in fasting glucose was as-
sociated with all-cause mortality independent of other risk
factors [83].

In addition, bariatric surgery has shown favorable out-
comes in diabetes management and treatment of the obesity
epidemic, thereby addressing key risk factors for CVD.

The trend of conducting large RCTs examining the cardio-
vascular benefit of every new anti-glycemic agent may help
address ASCVD risk from the very beginning of diabetes
management and assist in tailoring evidence based individu-
alized treatment plans for patients with diabetes.

Conclusion

Diabetes mellitus is a chronic disease with serious life-
threatening complications. CVD remains the commonest
cause of mortality and morbidity. Uncontrolled diabetes, hy-
pertension, dyslipidemia, and obesity are some of the key
predisposing risk factors in the development of CVD. Risk
factor modification is a critical part of management. Long-
term follow-up of DCCT and UKPDS showed that initial tight
glycemic control is associated with lower cardiovascular risk
in later life, though the VADT trial was not able to confirm this
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legacy effect. The mechanism of accelerated atherosclerosis
associated with diabetes is poorly understood, though it has
been suggested that epigenetics may play a role in this pro-
cess. Landmark trials have shown the importance of lipid-
lowering therapy, anti-hypertensive, and glucose-lowering
agents in reducing cardiovascular risk. Recent trials showing
cardiovascular benefit of newer anti-diabetic agents have
changed diabetes treatment algorithms. The need exists for
safer antiplatelet drugs. Aggressive management of modifi-
able risk factors is associated with improvement in cardiovas-
cular outcomes. Management of CVD in patients with diabe-
tes requires multidisciplinary groups of health care providers
including primary care providers, endocrinologists, cardiolo-
gists, dieticians, diabetic educators, etc. More research is
needed to better understand the relationship between diabetes
and CVD.
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