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Introduction

Atherosclerotic cardiovascular disease (ASCVD) and its
complications [i.e. heart attacks, strokes, peripheral
arterial disease, chronic kidney disease (CKD), and heart
failure (HF)] are the key causes of morbidity and mor-
tality in patients with type 2 diabetes mellitus (T2ZDM)
[1]. Cardiodiabetology focuses on both the science and
the clinical management strategies aimed to reduce the
associated risks and treat the cardiovascular con-
sequences in patients with diabetes. Cardiodiabetology
emphasizes a close collaboration between not only the
clinical endocrinologist-diabetologist and cardiologist,
but encompasses multidisciplinary diabetes treatment
experts, including nephrologists, exercise physiologists,
nutrition experts, podiatrists, cardio-thoracic and other
vascular surgeons, primary care physicians, as well as the
scientists involved in studying the connection between
diabetes and ASCVD. In this very brief commentary, it is
suggested that an interactive cardiodiabetology colla-
boration, focusing on both scientific discoveries and
clinical management strategies, can ultimately reduce
risks, in the primary prevention, or delay, of chronic
complications, or optimally treat the ASCVD con-
sequences, to, ultimately, improve patient outcomes,
quality of life, and longevity in persons with diabetes.

Rationale for cardiodiabetology

About one-third of cardiovascular patients already have
T2DM, and about another third have either newly
diagnosed T2DM or are prediabetic defined by the
presence of dysglycemia (i.e. impaired glucose tolerance
or impaired fasting glucose) [2], with many other char-
acteristics of the insulin resistance (metabolic) syndrome
[i.e. hypertension (HTN), abdominal obesity, dyslipide-
mia] that further increase cardiovascular risks. Of the
remaining third, many of those may have the insulin
resistance (metabolic) syndrome, but not yet the dys-
glycemia. Therefore, it is critical, in the primary pre-
vention setting, but especially in the secondary
prevention sectting, where decisions become much
more complex, that cardiologists and endocrinologists
collaborate along with other providers in managing
patients with prediabetes and diabetes. Cardiologists
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must become accustomed to decisions made by the
endocrinologist/diabetologist and/or take greater respon-
sibility for the management of prediabetes and diabetes.
It is important to understand that old and new therapies
for glucose, cholesterol, and blood pressure (BP) control
may have to be mutually coordinated for safety and
efficacy (e.g. maximal reduction of cardiovascular out-
comes), guided by information gleaned from clinical
trial results. Furthermore, endocrinologists/diabetologists
need be aware of the likelihood of subclinical, or clinical,
ASCVD in these patients with T2DM and work together
to reduce the risk of the first, or subsequent, clinical
outcome(s), respectively.

Key to cardiodiabetology is a focus on a multidisciplinary
approach to ensure that the numerous ‘global’ ASCVD
risk factors, often present in those with prediabetes and
T2DM, be addressed adequately. It is not well appre-
ciated that relatively few patients with diagnosed T2DM,
even in the USA, despite its sophisticated healthcare
systems, achieve guideline-directed goals for the major
conventional cardiovascular risk factors, especially lipids,
BP, blood glucose, and weight, which, when inade-
quately controlled, can lead to significant ASCVD resi-
dual risk. A report from the US National Health and
Nutrition Examination Survey data shows that although
~50% of patients with T2DM may achieve targets for
glycated hemoglobin (HbAlc), BP, or low-density
lipoprotein-cholesterol (LDL-C), the likelihood that all
three risk factors together are at target is only 25%. This
report also showed only 10% of diabetics have a normal
BMI below 25 kg/m? and only 4% achieved all four tar-
geted goals [3]. The STENO-2 trial showed that con-
trolling multiple modifiable cardiovascular risk factor
measures can reduce CVD outcomes by nearly 60%,
along with significant reductions in total and cardiovas-
cular mortality [4], and more recently, at 21 years of
follow-up, a nearly 8-year greater life expectancy was
found [5]. Recently, Wong e a/. [6] showed among a
pooling of T2DM patients from three major prospective
epidemiologic studies (MESA, ARIC, and Jackson) that
those patients with diabetes achieving all three
guideline-based goals for HbAlc, LDL-C, and BP had
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60% lower CVD event risks compared with those who
achieved none of those goals.

Barriers to goal attainment

There are numerous barriers that keep many of our
T2DM patients from achieving targeted goals. Far from a
comprehensive look at the barriers issue, two issues stand
out in a discussion of cardiodiabetology collaboration.
One includes a perceived lack of unifying recommen-
dations among stakeholder organizations on the actual
goals and the methods for their achievement and even
the perceived necessity of achieving those goals. A sec-
ond issue pertains to the many available numbers and
classes/types of pharmaceutical agents to control lipids,
BP, blood glucose, and weight, complicated by the
complexity of deciding which are the most appropriate
choice(s) for a given patient. In this respect, these deci-
sions become particularly difficult, in more complicated
patients, who often have additional comorbidities (i.e.
CKD, heart failure, liver abnormalities) that often limit
the choice(s) or dose(s) of many agents, within multiple
classes, that may be required for control of modi-

fiable risks.

Targeting hyperglycemia for reduction of
atherosclerotic cardiovascular disease

The association of hyperglycemia with microvascular
complications [i.e. retinopathy, neuropathy, nephropathy
(CKD)] and with ASCVD events has been shown in
many epidemiologic studies. Randomized clinical trials
have clearly reported that reducing hyperglycemia
reduces onset and progression of microvascular disease.
However, although the multifactorial role of hypergly-
cemia, in unfavorably modifying the atherosclerotic
environment, has been recognized for decades, large
randomized clinical trials, historically, have failed to show
that glycemic control reduces ASCVD events sig-
nificantly. As with lipid-lowering trials, statistically sig-
nificant  ASCVD risk reduction has depended on
achieving between-group atherogenic cholesterol differ-
ences and negative trials are often a ‘design issue’ or ‘in-
trial mishap’ such as a drug-drop out or placebo-drop-in
issue. Compared with lipid-lowering trials, very few stu-
dies have been carried out to adequately assess the
effects of glycemia on ASCVD and none of the large trials
had an adequate between-group Al1C difference
(0.9-1.8%), perhaps an ethically driven design decision.
In only one very small (n=110) successful trial of lean
patients with T2DM [7], Kumamoto study, was there
likely an adequate (2.3%) A1C between-group difference
and relative risk reductions of macrovascular complica-
tions and diabetes-related death by 54% (2-78%) and
81% (28-95%), respectively. Although falling short of the
desired evidence-based medicine requirements, post-hoc
analyses of the large studies, however, do support an
~14-16% risk reduction in ASCVD events for each 1%
reduction of A1C. Furthermore, a legacy or a memory

effect has been noted, similar to that observed long after
the completion of monotherapy trials with lipid-lowering
agents (i.c. niacin, fibrate, statins), suggesting that early
treatment can lead to long-term positive effects.

Searching for special properties beyond
glycemic control

Metformin showed a hint of special cardiovascular risk-
reduction properties, beyond glucose control, in a very
small group of obese participants, in the UK Prospective
Diabetes Study [8], relative to conventional therapy, that
is, initially diet only, and intensive therapy with insulin or
sulfonylurea; this effect was attributed, at that time, to a
proposed modest reduction in insulin resistance, likely a
nominal effect, or inhibition of advanced glycation end-
products formation. Although metformin is considered
extremely safe and is the first-line agent of choice,
recommended by global guidelines, its use becomes
more complex in the settings of progressive CKD, heart
failure, or chronic atrial fibrillation. In a multicenter,
RCT, patients (n=1364) with IGT who received the
alpha-glucosidase inhibitor, acarbose, had a 49% RRR in
the development of CV events, and a 91% RRR in MI
compared to controls, suggesting that targeting post-
prandial hyperglycemia has ASCVD benefit [9]. To meet
FDA requirements for post-marketing CV analysis of
new diabetes, in the Cycloset Safety Trial in T2DM
patients (n=3095) the quick-release dopamine D2
receptor agonist, bromocriptine-QR, versus placebo, at 52
weeks, had a significant 40% risk reduction in a compo-
sitc CVD end-point, and 39% and 52% relative risk
reductions in the CV death-inclusive composite cardio-
vascular and MACE end points suggesting that targeting
hypothalamic aberrations that precipitate multiple paral-
lel pathophysiological, i.e., ‘central’ insulin resistance,
events known to potentiate CV disease [10].

Targeting insulin resistance (metabolic) syndrome is vital
because of its higher prevalence in prediabetes, diabetes,
and ASCVD. The thiazolidinedione class of glucose-
lowering agents, including rosiglitazone and pioglitazone,
significantly reduces insulin resistance and has f-cell
preservation properties. The Prospective Pioglitazone
Clinical Trial in Macrovascular Events (PROactive), a
secondary prevention, moderately sized (#=5238) trial
[11] utilizing pioglitazone in high-risk patients, was event
driven and completed after 3 years. Although the primary
endpoint showed a positive effect trend, it failed to reach
statistical significance and was, therefore, considered a
negative trial. However, a secondary major adverse car-
diovascular events endpoint that included nonfatal
myocardial infarction (MI), stroke, and all-cause death
did show a statistically significant 16% decrease, as well
as an impressive subgroup analysis showing a 47% risk
reduction for recurrent stroke. These benefits occurred in
the absence of significant between-group blood glucose
differences, consistent with the concept that special
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properties beyond glycemic control, such as insulin sen-
sitization, likely explained the benefits. On the basis of
the results of those analyses, pioglitazone was added to
the 2008 European Stroke Organization [12] recom-
mended agents for secondary stroke prevention in
patients with T2DM who do not need insulin (class III,
level B). Pioglitazone also showed benefit in the Carotid
Intima—Media tHICkness in Atherosclerosis using
pioGlitazOne (CHICAGO) [13] and Pioglitazone Effect
on Regression of Intravascular Sonographic Coronary
Obstruction Prospective Evaluation (PERISCOPE) stu-
dies [14], where it was shown to reduce carotid intimal
medial thickness and coronary plaque atheroma volume,
respectively. In the Insulin Resistance Intervention after
Stroke (IRIS) trial [15], 3876 patients with insulin resis-
tance and recent ischemic stroke or TTA receiving pio-
glitazone (target dose, 45 mg daily) or placebo, by 4.8
years, had a 24% reduction (P=0.007) in the primary
outcome, (fatal or nonfatal stroke or myocardial infarc-
tion), 52% reduction. Clinicians are often faced with the
challenge of deciding in whom and when to use thiazo-
lidinediones as these agents are known to have potential
side effects such as subcutaneous fat weight gain, despite
visceral fat loss, and heart failure, in susceptible patients,
that is, with pre-existing ventricular dysfunction. In
addition, an increased risk of distal limb bone fractures
has been documented.

Importantly, over the past 15 months, several outcome
trials of two more classes of antihyperglycemic agents
have shown reduced cardiovascular outcomes in patients
with T2DM beyond glucose control. In the EMPA-REG
trial [16], the sodium glucose transporter-2 inhibitor,
empagliflozin, significantly reduced the primary outcome
of nonfatal MI, or nonfatal stroke and death from CV
causes by 14%. There were no significant between-group
differences in the rates of MI or stroke, but significantly
lower rates of death from CV causes by 38%.
Furthermore, there were significant risk reduction for
hospitalization for heart failure (35%), and death from any
cause (32%). The benefits of empagliflozin are likely
multifactorial. Empagliflozin is also the first glucose-
lowering drug now FDA-indicated to “reduce the risk of
cardiovascular death in adults with type 2 diabetes mel-
litus and established cardiovascular disease”. Other
sodium glucose transporter-2 inhibitor cardiovascular
trials, CANVAS with canagliflozin (4#ps://clinicaltrials.gov/
2/show/NCT01032629), DECLARE with dapagliflozin
(htzps:ffclinicaltrials. govlct2/show/NCT01730534), and VERTIS
CV with ertugliflozin (4ztps.//clinicaltrials.gov/ctZ[show/NCT
01986881), are underway to evaluate the potential for a
class effect.

In the ELIXA trial [17], the glucagon-like peptide-1
receptor antagonist (GLP-1RA), lixisenatide, a derivative
of exenatide, showed neither benefit nor harm for major
adverse cardiovascular events during a relatively short
median follow-up duration of 25 months. Exenatide and
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its derivative have a 50% homology to human GLP-1.
However, more recently, the LEADER [18] trial, after
3.8 years of median follow-up, showed a significant 13%
reduction in the composite cardiovascular events (cardi-
ovascular death, nonfatal MI, and stroke) and a reduction
of cardiovascular mortality with the GLP-1RA, liraglu-
tide, that has nearly 100% homology to human GLP-1. In
the short SUSTAIN-6 trial [19], the use of semaglutide
reduced a composite of cardiovascular events by 23%.
Trials with the first oral GLP-1RA, oral semaglutide, are
just underway. Other ongoing GLP-1RA cardiovascular
trials, EXSCEL with exenatide once weekly (4#ps./[oww.
clinicaltrials.goofct2/show/NCT01144338), and REWIND
with dulaglutide (4#2ps://clinicaltrials.gov/ct2/show/NCTO013
94952), are due to report in 2018 and 2019. These trials
will hopefully clarify the mechanisms for the positive
cardiovascular benefits and determine whether or not
they are unique or the result of a class effect.

Other risk factor management to reduce
atherosclerotic cardiovascular disease risks
Addressing HTN management may also be considered
complex, by many clinicians, because of the varied opi-
nions among organizations making recommendations, in
both the primary and the secondary prevention settings.
The American Society of Hypertension has enhanced the
level of education of healthcare providers with state-of-
the-art scientific principles and evidence-based clinical
practice to prevent ASCVD (coronary heart disease,
stroke) (A#tp:/fwww.ash-us.org/). Organizations, such as
Kidney Disease: Improving Global Outcomes [20] and
the National Kidney Foundation (4#2ps./fwww.kidney.orgl),
address its guidelines toward the prevention and man-
agement of CKD, where the metabolic syndrome (i.e.
H'TN) as well as lipid abnormalities, progressively wor-
sen with progression of CKD and/or proteinuria [21].

The issues related to dyslipidemia management are
becoming increasingly more complex, and barriers to
adequate control also exist, possibly also fueled by a
perceived lack of harmony among global organizations
making recommendations. Many of the recommenda-
tions are more alike than different, but there is also
increasing complexity and opinions in terms of approa-
ches, even though all agree on first-line maximally tol-
erated statin use. The sources of controversies are related
to goals of therapy, the inadequacy of statins among many
patients, and the role of nonstatins for LDL-C lowering;
that is, ezetimibe, bile acid sequestrants, niacin, and
newer agents such as mipomersen, lomitapide, and
PCSK9 inhibitors, as well as the need, in hyper-
triglyceride states, for triglyceride-lowering agents — that
is omega-3 fatty acid, fibrates, and niacin. The National
Lipid Association (h#ps:/foww.lipid.org/) serves as a
training ground with several educational opportunities
and increasing numbers of clinicians — that is, endocri-
nologists, cardiologists, primary care physicians — as well
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as registered dieticians, and pharmacists are receiving
specialty training or/fand board certification from the
Board of Clinical Lipidology. Both the American
Association of Clinical Endocrinologists (2#2ps./fwww.aace.
com) and the American Diabetes Association (4#2p:/fvww.
diabetes.orgf) have annualized updated guidelines for the
management of dyslipidemia that lacks complete har-
mony, but have more agreement than disagreement. In
an effort to reduce the confusion associated with a variety
of recommendations for the prevention of ASCVD, the
National Lipid Association, American Heart Association
(hetp:/fwww.heart.org), and American College of Cardio-
logy (http:/fwww.acc.org) are in pursuit of harmonious
guidelines.

Quality improvement efforts

In a major effort to promote continuous quality
improvement efforts involving diabetes, the American
College of Cardiology, in partnership with the American
Diabetes Association, the American College of
Physicians, the American Association of Clinical
Endocrinologists, and the Joslin Diabetes Center, has
launched the Diabetes Collaborative Registry (4#£ps://
www.ncdr.com/WebNCDR/Diabetes[publicpage). This is the
first worldwide collaborative diabetes registry and is
designed to track and improve the quality of care of
diabetes and those with the metabolic syndrome across
the continuum of primary and specialty care. It
encourages the participation of primary care physicians,
endocrinologists, cardiologists, and other healthcare
providers managing diabetes. Hundreds of practices
representing over one million patients are already
enrolled. In addition, the American College of
Cardiology secks to promote physician education
through article reviews, clinical cases, and images
through its clinical topic collection on diabetes and
cardiometabolic disease (##p:/[www.acc.orglclinical-topics/
diabetes-and-cardiometabolic-disease?w_nav = MN#sort = %
40foriginalz32xpostedz32xdate86069%20descending).

Conclusion

Cardiodiabetology and promoting greater collaboration
between cardiologists, diabetologists, and other health-
care providers caring for patients with prediabetes and
diabetes are imperatives for optimizing quality of care to
ensure the best possible outcomes in the settings of
cardiometabolic disorders. Such collaboration fostering
coordinated care and improved systems approaches for
quality improvement is necessary to tackle the global
epidemics of diabetes and CVD.
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