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Type 2 diabetes (T2D) is a well-established risk factor for patients with coronary artery
disease (CAD). Patients with CAD and comorbid T2D also have a higher risk of car-
diovascular complications, such as silent ischemia and stable angina. In treating the
symptoms of stable angina in patients with CAD and comorbid T2D, it is vital to utilize
therapies that reduce symptoms and improve outcomes. At the same time, there is
significant concern about the preservation of glycometabolic parameters, such as gly-
cosylated hemoglobin (HbA, ), particularly because some antianginal therapies, such as
B-blockers and calcium channel blockers—although effective at improving the symptoms
of stable angina and reducing ischemia—may also worsen glycemic control by increasing
HbA, levels. Available trial data on the efficacy of antianginal agents in patients with
stable angina and comorbid T2D are limited. Therefore, in patients with stable angina
and T2D, a tailored approach to treatment of stable angina by selecting therapies

with a neutral or positive glycometabolic profile may improve outcomes and increase
treatment compliance. Additionally, patients with a dual diagnosis may benefit from
therapies that have beneficial effects on both stable angina and T2D, thereby reducing
polypharmacy. Prospective studies in patients with stable angina and T2D are needed to
guide therapy decisions.
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common type of heart disease and a leading
cause of death in the United States, respon-
sible for approximately 385,000 deaths each year.'
Type 2 diabetes (T2D) is a well-established risk

Coronary artery disease (CAD) is the most

factor for CAD and can result in increased mor-
tality from myocardial infarction (MI).>> CAD
patients with T2D also have a higher risk of silent
ischemia than those without T2D.*” Approximately
25% to 45% of patients with CAD and T2D have
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stable angina, a common clinical
manifestation of ischemic heart dis-
ease, the symptoms of which can
limit physical activity and impair
quality of life (QoL).*!"" In general,
patients with T2D and myocar-
dial ischemia have more extensive
CAD and more risk factors for
cardiovascular  disease (CVD),
such as complex lipid abnormali-
ties (dyslipidemia) and hyperten-
sion.”'> Interestingly, the Bypass
Angioplasty Revascularization
Investigation 2 Diabetes (BARI 2D)
trial* showed that patients with
CAD and T2D have the same risk of
cardiovascular events and mortal-
ity regardless of whether they have
angina symptoms or not; thus, the
management of CAD in patients
with T2D should not be predicated
solely on the presence or absence of
angina symptoms.

The 2012 American College of
Cardiology Foundation/American
Heart Association (ACCF/AHA)
stable ischemic heart disease treat-
ment guideline defines the goals
of successful treatment of stable
ischemic heart disease as minimiz-
ing the likelihood of death while
maximizing health and function.”
The ACCF/AHA guideline empha-
sizes maintenance or restoration
of physical activity, functional
capacity, and QoL that is satisfac-
tory to the patient, with the com-
plete or near complete elimination
of ischemic symptoms, as primary
objectives to achieving the goals of
successful therapy.”

Strategies to achieve these objec-
tives include modification of risk
factors for ischemic heart disease
and the use of evidence-based
treatment to improve health and
survival, with minimal medical
therapy side effects.” In concert
with the ACCF/AHA guidelines,
recommendations for patients with
T2D from the American Diabetes
Association (ADA) include lifestyle
modifications, such as increased

physical activity and weight con-
trol, in addition to pharmacologic
therapy to achieve glycemic con-
trol.”> In treating patients with
CAD and comorbid T2D, it is
important to understand that,
because angina restricts a patient’s
ability to exercise, a greater empha-
sis may need to be placed on anti-
anginal pharmacotherapy. Another
consideration is that, in addition to
reducing symptoms and improv-
ing cardiovascular outcomes, it is
also important to ensure that phar-
macotherapies have no deleterious
effects on a patient’s glycometa-
bolic parameters. This review dis-
cusses the effectiveness of common
antianginal and anti-ischemic ther-
apies and the potential implications
of their effect on glucose control for
treatment of patients with stable
angina and comorbid T2D.

Pathophysiology of

Myocardial Ischemia
Myocardial ischemia is aresult of an
imbalance in oxygen delivery to the
myocardium and myocardial oxy-
gen consumption.' In patients with
atherosclerotic CAD, increased
oxygen demand (increased myo-
cardial oxygen consumption) and
decreased supply (decreased coro-
nary blood flow), which can be the
consequence of a variety of factors,
can result in symptoms of stable
angina during periods of increased
stress.'®"

Stable angina is generally
described as a discomfort or pain
located in the chest or upper epi-
gastrium, or as a pressure, heavi-
ness, tightness, squeezing, burning,
or choking sensation.’® Physicians
generally see patients when their
underlying ischemia results in angi-
nal symptoms. Patients with typi-
cal angina have (1) substernal chest
discomfort of a characteristic qual-
ity and duration that is (2) provoked
by exertion or emotional stress and
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(3) relieved by rest or nitroglycerin.
Patients with atypical angina have
symptoms that meet only two of
these three characteristics.”

Angina in T2D
Patients with T2D can often present
with atypical symptoms of angina
and silent ischemia."” In a subgroup
analysis of 2319 patients with CAD
and T2D in the BARI 2D study,
971 patients (42%) with T2D and
angiographically proven CAD had
symptoms of angina, defined as
any combination of typical angina
and angina equivalents (defined as
shortness of breath, dyspnea upon
exertion, exertional fatigue, nausea,
unexplained diaphoresis, or other).”®
Analysis of data from the
24-center Translational Research
Investigating Underlying Disparities
in Acute Myocardial Infarction
Patients’ Health Status (TRIUMPH)
prospective registry,”® investigat-
ing the association between T2D
and angina after an MI, showed
that patients with diabetes were
more likely to have angina pre-MI
(P < .001) and post-MI (P < .001)
than those without diabetes.” The
increased angina risk in patients
with diabetes also increased signifi-
cantly over time (P_ .= .012),
and the association between diabe-
tes and angina risk was stronger in
patients without multivessel disease

(P raction = 075 vs patients with
multivessel disease) (Figure 1).*
In a randomized long-term

study (the Trial of Invasive versus
Medical Therapy in the Elderly
with Symptomatic CAD [TIME]
study) in 301 elderly patients with
symptomatic CAD stratified by
diabetic status, although patients
with diabetes (23% of the total
cohort) had similar angina severity
and antianginal drug use as those
without diabetes, those with diabe-
tes performed worse in daily activi-
ties and had diminished physical

functioning.*
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Over Time (REF = non-DM): Odds Ratio (95% CI)
At 1 month —e— 0.99 (0.88-1.11)
At 6 months J S N— 1.12 (0.98-1.28) ::lt:el'gfllgon
At 12 months ——— 1.17 (1.02-1.34)
0Odds of Angina in DM Patients
(REF = non-DM): ——— 1.00 (0.86-1.16) | |nteraction
With Multivessel Disease — 1.19 (1.06-1.34) | P =.075
Without Multivessel Disease 1
0.8 1.0 1.4
Less likely to More likely to
have angina have angina

Figure 1. Odds ratio of experiencing angina after myocardial infarction in the Translational Research
Investigating Underlying Disparities in Acute Myocardial Infarction Patients’ Health Status (TRIUMPH) regis-
try. A hierarchical multivariable model examined the independent association of diabetes mellitus (DM) with
post-myocardial infarction angina over 12 months of follow-up. DM was associated with greater odds for
having angina at every time period during the 12-month follow-up period and was associated with greater
odds of angina among patients without multivessel disease, but not among those with multivessel disease.
Cl, confidence interval; REF, reference group is patients without diabetes. Data from Arnold SV et al.?!

Coronary Risk Factors
and Their Management
in Patients With Stable

Angina and T2D

Patients with CAD and comorbid
T2D often have other CVD risk fac-
tors, such as hypertension, obesity,
and dyslipidemia. The presence of
these CVD risk factors often leads
to an impaired QoL in patients with
CAD and comorbid T2D, com-
pared with those without T2D.**
The Investigation of Outcomes
From Acute Coronary Syndromes
(INFORM) study was a prospec-
tive analysis of health outcomes
in a cohort of 1199 patients fol-
lowed for 1 year after being admit-
ted and treated for acute coronary
syndrome (ACS).* Approximately
326 patients (37%) in the INFORM
study had T2D; these patients were
more likely to have additional CVD

reported more cardiac-specific
physical limitations, and reported
greater impairment of QoL than
patients without T2D.* Findings
from the TIME study in elderly
patients with angina and diabetes
also showed that presence of dia-
betes was associated with a higher
incidence of at least two other risk
factors.”

Several randomized controlled
trials have evaluated the cardiovas-
cular benefit of controlling risk fac-
tors such as elevated blood pressure
(BP), lipid levels, and glucose levels
on CVD outcomes in patients with
T2D.* In a joint statement on the
effect of intensive glycemic con-
trol on the prevention of cardio-
vascular events, the ADA, ACCEF,
and AHA acknowledged that con-
trolling nonglycemic risk factors
(through BP control, lipid-lowering
therapy, and lifestyle modification)

... the ADA, ACCF, and AHA acknowledged that controlling non-
glycemic risk factors (through BP control, lipid-lowering therapy,
and lifestyle modification) should be the primary strategies for
reducing the burden of CVD in patients with T2D.

risk factors such as hypertension
and dyslipidemia at baseline than
patients without T2D.*® At 1 year
after-ACS, patients with T2D were
also more likely to have angina,

should be the primary strategies
for reducing the burden of CVD in
patients with T2D.?® Patients with
CAD and comorbid T2D need to
have comprehensive reduction of

CVD risk factors. The treatment
guideline from the ACCF/AHA
advocates reduction of CVD risk
factors such as elevated BP, dyslip-
idemia, and elevated glucose levels
in patients with stable ischemic
heart disease."” In addition to phar-
macotherapy for the management
of CVD risk factors and symp-
toms of stable angina, this guide-
line also recommends lifestyle
modifications, including smoking
cessation, weight management,
depression screening, and a mini-
mum of 150 minutes of moderate-
intensity aerobic exercise weekly."
This is in concert with recent rec-
ommendations from the ADA that
patients with T2D attain a systolic
and diastolic BP goal of < 140/80
mm Hg, a low-density lipoprotein
cholesterol goal of < 100 mg/dL,
a high-density lipoprotein choles-
terol goal of > 40 mg/dL (> 50
mg/dL in women), and a target
triglyceride level of < 150 mg/dL."*

Therapies for Myocardial
Ischemia and Stable
Angina in Patients With
CAD and T2D

Guideline-directed Medical
Therapy

Recommended management of
CAD and stable angina consists
of medical therapy as the initial
strategy, followed by myocardial
revascularization by percutaneous
coronary intervention (PCI) or cor-
onary artery bypass graft (CABG)
surgery in patients whose angina
symptoms is not adequately con-
trolled on medical therapy, depend-
ing on the individual patient’s
mortality risk.”>”” Although the
ACCF/AHA treatment guidelines
include patients with T2D in their
overall recommendations,” they
have no specific guidelines for
this population. This is due to the
paucity of data. Only one primary
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study to date has evaluated the
efficacy of antianginal therapy
(ranolazine) in a large cohort of
patients with stable angina and
comorbid T2D,? but this study was
not completed when the guidelines
were published. Other studies have
investigated antianginal therapy in
subgroup analyses of patients with
and without diabetes”?' and three
pilot studies have assessed the effi-
cacy of the nonantianginal agents
sarpogrelate hydrochloride, thia-
zolidinedione, and metformin on
anginal endpoints in patients with
angina and T2D.**3*

With regard to medical therapy,
B-blockers, calcium channel block-
ers (CCBs), short- and long-acting
nitrates, and ranolazine are all rec-
ommended for the relief of angina
symptoms in patients with stable
ischemic heart disease."” f-blockers
are recommended as initial therapy,
whereas CCBs, long-acting nitrates,
and ranolazine are recommended if
B-blockers are not effective or well
tolerated, or are contraindicated.
Alternatively, if a 3-blocker alone is

two secondary analyses in patients
with stable angina and T2D,"*?*
in one study in elderly patients with
angina stratified by diabetic sta-
tus,?” and in one study in a general
CAD population.’”

The BARI 2D study in patients
with CAD and classic angina with
comorbid T2D compared the effi-
cacy of initial treatment with PCI
or CABG and medical therapy with
medical therapy alone.*® At 5-year
follow-up, there was no statisti-
cally significant difference between
the revascularization plus medical
treatment group and the medical
treatment alone group in the 5-year
survival rate (88.3% vs 87.8%; P =
.97) or in the rate of freedom from
major cardiovascular events (77.2%
vs 75.9%; P = .70).>¢ A second-
ary analysis of the BARI 2D study
showed that patients undergoing
revascularization (PCI or CABG)
experienced lower rates of worsen-
ing angina, new angina, and subse-
quent revascularization compared
with patients on medical therapy
alone.” The between-group differ-

With regard to medical therapy, 3-blockers, calcium channel block-
ers, short- and long-acting nitrates, and ranolazine are all recom-
mended for the relief of angina symptoms in patients with stable

ischemic heart disease.

not efficacious but is well tolerated,
then dual therapy of a B-blocker
combined with a CCB, long-
acting nitrate, or ranolazine can be
used."” Revascularization is usually
performed in CAD patients with
unstable angina or MI, but can be
used in selected patients with stable
ischemic heart disease with persis-
tent angina symptoms despite med-
ical therapy.

Comparison of Revasculariza-
tion Versus Medical Therapy
The comparative effectiveness of
guideline-recommended medical
therapy versus revascularization
has been reviewed in one study and

ence was only statistically signifi-
cant at year 1 (P < .001) and year
3 (P < .001) for worsening angina,
whereas between-group differences
in the outcomes of new angina
and subsequent revascularization
were significant through year 5 (P
< .001).* Another analysis of the
BARI 2D study evaluated the effect
of the presence of angina symp-
toms at baseline (typical angina
symptoms; angina equivalent of
dyspnea, fatigue, or diaphoresis
on exertion; and asymptomatic
ischemia) on primary outcomes."
The three baseline groups included
patients with typical angina symp-
toms, angina-equivalent symptoms

108 ¢ Vol. 16 No. 2 ® 2015 e Reviews in Cardiovascular Medicine

(dyspnea, fatigue, or diaphoresis
on exertion), and asymptomatic is-
chemia. After 5 years of follow-up,
there were no differences between
groups in the rate of all-cause death
or in the rate of the composite out-
come of all-cause death, nonfatal
MI, or nonfatal stroke."

Collectively, the data from the
primary BARI 2D study and subse-
quent analyses suggest that guide-
line-directed medical therapy may
be appropriate for most patients
with CAD with stable angina and
comorbid T2D, with revasculariza-
tion reserved for high-risk patients
with persistent, disabling symp-
toms despite guideline-directed
medical therapy.” Unlike the BARI
2D study, in which the mean age of
the enrolled population was 62.4
years, the TIME study demon-
strated the benefit of revasculariza-
tion in an elderly population. TIME
was a randomized long-term study
designed to compare revasculariza-
tion versus medical therapy in 301
elderly patients (aged = 75 years)
with symptomatic CAD and strati-
fied by diabetic status (median
follow-up, 4.1 years [range, 0.1-
6.9]). The results showed that revas-
cularization in addition to medical
therapy significantly improved the
overall and event-free survival rates
(both P < .01 vs no revasculariza-
tion), and the improvement was
similar in patients with and with-
out diabetes.*

The Clinical Outcomes
Utilizing Revascularization and
Aggressive  Drug  Evaluation

(COURAGE) study” is a com-
parison of revascularization ver-
sus medical therapy in a general
CAD population of which 33% of
patients had a history of diabe-
tes at baseline. The COURAGE
trial compared the effect of PCI
plus optimal medical therapy
(B-blocker, diltiazem as needed,
and aggressive management of
CAD risk factors) versus optimal



Management of Patients With Stable Angina and Type 2 Diabetes

medical therapy alone in patients
with stable CAD. Data showed
that, during the median follow-
up period of 55 months, patients
in both treatment groups had
similar rates of the primary end-
point of death and nonfatal MI.*
A subgroup analysis comparing
outcomes in patients with and
without T2D was not performed.

For now, all patients with CAD
and T2D, regardless of the pres-
ence or absence of angina symp-
toms, should be managed similarly
with respect to risk stratification
and preventive therapies to reduce
the occurrence of cardiovascular
events and death." Assiduous car-
diovascular risk assessment and
risk factor management is certainly
indicated in patients with diabetes.”

PCl versus CABG

A post-hoc analysis of a long-term
study comparing CABG and PCI
in patients with CAD showed that
5-year survival was greater with
CABG versus PCI (P = .003) in
patients with diabetes.”® Findings

stroke in patients with multivessel
CAD and T2D treated with CABG
compared with PCI (18.7% vs
26.6%; P = .005).* These data sug-
gest that patients with CAD and
T2D who may have more extensive
CAD and who are candidates for
revascularization may benefit more
from CABG compared with PCI,
irrespective of the type of drug-
eluting stent used.

A preliminary study in 77
patients with chronic angina and
T2D showed that drug-eluting stent
implantation and CABG had simi-
lar long-term outcomes in terms of
major adverse cardiac events, but
CABG was associated with more
in-hospital complications and lon-
ger hospitalization.*!

Overview of Medical Therapy

Traditional Antianginal Agents.
One study evaluated the relative
efficacy of a B-blocker and a CCB
in patients with chronic angina and
diabetes (type 1 and type 2). This
study of 809 patients with chronic

A post-hoc analysis of a long-term study comparing CABG and PCI
in patients with CAD showed that 5-year survival was greater with
CABG versus PCl in patients with diabetes.

from a retrospective data analysis
also suggested that CABG might
be associated with improved out-
comes when compared with PCI
in patients with diabetes.”® These
tindings were supported by the pro-
spective Future Revascularization
Evaluation in Patients with Diabetes
Mellitus: Optimal Management of
Multivessel Disease (FREEDOM)
trial,"® which evaluated the effec-
tiveness of PCI using sirolimus
or paclitaxel drug-eluting stents
compared with CABG in patients
with CAD and T2D. Data from the
FREEDOM trial showed that there
was a significantly lower rate of the
composite outcome of all-cause
death, nonfatal MI, or nonfatal

angina treated with metoprolol or
verapamil compared outcomes in
three groups of patients: patients
with diabetes (8.5%), patients with
hyperglycemia in the absence of
diabetes (8.3%), and normoglyce-
mic patients (83.2%).” The study
found that diabetes and elevated
blood glucose were independent
risk factors for cardiovascular-
related events; however, treatment
was not shown to affect outcome or
prognosis.”

A large meta-analysis of 90 stud-
ies attempted to compare the rela-
tive efficacy of B-blockers, CCBs,
and nitrates in patients with stable
angina in terms of reducing the
rate of death and MI. There were

no significant differences observed
between (-blockers and CCBs in
the rate of death or MI (P = .79),
time until = 1-mm ST-segment
depression (P = .33), nitroglycerin
use (P = .32), and the number of
weekly angina episodes (P = .05).
Significantly more patients taking
CCBs were observed to have adverse
events (AEs) resulting in discon-
tinuation of medication compared
with those taking p-blockers (P
< .001).** For the comparisons of
B-blockers and CCBs with nitrates,
there were no significant differ-
ences observed across the same
endpoints, although the authors
advised cautious interpretation of
the results due to the low number
of studies evaluated. Of the stud-
ies included in the meta-analysis,
the mean proportion of patients
at baseline with diabetes ranged
from 2% to 24% across compari-
son groups and thus do not provide
much guidance on treatment in
patients with chronic angina and
comorbid diabetes.**

In a longitudinal, observational
study of 44,708 patients with
known prior MI (n = 14,043),
CAD but no history of MI (n
= 12,012), or only risk factors
for CAD (n = 18,653), patients
with CAD risk factors only who
received B-blocker therapy expe-
rienced a higher rate of cardio-
vascular death, nonfatal MI, or
nonfatal stroke compared with
those not receiving [-blocker
therapy.”’ In addition, among
patients with CAD risk factors
only receiving B-blocker therapy,
there were more hospitalizations
for atherothrombotic events or
revascularization than for patients
not receiving p-blocker therapy.*
Data from this study on patients
with CAD challenged the con-
ventional wisdom that B-blocker
therapy has cardioprotective ben-
efits in patients with stable heart
disease.”’
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Ranolazine in Stable Angina.
Ranolazine, a late sodium current
inhibitor approved for the treat-
ment of stable angina. It is effective
in reducing anginal frequency, time
to onset of ST-segment depression,
recurrent ischemia, and nitroglyc-
erin use, and in increasing exer-
cise tolerance without clinically
meaningful effects on hemody-
namic parameters, such as heart
rate or BP.*** Ranolazine also has
demonstrated efficacy with regard
to angina-related endpoints when
combined with other commonly
used antianginal medications.*®*
The recently completed Type 2
Diabetes Evaluation of Ranolazine

chronic stable angina despite treat-
ment with one or two antianginal
agents, is the first large prospec-
tive study to evaluate the efficacy
of ranolazine in a population of
patients with T2D. The primary
endpoint, the placebo-adjusted
change from baseline in the aver-
age weekly angina frequency in
the last 6 weeks of the double-blind
treatment period, was significantly
lower with ranolazine versus pla-
cebo, as was weekly nitroglycerin
use during this time. Interestingly,
the significantly greater efficacy
of ranolazine versus placebo in
terms of reduced weekly angina
frequency (Table 1) was positively

Ranolazine, a late sodium current inhibitor approved for the treat-
ment of stable angina. It is effective in reducing anginal frequency,
time to onset of ST-segment depression, recurrent ischemia, and
nitroglycerin use, and in increasing exercise tolerance without clini-
cally meaningful effects on hemodynamic parameters, such as heart

rate or BP.

in Subjects with Chronic Stable
Angina (TERISA) study,® an
8-week, phase 4, international, ran-
domized, placebo-controlled study
in 949 patients with T2D, CAD,
and at least a 3-month history of

correlated with higher baseline
hemOgIObin Alc (HbAlc) (P interaction
=.027). The number of angina-free
days was greater with ranolazine
treatment versus placebo, but not

significantly so, and there were no

differences between ranolazine and
placebo for changes in the SF-36°
Mental Component score (Medical
Outcomes Trust; Boston, MA)
and Patient’s Global Impression
of Change score (Table 1). The
proportion of patients achieving
= 50% reduction in weekly angina
frequency (P = .034) and increases
in SF-36° Physical Component
score were higher with ranola-
zine than with placebo (P = .005).
Interestingly, in this study, an inno-
vative electronic diary used for sub-
mission of patient-reported angina
frequency and sublingual nitro-
glycerin use achieved a high rate
of compliance (98% data capture in
both groups). The overall incidence
of AEs and the number of discon-
tinuations due to AEs, serious AEs,
and deaths were similar in the
ranolazine and placebo groups.”®
Nonserious AEs reported more
frequently with ranolazine versus
placebo were dizziness, nausea,
constipation, and hypoglycemia.
Until the recent publication
of TERISA, similar to studies of
B-blockers, CCBs, and long-acting
nitrates, other studies evaluating
the use of ranolazine for the treat-
ment of chronic angina evaluated

TABLE 1
~

TERISA Efficacy Results

Ranolazine Placebo
Efficacy Parameter (n = 462) (n = 465) P Value
Average weekly angina frequency, n 3.8 4.3 .008
Average weekly SL nitroglycerin use, n 1.7 2.1 .003
Angina-free days, % 67 64 .068
Patients with = 50% reduction in weekly angina frequency, % 47 42 .034
SF-36® Physical, change from baseline 2.9 1.9 .005
SF-36® Mental, change from baseline 1.0 1.1 77
Patient Global Impression of Change 4.0 3.9 A1

SL, sublingual; TERISA, Type 2 Diabetes Evaluation of Ranolazine in Subjects with Chronic Stable Angina.

SF-36® is a registered trademark of Medical Outcomes Trust; Boston, MA.
Data from Kosiborod M et al.?®
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19% to 24% of patients with T2D
at baseline.***** The data from
TERISA confirmed exploratory
and post-hoc findings from sub-
group analyses of earlier studies of
ranolazine in patients with T2D and
angina—Monotherapy Assessment
of Ranolazine in Stable Angina
(MARISA)* and Combination
Assessment of Ranolazine in Stable
Angina (CARISA).*® These sub-
group analyses also had the benefit
of being able to compare patients
with and without diabetes directly.
In the MARISA study, a subgroup
analysis by diabetes status at base-
line showed that patients with
(24%) and without (76%) diabe-
tes achieved similar total trough
exercise durations with ranolazine
(P, ieraction = +77)> indicating no dif-
ferential treatment effect by diabe-
tes history.** A secondary analysis
of the CARISA trial also showed
improvements with ranolazine in
patients with (23%) and without
(77%) diabetes, though no treat-
ment interactions in exercise dura-
tion (P, = .89), time to onset

interaction

of angina (P__ .= .54), time
to onset of = 1-mm ST-segment
depression (P .= 44), weekly
angina frequency (P .= .81),
or nitroglycerin usage (P__ .-
= .063) were observed.*®

Other Antianginal Agents.
Additional  antianginal agents
that are effective in treating stable
angina and increasing exercise tol-
erance, but are not approved for
use in the United States, include
ivabradine, nicorandil, and trimeta-
zidine.*® In a study comparing
trimetazidine and metoprolol in
patients with angina and T2D,
both treatments provided similar,
significant reductions in angina
frequency, angina duration, nitro-
glycerin use, and improvements in
time to angina and left ventricu-
lar ejection fraction from baseline;
however, trimetazidine, but not

metoprolol, did not affect heart rate,
BP, blood glucose, and lipid levels.
Ivabradine effectively increases
exercise tolerance, time to onset
of angina, time to limiting angina,
and time to onset of ST-segment
depression in patients with stable
angina, but does not significantly
reduce angina frequency or con-
sumption of nitroglycerin.*>>°

Effects on Glycemic Control
Antianginal therapy for patients
with CAD and comorbid T2D is
additionally complicated by the
potential effects of antianginal
agents on glucose control. Studies
have shown that therapy with anti-
anginal agents, such as p-blockers
and CCBs, may have a nega-
tive effect on glycemic control by
increasing HbA _levels in patients
with T2D."? In a retrospective
analysis evaluating the effect of
B-blockers, CCBs, and angioten-
sin-converting enzyme inhibitors
on HbA _levels in patients with
hypertension and T2D, B-blockers
and nicardipine (a dihydropyridine
CCB) were both found to cause
deterioration in glucose metabo-
lism (HbA, was increased by 0.7%
in 4 months with nicardipine and
by ~ 1.0% in 3 months by pB-blocker
therapy), whereas diltiazem and
enalapril had no such effect.” In a
20-week, randomized, controlled,
double-blind study comparing the
effect of combination therapy with
extended-release verapamil plus
trandolapril versus atenolol plus
chlorthalidone on HbA _levels in
463 patients with T2D and mild-
to-moderate hypertension, HbA
levels were unchanged with the for-
mer, whereas they increased signif-
icantly with the latter (P <.0001).>
In studies of the effect of rano-
lazine on glucose levels in patients
with chronic angina or ACS and
comorbid T2D, ranolazine treat-
ment was shown to significantly
improve glycemic control by

decreasing mean HbA levels by
0.48% to 0.70% compared with
placebo (P < .001).’*>** Six trials
(four ongoing phase III studies with
ranolazine as monotherapy,*” and
ranolazine added to glimepiride,*®
and two phase I trials assess-
ing pharmacokinetics with met-
formin>>®°) will help to provide
additional insight into the effects
of ranolazine on glycometabolic
parameters in patients with angina
and T2D. One study evaluating
ivabradine treatment showed it to
have a neutral effect on HbA _ lev-
els in patients with chronic angina
and comorbid T2D.*

Tolerability of Antianginal
Therapy

Antianginal agents are not without
side effects. P-blocker therapy is
associated with reductions in heart
rate and BP, impaired sexual func-
tion and exercise tolerance, and
fatigue.®* Adverse effects associ-
ated with dihydropyridine CCBs
include exacerbation of angina,
vasodilation, and systemic hypo-
tension in some patients.”” Long-
term therapy with short- and
long-acting nitrates can lead to the
development of nitrate tolerance.**
Specific adverse effects of ranola-
zine include constipation, dizzi-
ness, and nausea.*®

Polypharmacy

Another concern with medical
therapy in patients with chronic
angina and comorbid T2D is
polypharmacy. Patients with these
chronic conditions are often on
multiple medications to manage
their disease states. Studies show
that polypharmacy and an in-
creased pill burden are associ-
ated with decreased compliance
with therapy,>* and therapies
that provide multiple benefits and
a lower pill burden can improve
treatment compliance.®”*® Assuch,
therapies that provide a dual
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benefit in improving ischemia
and glycemia may contribute to
improved treatment compliance
in patients with stable angina and
comorbid T2D.

Conclusions

Many patients with chronic stable
angina as part of CAD also have
comorbid T2D. Antianginal therapy
for these patients is complex and is
complicated by the potential adverse
effects of some antianginal agents on
glucose control. Indeed, many of the
traditionally prescribed antianginal
agents are associated with increased
HbA, _levels and adverse hemody-
namic effects. Therefore, antianginal
treatment options for patients with
chronic angina and comorbid T2D
who are at higher risk of cardiovas-
cular complications require careful
selection, and the metabolic profile
of the agents must be considered.
Patients with chronic angina and
comorbid T2D will benefit from fur-
ther research to evaluate the glyce-
mic effects of antianginal therapies
in patients with chronic angina and
comorbid T2D, so that they can be
offered evidence-based treatment
with agents that provide both anti-
anginal and glycemic benefits. [ ]
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than those without T2D.

* In treating patients with CAD and comorbid T2D, a greater emphasis may need to be placed on antianginal
pharmacotherapy. In addition to reducing symptoms and improving cardiovascular outcomes, it is also
important to ensure that pharmacotherapies have no deleterious effects on a patient’s glycometabolic

parameters.

* The American Diabetes Association, the American College of Cardiology Foundation, and the American Heart
Association acknowledge that controlling nonglycemic risk factors (through blood pressure control, lipid-
lowering therapy, and lifestyle modification) should be the primary strategies for reducing the burden of

cardiovascular disease in patients with T2D.

e A post-hoc analysis of a long-term study comparing coronary artery bypass grafting (CABG) and percutaneous
coronary intervention (PCl) in patients with CAD showed that 5-year survival was greater with CABG versus PCl

in patients with diabetes.

e Antianginal therapy for patients with CAD and comorbid T2D is additionally complicated by the potential
effects of antianginal agents on glucose control; studies have shown that therapy with antianginal agents,
such as B-blockers and calcium channel blockers, may have a negative effect on glycemic control by increasing

hemoglobin A, levels in patients with T2D.
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