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Abstract

Sulfonylureas are the most commonly-used second line drug class for treating type 2 diabetes
mellitus. While the cardiovascular safety of sulfonylureas has been examined in a number of trials
and non-randomized studies, little is known of their specific effects on sudden cardiac arrest and
related serious arrhythmic outcomes. This knowledge gap is striking, as persons with diabetes
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mellitus are at increased risk of sudden cardiac arrest. This review explores sulfonylureas’
influence on the risk of serious arrhythmias, with specific foci on ischemic preconditioning,
cardiac excitability, and serious hypoglycemia as putative mechanisms. Elucidating the
relationship between individual sulfonylureas and serious arrhythmias is critical, especially as the
diabetes epidemic intensifies and sudden cardiac arrest incidence increases in persons with

diabetes.
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sudden cardiac death; cardiac arrhythmias; sulfonylurea compounds; diabetes mellitus type 2;
epidemiology; KATP channels

Introduction

Sudden cardiac arrest (SCA, see Glossary) is a global public health problem. Of the 17
million worldwide cardiovascular deaths per year, about half are SCAs.[1] Diabetes mellitus
(DM), a major risk factor for SCA, is an uncontrolled epidemic affecting >8% of the world’s
population.[2] Given this, there is currently very strong interest in minimizing SCA risk
overall[3] and in persons with DM.[4] Antidiabetic sulfonylurea drugs have been a
longstanding treatment for type 2 DM (T2DM); agents of this pharmacologic class are still
the most commonly used second line therapy (i.e., add-on to metformin).[5] Recent meta-
analyses[6—8] have reinvigorated the debate of sulfonylurea’s cardiovascular effects and
potential associations with all-cause and cardiovascular death.[9] Yet, there has been little
specific focus on arrhythmogenicity. Major ongoing trials such as Glycemia Reduction
Approaches in Diabetes (GRADE) and Cardiovascular Outcome Trial of Linagliptin Versus
Glimepiride in Type 2 Diabetes (CAROLINA) will not provide data on the arrhythmogenic
effects of sulfonylureas. The ongoing Thiazolidinediones or Sulfonylureas and
Cardiovascular Accidents Intervention (TOSCA.IT) trial is in fact examining SCA, but only
as part of a composite secondary outcome and will not elucidate differences in risk among
individual sulfonylureas. Therefore, whether sulfonylureas increase, decrease, or do not
affect SCA risk is a major knowledge gap in the treatment persons with T2DM. This review
synthesizes what is known about sulfonylurea-associated SCA, explores potential underlying
mechanisms, sheds light on knowledge gaps, and supports calls for research to fill the void.

Sudden cardiac arrest, an arrhythmic sequela, in the setting of diabetes

mellitus

SCA is the sudden cessation of cardiac activity in which the affected individual becomes
unresponsive, with no normal breathing or signs of circulation.[10] Coronary heart disease is
the most common pathology underlying SCA.[11] Despite advances in coronary heart
disease treatment, SCA accounts for about 450,000 annual deaths in the United States (US),
[12] nearly 100,000 of which are in persons with DM.[13] The pathophysiology of SCA is
complex, requiring an underlying substrate and a transient event that induces electric
instability and a ventricular arrhythmia (\VA) followed by hemodynamic collapse.[14]
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DM confers a 2- to 4-fold increased risk of SCA.[13] This may be due to a combination of
atherosclerotic, thrombotic, neural, and other factors.[15] Interrelated putative determinants
of SCA risk in persons with DM are shown in Figure 1; the relative importance of each
determinant is unknown, although recent opinion has emphasized the roles of coronary heart
disease, myocardial dysfunction, and electrical abnormalities,[16] while downplaying
cardiac autonomic dysfunction.[17] The incidence of SCA in persons with DM is
approximately 3 per 1,000 person-years[16] and is increasing,[18] the cause of which is
unknown.[19] Among persons with DM and clinically-recognized heart disease, it is
approximately 14 per 1,000 person-years.[16] The ongoing diabetes epidemic, coupled with
this increase in SCA incidence, represents a major and growing public health concern.

In persons with DM and coronary heart disease, the reduction of mortality from SCA is a
major challenge[16] such that cornerstones of therapy in this patient population include -
adrenergic blockers, angiotensin converting enzyme inhibitors, and statins—pharmacologic
classes intended to minimize SCA risk.[15] Attention should also be paid to avoiding or
discontinuing drugs that may exacerbate mechanisms presented in Figure 1. Obvious
examples would include drugs associated with electrocardiographic QT interval
prolongation and/or torsade de pointes. An important approach, if available, would be to
tailor oral antidiabetic drug therapy to minimize the risk of serious arrhythmia.

Sulfonylureas—a maligned yet commonly-prescribed drug class

Sulfonylureas increase plasma insulin concentrations and are therefore utilized to treat
T2DM. Mechanistically, these drugs bind to sulfonylurea receptors on pancreatic p-cells and
block the inflow of potassium.[20] As the flow of potassium within the p-cell goes to zero,
the cell membrane depolarizes and no longer prevents the diffusion of calcium into the
cytosol.[20] The increased inward flow of calcium causes contraction of filaments of
actomyosin responsible for the exocytosis of insulin.[20] Sulfonylureas are the most
commonly-used add-on to metformin[5] and their use is increasing in the US.[21]
Sulfonylureas are at least initially effective, generally well tolerated, and inexpensive;
however, they lack durability in their glycosylated hemoglobin (HbA1C)-lowering effects.
Further, sulfonylureas compete with an influx of new oral antidiabetic drugs,[5] are
deemphasized in some guidelines[22] due to side effects including weight gain and serious
hypoglycemia,[23] and have uncertain cardiovascular risks.[24-27] But, given their reliable
glucose-lowering effects with low cost and demonstrated ability to reduce microvascular
complications,[28] sulfonylureas remain important in the armamentarium of T2DM
treatments.[29]

To help inform second line antidiabetic therapy prescribing decisions, it is critical to
understand the extrapancreatic effects of sulfonylureas—in particular their impact on
arrhythmias. The arrhythmogenicity of drugs has been of major concern to clinicians,
patients, caregivers, federal regulators, and drug developers. In fact, drug-induced SCA and
VA have been responsible for the market withdrawal of more drugs in recent years than any
other adverse drug reaction.[30] Yet, the potential for oral antidiabetic drugs to affect
arrhythmogenicity—in a T2DM population already primed for or having cardiovascular
disease[31,32]—is not widely considered. Given their common use, biologic basis for
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putative cardiac effects, and preliminary data on arrhythmia-related endpoints in animals in
humans, this review paper will explore the sulfonylureas’ influence on serious arrhythmia
risk. Subsequent sections will focus on effects largely or solely mediated by potassium
channel antagonism, including ischemic preconditioning (IPC) and shortening of action
potential duration, cardiac excitability and QT interval prolongation, and physiologic effects
of serious hypoglycemia.

Proarrhythmic and antiarrhythmic actions of sulfonylureas

The primary site of action of sulfonylureas is the adenosine triphosphate-sensitive
potassium channels (Katp) located in the pancreatic p-cell membrane; blockade of these
channels stimulates insulin secretion.[33] Kagp channels are also found at differing densities
in cardiac myocytes, smooth muscle myocytes, vascular endothelium, and the brain.[34]
While the consequences of extrapancreatic Karp channel antagonism are not fully defined,
they may at least partially explain any cardiovascular effects of sulfonylureas.[35]

Potential mechanisms influencing arrhythmogenic risk

Any impact of sulfonylureas on arrhythmogenic risk may be driven by a given agent’s
ability to impair or abolish the heart’s innate protective IPC mechanism, effects on cardiac
excitability, the likelihood for causing serious hypoglycemia, or other mechanisms.
Elucidating the interplay among these mechanisms and their component actions is
complicated by a number of factors, including that: a) different mechanistic actions may
oppositely influence arrhythmogenicity; b) pathophysiologic changes in DM may modify
such actions; c) data supporting some actions are sparse and occasionally conflicting; and d)
actions likely differ by individual sulfonylurea rather than being class effects. As described
below, mechanisms exist whereby sulfonylureas could both cause and prevent serious
arrhythmias.[36,37]

Ischemic preconditioning and cardiac excitability mediated by myocardial
Karp blockade—IPC is a self-protective mechanism that allows the heart to minimize a
potentially lethal ischemic insult.[38] It is mediated by typically-closed myocardial Katp
channels that open in response to metabolic stress, such as ischemia.[39] IPC occurs in two
phases, a classical early phase offering peak cardioprotection for an initial 2-3 hour period,
and a so-called “second window of protection” beginning about 10 hours later and lasting up
to 3 days.[40,41] Some sulfonylureas may attenuate or abolish IPC via antagonism of
myocardial Karp channels (Box 1) and therefore lead to larger infarct sizes during acute
ischemia (Figure I, Box 1). Further, their blockade of these channels may prevent the
shortening of action potential duration, thereby increasing intracellular calcium loading that
may precipitate deleterious delayed afterdepolarization-mediated arrhythmias. However,
reentrant arrhythmias may be minimized[37] and in turn prevent SCA.[38] It has been
hypothesized that the exact mechanisms underlying IPC effects are distinct from those on
arrhythmia, such that a given cardioactive sulfonylurea could abolish IPC but retain its
impact on arrhythmias.[42] That said, it has been suggested that IPC is already blunted or
absent in persons with DM.[43] Given that myocardial Karp channels are closed under
physiologic conditions, arrhythmic and/or IPC effects arising from their antagonism may be
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most relevant in persons with cardiovascular disease[33]—a common comorbidity in
T2DM.

The effects of sulfonylureas on IPC have been examined in numerous animal models (Table
1). The designs and methods of these studies both across and within species are
heterogeneous, leading to some challenges in interpretation. That being said, many studies
support the hypothesis that glyburide attenuates or abolishes IPC. Interestingly, in a recent
study of diabetic rat hearts resistant to IPC, glimepiride was able to e/icit cardioprotection.
[44] Studies of sulfonylurea effects on IPC in humans are equally difficult to interpret, but
also generally demonstrate that glyburide abolishes while glimepiride preserves IPC; very
little is known of glipzide’s effects (Table 2). Despite this body of work, it is unknown
whether long-term sulfonylurea exposure in persons with T2DM has clinically meaningful
effects on IPC or related endpoints.[45]

The effects of sulfonylureas on cardiac excitability have been extensively studied in animals
(Table 3). Much like with studies of IPC, designs and methods vary widely. Findings conflict
as to whether or not individual agents consistently affect measures of excitability and
therefore serious arrhythmia risk. Many fewer studies have been conducted in humans (Table
4). In the late 1980s, Pogatsa et a/ reported an antiarrhythmic effect of glyburide in digoxin-
treated persons with T2DM;[46] nearly 15 years later, Aroson et a/ reported similar findings
in the setting of acute heart failure decompensation.[47] Lomuscio et a/ reported that
glyburide’s antiarrhythmic actions may be limited to acute ischemic periods.[48] The latter
two studies implicated Kayp channel blockade as the potential mechanism underlying this
observation. Data in a non-ischemic setting and for other sulfonylureas are severely lacking.

Cardiac excitability mediated by blockade of other K* channels and CI~
channels—In addition to Kagp, individual sulfonylureas may also inhibit the delayed
rectifier potassium channel (Ik,) encoded by the human ether-a-go-go-related gene. In
in vitro and ex vivo animal cell models, Rosati et a/ demonstrated that glyburide prominently
blocked Ik, and prolonged cardiac repolarization; glimepiride was approximately 10x less
effective in blocking this current.[49] In human myocytes, Schaffer ef a/ demonstrated that
glyburide blocked both the ultrarapid Ik, and transient outward potassium current.[50] Yet,
given that this inhibition occurred at concentrations greater than glyburide plasma levels, it
has been suggested that such effects are unlikely to play a major role in persons with T2DM.
[50]

Despite this, there is clinical evidence to support the conclusion that glyburide prolongs the
QT interval.[51] Ikeda et a/ demonstrated that the QT interval was significantly longer in
glyburide-treated T2DM subjects than those treated with diet alone;[52] Najeed et a/and
Curione et al reported similar findings.[53,54] Najeed ef a/ further demonstrated that
glyburide increased QT interval dispersion when compared to metformin.[53] Recently,
Ninkovic et a/ found that sulfonylurea exposure was an independent risk factor for QT
interval prolongation in persons with T2DM.[55] In contrast, Tentolouris ef a/ found that
neither QT interval duration nor dispersion was significantly longer in sulfonylurea vs.
insulin users.[56] Yet, the latter two studies comingled users of different sulfonylureas into a
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single exposure group. Little else is known of the QT effects of sulfonylureas other than
glyburide.

Finally, individual sulfonylureas may inhibit myocardial chloride currents such as the cyclic
adenosine monophosphate-activated chloride conductance (I, CAMP) current through the
cystic fibrosis transmembrane conductance regulator (CFTR).[57,58] Sheppard et a/
demonstrated that glyburide and tolbutamide inhibited CFTR chloride currents in
fibroblasts;[59] findings for tolbutamide were confirmed by Venglarik et a/.[60] Tominaga et
al demonstrated that glyburide inhibited Ic;, CAMP in guinea pig myocytes.[61] Antagonism
of such channels may be proarrhythmogenic (via abolished protection against focal triggered
arrhythmias) or antiarrhythmic (via prevented reentrant arrhythmias).[62—65]

Serious hypoglycemia—Among oral antidiabetic drugs, sulfonylureas carry the greatest
risk of hypoglycemia[66]—an event that causes a cascade of physiological responses. At the
cellular level, hypoglycemia has effects on myocardial tissue similar to that of proarrhythmic
medications,[67] via action potential prolongation (the substrate for QT interval
prolongation) and increased myoplasmic calcium concentrations.[68] These pathways
interact in a synergistic way to increase the risk of serious arrhythmias. Recent basic science
research has tied calcium overload to events that lead to apoptosis and necrosis—the
mechanisms of myocardial cell death. Further, hypoglycemia may induce the processes that
lead to apoptosis.[69] Given these effects, it is not surprising that hypoglycemia is
considered a proarrhythmic event[67] that is uniformly associated with ventricular
tachycardia, torsade de pointes, and SCA.[67,70] Yet, because hypoglycemia is common and
SCA is rare, abnormal repolarization alone cannot explain how hypoglycemia may lead to
sudden death.[71]

The continuum of evidence: from spontaneous reports to clinical trials

Sulfonylureas and spontaneous reports of SCA-related clinical outcomes—
Case reports of SCA-related outcomes (i.e., sudden death, sudden arrhythmic death, sudden
cardiac death, cardiac arrest, VA, and torsade de pointes) attributed to sulfonylureas began
appearing in the literature in the 1950s. An early example described sudden arrhythmic
death in a carbutamide user.[72] Episodes of VA attributed to tolbutamide and tolazamide
were published years later,[73,74] potentially spurred by unexpected randomized trial
findings of increased cardiac mortality in tolbutamide users.[75] Since the mid-1980s,
additional published cases are scant. Yet, cases reported to the US Food and Drug
Administration abound (Figure 2). Despite the role of such spontaneous reports in signal
detection and hypothesis generation, these clinical observations provide a very low level of
causal evidence.

Sulfonylureas and SCA-related clinical outcomes in non-experimental
epidemiologic studies—A few epidemiologic studies have examined the association
between sulfonylureas and SCA-related outcomes. The first example known to us was
conducted by Davis ef a/using 1985-1993 data from the Western Australian Monitoring of
Trends and Determinants of Cardiovascular Disease (MONICA) register.[76] This
retrospective cohort study was designed to examine 28-day survival, dysrhythmias, heart
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block, and pulmonary edema in non-elder adults after acute myocardial infarction. Among
745 persons with DM, 110 (14.8%) and 111 (14.9%) were being treated with glyburide and
gliclazide, respectively. In a multivariable logistic regression model that adjusted for a small
set of covariates, gliclazide had non-statistically significantly elevated effect estimates for
ventricular tachycardia (odds ratio [OR] = 1.2, 95% confidence interval [CI] 0.6-2.3) and
ventricular fibrillation (OR = 1.9, 0.8-4.4) vs. glyburide. Davis et a/ concluded that
glyburide users were less likely to experience ventricular fibrillation, with an incidence
similar to that in persons without DM. This study has a number of limitations, including: a)
reliance on self-reported diabetes; b) inadequate sample size for assessing these dysrhythmic
outcomes; ¢) unclear methods of outcome ascertainment; d) lack of consideration of sudden
death and cardiac arrest as outcomes; and €) lack of consideration of major risk factors as
potential confounders. Despite this, these results are broadly consistent with prospective
studies by Cacciapuoti et af77] and Lomuscio ef al.[48]

Subsequently, Jollis et a/reported on in-hospital complications and mortality rates for
Medicare beneficiaries with DM after acute myocardial infarction, using 1994-1995 data
from the Cooperative Cardiovascular Project.[78] Among 64,171 persons with DM, 25,035
(39.0%) were receiving a sulfonylurea—the majority (68.0%) glyburide. In a logistic
regression model adjusted for a small set of covariates, on-admission sulfonylurea exposure
was associated with a statistically significant reduction in in-hospital cardiac arrest (OR =
0.93, 95% CI not reported) vs. persons with DM not treated with either a sulfonylurea or
insulin; analyses were not stratified by individual sulfonylurea agent. Jollis ef a/did not
specifically comment on this protective finding, but rather broadly concluded that
sulfonylureas were not associated with clinically-meaningful differences in short-term
outcomes. This study has a number of limitations, including: a) unclear methods of outcome
ascertainment; b) lack of consideration of VA as an outcome; c) lack of consideration of out-
of-hospital events; and d) lack of consideration of major risk factors as potential
confounders.

Two later studies simply compared rates of VA between sulfonylureas users and non-users.
Halkin et a/ conducted a secondary analysis of Argatroban in Acute Myocardial Infarction 2
(ARGAMI-2) trial data to elucidate the impact of prior antidiabetic treatment on 7-day, 30-
day, and 1-year mortality, as well as rates of in-hospital complications.[79] Among 245
persons with T2DM, 121 (49.4%) were receiving a sulfonylurea prior to hospitalization.
There was no difference in the proportion of persons with an in-hospital ventricular
tachycardia / ventricular fibrillation between sulfonylurea users and persons treated with diet
alone (8.3% vs. 8.9%, p = 0.21 across all treatment arms). Danchin et a/examined the
impact of sulfonylureas on in-hospital death, using data from a French acute myocardial
infarction registry.[80] Among 487 persons with DM, 215 (44.1%) were receiving a
sulfonylurea prior to hospitalization. There was a borderline statistically significant
difference in the proportion of persons with an in-hospital ventricular fibrillation between
sulfonylurea users and sulfonylurea nonusers (2.3% vs. 5.9%, p = 0.05). Given there was no
statistical modeling of these SCA-related outcomes, interpreting these findings is difficult.

Sulfonylureas and SCA-related clinical outcomes in trials—Trials examining the
risks of SCA-related outcomes among sulfonylureas are scant.[81] In the early 1990s,
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Cacciapuoti et a/conducted a randomized crossover trial of 19 men with T2DM, coronary
heart disease, and VVAs evidenced on electrocardiogram.[77] Subjects underwent a baseline
Holter evaluation then were allocated to an initial 2-week treatment with metformin (N = 9)
or glyburide (N = 10). During periods of ischemia, there was a significant reduction in the
logarithm of isolated ventricular premature complexes per minute at baseline vs. after
glyburide treatment (1.30 vs. 0.21, p < 0.001); this was not evident with metformin (1.30 vs.
1.35, no p-value reported). During periods of ischemia, there was also a significant reduction
in the logarithm of number of episodes of nonsustained ventricular tachycardia per minute at
baseline vs. after glyburide treatment (0.24 vs. 0.003, p < 0.001); this was not evident with
metformin (0.24 vs. 0.25, p-value not reported). Neither of these endpoints was significantly
reduced during non-ischemic periods. There was no difference in fasting plasma glucose
from baseline vs. after glyburide or metformin treatment. Therefore, Cacciapuoti et a/
concluded that glyburide had an antiarrhythmic effect that was independent of reductions in
glucose. This trial has a number of limitations, including: a) small sample size; b) lack of
consideration of sudden death or cardiac arrest outcomes; c) lack of consideration of longer-
term therapy; and d) lack of examination of other sulfonylureas.

At the end of the 1990s, results from the United Kingdom Prospective Diabetes Study
(UKPDS) were published.[28] This large multicenter randomized trial was designed to
establish whether intensive glucose control in new-onset T2DM reduced the risk of
macrovascular and microvascular complications. Primary outcomes included any diabetes-
related endpoint, diabetes-related death, and all-cause mortality. Secondary outcomes
included 21 individual endpoints comprising the former composites; sudden death was such
an endpoint. Subjects were allocated to an intensive treatment (with a sulfonylurea [N =
1,573] or insulin [N = 1,156]) or conventional treatment with diet alone (N = 1,138); median
follow-up was about 10 years. The relative risk (RR) for sudden death among persons
randomized to the intensive (vs. conventional) arm was 0.54 (0.24-1.21). Intensive therapy-
specific RRs were 0.57 (0.16-1.97), 0.67 (0.21-2.16), and 0.58 (0.19-1.70), for
chlorpropamide, glyburide, and insulin (each vs. the conventional arm), respectively.
Notably, there was no statistically significant difference in sudden death risk among the
allocated intensive arm therapies (p = 0.92). While UKPDS’ primary outcome findings were
very influential, the trial was not powered to examine sudden death as a stand-alone
outcome. Unsurprisingly, the Cls for the sudden death effect estimates were very wide and
findings therefore inconclusive. Unfortunately, the 10-year post-trial monitoring of UKPDS
——published in late 2008—reported only on the original primary composite outcomes.[82]

A number of other trials have examined the relationship between intensity of glucose control
and cardiovascular outcomes. Yet, sulfonylurea exposure in these studies was not a
component of randomization. A seminal example is the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) trial.[83] This study’s primary outcome included a composite
of nonfatal myocardial infarction, nonfatal stroke, and death from cardiovascular causes; a
component of the latter was fatal arrhythmia. Subjects were allocated to an intensive
treatment targeting HbA1C < 6.0% (N = 5,128) or conventional treatment targeting 7.0—
7.9% (N =5,123). Since therapeutic regimens were individualized and not randomized, both
trial arms had a large proportion (>65%) of subjects treated with glimepiride—the only trial-
approved sulfonylurea. Therefore, it is impossible to disentangle the role of sulfonylureas by
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examining the proportion of subjects in each arm with a fatal arrhythmia (0.1% vs. 0.2%,
respectively). Similar limitations in design preclude the interpretation of sulfonylurea and
SCA-related outcome findings from DIGAMI 2,[84] VADT,[85] RECORD,[86] ORIGIN,
[87] and SAVOR-TIMI 53.[88] This is not surprising, though, as these trials were not
intended to answer this specific clinical question.

While the Action in Diabetes and Vascular Disease Pretarax and Diamicron Modified
Release Controlled Evaluation (ADVANCE) trial did randomly allocate an intensive
treatment group to modified-release gliclazide (N = 5,571), the conventional treatment group
(N =5,569) was permitted to remain on any other formulation of a sulfonylurea. In fact,
>63% and >57% of conventional therapy arm subjects began and ended the trial on a
sulfonylurea other than modified-release gliclazide. Further, study findings only reported on
sudden death incidence within a composite major coronary event outcome.

The TOSCALIT trial has been underway since 2008,[89] with results expected by the end of
2017. This randomized trial is exploring the cardiovascular effects of adding pioglitazone or
a sulfonylurea to metformin in T2DM subjects. The primary outcome is a composite of all-
cause mortality, nonfatal myocardial infarction, nonfatal stroke, and unplanned coronary
revascularization. The primary secondary outcome is a composite ischemic endpoint of
sudden death, fatal and nonfatal myocardial infarction, fatal and nonfatal stroke, major leg
amputation, and endovascular or surgical interventions on the coronary, leg or carotid
arteries. Subjects (N = 3,040) have been allocated to either pioglitazone or a sulfonylurea
(glyburide, gliclazide, or glimepiride, used accordingly to local practice). Most notably,
treatment with a given sulfonylurea is not randomized. Further, sudden death is not being
examined as a stand-alone outcome in a preplanned secondary analysis.

Other major, ongoing trials will unlikely provide definitive evidence. The GRADE
pragmatic trial[90] including sulfonylurea users will not elucidate arrhythmogenic risk, as it
was not designed as a cardiovascular outcome study; it is only examining, as a secondary
outcome, a major adverse cardiovascular event (MACE) composite outcome, angina, and
heart failure hospitalization. The CAROLINA trial[91] including glimepiride users is also
examining MACE, but not SCA.

More data are needed—The studies discussed above are insufficient to answer the
important clinical question at hand—what are the effects of different sulfonylureas on the
clinical outcome of serious arrhythmia? A sufficiently-powered trial designed to answer this
question would be a massive (and prohibitively expensive) undertaking, making it unlikely.
Yet, T2DM trials under development that plan to examine agent-specific differences in
cardiovascular safety endpoints should strongly consider SCA/VA as a stand-alone outcome.
Ongoing trials examining SCA/VA as part of a composite endpoint should report findings
for individual components of the composite. While these results would lack precision, they
may help contextualize findings from existing and sure-to-be-forthcoming epidemiologic
studies. It is clear that we will have to rely on non-experimental data. Therefore, we need
rigorously-designed observational comparative safety study findings to serve as our evidence
base. These studies should use sophisticated methods to minimize confounding by indication
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and mitigate bias. To help assess causality, these studies should examine dose- and duration-
response effects. This will go a long way to close the existing knowledge gap.

Concluding remarks and future perspectives

SCA represents a major and growing public health concern, particularly in persons with
DM. As the prevalence of DM skyrockets, providers will face an ever-more urgent
responsibility to minimize SCA risk among persons with DM—focusing on risk factor
reduction and tailoring of prescription therapies. An open clinical question is whether choice
of oral antidiabetic drug therapy can minimize the risk of serious arrhythmic events.

Sulfonylureas remain the most widely used add-on to metformin in persons with T2DM.
This class remains relevant because of extensive experience with its use, its low cost, and
since UKPDS demonstrated its ability to reduce microvascular complications of DM. Yet,
trial findings have also heralded concerns of cardiovascular safety—a debate that has raged
for over 40 years. Few such trials (and observational studies) have focused specifically on
the risk of SCA-related outcomes in sulfonylurea users. This is a major knowledge gap.
Clinicians need sufficient evidence on which to base prescribing decisions in T2DM,
especially in light of individualized treatment regimens balancing the tetrad of safety,
efficacy, cost, and tolerability. While GRADE, CAROLINA, and TOSCA.IT will go a long
way to inform dual therapy drug selection in T2DM, these ongoing trials will not close this
knowledge gap. Not only is it likely to remain uncertain what role sulfonylureas should have
as a class, it is likely to remain entirely unclear whether some modern sulfonylureas confer
better or worse outcomes than others. Future work should elucidate the effects of individual
sulfonylureas on SCA-related outcomes (see Outstanding Questions).
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GLOSSARY

Adenosine triphosphate-sensitive potassium channel (Katp)
inward-rectifying potassium ion channel that sits at the crossroads of cell metabolism and
membrane excitability

found in ventricular myocytes
pancreatic p-cells, muscle, and the brain

Delayed rectifier potassium channel (Ik,)

major time-dependent outward current in ventricular myocytes that mediates repolarization
of the cardiac action potential and is critical in determining action potential duration. Ik, and
the human ether-a-go-go-related gene (see below) are inextricably linked (and terms
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occasionally used interchangeably), as the human ether-a-go-go-related gene protein forms
the voltage-gated channel responsible for this current

Human ether-a-go-go-related gene

gene that encodes the pore-forming subunit of the rapid component of the delayed rectifier
potassium channel expressed in the heart, various brain regions, smooth muscle cells,
endocrine cells, and a wide range of tumor cell lines. Channel inhibition may lead to
electrocardiographic QT interval prolongation, a putative precursor to torsade de pointes
arrhythmias. Drug-induced QT interval prolongation commonly operates via this
mechanism. Not all drugs that inhibit human ether-a-go-go-related gene channels are
torsadogenic and inhibition of human ether-a-go-go-related gene channels is not the only
mechanism by which drugs may be torsadogenic

Ischemic preconditioning (IPC)
protection conferred to ischemic myocardium by brief periods of sub-lethal ischemia
separated by periods of short bursts of reperfusion delivered before the ischemic insult

QT interval
electrocardiographic measure of ventricular repolarization

Serious hypoglycemia
a low blood glucose level that requires assistance from another person to treat

Sudden cardiac arrest (SCA)
sudden cessation of cardiac activity with hemodynamic collapse, typically due to sustained
ventricular tachycardia / ventricular fibrillation

Sulfonylurea

a sulfonamide derivative hypoglycemic compound used in the treatment of type 2 diabetes
mellitus. The 2017 Standards of Medical Care in Diabetes recommend an agent in this class
as one high-efficacy option to augment metformin when dual therapy is required. Some
agents in this class have been marketed since the 1950s and therefore are often considered a
known entity—a potentially important consideration as safety concerns arise with novel oral
antidiabetic drugs

Torsade de pointes
ventricular tachycardia characterized by fluctuation of the QRS complexes around the
electrocardiographic baseline and is typically caused by a long QT interval
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TRENDS

An increase in the incidence of sudden cardiac arrest among persons with
diabetes mellitus represents a major public health concern.

Given this, it may be prudent to tailor prescribing to minimize sudden cardiac
arrest risk; a potential approach could include the optimization of oral
antidiabetic drug therapy.

Sulfonylureas remain the most commonly-used second line class for treating
type 2 diabetes.

The impact of an individual sulfonylurea on sudden cardiac arrest risk may
be driven by its ability to influence cardiac excitability, ischemic
preconditioning, and/or serious hypoglycemia (among other mechanisms).

A few small experimental and observational studies in humans suggest that
glyburide may reduce ventricular arrhythmias of varying clinical
consequence; this putative effect requires rigorous examination.
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OUTSTANDING QUESTIONS

To what degree do individual putative mechanisms (e.g., electrocardiographic
QT interval prolongation, cardiac autonomic neuropathy, dysglycemia,
vasoconstriction, hypercoagulation, renal failure) contribute to sudden
cardiac arrest in persons with diabetes mellitus?

What is the selectivity of individual sulfonylureas for blocking mitochondrial
vs. sarcolemmal myocardial Kap channels? Which blockade mediates
cardiac excitability and ischemic preconditioning effects?

What are the effects of individual sulfonylureas on Ik, and
electrocardiographic QT interval prolongation? Are these adequate predictors
of sudden cardiac arrest in persons with diabetes mellitus?

What is the comparative safety of individual sulfonylureas with regard to the
risk of sudden cardiac arrest and related serious arrhythmic outcomes?

Does glyburide decrease the risk of sudden cardiac arrest and related serious
arrhythmic outcomes in persons with type 2 diabetes mellitus? Would
glyburide’s greater risk of serious hypoglycemia (vs. other sulfonylureas and
other oral antidiabetics) outweigh this potential benefit?

Should clinicians preferentially consider glyburide as the first add-on option
to metformin in type 2 diabetes patient requiring dual therapy? How would
the risk-benefit change in an older adult? In an individual with comorbid
coronary heart disease? In an individual with a history of rhythm
disturbances?
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Box 1
Sulfonylurea’s blockade of myocardial Karp channels

Plasma sulfonylurea concentrations in chronic users are sufficient to antagonize
myocardial Karp channels,[92] but not all agents do so to the same extent.[40] The effect
(or lack thereof) of an individual sulfonylurea on IPC and/or cardiac excitability may be
driven by its selectivity for pancreatic vs. myocardial Karp channels. Chlorpropamide,
gliclazide, glipizide, and tolbutamide are highly (>100X) selective for pancreatic
channels, while glimepiride and glyburide are moderately (approximately 10X) selective.
[35] However, the relationship between selectivity and cardiovascular effects is not
straightforward. First, a sulfonylurea’s antagonism of myocardial Karp channels is
modulated by magnesium adenosine diphosphate.[35] Second, differences may exist in a
sulfonylurea’s preference for blocking mitochondrial vs. sarcolemmal myocardial Kagp
channels,[93] each of which has been debated as mediating IPC effects.[36,94] While the
relationship between Kap channels and general cardiovascular disease is beyond the
scope of this review, Nichols et a/ provide a detailed overview for interested readers.[39]
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Figure I, Box 1.

ventricular fibrillation.
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CARDIAC EXCITABILITY IN SETTING OF ISCHEMI

fu

K* efflux through K.y channels shortens AP duration:
Jca® influx > Lintracellutar Ca™

Jdelayed afterdepolarizations, but I reentrant arrhythmi

hs, e.g., VF

Kam channel blockage prevents shortening of AP duration:
PCa™ influx > Pintracellular Ca™

T delayed afterdepolarizations, but \J reentrant arrhythmil

bs, e.g., VF

Myocardial Karp-mediated effects on infarct size and cardiac excitability in the setting of
sulfonylurea exposure. Ischemic preconditioning, an innate protective mechanism of the
heart, minimizes infarct size. This protection may be blunted by some sulfonylureas via
blockade of myocardial Karp channels. Channel blockade also affects cardiac
excitability. This figure was adapted from Brady PA & Terzic A (JAm Coll Cardiol
1998;31:950-956), with permission from Dr. Brady. The graphic of the heart,
downloaded from the openclipart.org media repository, is in the public domain (creative
commons license zero 1.0). AP = action potential; IPC = ischemic preconditioning; VF =
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Figure 1.
Potential mechanisms of sudden cardiac arrest in persons with diabetes mellitus. This

conceptual model was developed from literature findings and in consultation with field
experts. The increased risk of sudden cardiac arrest in persons with diabetes is
multifactorial. Sulfonylureas may affect this risk primarily via actions at the pancreas, heart,
and/or smooth muscle. The presence and width of arrows emanating from the sulfonylurea
boxes is broadly indicative of their actions and selectivity. While numerous other drugs may
influence the risk of sudden cardiac arrest, this conceptual model simply highlights the drug
class discussed herein. CHD = coronary heart disease; CAN = cardiac autonomic
neuropathy; CM = cardiomyopathy; HF = heart failure; HR = heart rate; SCA = sudden
cardiac arrest; SUR = adenosine triphosphate-binding cassette protein sulfonylurea receptor.
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mtorsade de pointes

W sudden death
mventricular arthythmia
® cardiac arrest

Spontaneous reports of sudden cardiac arrest-related outcomes attributed to a sulfonylurea.
These data were collected via Druglnformer queries of United States Food and Drug
Administration Adverse Event Reporting System (01/01/2004 through 10/18/2016).
Spontaneous reports were dominated by cardiac arrest and ventricular arrhythmia events.
These clinical observations, while potentially useful for hypothesis generation, provide a

very low level of causal evidence.
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