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EDITORIAL COMMENT
Is IL-1 the Bridge Connecting Type 2
Diabetes and Cardiac Arrhythmias?*

Lisa Stoll, PHD, James C. Lo, MD, PHD
A growing diabetes pandemic is unfolding
worldwide, with a relentless increase in peo-
ple affected by both type 1 and type 2 diabetes.

It is currently estimated that already 10.5% of the U.S.
population is diabetic. Although type 1 diabetes is
characterized by an autoimmune destruction of the
beta cells, type 2 diabetes involves insulin resistance
and a failure of the beta cells to produce sufficient
amounts of insulin to maintain glucose homeostasis.
Despite their different pathophysiology, both type 1
and type 2 diabetes have been associated with major
adverse cardiovascular events. Aside from diabetes
causing elevated rates of cardiovascular disease, dia-
betes also exacerbates the severity of arrhythmias.
Diabetes has been linked to increased rates of sudden
cardiac death in the general population, which is a
consequence of arrhythmias as well as myocardial
infarction (MI) (1,2). The cellular and molecular mech-
anisms linking diabetes to malignant arrhythmias and
sudden cardiac death are still under investigation,
with no specific antiarrhythmic treatments available
for patients with diabetes. Many mechanisms have
been postulated. Hyperglycemia for example can
trigger oxidative stress, inflammation, and abnormal
Ca2þ signaling in the cardiac myocytes.

In this issue of JACC: Basic to Translational Science,
Liu et al. (3) investigate the effect of interleukin (IL)-
1b, oxidative stress, and calcium handling on diabetic
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arrhythmia risk. The idea that IL-1b itself triggers
inflammation and reactive oxygen species (ROS)
generation in hearts has been shown in type 1 diabetic
mice (4). In fact, IL-1b released by macrophages ren-
ders type 1 diabetic mice more vulnerable to the
development of arrhythmias. In addition, it has been
shown to be implicated in the development of heart
failure. Besides IL-1b, other inflammatory proteins
such as IL-6, nuclear factor-kB, and tumor necrosis
factor-a have been shown to be involved in heart
failure, arrhythmias, and oxidative stress in type 1
diabetes. However, the primary problem in type 1
diabetes is insulin deficiency, whereas insulin resis-
tance and obesity are prominent features of type 2
diabetes. Thus, it was unknown if IL-1b might also
play a critical role in arrhythmogenesis in the com-
plex setting of type 2 diabetes. This question has now
been addressed by Liu et al.

Liu et al. used a model of diet-induced obesity to
mimic the milieu that the heart faces in the setting of
type 2 diabetes. They observed that the diabetic mice
displayed a prolonged QT interval as a consequence
of a prolonged action potential duration. They
described that increased cardiac IL-1b expression
triggered a release of ROS from the mitochondria that
in turn oxidized the RyR2 channel, which triggered
sarcoplasmic reticulum Ca2þ leak, allowing for
inducible ventricular tachycardia (VT) in half the
study animals. In contrast, control nondiabetic mice
showed no evidence of VT inducibility. IL-1 or mito-
chondrial ROS blockade substantially reduced
inducible VT to near nondiabetic levels. These
impressive findings may provide a new and unex-
pected therapeutic of blocking a cytokine for treat-
ment of arrhythmias, blurring the distinction
between anti-inflammatory and antiarrhythmic
agents.

One of the major study outcomes used was VT
inducibility. Although a convenient diagnostic tool to
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utilize, it is artificial and may not reliably reflect
spontaneous VT. If IL-1 blockade can decrease spon-
taneous ventricular ectopy or VT in animal models of
type 2 diabetes, then this would further support po-
tential clinical use. Liu et al. have shown that IL-1b is
involved in the susceptibility of diabetic hearts to
arrhythmia, but there are likely other important
proarrhythmogenic mechanisms at play in the dia-
betic heart. In their paper, they did not observe any
alteration in the potassium current, which is in
contrast to previous studies in which diet-induced
obesity results in QT prolongation as a consequence
of a reduction of the potassium current mediated
through protein kinase D (5). Whether this divergence
is due to the heterogenous response to obesity or
differences in the degree of obesity, composition of
diets, or other factors remains to be determined. Be-
sides changes in ion currents, it has previously been
described that hearts of diabetic db/db mice display
altered sympathetic nerve innervation, which can
result in an increased susceptibility to arrhythmia (6).
Might there be cross-talk between IL-1b and the
sympathetic nervous system?

This study further opens the door to working out
the connection between diabetes, inflammation, and
dysrhythmia. One outstanding question will be if
antagonizing IL-1b might be additive or synergistic
with beta-blockers, which are commonly used in
clinical practice. This question could not be addressed
in the study because the IL-1 receptor antagonist
nearly completely suppressed inducible VT.
Ultimately, it remains to be seen if IL-1b could be tar-
geted directly to decrease the arrhythmia risk associ-
ated in patients with diabetes. Several clinical studies
were performed to assess the utility of IL-1 blockers
anakinra and canakinumab in heart failure and post-
MI. Although there were positive effects on cardio-
vascular outcomes in patients treated with IL-1 an-
tagonists, severe side effects were observed. Drugs
used to treat diabetes itself, such as SGLT2 (sodium-
glucose cotransporter 2) inhibitors, decrease oxidative
stress and fibrosis as well as action potential duration
in type 2 diabetic mouse hearts, but they also result in
episodes of hypoglycemia. This highlights the impor-
tance of developing a drug that lowers the risk of
arrhythmia in patients with diabetes without
increasing their risk of developing severe infection
and hypoglycemia. Therefore, further studies are
required to identify other key regulators that mediate
the increased arrhythmia risk in diabetes.
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