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Cardiac autonomic neuropathy is a common and
frequently underdiagnosed complication of diabetes with
significant associated cardiovascular morbidity' and
mortality.” The reported prevalence of cardiac autonomic
neuropathy, although extensively studied and reported in
both type 1 and 2 diabetes, has been variable due to a
variety of available testing methods as well as different
diagnostic criteria used.” The Toronto Consensus Panel
recently published guidelines for diagnosing and classi-
fying cardiac autonomic neuropathy using previously
known non-invasive tools for cardiovascular reflex test-
ing.* The American Diabetes Association also considers
these cardiovascular reflex tests to be sensitive and
specific for diagnosing cardiac autonomic neuropathy,
and therefore, the current standard for evaluating both
sympathetic and parasympathetic function.’

Cardiac autonomic neuropathy is not as well studied
in pre-diabetic states of impaired glucose tolerance (IGT)
and impaired fasting glucose, as it is in types 1 and 2
diabetes. There is, however, a growing body of evidence
suggesting that a significant number of patients may have
developed cardiac autonomic neuropathy during their pre-
diabetes stage even before development of diabetes. A
study by Vinek et al® concluded that as many as 7% of
patients have cardiac autonomic neuropathy at the time of
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initial diagnosis of type 1 or 2 diabetes. This finding
suggests that a significant proportion of patients may have
developed cardiac autonomic neuropathy during their pre-
diabetes stage. This is also supported by the likely
chronicity of the most widely accepted mechanisms of
pathogenesis of cardiac autonomic neuropathy resulting
from neuronal cellular injury, inflammation, microvas-
cular ischemia, autoimmunity, and oxidative stress
induced neuron death directly or indirectly triggered by a
hyperglycemic state.’

The role of I-123 metaiodobenzylguanidine (MIBG)
imaging in diabetic patients is well studied, and findings
from several studies in this field suggest that impaired
heart-to-mediastinum (H/M) ratio and washout rate
(WR) of MIBG correlate well with the presence or ab-
sence of clinical autonomic neuropathy in diabetic
patients.> Similar data assessing the relationship of
cardiac MIBG activity to cardiac autonomic neuropathy
in pre-diabetes is very limited. The only major previous
study employing I-123 MIBG and assessing it as a
reliable tool for evaluating the sympathetic arm of car-
diac autonomic function in pre-diabetes was reported by
Diakakis et al.'®

In the present study, Asghar and associates tested
the prevalence of cardiac autonomic neuropathy in pa-
tients with IGT using conventional methods of cardiac
autonomic reflex testing as well as cardiac adrenergic
innervation using imaging with I-123 MIBG. Their
study concludes that there is no difference in cardiac
autonomic function or cardiac sympathetic innervation
among 15 controls and 15 subjects with IGT.

The study is well designed, and the method of
selection of patients with IGT (serum glucose at 2-hour
post oral challenge 7.8-11.1 mmol/L or 140-200 mg/dL)
is in accordance with the standards recommended by
American Diabetes Association and American College
of Endocrinology for diagnosis of IGT."' Nevertheless,
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the most recent guidelines place substantial emphasis on
a moderately elevated hemoglobin A1C in a range of
5.5%-6.0% as a strong predictor of future overt diabetes
and cardiovascular risk, and as an equally reliable
method of screening for pre-diabetes. This raises a
question of whether any members of the control group in
the Asghar study might have had pre-diabetes by
hemoglobin Alc but not by post oral glucose challenge
criteria, given the fact that the data analysis did not show
a statistically significant difference in mean hemoglobin
AI1C between the two groups. This in turn might have
resulted in unsuspected cardiac autonomic dysfunction
in members of the control group, potentially explaining
the lower mean control late H/M ratio reported in the
Asghar study compared to the previously reported nor-
mal values in the Diakakis study and referenced in the
AdreView Myocardial Imaging for Risk Evaluation in
Heart Failure (ADMIRE-HF) study.'?

In attempting to understand whether the IGT pa-
tients studied by Asghar and associates are comparable
to those studied by Diakakis et al, there are several
limitations. Unfortunately, the level of hemoglobin Alc
was not reported in the Diakakis study. On the other
hand, the very high prevalence of a family history of
diabetes (77%) in the IGT group compared to controls in
the Diakakis study (25%, P < .001) suggests selection
of a high-risk pre-diabetic group. Family history of
diabetes was not reported in the present study. Hyper-
tension and left ventricular hypertrophy clearly influence
the I-123 MIBG H/M ratio. Puzzling trends in the pre-
sent study are that the controls tended to have a higher
echocardiographic mass index than subjects with IGT,
whereas the IGT group tended to have a higher systolic
and diastolic blood pressure. Does the trend toward
higher left ventricular mass in the controls have any
bearing on the lack of difference in late H/M ratios
between the two study groups? On the other hand, one
wonders whether the lower late H/M ratio in glucose
intolerant subjects (1.60 + 0.14) compared to controls
(2.85 £ 042, P < .001) in the Diakakis study was in-
fluenced by the presence of significantly higher diastolic
blood pressure (82.3 + 3.0 mm Hg) in IGT subjects vs
controls (74.7 = 5.3, P < .001).

Potentially the most important distinction between
the present study and the previous study by Diakakis is
that the present study excluded subjects with peripheral
neuropathy. Recent data suggest that an association ex-
ists between peripheral and autonomic neuropathy in all
hyperglycemic states. One recent study reported that
patients with peripheral neuropathy are at 15 times
higher risk of developing cardiac autonomic neuropathy
and that both conditions frequently coexist.'* Another
study looked at the prevalence of somatic and auto-
nomic neuropathy in patients with diabetes and
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pre-diabetes and noted that as many as half of the
patients with somatic neuropathy had concurrent auto-
nomic neuropathy.'* This is also supported by similar
pathological precursors and pathways known to cause
peripheral neuropathy as well as cardiac parasympathetic
and sympathetic nervous dysfunction.'> Exclusion of
patients with peripheral neuropathy from the present
study may have identified a unique subgroup of
pre-diabetic subjects with minimal or no cardiac
autonomic neuropathy. Previous studies have also noted
that the incidence of cardiac autonomic neuropathy
correlates strongly with the duration of hyperglycemic
state in both type 1 and 2 diabetes.®'® This may also apply
to the pre-diabetic state. The authors rightly pointed out
toward the end of their discussion that longitudinal studies
may be required to assess the prevalence or absence of
autonomic dysfunction in pre-diabetes.

Different results between the present study and the
previous study by Diakakis et al may also relate to
technical considerations. The present authors used a
cardiac region of interest including the entire heart for
calculation of the H/M ratio, as recommended by the
European Association of Nuclear Medicine Cardiovas-
cular Committee and the European Council of Nuclear
Cardiology,'” and as employed in the ADMIRE-HF
phase III clinical trial."® In addition to being more
widely accepted, the whole heart region of interest was
shown to provide more reproducible H/M ratios'®
compared to limited region methods like that used in the
earlier study by Diakakis et al. The cardiovascular reflex
testing using heart rate variability (HRV) employed in
the present study is according to recommended auto-
nomic cardiovascular indices outlined in the Toronto
Consensus Panel which are now accepted as most
standardized and highly specific methods to screen for
cardiac autonomic neuropathy. Lastly, the authors used a
more robust method of excluding ischemic cardiac dis-
ease, using cardiac magnetic resonance imaging,
compared to previous similar studies.

FUTURE DIRECTIONS

The capability of I-123 MIBG to stratify risk of
death, heart failure progression, and life-threatening
cardiac arrhythmias” is well established in patients with
heart failure,'®' including diabetic patients with heart
failure.”> Abnormality of cardiac sympathetic nerve
function in diabetic subjects in the absence of clinical
heart failure has also been well documented.”>** If the
differences between the present study and the previous
study by Diakakis are related to differences in the
populations of pre-diabetics studied, then a prognostic
role and a role in guiding therapy may exist in some pre-
diabetic subjects. This will require larger studies with
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more clearly defined levels of pre-diabetes and longitu-
dinal follow-up. If a subset of pre-diabetics can be
identified with cardiac autonomic neuropathy, then a
practical question will be whether the level of cardiac
sympathetic function, as measured by I-123 MIBG, has
prognostic implications for the development of overt
diabetes mellitus, for the development of heart failure
and for survival. If there is a subgroup of pre-diabetic
subjects with autonomic dysfunction, could those sub-
jects who are obese gain specific outcome benefits from
bariatric surgery, as well as by dietary and medical
weight reduction and physical exercise? In addition to
these considerations, future cardiac autonomic nervous
system studies in pre-diabetics may include novel
cardiac parasympathetic imaging tools.”” This may
prove informative in pre-diabetics as parasympathetic
autonomic dysfunction is known to precede sympathetic
dysfunction.” Finally, modalities for assessment of
cardiac autonomic innervation like imaging with 1-123
MIBG have the potential to quantify autonomic function
more precisely than the current standard methods. One
thing that is clear is that the prevalence of pre-diabetes
and obesity is increasing dramatically. Assessment of
cardiac autonomic dysfunction has demonstrated poten-
tial to predict outcomes in diabetic subjects, but much
more research will be needed to clarify its potential role
in pre-diabetics.
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