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CAN, intense glucose control of T1DM ought to be started
as soon as possible (Pop-Busui et al., 2009). However, in
patients with established CAN, glycemic control may need to
be less stringent to avoid hypoglycemia and adverse drug effects
(Inzucchi et al., 2015). The American Diabetes Association
also recommends that individuals with CAN have a cardiac
evaluation before starting or increasing physical activity for safety
reasons (American Diabetes Association, 2017; Pop-Busui et al.,
2017).

Pathogenesis-oriented interventions may promote some
degree of reversal of established CAN (Vinik et al., 2011). Lifestyle
interventions, increased physical activity, b-adrenergic blockers,
aldose reductase inhibitors, ACE inhibitors, ARBs, and potent
antioxidants such as a-lipoic acid have all been shown to restore
autonomic balance. Enhanced glycemic control with a reduced

HbA1c from 9.5 to 8.4 improved HRV in patients with T1DM
with minimal autonomic abnormalities, but not in those with
advanced autonomic irregularities (Burger et al., 1999). The
Veterans Administration Cooperative Study showed no impact
on the occurrence of CAN after 2 years of intense glycemic
control in patients with T2DM (Azad et al., 1999); however,
people with T2DM receiving rigorous multifactorial therapies
that targeted hypertension, hyperglycemia, dyslipidemia, and
microalbuminuria, along with secondary CVD preventative
measures like aspirin use, experienced a 63% reduction in
ANS dysfunction in the Steno-2 Study. Although glucose-
lowering agents exerted the least benefit in comparison with
antihypertensive treatments, lipid-lowering agents, aspirin, and
vitamin-mineral supplements (Gaede et al., 1999), this favorable
effect continued after ∼13 years of follow-up (Gaede et al.,

FIGURE 1 | Schematic of dopamine – clock interactions in the regulation of fuel metabolism. Figure illustrates the hypothalamic clock with decreased suprachiasmic
nuclear (SCN) early morning peak of dopamine activity and enhanced activity of the paraventricular nucleus (PVN), which increase autonomic tone and the
paraventricular nucleus to raise levels of corticotrophin releasing hormone (CRH). The consequences include activation of the sympathetic nervous system (SNS)
hypothalamic and glucose sensitization reducing parasympathetic (vagal drive) to the liver and resistance to both leptin and insulin. CRH, corticotrophin releasing
hormone; eNOS, endothelial nitric oxide synthase; FFAs, free fatty acids; NPY, neuropeptide Y; PVN, paraventricular nucleus; SCN, suprachiasmatic nucleus; SNS,
sympathetic nervous system; TGs, triglycerides; VMH, ventromedial hypothalamus (Raskin and Cincotta, 2016).
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2008). Early identification of CAN also may allow for the
well-timed initiation of antioxidant alpha-lipoic acid therapies
that slow or reverse advancement of CAN (Ziegler and Gries,
1997).

Certain medications hold promise for the prevention and
reversal of CAN. Early therapeutic intervention with ACE
inhibition or ARBs improved both CAN and left ventricular
diastolic dysfunction after 1 year of treatment in patients
with no symptoms and long-term diabetes. The combined
therapies were slightly superior to monotherapies, auguring
well for patients with established CAN (Didangelos et al.,
2006). Treatment with fluvastatin improves cardiac sympathetic
neuropathy in the diabetic rat heart in relation to attenuation
of increased cardiac oxidative stress (Matsuki et al., 2010).
Alternatively, selective inactivation of cyclooxygenase-2 (COX-
2) guards against sympathetic denervation in experimental
diabetes by decreasing intramyocardial oxidative stress and
inflammation (Kellogg et al., 2009). Consequently, statins
and COX-2 inactivation may assist in attenuating cardiac
sympathetic dysfunction. In addition, it has been shown that
early mortality is a consequence of beat-to-beat variability
loss with MI, but can be reduced by 33% with the immediate
administration of insulin (Malmberg et al., 1999). Successful
pancreas transplantation showed improvements in epinephrine
response and normalized hypoglycemia symptom awareness in
patients with established diabetes (Burger et al., 1999) as well as
evidence of a reversible metabolic component in patients with
early CAN (Kendall et al., 1997).

Weight loss and weight-reducing surgeries may also
potentially reduce CAN. ANS dysfunction and increased
sympathetic activity have been directly correlated with obesity
(Piestrzeniewicz et al., 2008; Straznicky et al., 2009; Lambert
E. et al., 2010; Lambert G. W. et al., 2010). Moreover, weight
reduction significantly improves HRV and reduces ANS
imbalances (Karason et al., 1999; Maser et al., 2007; Nault
et al., 2007; Perugini et al., 2010; Ravussin, 2010; Casellini
et al., 2015, 2016; Ziegler et al., 2015a). To evaluate the ability
to reverse autonomic imbalance, we examined sudomotor
function and HRV measurements in obese patients undergoing

bariatric surgery. Patients were assessed at baseline, 4, 12,
and 24 weeks after vertical sleeve gastrectomy or Roux-en-Y
gastric bypass. Seventy subjects completed at least 24-weeks
of follow-up. Sudorimetry results of ESC of feet improved
significantly trending toward normal in T2DM patients.
HRV improved significantly, as did many other metabolic
parameters. Improvements in feet ESC were shown to be
independently associated with HbA1c, insulin, and HOMA2-IR
levels at baseline, as well as HbA1c at 24 weeks. Additionally,
improvement in basal HR had an independent association
with HbA1C, insulin and HOMA2-IR levels. These positive
results suggest that bariatric surgery can return both cardiac
and sudomotor autonomic C-fiber dysfunction in those with
diabetes to normal, possibly positively influencing morbidity and
mortality (Casellini et al., 2016).

FUTURE DIRECTIONS OF RESEARCH
TO PREVENT AND REVERSE CARDIAC
AUTONOMIC NEUROPATHY

The host of targets that are potential candidates for reduction
of cardiovascular risk have been addressed in the previous
paragraphs. For years we were confronted with glycemic control
as the only measure by the glucocentric majority and those
who believed in the lipid hypothesis who have now carried
this to the extreme of need for even lower LDL-C in high risk
patients. The entry of SGLT2 inhibitors and the incretins shed
new light on the challenge armed with new ammunition and
also created an avenue of adventure for those interested in novel
pathways. However the initial inroad into reduction of CV events
was a discovery of the power of resetting a biologic clock and
targeting the brain rather than other members of the dreadful
dektet!

It has been established that there is a brain dopamine
deficiency in obese diabetic patients present in the early hours
of the morning (Cincotta et al., 1999). The working hypothesis
is that in early morning, decreased dopaminergic tone in
the hypothalamus unbridles sympathetic activation with all its

TABLE 2 | Impact of bromocriptine-QR on CV death-inclusive composite cardiovascular endpoint and individual components of the composite as well as the MACE
endpoint.

Bromocriptine-QR
(N = 2054), n (%)∗

Placebo
(N = 1016) n (%)∗

Hazard ratio
(95% CI)

CV death-inclusive composite cardiovascular endpoint 39 (1.9) 33 (3.2) 0.61 (0.38 TO 0.97)

Myocardial infarction 7 (0.3) 9 (0.9) 0.41 (0.15 to 1.11)

Stroke 5 (0.2) 6 (0.6) 0.44 (0.13 to 1.43)

Hospitalization for angina 9 (0.4) 9 (0.9) 0.52 (0.21 to 1.30)

Hospitalization for heart failure 9 (0.4) 6 (0.6) 0.77 (0.27 to 2.16)

Coronary revascularization 11 (0.5) 8 (0.8) 0.72 (0.29 to 1.80)

CV death 4 (0.2) 2 (0.2) 0.48 (0.07 to 3.43)

Coronary revascularization following a primary endpoint (i.e., CABG after MI) 9 (0.4) 11 (1.1) 0.43 (0.18 to 1.03)

MACE composite-myocardial infarction, stroke, CV death 14 (0.7) 15 (1.5) 0.48 (0.23 to 1.00)

∗Percentage of events per total number per group; 2054 bromocriptine-QR, 1016 placebo. CI, confidence interval; CV, cardiovascular; CABG, coronary artery bypass
graft; MACE, major cardiovascular adverse event; MI, myocardial infarction (Gaziano et al., 2012).
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consequences, as illustrated in Figure 1. Restoring the morning
peak in dopaminergic activity by dopamine D2 receptor-
mediated activities may, therefore, restore ANS balance.

It may also be possible to reset the biologic hypothalamic
clock and ANS function using bromocriptine QR to restore
morning dopaminergic activity. It sensitizes the body to insulin
and reduces sympathetic tone thereby reducing HR (Raskin and
Cincotta, 2016). Bromocriptine QR has also demonstrated a
favorable effect on CV outcomes in clinical trials (Figure 1 and
Table 2) (Gaziano et al., 2012), suggesting a future direction
for pathogenesis-oriented therapies (Vinik et al., 2011). Our
current quest is to determine if any of the novel discoveries
in cardiovascular outcome studies (CVOTs) are indeed working
through rebalancing the ANS thereby creating a wonderful
opportunity for taking a fork in the road.

CONCLUSION

An improvement in ANS balance may be critical to reducing
cardiovascular events and early mortality. Symptoms and signs
of autonomic dysfunction, including resting HR, BP responses to
standing, and time and frequency measures of HRV in response
to deep breathing, standing and Valsalva maneuver, should be
elicited from all patients with diabetes to allow for early detection
and intervention. With the recognition of the presence of ANS
imbalance or for its prevention, a rigorous regime should be
implemented with lifestyle modification, physical activity, and
cautious use of medications that lower blood glucose. Rather

than intensifying diabetes blood glucose management, a regimen
tailored to the individual risk of ANS dysfunction should be
constructed. The advent of new agents that may have the potential
to improve ANS function, such as the SGLT2 inhibitors and
the GLP-1 agonists, should be considered. However, it is not
clear how these compounds work and what the mechanism
of reduction of major adverse cardiovascular events is. An
overlooked mechanism is a resetting of the biologic clock with
correction of the dopamine deficiencies in the brainstem of obese
people with diabetes, restoring the functioning of the ANS with
its potential for significant reduction of cardiovascular events.
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