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Cardiovascular autonomic neuropathy is the most frequent clinical form of autonomous diabetic neuropathy and appears secondary to 
cardiac autonomous fibre involvement, actively involved in cardiac rhythm impairment. Type 2 diabetes mellitus patients can present cardiac 
autonomic neuropathy early in the disease. Autonomous nerve function in DM patients should be assessed as early as the diagnosis is set in 
order to establish the optimal therapeutic strategy. The most frequent cardio-vagal test used is heart rate variability. An abnormal heart rate 
variability in the presence of orthostatic arterial hypotension indicates a severe cardiac autonomic neuropathy diagnosis. The development of 
cardiac autonomic neuropathy is subjected to glycaemic control, duration of the disease and associated risk factors. The glycaemic control 
is extremely important, especially early in the disease. Therefore, a poor glycaemic control carries unfavourable long-term effects, despite 
an ulterior optimal control, a phenomenon named “hyperglycaemic memory”. In type 2 diabetes mellitus patients, the association of cardiac 
autonomic neuropathy with intensive glycaemic control increases the mortality rate, due to the fact, that, secondary to autonomous impair-
ment, the patients do not present the typical symptoms associated with hypoglycaemia.  Stratifying the cardiac autonomic neuropathy aids 
the clinician in assessing the morbidity and mortality risk of diabetes mellitus patients, because it is an independent risk factor for mortality, 
associated with silent myocardial infarctions and the risk of sudden death. 
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Introduction 
Autonomous diabetic neuropathy is the least recognised 
and understood type of diabetic neuropathy (DN), despite 
a significant negative impact on long-term survival and 
quality of life of these patients. The autonomous nervous 
system virtually regulates the functions of all the organs, 
therefore, the autonomous diabetic neuropathy can lead to 
mild or dire consequences [1].

Cardiovascular autonomic diabetic neuropathy (CAN) 
is the most frequent clinical form of autonomous diabetic 
neuropathy, defined as an impairment of the autonomous 
control upon the cardiovascular system in diabetes mel-
litus patients (DM), after the exclusion of other systemic 
causes. The autonomous nervous system closely integrates 
vital processes such as cardiac rhythm, blood pressure (BP), 
myocardial contractility and in consequence, plays a pri-
mordial role in cardiovascular regulation. CAN, probably 
one of the most severe and neglected complications, ap-
pears secondary to cardiac autonomic fibre involvement, 
leading to an impairment of the cardiac rhythm and of the 
vascular dynamic [2,3,4,5].

The clinical manifestations of CAN have a significant 
impact upon the quality of life of these patients and are 
associated with a poor outcome, due to orthostatic arterial 
hypotension, intolerance to physical activity, silent myo-
cardial infarctions, malignant cardiac arrhythmias and sud-
den death. Usually, the symptoms of CAN appear in the 

late stages of DM, but a subclinical CAN can be detected 
in DM patients one year after the initial diagnosis. This as-
pect underlines the importance of CAN screening [1,6,7]. 
Once the diagnosis of CAN has been established, the pa-
tients need to be closely monitored for physical activity, 
early identification of silent myocardial ischemia, assess-
ment of the current medication and careful control of the 
associated cardiovascular risk factors [7,8]. 

Globally, the diagnosis of DM is an extremely impor-
tant public health issue. The past decades recognised an 
increasing and dramatic change in this aspect, due to a 
continuous increase in the prevalence. This is most likely 
secondary to population ageing and a decrease in physical 
activity. Furthermore, the diagnosis of DM started to ap-
pear in younger individuals (40-64 years old), which leads 
to a longer duration of the disease and a higher risk of 
mortality and morbidity secondary to DM complications, 
especially due to cardiovascular diseases [9]. 

According to FID data, in Romania, the prevalence of 
DM for 2011 was 9.2% and is estimated that by the end of 
2030, the prevalence will reach 11.1%. Globally, for each 
individual that receives the DM diagnosis, another one re-
mains undiagnosed. Romania is in the top 10 in Europe 
for undiagnosed DM patients [10,11]. 

Considering these disquieting epidemiological data, 
together with the severity of CAN, this diagnosis needs 
to be prioritised by the clinicians involved: neurologists, 
diabetologists and cardiologists. The efforts must be joined 
together in order to extend the area of expertise and to 
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positively influence the clinical evolution, for a better long-
term prognosis of DM patients.

CAN diagnosis
Symptoms and clinical signs of autonomic cardiac involve-
ment

The symptoms of cardiovagal involvement can be tachy-
cardia, dizziness, visual impairment and positional fainting 
when passing from a supine to a standing position [12]. A 
decrease in the heart rate variability (HRV) can be one of 
the first symptoms in CAN, reflecting the vagal dysfunc-
tion. In healthy subjects, an increase of the sympathetic 
activity will determine a reactive increase in the parasym-
pathetic activity. In consequence, any increase in the sym-
pathetic activity will lead to a reduced acceleration of the 
heart rhythm if the autonomic functions are intact. The 
rest tachycardia, with an occasional increase of the heart 
beats up to 130 beats per minute is characteristic for the 
late stages and is secondary to an increase in the sympa-
thetic tonus associated with a vagal dysfunction. Clinically 
speaking, tachycardia in DM patients has to be considered 
a sign of autonomic dysfunction, even if any other poten-
tial cause has been ruled out (hyperthyroidism, anaemia, 
infections, cardiac insufficiency) [13,14,15]. “Fixed” tach-
ycardia, which doesn’t modify as a response to moderate 
physical activity, stress or sleep, indicates an almost com-
plete cardiac denervation and has to be considered a sign of 
severe autonomic cardiovascular impairment [6]. 

Additionally, besides “fixed” tachycardia, the lack of an 
increase in the cardiac rhythm from passing from a supine 
to a standing position has significant clinical repercussions, 
due to the fact it involves a compensatory increase in the 
cardiac ejection, aggravating the orthostatic arterial hypo-
tension, which usually accompanies the resting tachycardia 
[16,17]. Also, it has been demonstrated that the resting 
tachycardia is involved in the genesis of ventricular ar-
rhythmias, with the consequence of sudden death [18]. 

Cardiovascular reflex tests (Ewing tests)
The clinical research of the cardiovascular autonomic func-
tion significantly progressed based on the studies of Ewing 
and Clarke [19], who introduced a battery of cardiovas-
cular reflex tests that have been successfully reproduced in 
a large number of studies. By using these tests in current 
clinical practice, the subclinical forms of CAN can be early 
detected, by identifying a reduction in the HRV [20, 21, 
22]. 

Cardiovascular reflex tests record the HRV, notably the 
variability of the R-R interval during the Valsalva manoeu-
vre. This is recorded during deep breathing or during the 
change in posture, from a supine to a standing position, 
together with BP variability from a supine to a standing 
position during a sustained contraction of the dynamom-
eter. The HRV predominantly (but not exclusively) records 
the parasympathetic nervous system function, and BP vari-
ability records the sympathetic nervous system function [5, 

23]. Pafili et al, (2015) reported that deep breathing HRV 
is the best indicator for CAN, and that the accuracy of the 
diagnosis is increased if this technique is combined with 
HRV by deep breathing Valsalva manoeuvre [24].  

Spectral analysis of HRV
The spectral analysis of HRV represents a more advanced 
method of CAN diagnosis. This can be evaluated by break-
ing down the R-R interval and estimating the magnitude of 
the variability according to frequency. There are two main 
wavelength frequencies: (1) low-frequency (0.04-0.15 Hz) 
– vasomotor activity; (2) high-frequency (0.15-0.4 Hz) – 
synchronized with the breathing. The sympathetic system 
modulates the low-frequency HRV and the parasympa-
thetic nervous system modulates the high-frequency. The 
magnitude of the spectral variation reflects the amplitude 
of cardiac rhythm fluctuation in different frequencies, dur-
ing the breathing-in and breathing-out manoeuvre. This 
technique has the advantage that it doesn’t require active 
participation from the patient, being evaluated in resting 
conditions [6, 25]. 

Arterial baroreflex sensitivity assessment
The arterial baroreceptor reflex is responsible for maintain-
ing short-term BP. By stimulating the baroreceptors, two 
major effector mechanisms are activated. The cardiac vagal 
fibre stimulation decreases the cardiac rhythm and in con-
sequence, it increases the cardiac flow, while the inhibition 
of the sympathetic vasoconstrictor activity reduces the pe-
ripheral vascular resistance. The vagal tonus is maintained 
by various reflex mechanisms which are continuously acti-
vated by the stimulation of the baroreceptors. Therefore, 
the level of the vagal tonus is proportional to the sensitivity 
of the baroreceptors. The vagus nerve carries cardioprotec-
tive effects in order to maintain the electric stability of the 
myocardial muscle. An impairment in the baroreceptor 
sensitivity represents, therefore, a cardiovascular risk factor. 
In order to assess the sensitivity of the baroreceptors, the 
spectral analysis of the length of the R-R interval induced 
by spontaneous BP fluctuations is used. A specialised soft-
ware analyses the sequences in which both the BP and the 
R-R interval simultaneously increase or decrease during 
three cardiac cycles [26, 27, 28]. 

Measuring the corrected QT interval
The length of the QT interval is widely influenced by the 
autonomous nervous system tonus and a prolonged QT 
interval increases the risk of both severe cardiac arrhyth-
mias and sudden death. A corrected QT over 440 milli-
seconds is considered abnormal. Evaluating the corrected 
QT interval can be a simple and useful instrument that 
can identify the patients that carry a high cardiovascular 
risk [29]. For the past years, the dispersion of the QT in-
terval has been used – it analyses the difference between 
the longest and the shortest QT interval measured in a 12 
lead EKG [30].
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Cardiac scintigraphy
Cardiac scintigraphy allows a complex imagistic assess-
ment of the cardiac sympathetic innervation, by using 
sympathetic neurotransmitters analogues, such as I-me-
taiodobenzylguanidine (MIBG). A reduced or abnormal 
MIBG capture suggests an early sign of myocardial adren-
ergic innervation impairment. A good metabolic control 
improves these anomalies [27, 31, 32]. This method is far 
more sensible than the Ewing’s battery and spectral analysis 
for the early CAN detection, but it requires advanced ma-
chinery and cannot be performed at a large scale. 

Stages of CAN and screening diagnostic tests 
The presence of one abnormal cardiovagal test, such as 
HRV, indicates early, subclinical or probable CAN, which 
needs to be confirmed in time. In order to establish the 
diagnosis of definite CAN at least two serially cardiovagal 
tests need to be abnormal. The presence of orthostatic arte-
rial hypotension (symptomatic or asymptomatic) indicates 
advanced or severe CAN diagnosis [20, 22]. 

The diagnostic protocol for CAN needs to be carried 
out in the following instances: (1) DM type 2 patients at 
the moment of diagnosis; (2) DM type 1 diagnosis at 5 
years after diagnosis; (3) independent on the DM duration 
if there are signs of autonomic dysfunction; (4) diabetic 
patients that need to follow a restricted programme of 
physical exercises with moderate-high intensity, especially 
in the presence of associated cardiovascular risk factors; (5) 
DM patients with a history of impaired metabolic control, 
high cardiovascular risk and microvascular complications, 
especially before a major surgical intervention [33,34].

Risk factors for CAN development
A poor glycaemic control and the duration of the DM 
diagnosis play an important role, both for triggering the 
physio-pathological mechanisms of CAN development 
(cellular destruction secondary to oxidative stress, accu-
mulation of advanced glycosylation products, activation 
of the polyol dependent metabolic pathway, depletion of 
the nitric oxide in the microcirculatory endothelium that 
impairs the nerve vascularisations) and in the progression 
of the disease [4, 5, 33, 35, 36].  

The DCCT study demonstrated, in type 1 DM patients, 
the favourable and substantial effect of the strict glycaemic 
control upon preventing diabetic microvascular complica-
tions, especially for DN. The strict glycaemic control and 
intensive DM treatment, together with a good metabolic 
control slowed down the progression of autonomic dys-
function and reduced the incidence of CAN with 53% 
compared to conventional therapy [37, 38]. The EDIC 
study, which followed-up the patients included in DCCT 
study, confirmed the beneficial effects of the strict therapies 
for hyperglycaemia. They carried a protective role upon the 
occurrence and progression of DN for at least 8 years after 
the DCCT ended. The lesser prevalence and incidence of 
DN was noted in the DCCT study in the lot of patients 

intensively treated with insulin and can be explained by a 
strict glycaemic control as a part of “metabolic memory”. 
The results of these clinical studies support the need for a 
strict glycaemic control in type 1 DM patients in order to 
prevent CAN [3, 35, 39,40].

The EURODIAB study that followed type 1 DM pa-
tients for more than 8 months demonstrated that the risk 
for CAN development is higher in patients with poor gly-
caemic control, associated with arterial hypertension and 
various other microvascular complications [41]. 

A poor glycaemic control carries unfavourable long-
term effects. An increase in the glycaemic levels increases 
the risk for diabetic complications. If the glycaemic con-
trol was inadequate in the first years of DM evolution, the 
incidence of complications will rise, despite an ulterior 
optimal control. This phenomenon is described as a “hy-
perglycaemic memory” or “metabolic memory” and plays 
a very important role, especially in type 2 DM, where pa-
tients are usually diagnosed after a variable number of years 
of asymptomatic evolution. At the basis of this “metabolic 
memory” stand epigenetic changes that arise in the silent 
DM period, determined by undiagnosed or untreated hy-
perglycaemias [42, 43]. 

In type 2 DM, the effects of strict glycaemic control are 
less conclusive, therefore CAN development is subjected 
to the complex interaction between the optimal glycaemic 
control, duration of the disease, age-dependent neuronal 
usage and the co-existence of cardiovascular risk factors 
(arterial hypertension, dyslipidaemia, obesity, smoking) 
[41, 44]. 

The UKPDS study included type 2 DM patients at 
the onset and evaluated the effect of the metabolic con-
trol upon the chronic complications, demonstrating that 
even a slight HbA1c reduction is beneficial for preventing 
micro- and macrovascular complications [45]. A cohort 
of patients included in the UKPDS study were annually 
monitored, both clinically and paraclinical, in order to as-
sess the evolution of chronic complications and mortality. 
A decade of monitoring noted that the incidence of micro-
vascular complications, myocardial infarction and general 
mortality were lower in the intensively treated group com-
pared to conventionally treated group (at the onset of the 
study), although the metabolic control in the follow-up 
period did not differ significantly between the two groups. 
The UKPDS investigators named this phenomenon “meta-
bolic inheritance”. Therefore, an early optimal metabolic 
control for type 2 DM patients will carry beneficial long-
term effects. This evidence can be attributed to the “meta-
bolic memory” [46, 47]. 

Ohkubo et al. (1995) showed that type 2 DM patients 
with good glycaemic control on intensive insulin therapy 
have a lower rate of microvascular complications, includ-
ing DN [48]. The VA Cooperative study revealed that 
there are no differences in CAN prevalence in type 2 DM 
patients with a strict glycaemic control compared to those 
without [49]. The Steno-2 study showed that the inten-
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sive-aggressive intervention upon the glycaemic control, 
but also upon the associated cardiovascular risk factors (ar-
terial hypertension, obesity and dyslipidaemia) reduces the 
CAN and microalbuminuria prevalence by up to 60% in 
type 2 DM patients [50]. 

Cardiovascular autonomic neuropathy –  
an increase in cardiovascular risk and  
mortality
The presence of CAN in type 2 DM patients is strongly 
associated with the risk of malignant arrhythmias, cardio-
vascular events, myocardial dysfunction, silent myocardial 
ischemia and an increase of cardiovascular mortality [15, 
51, 52]. 

In DM patients, due to the presence of autonomic 
dysfunction, the regulatory hypoglycaemic mechanisms 
are impaired and the patients do not perceive the typi-
cal symptoms of hypoglycaemia [53]. Hypoglycaemia can 
induce arrhythmias by prolonging the QT interval, by 
lowering the cardiovagal baroreflex function and by the 
means of sympathetic activation. DM and the cardiac dis-
ease accompany this phenomenon [54, 55]. In the EU-
RODIAB study, autonomous involvement was named to 
be an independent risk factor for severe hypoglycaemias. 
Autonomous impairment contribution was demonstrated 
by a reduction in the secretory response of the glucagon, 
adrenalin and cortisol in this category of patients, there-
fore increasing the risk of severe hypoglycaemias [56, 57].  

The ACCORD study demonstrated that in type 2 DM 
patients, an intensive glycaemic control, compared to 
standard glycaemic control, lead to an increase of general 
and cardiovascular mortality. Mortality was higher in the 
group of patients that carried a larger number of cardiovas-
cular risk factors, and the existence of CAN at the begin-
ning of the study doubled the mortality rate [15, 58]. 

Over a third of the deaths from the ACCORD study 
were secondary to sudden cardiac death. Therefore, the 
ACCORD study was the first large scale, controlled study 
that raised the suspicion that hypoglycaemia facilitates the 
onset of malignant ventricular arrhythmias [59]. A po-
tential cause for the difference in mortality between the 
two groups, besides the episodes of severe hypoglycaemia, 
can be the existence of CAN and sensory-motor DN at 
the beginning of the study. The existence of CAN dou-
bled the risk of mortality and the association between au-
tonomic and somatic nervous impairment increases the 
risk of cardiovascular mortality by almost three-fold [15, 
60]. A number of important conclusions were the result of 
the abovementioned study and they were included in the 
standard treatment care for type 2 DM patients:

Type 2 DM patients without cardiovascular impairment 
or macrovascular complications need to be encouraged to 
maintain an optimal glycaemic control (HbA1c≤7%);

Besides the glycaemic control, in order to decrease the 
risk of macrovascular complications and death, there needs 
to be an optimal control for the other cardiovascular risk 

factors (smoking, arterial hypertension, dyslipidaemia, sed-
entarism); 

In DM patients with a long history of the disease, with 
advanced micro- and macrovascular complications, the 
level of the glycaemic control needs to be less strict com-
pared to previous recommendations, in which the HbA1c 
level was indicated to be under 7% [61]. 

The lesson learned from the ACCORD study is that 
the autonomous and somatic nervous dysfunction repre-
sent risk factors for the cardiovascular disease and lead to 
an increase in mortality. The early identification of CAN 
is crucial in order to establish future treatment strategies, 
targeted against the mortality rate in these patients [62]. 
The window of opportunity for an aggressive control of 
the entire array of cardiovascular risk factors is defined by 
early diagnosis and the absence of cardiovascular disease or 
autonomic cardiac dysfunction [63]. 

The utility of CAN diagnosis in 
current clinical practice 
The necessity of early CAN diagnosis is due to the follow-
ing:

1. Early CAN diagnosis is useful in order to establish an 
adequate therapeutical strategy for glycaemic control 
and personalised treatment [64].

2. The diagnosis of CAN has to be established before 
performing physical activity, and if moderate to seve-
re CAN exists, certain physical activities will be con-
traindicated [6, 35].

3. The presence of CAN has to be considered as a mar-
ker for hemodynamic instability during anaesthesia, 
this specific lot of patients needs additional monito-
ring during and post-surgery [65].

4. CAN detection is necessary in order to stratify the 
morbidity and mortality risk. CAN is an indepen-
dent risk factor for general and cardiac mortality, 
myocardial infarction, cardiac arrhythmias, sudden 
death and a progression of nephropathy [5, 6, 66, 67, 
68, 69].

5. Identifying CAN patients is useful for selecting DM 
patients that need to be screened for coronary artery 
disease, in order to prevent silent myocardial infarc-
tions, and to enhance treatment adherence [66, 70]. 

6. The presence of CAN can identify the DM patients 
that are predisposed to developing dangerous events 
during hypoglycaemic periods, therefore being highly 
useful in defining a glycaemic target (important use 
for assessing the risk profile of the patients, the CAN 
diagnosis being a contraindication for strict glycae-
mic control) [34]. 

Conclusions
Cardiovascular autonomous dysfunction is recognised as 
an important cardiovascular risk factor. The importance of 
recognising this entity, as a predictor for increased morbid-
ity and mortality during intensive treatment for hypergly-
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caemia suggests that all type 2 DM patients need to be 
tested for CAN, as soon as the diagnosis is confirmed. This 
assessment aids the adequate management of type 2 DM 
patients, in order to prevent mortality. 
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