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ABSTRACT
Introduction.  Cardiovascular Autonomic Neuropathy (CAN), also known as the “silent killer”, represents a serious 
complication of diabetes mellitus and is most of the times ignored. This is a highly topical issue, given the in-
creased number of patients diagnosed with type 2 diabetes mellitus (T2DM). 
The purpose of this study was to determine the association between the severity of CAN and the severity of other 
microvascular complications, such as diabetic sensory-motor polyneuropathy (DSMP), diabetic retinopathy (DR) 
and macrovascular complications (carotid and peripheral vascular atherosclerosis) in patients with T2DM. 
Methods. A total of 149 patients with T2DM were assessed for CAN using the Ewing’s battery of cardiovascular 
autonomic function tests. The patients were evaluated for diabetic microvascular complications (DSMP, RD), re-
spectively macrovascular complications (carotid atherosclerosis by intima media thickness and peripheral vascu-
lar atherosclerosis by ankle-brachial index). 
Results. Of the 45 patients with intermediate CAN, 35.55% were without DR, 51.11% had non-proliferative DR and 
13.33% had proliferative DR. From the 13 patients with severe CAN, 76.92% had non-proliferative DR and 23.07% 
had proliferative DR. From the 56 patients with subclinical CAN, 26.7% had no DSMP, 48.2% had subclinical 
DSMP and 25% had clinical DSMP. Of the 45 patients with intermediate CAN, 11.2% had subclinical DSMP and 
80% had clinical DSMP. 
Conclusion. In T2DM we demonstrated that an increase in the severity of cardiovascular autonomic injury is as-
sociated with an increase in the prevalence and severity of DSMP and DR, respectively carotid and peripheral 
atherosclerosis.
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INTRODUCTION 

Diabetes mellitus (DM) is currently an extreme-
ly important health issue worldwide, given the high 
prevalence and the serious complications associat-
ed with DM, with a high mortality rate among these 
patients (1). Diabetic neuropathy (DN) is a frequent 
complication of T2DM, with an estimated preva-
lence of 8% in newly detected cases of diabetes and 

over 50% in cases with long evolution of the dis-
ease. Diabetic sensorimotor polyneuropathy (DSMP) 
with distal, symmetrical involvement and diabetic 
autonomic neuropathy (DAN) are the most com-
mon forms of DN (2,3). 

DAN is one of the least understood and recogni-
zed forms of DN, despite a signifi cant negative im-
pact upon the survival and quality of life of these 
patients. Given the importance of the autonomic 
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nervous system in regulating the virtual function of 
each organ, the consequences of DAN may vary 
from troublesome or debilitating to catastrophic. 
Most of the internal organs receive dual innervati-
on, sympathetic and parasympathetic. The vagus 
nerve is the longest autonomic nerve in the human 
body and mediates approximately 75% of all pa-
rasympathetic activity of the body. It is known that 
neuropathy occurs initially in the longest fi bers, so 
the fi rst manifestations of DAN will be parasym-
pathetic. These manifestations are generalized, in-
volving the gastrointestinal tract, urogenital tract 
and cardiovascular system (4,5). 

Cardiovascular autonomic neuropathy (CAN) 
represents the most important clinical form of DAN 
and is defi ned as impaired autonomic control of the 
cardiovascular system after excluding other causes. 
The autonomic nervous system closely integrates 
vital processes such as the heart rate, arterial blood 
pressure, myocardial contractility and therefore 
plays a key role in regulating the cardiovascular 
system. CAN is probably one of the most neglected 
serious complications of DM which occurs due to 
the affectation of autonomic fi bers that innervate 
the heart and blood vessels, leading to cardiac 
rhythm and vascular dynamics impairment 
(6,7,8,9). 

CAN can cause orthostatic hypotension, physi-
cal exercise intolerance, high intraoperative risk 
due to the cardiocirculatory instability and last but 
not least, high incidence of silent myocardial in-
farctions, malignant cardiac arrhythmias and sud-
den deaths. The symptoms of CAN usually appear 
in the advanced stages of DM, but subclinical CAN 
can be detected in T2DM even in the fi rst year after 
diagnosis, which highlights the importance of CAN 
screening (4,10). 

Several studies concluded that the presence of 
CAN substantially increases the risk of general 
mortality, cardiovascular mortality and major car-
diovascular events. The CAN detection is impor-
tant both for the clinical outcome and the prognosis 
of T2DM patients. Once CAN is identifi ed, there is 
a need of adjusment of the physical exercise pro-
gram of these patients, careful surveillance to iden-
tify silent myocardial ischemia, reassessment of 
chronic medication and aggressive treatment of 
associated cardiovascular risk factors (11,12).

MATERIAL AND METHOD

This was a prospective study that included 149 
patients diagnosed with T2DM, admitted to the De-
partments of Diabetology and Neurology of Targu 

Mures Emergency County Hospital. We excluded 
patients with cardiac arrhythmias, symptomatic 
cardiac ischemic disease, heart failure and those 
with non-diabetic causes of autonomic and somatic 
neuropathy (multisystemic atrophy, Parkinson’s di-
sease, endocrine disorders, cancer, known B12 de-
fi ciency, porphyria, HIV infection, history of che-
motherapy), patients with medication that affects 
the autonomic nervous system (anti arrhythmic 
drugs, tricyclic antidepressants, beta-blockers, diu-
retics such as spironolactone, antihistamine drugs, 
sympatomimetics), patients with poor glycemic 
control 24 hours before the autonomic tests, pati-
ents with acute vascular or non vascular diseases, 
patients with a chronic alcohol intake, morbid obe-
sity (due to the impossibility to perform the pa-
rasympathetic tests), patients with chronic renal 
failure associated with uremic neuropathy and 
sympathetic hyperactivity, patients with chronic 
respiratory failure due to hypoxia and chronic 
hypercapnia which induce sympathetic activation. 

All the patients included signed an informed 
consent form to participate in this study. The proto-
col for this study was approved by the Ethics Com-
mittee of the University of Medicine and Pharmacy 
of Targu Mures. The study was conducted in accor-
dance with the Helinski Declaration guidelines. 

Clinical and electrophysiological evaluation of 
diabetic somatic sensory and motor neuropathy 

Following the standard guidelines, by intervie-
wing each patient, we completed the symptoms qu-
estionnaire of diabetic neuropathy symptoms – Ne-
uropathy Symptoms Score. The patients were 
objectively assessed by clinical neurological exa-
mination and by calculating the Neuropathy Disa-
bility Score, according to which they were classi-
fi ed as having mild, moderate or severe disability 
(13).

An electrophysiological study of motor and sen-
sory nerve conduction was performed for each pa-
tient included in this study, in the Neuroelectrophy-
siology Laboratory of the Department of Neurology 
I from Targu-Mures, using a 4 channel Neuro-
MEP-Micro (Neurosoft) electromiography machi-
ne using standardized techniques with surface elec-
trodes (14). All the tests were performed by the 
same examiner. 

The motor nerve conduction study (NCS) was 
performed by bilateral supramaximal stimulation 
of the median, ulnar, peroneal and tibial nerves. 
Sensitive NCS was performed by bilateral antidro-
mic stimulation of the median, ulnar and sural ner-
ves. Nerve conduction was regarded modifi ed when 
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any of the conduction parameters (distal latency, 
amplitude or potential conduction velocity) were 
outside normal limits. When at least two nerves 
(peroneal nerve, tibial and sural) of the lower lim-
bs, bilaterally, had abnormal electrophysiological 
values, NCS results were considered suggestive of 
diabetic neuropathy (15).

The patients were classifi ed as follows:
• Absent DSMP: normal SCN
• Subclinical DSMP: abnormal SCN but in the 

absence of signs and symptoms for DSMP
• Clinical DSMP: abnormal SCN with signs 

and symptoms suggestive of clinical DSMP 
(16).

Assessment of the cardiovascular autonomic 
neuropathy

The cardiovascular autonomic tests were perfor-
med in most of the cases in the morning, in a quiet 
room with a stable and comfortable temperature 
(22-24ºC). The patients did not eat, did not smoke 
nor drink coffee at least 2 hours prior to the testing. 
The antidiabetic and chronic medication were ad-
ministered at the end of the examination. 

One examiner performed the cardiovascular au-
tonomic tests for all of the patients, by using 
Ewing’s method (17). The parasympathetic functi-
on was evaluated by analyzing the heart reat varia-
bility (HRV) to the Valsalva maneuver, to the deep 
breath test and to the supine to standing up test. Pa-
tients were monitored with a 12 derivation standard 
EKG and the HRV during the specifi ed tests, was 
measured by automatic recording and determinati-
on of the R-R interval with the ELI 250 electrocar-
diograph computerized system (produced by Re-
search Technology Inc./USA). 

A. Assessment of the HRV during the deep bre-
athing test

The patient is in supine position, connected to 
the computerized electrocardiograph which conti-
nuously records the heart rate. The patient breathes 
deeply for 5 seconds and exhales slowly for another 
5 seconds, meaning a complete breath cycle at 10 
seconds. The results of the test are expressed as a 
difference between the maximal and the minimal 
heart rate. A value between 11-14 beats/minute is 
considered a cutoff value, and ≤ 10 beats/minute is 
considered abnormal (17,18). 

B. Assessment of the HRV during the Valsalva 
maneuver

The standard Valsalva maneuver was done with 
the patient in supine position, connected to the ELI 
250 computerized electrocardiograph which conti-
nuously records the electrical heart activity. The 

patient is asked to perform a forced expiration with 
closed mouth and nose for 15 seconds, under a 
pressure of 40 mmHg. The quantitative value of the 
Valsalva maneuver, also known as the Valsalva co-
effi cient, is calculated as the ratio between the lon-
gest R-R interval after the maneuver and the shor-
test R-R interval during the maneuver. There are no 
correlations between the values of the Valsalva co-
effi cient and age and a value below 1.20 is conside-
red abnormal (17,19). 

C. Assessment of the HRV from supine to stan-
ding up test

The patient is in supine position connected to 
the ELI 250 computerized electrocardiograph whi-
ch continuously records the electrical heart activity 
and is asked to stand up without any assistance. 
After that we calculate the ratio 30:15, meaning the 
ratio between the longest R-R interval (approxim-
mately at the 30th heartbeat) and the shortest R-R 
interval (approximmately at the 15th heartbeat). A 
value between 1.01-1.03 is a limit value and below 
1.00 is abnormal (17).

D. Assessment of the blood pressure variability 
from supine to standing up test

The patient is in supine position for at least 5 
minutes. The blood pressure is measured. After 
that, the patient is asked to stand up and the blood 
pressure is measured again after 2 minutes. If the 
systolic blood pressure drops between 11-29 
mmHg, it is considered a limit value, and if it drops 
more than 30 mmHg is considered abnormal. 

The global interpretation of the autonomic car-
diovascular test results was the following:

Without CAN = all the tests were normal or one 
was at limit value;

Subclinical CAN = one abnormal value in one 
of the 3 HRV tests or 2 tests with limit values;

Intermediate CAN = two or more abnormal va-
lues in the HRV tests

Advanced CAN (severe impairment) = two or 
more abnormal values in the HRV tests and abnor-
mal blood pressure postural variability (20). 

Assessment of the intima-media thickness and 
the ankle-brachial index

Each patient was evaluated by bilateral ultraso-
nography of the carotid arteries in order to determi-
ne the intima-media thickness (IMT). This exami-
nation was performed by the same specialist, using 
Siemens Accuson Antares Ultrasound System with 
a linear transducer VFX13-5 MHz after a standar-
dized technique (21). All the patients included in 
the study were also evaluated by the ankle-brachial 
index (ABI) using a peripheral Doppler apparatus 
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with a 5 mHz Doppler probe (Hi Dop Vascular 
Doppler set). 

Statistical analysis
The statistical analysis of the data was perfor-

med by using the MedCalc program for statistics in 
biomedical research. The descriptive data and vari-
able distribution were described by using summary 
statistics or frequency analysis. We used χ², t-Stu-
dent, Anova and Pearson correlation tests. 

RESULTS

Correlation between CAN and DSMP 
Of the 149 patients, 35 patients had no CAN, 56 

had subclinical CAN, 45 had intermdiate CAN and 
13 had severe CAN. Of the 35 patients with no 
CAN, 24 had no DSMP (68.5%) and 11 had subcli-
nical DSMP (31.5%). Of the 56 patients with sub-
clinical CAN, 15 had no DSMP (26.7%), 27 had 
subclinical DSMP (48.2%) and 14 (25%) had clini-
cal DSMP. Of the 45 patients with intermediate 
CAN, 4 (8.8%) had no DSMP, 5 (11.2%) had sub-
clinical DSMP and 36 (80%) had clinical DSMP. 
All 13 patients with severe CAN had clinical 
DSMP. We used χ² test between 2 quantitative vari-
ables and found a statistical signifi cance with the p 
value - 0,0001. 

had non proliferative DR and 1 patient (1.78%) had 
proliferative DR. Of the 45 patients with intermedi-
ate CAN, 16 (35.55%) were free of DR, 23 (51.11%) 
had non proliferative DR and 6 (13.33%) had proli-
ferative DR. Of the 13 patients with severe CAN, 
10 (76.92%) had non proliferative DR and 3 
(23.07%) had proliferative DR. 
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FIGURE 1. DSMP prevalence according the CAN 
severity in T2DM patients (p=0.0001)

Correlation between CAN and diabetic 
retinopathy

The patients with no CAN (13) had no diabetic 
retinopathy (DR). Of the 56 patients with subclini-
cal CAN, 45 (80.35%) were free of DR, 10 (17.85%) 

FIGURE 2. Diabetic rethinopathy prevalence according 
to CAN severity in T2DM patients (p=0.0001)
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Correlation between CAN and ABI
After statistical analysis using the ANOVA test 

between the ABI average values of the 4 types of 
CAN we noticed that the average values of ABI 
dropped signifi cantly from the group of patients 
with no CAN to the ones with severe CAN 
(p-0.0001). Therefore, in patients with no CAN, the 
average value of ABI was 1.047±0.04, in the pati-
ents with subclinical CAN it was 0.9548±0.08 and 
in patients with intermediate CAN it was 
0.9207±0.166. In the group of patients with severe/
advanced CAN, the average value of ABI was 
0.8700±0.2068. 

By using the multiple comparison Bonferroni 
test, we see that there is a signifi cant statistical di-
fference between the group of patients with no 
CAN compared to the ones with subclinical CAN 
(p<0.05), between the group with no CAN and con-
fi rmed CAN (p<0.05) and between the group with 
no CAN and severe CAN (p<0.05). 

Correlation between CAN and IMT
By using the ANOVA test between the average 

values of the IMT corresponding to the 4 types of 
CAN, we noticed that the average values of IMT 
signifi cantly increase from the group without CAN 
to the one with severe CAN (p-0.0001). Therefore, 
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in patients with no CAN the average IMT is 
0.7100±0.13, in patients with subclinical CAN is 
0.9046±0.1567, in patients with intermediate CAN 
is 1.006±0.138 and in patients with advanced CAN 
is 1.155±0.1650.

By using the multiple comparisson Bonferroni 
test, we see that there is a signifi cant statistical di-
fference between the group with no CAN vs subcli-
nical CAN (p<0.05), between the group with no 
CAN vs confi rmed CAN (p<0.05), between the 
group without CAN vs severe CAN (p<0.05), 
between the group of subclinical CAN vs interme-
diate CAN, between the group of subclinical CAN 
vs severe CAN and between the group of interme-
diate CAN vs severe CAN. 

cular autonomic injury is accompanied by increa-
sed severity of sensory and motor fi ber damage in 
T2DM. This association can be explained by a gre-
ater accuracy and sensitivity in detecting DSMP by 
using electrophysiological studies. This data is in 
accordance with the studies performed by Bilal et 
al (22).

The results of our study might be considered so-
mehow surprising, due to the fact that the presence 
of CAN implies the damage of the thin, unmyelina-
ted fi bers that are responsible for the autonomic 
cardiovascular control, while the DSMP, as evalua-
ted by electrophysiological studies, implies the da-
mage of the well myelinated, thick sensory and mo-
tor nerve fi bers. This association between the 
severity of CAN and DSMP as assessed by electro-
physiological studies was also reported by other 
authors. We can affi rm that these 2 complications 
evolve at the same time, that there is no difference 
in hyperglicemia induced vulnerability of the two 
types of nerve fi bers and that they can be damaged 
at the same time (23,24).

In a study conducted by Valensi et al (25) it was 
observed that there was an independent association 
between DSMP (as assessed by electrophysiologi-
cal studies) and retinopathy, also between DSMP 
and diabetic nephropathy. In the same study it was 
noted that the duration of DM was a major contri-
butor in developing these complications compared 
to glycemic control, which suggested that vascular 
factors play an important role along with the meta-
bolic factors in the development of diabetic neuro-
pathy. 

A high incidence of CAN was reported in pati-
ents with proliferative DR or diabetic nephropathy. 
In a study conducted by Valensi et al (26) it was 
observed that there is a statistical signifi cant associ-
ation between DR as assessed by angiofl uorogra-
phy and CAN. In their study, more than half of the 
patients without DR had CAN. These results are 
consistent with those obtained in our study and they 
support the hypothesis that parasympathetic auto-
nomic cardiovascular dysfunction usually precedes 
the onset of DR.

By detecting CAN in more than half of the pati-
ents without DR and fi nding severe disorders (pro-
liferative DR) in patients with both sympathetic 
and parasympathetic impairment (advanced CAN) 
it suggests that autonomic cardiovascular function 
damage appears earlier and can be a contributing 
factor for progression of microvascular complicati-
ons in T2DM patients (27,28). 

In another study it was demonstrated that vagal 
dysfunction was associated with diabetic nephro-

FIGURE 3. The ABI in T2DM patients according to CAN 
severity
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DISCUSSIONS

In our study, we noticed that there is a signifi -
cant association between the presence of somatic 
neuropathy confi rmed by using electrophysiologi-
cal study and the severity of CAN. Therefore, we 
observed that an increase in severity of cardiovas-

FIGURE 4. IMT values in T2DM patients according to 
CAN severity
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pathy. Our study data reveals that the severity of 
autonomic cardiovascular damage is associated 
with an increased prevalence of DSMP and DR in 
T2DM. These fi ndings suggest that parasympathe-
tic autonomic dysfunction can induce blood fl ow 
changes in the microcirculation.The reduction of 
sympathetic vasoconstrictor tonus can increase mi-
crocirculatory blood fl ow, inducing and exacerba-
ting capillary permeability function, thus facilita-
ting the deposition of glycosilated proteins on the 
basal membrane and capillary damage. The associ-
ation between the microvascular complications 
suggests the existence of a common pathogenic 
mechanism. It has been demonstrated that hypergly-
cemia is the key factor which determines an incre-
ase of the oxidative stress, subsequently leading to 
endothelial dysfunction (28,29,30). 

Diabetic patients have an atherosclerotic pro-
cess defi ned by an early onset and an accelerated 
evolution. DM increases the risk of peripheral arte-
rial disease by 2-3 times. Peripheral arterial dis-
ease, together with DSMP are responsible for the 
high incidence of non-traumatic limb amputation in 
diabetic patients. ABI is a specifi c and sensitive test 
used to determine the atherosclerotic process in the 
periphery. In our study, we noticed that as the auto-
nomic cardiovascular damage increases, the aver-
age value of ABI decreases. Also, as the autonomic 
cardiovascular damage increases, the IMT increas-
es. These results confi rm the existing connection 
between the CAN and incipient atherosclerosis. 
Chronic infl ammation and endothelial dysfunction 
represent an early stage of the atherosclerotic pro-
cess (31,32). 

Carotid atherosclerosis is often accompanied by 
coronary and peripheral artery atherosclerosis 
(33-35). 

In a study published by Gottsater et al (36), it 
was demonstrated that T2DM patients with CAN 
have carotid atherosclerosis more frequently than 
those with no CAN and that both CAN and carotid 
atherosclerosis were progressive 8 years after the 
diagnosis of T2DM despite an adequate control of 
the metabolic parameters (HbA1c, IMT, lipid pro-
fi le). 

In the ARIC study on patients with T2DM, the 
investigators tried to explain the link between CAN 
and the accelerated atherosclerotic process. It was 
discovered that patients with a decrease in the HRV 
often had a more accentuated coronary artery ath-
erosclerosis, which was not dependent on the pres-
ence of conventional risk factors. In patients with 
T2DM, autonomic neuropathy is involved in the 
acceleration of the atherosclerotic process. Arterial 

remodeling and stiffness represent the connection 
between cardiovascular risk factors and atherogen-
esis. Vascular remodelation, together with an in-
crease of the IMT index, followed by arterial dis-
tension, the so called early arterial stiffness, can be 
detected early in diabetic patients (37,38). 

In our study, the relationship between the sever-
ity of DCAN and IMT index increase and an ABI 
decrease demonstrates that the autonomic cardio-
vascular damage is also associated with the devel-
opment of macrovascular complications. 

Endothelial dysfunction plays a key role in the 
occurrence of micro and macrovascular complica-
tions. Endothelial dysfunction is considered to be a 
forerunner of atherosclerosis. When vasodilator 
dysfunction induced by endothelial cell is present, 
a proinfl ammatory and procoagulant status is pres-
ent which will determine the genesis of the athero-
sclerotic plaques. When the endothelial function is 
restored, it is possible that an anti-atherosclerotic 
process will reduce the cardiovascular complica-
tions. An increase in the oxidative stress, which ap-
pears secondary to the hyperglycemia plays a deci-
sive role in the activation of the multifactorial 
mechanisms that will set in motion the endothelial 
dysfunction (39). 

Our study demonstrated the association between 
the severity of CAN and microvascular complica-
tions in T2DM, also between CAN and macrovas-
cular complications. Both these complications have 
a common pathogenic mechanism. In the center of 
this unifying theory of complication development 
lays the endothelial dysfunction, which explains 
both the genesis of each complication and their fur-
ther progression. This seems to be the common 
pathogenic mechanism that links together the vas-
cular complications, apparently „distant” of T2DM. 

CONCLUSIONS 

There is an important association between the 
presence of confi rmed DSMP (by electrophysio-
logical studies) and the severity of CAN. Increased 
severity of the cardiovascular autonomic system 
injury is accompanied by increased severity of sen-
sory-motor fi ber damage in T2DM. We can say that 
there is no difference in vulnerability between the 
two types of nervous fi bers (autonomic and somat-
ic) to hyperglycemic action, thus these two types of 
fi bers can be damaged at the same time in DM. In 
T2DM we demonstrated that an increase in severity 
of cardiovascular autonomous injury is associated 
with an increase in prevalence and severity of 
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DSMP and DR, also carotid and peripheral athero-
sclerosis. 

Parasympathetic autonomic cardiovascular dys-
function usually precedes clinical diagnosis of the 
other microvascular complications of diabetes, es-
pecially diabetic retinopathy, and this autonomic 
cardiovascular injury might be a contributing factor 
for the appearance and progression of the other mi-
crovascular complications. CAN can thus be con-
sidered a prognostic indicator in T2DM evolution 
and a predictor of the presence and severity of other 
micro and macrovascular complications. These re-

sults underline the necessity of complete screening 
for complications associated with DM, especially 
in patients with CAN, where the diagnosis of a dia-
betic complication implies the necessity of a full 
work-up in order to detect the other micro and mac-
rovascular complications. 
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