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ORIGINAL ARTICLE

Medial Arterial Calcification is a Predictor of
Cardiac Autonomic Neuropathy in Diabetic
Patients
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Medial arterial calcification (MAC) is one of the complications of diabetes mellitus
and recently, a relationship between cardiac autonomic neuropathy and MAC has
been pointed out. By means of this relationship, we evaluated whether MAC may be
important in the detection of cardiac morbidity. A total of 100 diabetic patients (33
Type 1 and 67 Type 2) and 50 healthy subjects were included in this study. We aimed
to show a correlation between autonomic nepopathy, cardiac morbidity and MAC,
and also investigated whether MAC is a predictor of cardiac mortality or not. Or-
thostatic systolic blood pressure change, respiratory cardiac rate change and con-
duction velocity (by calculating the QTc duration of each subject according to Bazzet
formula) were all calculated. Of the diabetic patients, 28% had cardiac autonomic
neuropathy. In 70% of diabetic patients with MAC, the orthostatic blood pressure
change was significatly greater, the cardiac rate change with deep inspiration was
lower, and the QTc duration was longer in comparison with diabetic patients without
MAC. The relationship beween MAC and diabetic cardiovascular autonomic neuro-
pathy was statistically significant (p<0.05). There was also a significant correlation
between diabetic cardiovascular autonomic neuropathy (QTc duration) and the dura-
tion of diabetes. The mean duration of diabetes in patients with long and normal QTc
was 13 * 5.4 and 5 * 5.2 years, respectively. In conclusion, we recommend that MAC
can be an predictor for cardiac autonomic neuropathy and play a role in the pre-
vention of diabetic cardiac mortality. If more extensive studies confirm our data, then
clinical practice can be altered.
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Introduction the data for patients with diabetes show that suct
patients have more coronary artery disease, acute
ischemic complications and higher mortality rates

(2-5).

Diabetes Mellitus consists of etiologically and
clinically heterogeneous hyperglycemic disorders
(1). Epidemiologic data have long demonstrated a

correlation between diabetes mellitus and cardio-  Diabetic patients with lower extremity arterial dis-

vascular disease. This correlation holds true par-
ticularly for ischemic heart disease, in which
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ease are at on increased risk of having coronary ar-
tery disease (CAD) (6-9). The concomitant pres
ence of CAD with lower extremity arterial disease
is important as CAD is the leading cause of mor-
bidity and death among individuals with extremity
arterial disease. Medial
(MAC) which results from calcium deposition ir
tunica media of medium sized arteries (10-12) i
seen more frequently in diabetics with complica-

arterial calcificatior

tions than in ones without complications (13).
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MAC has been well established especially in di-
abetic with autonomic neuropathy (14).

Since the involvement of the autonomic nervous
systems indicates a poor prognosis, early detection
and subsequent management are important (15).
Recently, the relationship between MAC and cardiac
autonomic neuropathy has been under investiga-
tion (14). Cardiovascular mortality was shown to
be increased in diabetic patients with MAC (16-
17) and accepted as an independent marker of mor-
tality for diabetics (18). If a patient presents MAC,
she have a mortality risk 1,5 times, amputation risk
5,5 times and coronary artery disease risk 1,6 times
greater than diabetics without MAC (16). Due to
the relationship between MAC and autonomic neu-
ropathy or cardiovascular mortality, MAC can be
accepted as a predictor of cardiovascular mortality.
From this point of view, patients with MAC should
be examined regularly. The purpose of this study
was to evaluate the relationship between MAC and
cardiac autonomic neuropathy.

Materials and Methods

Thirty three type 1 (12 females and 21 males; age,
27,249 yrs; HbAic: 7,242 %, duration of diabetes:
10,443 yrs.), 67 Type 2 (46 females and 21 males;
52,448 yrs; HbAic: 84+2,8 %; duration of diabetes:
7,4+4 yrs.) diabetic patients and 50 healthy were in-
cluded in this study. The diabetic patients and normal
subjects were age and sex matched. MAC was as-
sessed by antero-posterior and lateral foot and antero-
posterior knee X-rays. We calcutated orthostatic sys-
tolic blood pressure change, respiratory cardiac rate
change and conduction velocity (by calculating the
QTec duration of each subject according to Bazzet for-
mula) for diagnosis of cardiac autonomic neuropathy.
QTc was calculated by Bazzet formula, QTc=QT
(seconds) /' RR. Normal range of QTC was accepted
as between 330-440 miliseconds, durations above
440 miliseconds were accepted as pathologic.

Each patient was also examined for postural hypo-
tension. Blood pressre was measured while the subject
was lying down and again 1 min after standing up,
and the difference in sytolic blood pressure was not-
ed. Blood pressure response to standing up (fall in
systolic blood pressur) was accepted as normal: < 10
mmHg. borderline: 11-29 mmHg, abnormal =30 mmHg.
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Heart rate response to deep breathing was con-
veniently performed by asking the patient to sit quiet-
ly and then breathe deeply and evenly at six breaths,
min (i.e.5s in and 5s out). the maximum and mini-
mum heart rates during each 10 s breathing cycle
were calculated from R-R intervals recorded by elec-
trocardiogram. The mean of the differences during
three successive breathing cycles gave the “maxi-
mum-minumum heart rate”. The test of heart rate re-
sponse to deep breathing as assessed and normal 0 >
15 beats/min, borderline: 11-14 beats/min, abnormal :
< 10 beats/min. Data from the study groups were an-
alyzed using Student’s test and Mann-Whitney U
test.

Results

Of the diabetics, 29% were found to have long
QTc time and 25% had postural hypotension.
Among the patient with cardiovascular autonomic
neuropathy, 28% had MAC and 70% of patients
with MAC had long QTc time and lower cardiac
rate change with deep inspiration and postural hy-
pontension. The relationship of MAC with QTc
time and cardiovascular neuropathy was statistically
significant (p<0.05). Table 1. shows the relationshif
between MAC and Diabetic Cardiovascular Auto-
nomic Neuropathy (DCAN).

Table 1.  Relationship between MAC and diabetic cardiovascular
autonomic neuropathy (DCAN).
MAC (-) MAC (+) Results
n % n % n %

DCAN (-) 72 80 3 30 75 75
DCAN (+) 18 20 7 70 25 25
Results 90 90 10 10 100 100
p<0.05

Diabetic patients with MAC had longer QTc time
lower heart rate change with deep inspiration anc
lower/higher postural hypotension when compared
with the diabetics without MAC (p<0.05). While
28% of diabetics had cardiovascular autonomic
neuropathy, none of the control group were ob-
served to have abnormal measurements related tc
cardiovascular autonomic neuropathy (p<0.005).
Table 2. summarizes the results of cardiovasculal
autonomic neuropathy tests in diabetics with and
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without MAC. The mean duration of disease n
patients with long QTc was 13 + 5.4 years and was
5 = 5.2 years in patients with normal QTc
(p=0.0003). Figure 1. Demonstrates the QTc time
according to the duration of diabetes.

Table 2. Comparison of diabetic patients with and without MAC
according to the measurements of cardiovasclar autonomic
neuropathy tests.

Diabetic patients

Test MAC (+) MAC (-) Controls

n=10 n=90 n=50

Posturalhypotension  30+10mmHg  22+10mmHg 6+ 5 mmHg

Heartrate change 1845 beats/min 1245 bear/min  5+4 beats/min

withdeepinspiration

QTctime 495+10 msn 460£12 msn 335430 msn

p<0.05
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Figure 1. Relationspin between QTc time and duration of diabetes.

Discussion

There are many reports about neuropathy being
important in the ethiopathogenesis of MAC (17-
19), which is seen more commonly in diabetics
(13-20-22). MAC is prominent especially in di-
abetic patients with neuropathy (13-16-23). Ed-
monds et. al. reported that MAC was more prev-
alent in diabetic patients with neuropathy and
especially autonomic neuropathy was important in
the pathogenesis (17).

MAC is accepted as a complication of diabetes and
its relationship with other chronic complication
has been investigated in many studies (16, 22-24).
The correlation between MAC and increased car-
diovascular mortality has been proved (17-25) and
MAC is an accepted marker of mortality in di

abetics (16-26). Another important aspect of MAC
is the relationship with autonomic neuropathy and
cardiovascular autonomic neuropathy.

Arterial calcification first starts in the atrophic
smooth muscles (10). In animal models, it was
shown that atrophy and fragmentation of smoott
muscle cells resulted from the impairment of auto-
nomic innervation with time (27-28). At advanced
ages the autonomic supply of smooth muscles de-
creases (28) and in cases with sympatectomy, ne-
crotic areas are seen in model smooth muscles due
to decreased autonomic supply (27). These cases
indicate the importance of early detection of MAC;
because MAC and autonomic neuropathy are
closely related and diabetics with MAC have 1,:
times higher mortality and 1,6 times higher risk ol
coronary heart disease than diabetics without
MAC (16-23).

Of our patients, 28% of the diabetics were found tc
have cardiovascular autonomic neuropathy and
70% of paitents with MAC had cardiovascular au-
tonomic neuropathy. The relationship between
MAC and autonomic neuropathy was statistically
significant. Although 29% of patients had a long
QTc duration, this rate was 70% in paients with
MAC. The relationship between MAC and QTc
duration was statistically significant.

As result, we concluded that if patients with MAC
also have autonomic neuropathy, the risk of mor-
tality should be thought of as signifcantly in-
creased and such cases should be in a closer fol-
low-up policy. Hence, many patients with a higher
risk of cardiac mortality can be detected earlier and
subsequently treatment will decrease the mortality
rate in this poputation.
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