
Chological Medicine, 1991 , 21 , 413- 421 psy 
printed in Great Britain 

Heartbeat and arrhythmia perception in diabetic 
autonomic neuropathy 
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sYNOPSIS A comparative study of diabetics with autonomic neuropathy (N = 13) as against non
neuropathic diabetics (N = 16) and healthy control persons (N = 20) was carried out with respect 
10 heart rate both at rest and under stress, frequency of cardiac arrhythmias in a 24-h ECG and 
accuracy of heartbeat and arrhythmia perception. In the subjects with diabetic autonomic 
neuropathy, the spontaneaus variability and stress-induced reactivity of the heart rate as weil as the 
number of tachycardic episodes were reduced, whereas the frequency of ventricular extrasystoles 
was somewhat increased. Impaired heartbeat perception and a complete Ioss of perception of 
arrhythmias as a consequence of neuropathic deafferentation could be demonstrated. Cardiac 
perception disordersalso playavital roJe in other clinical problems, e.g. silent myocardial infarction 
and Iack of awareness of hypoglycaemia in diabetes mellitus. 

INTRODUCTION 

Unpleasant bodily sensations play an important 
roJe in internal, psychosomatic and most psy
chiatric disorders. Distorted visceral perception 
in patients with panic disorders may trigger 
anxiety attacks (Ehlers et al. 1988a). Bodily 
complaints are an inevitable syndrome in de
pressive patients (DSM-III, APA, 1980 ; Kanfer 
& Hagerman, 1981). The diagnosis of internal 
diseases is likewise based on the subjective 
perception of physica1 symptoms. 

For cardiac interoception, it has been demon
strated in Iabaratory studies that heartbeat 
perception in healthy subjects is influenced by 
gender (Whitehead et al. 1977 ; Jones & 
Hollandsworth, 1981), weight or body fat 
(Montgomery & J ones, 1984; Rouse et al. 1988), 
body position (Jones et a/.1987), physica1 activity 
(Jones & Hollandsworth, 1981 ), emotional 
arousal (Katkin et al. 1982 ; Katkin, 1985) and 
emotionality (Schandry, 1981; Montgomery & 
Jones, 1984). However, it has also been found 
!hat Iess than 50% of the healthy population are 
reasonably good heartbeat perceivers (Schandry, 
198!; Davis et al. 1986; Jones et al. 1987). 
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Considering that under most circumstances 
awareness of visceral sensatioris is of Iittle 
relevance for healthy subjects, this appears 
plausible (cf. Jones et al. 1985). Nevertheless, 
most subjects can Iearn to discriminate their 
heartbeats (Brener & Jones, 1974; Davis et al. 
1986 ; Jones et al. 1987). 

Severa1 clinical studies have endeavoured to 
determine whether patients with heart-related 
complaints or anxieties are more prone to 
perceiving their cardiac activity correctly. In 
Iabaratory studies it was found that patients 
with cardiac phobia (Stalmann et al. 1988), 
panic disorder (Ehlers et al. 1988b), hypochon
driasis and anxiety neurosis (Tyrer et al. 1980) 
are somewhat more aware of their cardiac 
activity than healthy controls, whereas patients 
with mitral valve proJapse (Stalmann et al. 
1988), specific phobia (Tyrer et al. 1980) or 
myocardial infarction (Jones et al. 1985) are not. 
But even the patients with increased cardiac 
awareness are not perfect in the perception of 
heartbeats, and only Ehlers et al. (1988b) 
reported a trend towards a higher percentage 
of panic pa.tients classified as good cardiac 
perceivers. 

Another approach to evaluating cardiac per
ceptivity has evolved from cardiology. The 
question of interest is whether there is a 
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relationship between cardiac perceptions and 
occurrences of arrhythmias. Studies have been 
carried out on patients with cardiac symptoms 
by means of the 24-h (Holter) ECG and time
synchronaus recordings of cardiac sensations 
(event marker on a second Holter channel) 
(Kunz et al. 1977 ; Krasnow & Bloomfield, 1978 ; 
Levine et al. 1978; Völker et al. 1986). Whereas 
more than 50% of such patients have arrhyth
mia, mainly multiple ventricular extrasystoles 
and tachycardias (Völker et al. 1986), they only 
perceive about I 0% of the arrhythmias con
firmed by ECG (Kunz et al. 1977; Levine et al. 
1978). Since these studies did not include control 
groups, there is still no clear conception as to 
how this weak relationship between occurrence 
and perception of arrhythmias should be 
interpreted. However, this approach seems very 
useful because naturally occurring cardiac per
ceptions and their physiological triggers can be 
evaluated. 

The present study examines whether the 
innervation disorder in diabetic autonomic 
neuropathy impairs the perception of normal 
and arrhythmic cardiac activity (cf. Lauten
bacher et al. 1987). The autonomic deafferent
ation in diabetic neuropathy serves as a para
digm for the visceral afferent blockade. At the 
same time, the cardiovascular innervation dis
order appears to be an early symptom of diabetic 
autonomic neuropathy (Lehmann et al. 1985). 
Cardiac signs of autonomic neuropathy are 
reductions in spontaneaus variability, in noc
turnal decrease and in stress adaptation of the 
heart rate (Ewing et al. 1984 ; Masaoka et al. 
1985), as weil as an increased basal heart rate 
(Ciarke & Ewing, 1982) and an increased number 
of arrhythmias (Runge & Kühnau, 1983). The 
impaired cardiac perception in diabetic auto
nomic neuropathy is one of the possible causes 
of asymptomatic angina pectoris and silent 
myocardial infarction (Faerman et al. 1977 ; 
Clarke et al. 1979; Runge & Kühnau, 1983; 
Stalmann et al. 1987). Furthermore, the re
duction in the number and strength of visceral 
signals seems to Iead to a flattened emotional 
state in patients with this disorder (Pauli et al. 
1989). On the other hand, the correct perception 
of cardiac symptoms (tachycardia) can con
tribute to early detection of hypoglycaemia 
(Pennebaker et al. 1981; Klosiewski, 1984). 

Cardiac perception in diabetic autonomic 

neuropathy was assessed with a hea t 
(mental) tracking task and an arrhythmi r beat 
ception task. Whereas the Iatter is a natur:lre~. 
and established procedure for studyin sttc 
perceptivity of arrhythmias, the validit; the 
reliability of heartbeat (motor) tracking t a~d 
niques have been questioned (Pennebake~c · 
Hoover, 1984 ; Flynn & Clemens, 1988). W& 
have included our findings with the heartb e 
tra~k.ing task ~or . ~evera1 reasons. First, ~~~ 
vahdlty and rehabthty of motor tracking tech 
niques are presumed to be 1ow because th · 
required motor responses interfere with th~ 
perceptual process (Pennebaker & Hoover 
1984). However, this is not the case for mental 
tracking. Secondly, the relationship among find. 
ings on all commonly used heartbeat perception 
tasks is weak (Jones et al. 1984; Pennebaker & 
Hoover, 1984; Davis et al. 1986), and so far 
there is no generally accepted method. Thirdly 
and most importantly, the results of the mental 
tracking task employed are consistent with the 
findings on the arrhythmia perception task and 
therefore, are very interesting in the context of 
the study as a whole. 

The following three hypotheses were tested. 
(I) In patients with diabetic autonomic neur
opathy, the spontaneaus variability and the 
orthostatic reactivity of the heart rate are 
diminished in comparison with patients with 
non-neuropathic diabetes mellitus and healthy 
subjects ; on the other hand, in patients with 
diabetic autonomic neuropathy there is an 
increase in heart rate at rest and in the incidence 
of arrhythmias. (2) The perception of heartbeat 
is less accurate in patients with diabetic auto
nomic neuropathy than in the control groups. 
Within each group, heartbeat perception is best 
after physically or psychologically induced 
arousal and worst in a standing or sitting 
position. (3) The perception of tachycardias and 
ventricular extrasystoles is heavily impaired in 
patients with diabetic autonomic neuropathy. 

METROD 
Subjects 
Thirteen diabetics with autonomic neuropathY 
(DAN), 16 diabetics without neuropathY 
(DWN) and 20 hea1thy controls (HC) between 
20 and 60 years of age were examined (Table 1). 
The control group contained more men than 
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Table I . Subjects 

Health y Diabetics Diabetics Test of 
controls without AN with AN significance 

Sex Ma le 13 6 5 Chi-square 
Female 7 10 8 X = 3·5 NS 

BMI M 22·6 21·9 21·2 H test 
(kgjm 2

) S.D . 2·1 2·2 3·5 X = 4·1 NS 
Age (yr) M 31 ·8 28·4 37·6 H lest 

S.D. 7·9 7·1 10·5 X = 3·5 NS 
Height M 172-4 170·4 167·3 H test 
(cm) S.D. 8·8 8·4 7·8 X = 2·0 NS 

Weight M 67·5 63·1 59·5 H lest 
(kg) S.D. 11 ·2 8·7 12-4 X = 4·4 NS 

Duralion of M 4313 6089 U lest 
illness (day) S.D. 738 30 19 Z= 1·5NS 

AN = autonomic neuropathy; NS = not significa nt; M = mean, s.o. = standa rd deviation ; BMI = body mass index . 

either patient group, but the differences are not 
statistically significant. Furthermore, as Rouse 
etal. (1988) have shown, the frequently reported 
superior cardiac perception in men is caused by 
differences in body fat. All three groups 
examined had very similar body mass indexes 
(BMI = kg/m 2

) ( cf. Montgomery & J ones, 1984) 
and therefore gender effects on cardiac per
ception are not like1y. The differences between 
the three groups with respect to age, height, 
weight and duration of illness arenot significant. 

All of the patients had insulin-dependent 
Type I diabetes with age of manifestation under 
40 and HbA I or HbA I c values of at least 8 and 
6%, respectively. The diabetics with autonomic 
neuropathy had to have an additional clearly 
pathological finding in at least one autonomic 
functional system. Tests were performed for 
orthostatic hypotonia, bladder atonia, gastro
paresis and erectile impotence. Cardiac disease 
was excluded in all participants by clinical 
investigations such as echo- and electro
cardiography. All medications affecting the heart 
and CNS (e.g. beta-blockers and sedatives) were 
withdrawn for the duration ofthe study, whereas 
insulin therapy for the diabetics was continued. 

Due to technical problems, data errors were 
detected for two control subjects and two non
neuropathic diabetics with respect to heartbeat 
perception and for one non-neuropathic diabetic 
regarding perception of arrhythmias. 

Apparatus 

The electrocardiogram was recorded by means 
of two pre-cordial Ieads on C-120 tapes in a 
Portable ECG-recorder (FM-Recorder MR-20, 

Oxford Medical System Ltd/UK) with a maxi
mum run of 24 h. The channel with fewer 
artefacts was selected for evaluation. The event 
track of the recorder was used by the ex
perimenter to mark the time intervals for the 
heartbeat perception task and by the subjects to 
mark arrhythmic sensations. The ECG-analysis 
instrument (Analyser MA-20, Oxford Medical 
System Ltd/UK) yielded the heart rate for the 
marked intervals and enabled the semi-auto
matic detection of arrhythmia under visual 
control. 

Procedure 
The subjects were informed about the exper
imental procedure on arrival in the examination 
room. Then the ECG electrodes were attached. 
The subjects spent the next 20 min filling out 
several questionnaires and afterwards proceeded 
with the heartbeat perception test (described 
later). Instructions for long-term ambulatory 
ECG recording followed, including instructions 
to record current activities every hour. Except 
for strenuous physical work (e.g. sports) , the 
subjects were allowed to carry out their normal 
daily activities. The ECG apparatus was re
moved 24 h later. 

Heartbeat perception 
A modification of the mental tracking test 
descri bed by Schandry ( 1981) was used. The 
subjects were requested to concentrate on their 
hearCat defined time intervals (onset and offset 
indicated by a tone) and to count the heartbeats 
perceived. They were instructed not to take their 
pulse or to try any other physical manipulation 
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that might facilitate the detection of heartbeats. 
The task was performed seven times to measure 
heartbeat perception and heart rate under 
various physical and psychological stress 
manipulations. The order of manipulation was 
as follows. 

(I) Supine I - after 10 min of relaxation in a 
supine position a perception interval of 30 s. 

(2) Stauding - immediately after getting up a 
perception interval of 25 s. 

(3) Sitting - after 5 min of relaxed sitting a 
perception interval of 25 s. 

(4) Mentalstress - immediately after a 2-min 
subtraction task (starting with 3000, repeatedly 
subtracting 13) a perception interval of 30 s. 

(5) Anxiety - after imagining an anxiety-pro
voking Situation for 2 min a perception interval 
of 30 s. 

(6) Physical exercise - immediately after deep 
knee bends for one min a perception interval of 
15 s. 

(7) Supine II - after I 0 min of relaxation in a 
supine position a perception interval of 20 s. 

At the end of each interval the subjects were 
requested to report how many heartbeats they 
had counted. Note that Schaudry (198I) asked 
his subjects to report the number of heartbeats 
counted or estimated. We changed this in
struction because we wanted the subjects to 
register only the number of heartbeats actually 
perceived . The number of heartbeats perceived 
(SB = subjective beats) was then compared with 
the actual number ofheartbeats (OB = objective 

beats) for the same interval. A perception 
8 (PS) was calculated as follows (cf. Bestie core 

1990): r et a/. 
PS= 1-(ISB - OBI)/OB. 

Additionally, the responses were classified · 
three perception categories: tnto 

exact perception : ISB - OBI ~ 2; 
poor perception: ISB - OBI > 2; 

no perception: SB = 0. 

The perception score quantifies the accura 
of the perception of heartbeats on a continuo cy 
scale from 0 to 1, with a high score reflecti~s 
good perception. The perception categorieg 
'exact perception' and 'no perception' represen~ 
the extremes. 'Exact perception' means that the 
subject was able to perceive all heartbeats in the 
perception interval. The deviation of ± 2 beats is 
tolerated because at the time of the tone 
indicating onset or offset one beat can easily be 
missed or added (cf. Schandry, I981). In 
contrast.' ' no perception' refle~ts a total inability 
to percetve any heartbeats dunng the perception 
interval. Some subjects feil into this category 
because we asked the subjects to report the 
number of heartbeats counted, not estimated. 
Although there is no direct means of checking 
whether a subject's response is in fact based on 
the perception of discrete heartbeats, at least for 
the categories 'exact perception' and 'no per
ception' this seems to be the case. It is very 
unlikely that someone will a.chieve ' exact per
ception ' without perceiving the actual heart
beats. Furthermore, there is no reason for a 
subject to report no heartbeats if he or she did in 
fact perceive heartbeats. 

Arrhythmia perception 

The subjects were instructed to mark all percep
tions of irregular cardiac activity on the marker 
channel of the recorder. The 24-h ECGs were 
then examined for ventricular extrasystoles 
(VES), tachycardias (TACHY) and other cardiac 
irregularities. The arrhythmias were classified 
according to type and severity (Lown classific
ation). Tachycardias were defined as an episode 
of increased heart ratethat exceeded the baseline 
rate by 20% within I min. If a subject marked a 
cardiac perception up to 40 s a fter a ventricular 
extrasystole and 60 s after the commencement of 
a tachycardia this was considered an exact 
perception of an arrhythmia. The hit rate 
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(
p-J-IIT) was defined as the ratio of exactly 

rceived arrhythmias f(eA) to the total number 
P~arrhythmias f(tA). The hitrate was calculated 
0eparately for tachycardias (P-HIT-TACHY) 
~nd ventricular extrasystoles (P-HIT-VES): 

hit rate: (P-HIT) = f(eA)/f(tA) x 100 (%) . 

rhe error or 'false alarm' rate (P - FA) repre
sents the proportion of events marked without 
preceding arrhythmia f(fA) in relation to the 
total number of marks made f(tM) : 

fa)se alarm rate: (P - FA) 
= f(fA)/f(tM) X 100 (%). 

IJit and false alarm rates were calculated for 
each subject. 

Statistical evaluation 

Group differences were tested with a non
parametric test of significance (5 %, two-tailed) . 
If the Kruskai- Wallis rank variance analysis (H 
test) yielded significant group differences, then 
simultaneaus post-hoc comparisons were made 
with the Nemenyi test. Changes in the heartbeat 
perception scores within the groups were tested 
with the Friedman rank variance analysis. The 
distribution ofthe two response categories 'exact 
perception' and 'no perception' was evaluated 
descriptively. Due to low cell populations, 
statistical analysis was not possible. 

RESULTS 

Heart rate 

The diabetics with autonomic neuropathy 
tended to have the highest heart rate in the 
perception intervals (Fig. 1). Under physical 
stress (standing, physical exercise) , however, 
these differences largely disappeared; this was 
because the increase in heart rate was more 
marked in the two control groups than in the 
group of diabetics with autonomic neuropa thy . 
The difference in heart rate between the groups 
is significant only for the condition 'anxiety ' 
(H test: P = 0·03 ; post-hoc comparisons: 
HC/DWN NS ; HC/DAN P = 0·04 ; 
DAN /DWN NS). 

Spontaneous heart rate variability 

Spontaneaus heart rate fluctuation (R- R in
terval varia tion) was evaluated with a method 
proposed by Airaksinen et al. (1986) . T he 

evaluation is made at rest, whereby the difference 
between the shortest and Iongest interbeat 
interval within a period of 12 seconds is 
determined. The diabetics with autonomic neur
opathy had a significantly lower spontaneaus 
variation in heart rate than the non-neuropathic 
diabetics or the healthy controls (mean 
± standard deviation; HC: 0·15 ± 0·06 ; DWN: 
0·12±0·05; DAN: 0·06 ±0·03; Htest: P < 0·01 ; 
post-hoc comparisons: HC/DWN NS; HC/ 
DAN P < 0·01; DAN/DWN P = 0·01). 

Orthostatic reaction 

Cardiac orthostatic reaction was defined as the 
percentage change in heart rate between the 
consecutive experimental conditions, 'supine I' 
and 'standing '. The mean increase in heart rate 
was 25% ( ± 25) in the healthy controls, 22% 
( ± 17) in the non-neuropathic diabetics and 
10% ( ± 33) in the diabetics with autonomic 
neuropathy. The group differences in the ortho
staticly induced heart rate changes are significant 
(H test: P = 0·03; post-hoc comparisons: 
HC/DWN NS; HC/DAN NS; DAN/DWN 
p = 0·04). 

Heartbeat perception 

Fig. 2 shows the perception scores for the three 
groups in the seven experimental situations. The 
diabetics with autonomic neuropathy had the 
worst overall perception scores, and this did not 
change within the test situations (Friedman test : 
NS). The diabetics without neuropathy, on the 
other hand, started with relatively poor scores, 
but improved markedly with the number of 
tri als (Friedman test: P < 0·0 I) . They performed 
best in the anxiety condition and worst in the 
standing condition. The healthy control group 
achieved the best perception scores in all test 
conditions, with the poorest result in the sitting 
condition and the best in the anxiety condition 
(Friedman test : P = 0·05). The differences be
tween the groups are close to significance in the 
test conditions ' standing' (H test: P = 0· I 0), 
' mental stress' (P = 0·1 2), 'physical exercise' 
(P = 0·1 2) and 'supine II' (P = 0·08). However, 
ifthe perception score is averaged across the two 
supine situations to stabilize the score, the group 
differences are significant (HC: 0·70 ± 0·19 ; 
DWN: 0·57±0·23 ; DAN: 0·50±0·33 ; H test : 
P = 0·04 ;post hoc comparisons: HC/DWN NS ; 
HC/DAN P = 0·08 ; DAN/DWN NS). 
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Similar results are revealed by the distribution 
of the two perception categories 'exact per
ception' and ' no perception ' (Table 2). The 
healthy control group performed best, the 
diabetics with autonomic neuropathy worst. 
The relatively good performance of the healthy 
controls is reflected in the frequency of exact 
perceptions. Compared with both diabetic 
groups, more than twice as many of them were 
able to achieve an exact perception at least once 
(50% compared with 21 and 23 %), and overall 
they had exact perceptions about twice as often 
as either diabetic group (14% compared with 6 
and 9 %). On the other hand, the impaired 
heartbeat perception ability of the diabetics with 
autonomic neuropathy is evident in the fre
quency of the ' no perception' responses. In 
27% ofthe perception intervals they were unable 
to perceive any heartbeats, whereas this 
happened for the healthy controls and the 
diabetics without neuropathy in less than 10% 
of the intervals. Moreover, 31 % of tli.e diabetics 
with autonomic neuropathy were unable to 
perceive any heartbeats at all at least once, 
compared with only 17% of the healthy controls 
and 14% of the diabetics without neuropathy. 

Examination of the results in the different 
heartbeat perception conditions reveals that the 
healthy controls performed best (see frequency 
of exact perceptions) in the Situations 'anxiety ', 
'physica1 exercise' and 'supine II ', and worst in 
the Situations 'standing' and 'sitting'. The 

Table 2. Heartbeat perception responses · 
. ' Ln the two categones exact perception' and , 

perception ' no 

Exact perception ---::::::::::: No perception 
HC DWN DAN ~ HC DWN DAN 

Supine I 2 3 II% 7% 8% 6% 7% 23% Standing 0 0 2 0 2 3 0% 0% 15% 0% 14 % 23% Sitting 0 I I 2 2 3 0% 7% 8% II % 14% 23% Mental I I 2 I 0 4 strcss 6% 7% 15% 6% 0% 30% Anxicty 4 I 0 I 0 3 22% 7% 0% 6% 0% 23% Physical 5 I 0 2 0 4 
exercise 28% 7% 0% II % 0% 30% Supine II 5 I 2 I 0 4 

28% 7% 15% 6% 0% 30% 
Total 17 6 8 8 24 rcsponses 14 % 6% 9% 6% 5% 27% 
Total 9 3 3 3 2 4 
subjects 50% 21% 23% 17% 14% 31% 

HC = hcalthy controls; DWN = diabctics without neuropathy; 
DAN = dmbet1cs w1th ncuropathy. 
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F!G. 3. Freq uency of ventricular extrasystolcs (N-VES) and tachy
cardias (N-TACHY) (means and standard dcviations). 0, Healthy 
con trols; 1§, diabetics without ncuropathy; ßlll, diabetics with 
autonomic neuropathy. 

diabetics without neuropathy did not improve 
their frequency of exact perceptions in the 
Situations where the healthy controls did. How
ever, all of them were able to perceive at least 
some heartbeats in these Situations, leading to a 
reduction in 'no perception' responses and an 
improvement in the perception score (see Fig. 2). 
The diabetics with autonomic neuropathy, o.n 
the other hand, were unable to improve their 
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fiG. 4. Percentage of correctly pcrceived ventricular extrasystoles 
(P-HIT-VES) and tachycardias (P-HIT-TACHY) in the ambulatory 
24-h ECG (means and standard deviations). D , Healthy controls; 
liJ, diabetics without ncuropathy ; ßlll, diabctics with autonomic 
neuropathy. 

cardiac perception in the 'anxiety' and 'physical 
exercise' conditions. The frequency of intervals 
with imperceptibility of heartbeats did not 
change and, additionally, there were no intervals 
with exact perceptions. 

Frequency of arrhythmias 
On average, the diabetics with autonomic neur
opathy had more ventricular extrasystoles and 
fewer tachycardias than the subjects in the two 
control groups (Fig. 3). While these differences 
are significaht for tachycardias (Htest: P < 0·01; 
post-hoc comparisons: HC/DWN NS ; HC/ 
DAN P < 0-01; DAN/DWN P < 0·01), they 
are not significant for ventricular extra
systoles. 

Number of cardiac events marked 
Perceptions of cardiac activity were rare in all of 
the test groups. The mean number of events 
marked was 2·3 (±4·2) in the control group, 1·6 
(± 3·0) in the non-neuropathic diabetics and 
0·1 5 ( ± 0·4) in the diabetics with autonomic 
neuropathy. The difference betwcen the healthy 
controls and the diabetics with autonomic 
neuropathy is significant (H test : P = 0·03; post
hoc comparisons: HC/DWN NS; HC/DAN 
P = 0·04; DANjDWN NS). 

Perception of arrhythmias 
In the control group the hitrate was 13% ( ± 33) 
for ventricular extrasystoles and 5% ( ± 6) for 
tachycardias (Fig. 4). In the non-neuropathic 

diabetics, the hitrate for tachycardias was quite 
similar ( 4% ± 9), whereas this group was unable 
to perceive ventricular extrasystoles correctly. 
The diabetics with autonomic neuropathy, on 
the other hand, were unable to perceive either 
tachycardias or ventricular extrasystoles. The 
group differences are significant for the tachy
cardia hit rate (H test: P = 0·04; post-hoc 
comparisons: HC/DWN NS; HC/DAN 
P = 0·04 ; DAN/DWN NS), but not for the 
perception of ventricular extrasystoles. 

The mean false alarm rate (P- FA) was 59% 
( ± 40) in the control grciup, 57% ( ± 34) in the 
non-neuropathic diabetics and 100% ( ± 0) in 
the diabetics with neuropathy. However, the 
differences between the groups are not 
significant. 

DISCUSSION 

In diabetics with autonomic neuropathy, the 
efferent and afferent innervation of the heart is 
disturbed. This Ieads to an alteration in cardiac 
activity and to disturbed perception of heart
beats and arrhythmias. 

Consistent with hypothesis I, the diabetics 
with autonomic neuropathy had a reduced 
spontaneaus variability of the inter-beat 
intervals, a lower orthostatic increase in heart 
rate, less frequent tachycardias and more fre
quent ventricular extrasystoles than the non
neuropathic diabetics or the healthy controls. 
An increased basal heart rate could be confirmed 
only as a tendency. Our findings were also 
consistent with the Suppositions formulated in 
hypothesis 2. The healthy subjects achieved the 
best heartbeat perception scores in all test 
situations and the highest overall number of 
exact perceptions. As expected, they performed 
best in Situations with psychologically or 
physically induced arousal and worst in a 
standing or sitting position. The diabetics with
out neuropathy Started out with relatively poor 
heartbeat perception, coinparable to that of the 
diabetics with neuropathy; however, they were 
able to improve their performance markedly in 
the situations with arousal induction. This 
differentiated them clearly from the diabetics 
with autonomic neuropathy. The latter were 
unable to improve their heartbeat perception. 
Most characteristic for the diabetics with neur
opathy was that many of them had a total 
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imperceptibility of heartbeats. Overall their 
perception of heartbeats was less accurate than 
that of the two control groups. Furthermore, 
consistent with hypothesis 3, the diabetics with 
autonomic neuropathy marked fewer cardiac 
events in the ambulatory 24-h ECG, and their 
cardiac Sensations showed absolutely no con
nection with actual cardiac arrhythmias such as 
ventricular extrasystoles and tachycardias. This 
total . inability to perceive arrhythmias clearly 
differentiales the neuropathic diabetics from the 
healthy controls and in general from the non
neuropathic diabetics . 

Our findings confirm that autonomic de
afferentation in diabetes mellitus Ieads to an 
impairment in the transmission of cardiac 
signals. In intact cardiac perceptivity, cardiac 
signals are decoded and processed in the ' noise' 
of the internaland external afferences, similar to 
external signals (Pennebaker, 1982). Autonomie 
deafferentation induces a reduction in the car
diac signa1 rate, impairing the cardiac signa1-to
noise ratio. Under ambulatory conditions (24-h 
ECG, arrhythmia perception task), i.e. normal 
noise Ievel, the cardiac signal can no Ionger be 
perceived correctly, resulting in a total loss of 
arrhythmic perception. The conditions of the 
laboratory, on the other hand (heartbeat per
ception task, protection from external stimuli, 
concentration on the heart), reduce the general 
noise Ievel and hence the signal-to-noise ratio is 
artificially improved. Under such conditions, 
the effects of the autonomic neuropathy are 
somewhat less distinct, but still observable. 
Within the laboratory, the healthy controls and 
the diabetics without neuropathy achieved their 
best results in situations with arousal induction. 
Presumably, in these conditions the cardiac 
signal is strengthened by beta-adrenergic 
influences on the myocardium (Ka tkit1, 1985). 
In diabetics with autonomic neuropathy the 
afferent transmission of the cardiac signal is 
impaired, and therefore these patients do not 
show a similar effect. 

According to Brener (1974), perception and 
control ofvisceral activities could be transmitted 
via a central feedback pathway, an interoceptive 
afferent pathway and/ or an exteroceptive 
afferent pathway (cf. Jones et al. 1987). The 
confirmed impairment of cardiac perception due 
to neuropathic denervation of the heart suggests 
that cardiac perceptions are transmitted via 

visceral rather than sensory afferents. Moreov 
peripheral neuropathy can be excluded bec er, 
these patients did not reveal clinical sign ause 
sensonmotor neuropathy and, additionally s or 
d . h 'car 1ac neuropat y usually represents an e 1· 
manifestation of diabetic nerve disorder (Claar/ 
& Ewing, 1982). r e 

Two methods, an arrhythmia perception ta k 
and a modified heartbeat tracking task w 

8 

d . . ' ~ 
us.e to ass~ss card1ac percept10n. The arrhyth-
m1~ percept10n ~ask re~ealed u.nequ.ivocal results 
wh1c? clearly d1fferent1ated d1abet1cs with auto~ 
no~mc neuropathy from the two control group 
Th1s task seems to be a valid, clinically user~i 
and naturalistic tool for evaluation of cardia 
perception. The additionally conducted modifie~ 
tracking task basically confirmed the above 
findings. Therefore, in the context of the whole 
st~dy , it is justifiable to report these results in 
splte of the recently questioned validity of the 
tracking method (Flynn & Clemens, 1988). 

The cardiac perception deficiency as demon
strated in this study is clinically significant 
not only for perception of heartbeats and 
arrhythmias, but also for other cardiac sens
ations. The loss of cardiac pain may Iead to 
silent myocardial infarction, and the loss of 
hypoglycaemic awareness in diabetes mellitus 
even to hypoglycaemic coma. Additionally, the 
impaired visceral perception has indirect effects 
on psychological and affective variables (Pauli 
et al. 1989). 

This work was supported by grant no . Str 273/2- 3 
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