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Unpleasant bodily sensations play an important
role in internal, psychosomatic and most psy-
[ chiatric disorders. Distorted visceral perception
"{j patients with panic disorders may trigger
anxiety attacks (Ehlers er al. 1988a). Bodily
complaints are an inevitable syndrome in de-
| pressive patients (DSM-III, APA, 1980; Kanfer
& Hagerman, 1981). The diagnosis of internal
discases is likewise based on the subjective
perception of physical symptoms.
- For cardiac interoception, it has been demon-
Strated in laboratory studies that heartbeat
perception in healthy subjects is influenced by
gender (Whitehead er al. 1977; Jones &
Hollandsworth, 1981), weight or body fat
ontgomery & Jones, 1984 ; Rouse et al. 1988),
body position (Jones e al.1987), physical activity
(Jones & Hollandsworth, 1981), emotional
drousal (Katkin et al. 1982; Katkin, 1985) and
tmotionality (Schandry, 1981; Montgomery &
Jones, 1984). However, it has also been found
that less than 50 % of the healthy population are
asonably good heartbeat perceivers (Schandry,
981; Davis er al. 1986; Jones et al. 1987).
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yNOPSIS A comparative study of diabetics with autonomic neuropathy (N = 13) as against non-
peuropathic diabetics (N = 16) and healthy control persons (N = 20) was carried out with respect
to 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
geuropathy, the spontaneous variability and stress-induced reactivity of the heart rate as well as the
qumber of tachycardic episodes were reduced, whereas the frequency of ventricular extrasystoles
was somewhat increased. Impaired heartbeat perception and a complete loss of perception of
arthythmias as a consequence of neuropathic deafferentation could be demonstrated. Cardiac
perception disorders also play a vital role in other clinical problems, e.g. silent myocardial infarction
and lack of awareness of hypoglycaemia in diabetes mellitus.

Considering that under most circumstances
awareness of visceral sensations is of little
relevance for healthy subjects, this appears
plausible (cf. Jones et al. 1985). Nevertheless,
most subjects can learn to discriminate their
heartbeats (Brener & Jones, 1974; Davis et al.
1986; Jones et al. 1987).

Several clinical studies have endeavoured to
determine whether patients with heart-related
complaints or anxieties are more prone to
perceiving their cardiac activity correctly. In
laboratory studies it was found that patients
with cardiac phobia (Stalmann er al. 1988),
panic disorder (Ehlers ez al. 19885), 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 prolapse (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 patients 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-
synchronous recordings of cardiac sensations
(event marker on a second Holter channel)
(Kunz et al. 1977 ; Krasnow & Bloomfield, 1978 ;
Levine et al. 1978 ; Volker et al. 1986). Whereas
more than 50 % of such patients have arrhyth-
mia, mainly multiple ventricular extrasystoles
and tachycardias (Volker et al. 1986), they only
perceive about 10% 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 spontaneous variability, in noc-
turnal decrease and in stress adaptation of the
heart rate (Ewing et al. 1984; Masaoka et al.
1985), as well as an increased basal heart rate
(Clarke & Ewing, 1982) and an increased number
of arrhythmias (Runge & Kiihnau, 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 & Kiihnau, 1983;
Stalmann et al. 1987). Furthermore, the re-
duction in the number and strength of visceral
signals seems to lead 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
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neuropathy was assessed with ga heary
(mental) tracking task and an arrhythmiy
ception task. Whereas the latter is a natyrg|jgi.
and established procedure for studying st;:c
perceptivity of arrhythmias, the validity 5 b
reliability of heartbeat (motor) tracking te;;]d
niques have been questioned (Pennebake, &
Hoover, 1984; Flynn & Clemens, 1988), W
have included our findings with the heartbeai
tracking task for several reasons. First, th
validity and reliability of motor tracking teg).
niques are presumed to be low because the
required motor responses interfere with the
perceptual process (Pennebaker & Hoovyer
1984). However, this is not the case for ’nenta}
tracking. Secondly, the relationship among fig.
ings on all commonly used heartbeat perceptioy
tasks is weak (Jones er al. 1984; Pennebaker &
Hoover, 1984; Davis et al. 1986), and so far
there is no generally accepted method. Thirdly

begy

and most importantly, the results of the menta]

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.
(1) In patients with diabetic autonomic neur-
opathy, the spontaneous 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 i
patients with diabetic autonomic neuropathy.

METHOD

Subjects

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

Healthy Diabetics Diabetics Test of
controls without AN with AN significance
Sex Male 13 6 5 Chi-square
Female 7 10 8 X=35NS
BMI M 226 219 212 H test
(kg/m?) S.D 21 22 35 X =41NS
Age (yr) M 318 284 37:6 H test
S.D; 79 71 10:5 X =35NS
Height M 172:4 170-4 1673 H test
(cm) s.D 88 84 78 X=20NS
Weight M 675 631 59-5 H test
(kg) S.D. 1132 87 12:4 X =44 NS
Duration of M 4313 6089 U test
illness (day)  s.p. 738 3019 Z=15NS

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

(BMI = kg/m?) (cf. Montgomery & Jones, 1984)

I

~All of the patients had insulin-dependent
Type I diabetes with age of manifestation under

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 of the study, whereas
Insulin therapy for the diabetics was continued.
Due to technical problems, data errors were
etected for two control subjects and two non-
heuropathic diabetics with respect to heartbeat
Perception and for one non-neuropathic diabetic
| Iegarding perception of arrhythmias.

| Apparatus

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

AN = autonomic neuropathy; NS = not significant; M =

mean, s.D. = standard deviation; BMI = body mass index.

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
described by Schandry (1981) was used. The
subjects were requested to concentrate on their
heart at 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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FiG. 1. Mean heart rate (bpm) under the seven conditions of the
heartbeat perception task (for significance levels see text). ——,
Healthy controls; ---, diabetics without neuropathy; - - -, diabetics
with autonomic neuropathy.

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.

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

(2) Standing — 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) Mental stress — 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,

(7) Supine II — after 10 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 Schandry (1981) 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 of heartbeats (OB = objective
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beats) for the same interval. A perception
(PS) was calculated as follows (cf, Bestler Scors

1990): et ql,
PS = 1—(|SB—OB)/OB,

Additionally, the responses were classify

: 5 ed inty
three perception categories: nig

exact perception: |[SB—OB| < 2;
poor perception: [SB—OB| > 2;
no perception: SB = 0.

The perception score quantifies the accurae
of the perception of heartbeats on a continugyg
scale from 0 to 1, with a high score reflectip
good perception. The perception categorieg
‘exact perception’ and ‘no perception’ represeng
the extremes. ‘Exact perception’ means that the
subject was able to perceive all heartbeats in the
perception interval. The deviation of +2 beas jg
tolerated because at the time of the topg
indicating onset or offset one beat can easily be
missed or added (cf. Schandry, 1981). Iy
contrast, ‘no perception’ reflects a total inability
to perceive any heartbeats during the perception
interval. Some subjects fell 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 achieve ‘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 rate that exceeded the baseline
rate by 20 % within 1 min. If a subject marked a
cardiac perception up to 40 s after a ventricular
extrasystole and 60 s after the commencement of
a tachycardia this was considered an exact
perception of an arrhythmia. The hit rate

o.HIT) was defined as the ratio of exactly
erceived arrhythmias f(eA) to the total number
“garrhythmias f(tA). The hit rate was calculated
eparately for tachycardias (P-HIT-TACHY)
and ventricular extrasystoles (P-HIT-VES):

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

] he error or ‘false alarm’ rate (P—FA) repre-
ents the proportion of events marked without
preceding arrhythmia f(fA) in relation to the
fotal number of marks made f(tM):

false alarm rate: (P—FA)

: = f(fA)/f(tM) x 100 (%).

git and false alarm rates were calculated for
each subject.

tatistical evaluation

Group differences were tested with a non-
parametric test of significance (5 %, two-tailed).
If the Kruskal-Wallis rank variance analysis (H
test) yielded significant group differences, then
simultaneous 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 of the 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 neuropathy.
The difference in heart rate between the groups
| is significant only for the condition ‘anxiety’
- (H test: P =003; post-hoc comparisons:
| HC/DWN NS; HC/DAN P =004,

DAN/DWN NS).

Spontaneous heart rate variability

Spontaneous heart rate fluctuation (R-R in-
terval variation) was evaluated with a method
- Proposed by Airaksinen er al. (1986). The
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evaluation is made at rest, whereby the difference
between the shortest and longest interbeat
interval within a period of 12 seconds is
determined. The diabetics with autonomic neur-
opathy had a significantly lower spontaneous
variation in heart rate than the non-neuropathic
diabetics or the healthy controls (mean
+standard deviation; HC: 0:154+0:06; DWN:
0-124+005; DAN: 0-064+0-03; H test: 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 =003; 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
trials (Friedman test: P < 0-01). 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 = 0-10),
‘mental stress’ (P = 0-12), ‘physical exercise’
(P = 0-12) and ‘supine II’ (P = 0:08). However,
if the perception score is averaged across the two
supine situations to stabilize the score, the group
differences are significant (HC: 0-704+0-19;
DWN: 0:574+0-23; DAN: 0:5040:33; H test:
P = 0:04; post hoc comparisons: HC/DWN NS;
HC/DAN P = 0:08; DAN/DWN NS).
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F1G. 2. Heartbeat perception score (PS) under the seven conditions of
the heartbeat perception task (for significance levels see text). ——,
Healthy controls; ---, diabetics without neuropathy; - - - -, diabetics
with autonomic neuropathy.

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 % of the 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 the 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’,
‘physical exercise’ and ‘supine II’, and worst in
the situations ‘standing’ and ‘sitting’. The
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Table 2. Heartbeat perception responses in th
two categories ‘exact perception’ aqpg <.
perception’ ho

Exact perception No perception

HC DWN DAN m
Supine I 2 1 1 1 1 3
1% 7% 8% 6% 7% 230,
Standing 0 0 2 0 2 3
0% 0% 15% 0% 14% 230,
Sitting 0 1 1 2 2 3
0% 7% 8% 1%  14% 23 %
Mental 1 1 2 1 0 4
stress 6% 7% 15% 6% 0% 309
Anxiety 4 1 0 1 0 g
2%... 1% 0% 6% 0% 239
Physical 5 1 0 2 0 4
exercise 28% 7% 0% 1% 0% 309
Supine II 5 1 2 1 0 4
2% 1% 15% 6% 0% 309
Total 17 6 8 8 5 24
responses 14 % 6% 9% 6% 5%  21%
Total 9 3 3 3 2 4
subjects 50% 21% 23% 17%  14%  31%

HC = healthy controls; DWN = diabetics without neuropathy;
DAN = diabetics with neuropathy. K

30,
a5 P <001
I3 arinecsl
20 P <001
oy
5
% 150
[t
10 -
o gt
0 it i
N-VES N-TACHY

F1G. 3. Frequency of ventricular extrasystoles (N-VES) and tachy-
cardias (N-TACHY) (means and standard deviations). [], Healthy
controls; B, diabetics without neuropathy; [, 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
reduction in ‘no perception’ responses and an
improvement in the perception score (see Fig. 2):
The diabetics with autonomic neuropathy, 00
the other hand, were unable to improve thelf

P< 005
Lrgomy v g1 R W}

P-HIT-VES P-HIT-TACHY

6. 4. Percentage of correctly perceived ventricular extrasystoles
(P-HIT-VES) and tachycardias (P-HIT-TACHY) in the ambulatory

-h ECG (means and standard deviations). [], Healthy controls;
g, diabetics without neuropathy; [, diabetics with autonomic
europathy.

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 significant for tachycardias (H test: P < 0-01;
post-hoc comparisons: HC/DWN NS; HC/
DAN P < 001; DAN/DWN P < 001), 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
0115 (+04) in the diabetics with autonomic
neuropathy. The difference between 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; DAN/DWN NS).

Perception of arrhythmias

In the control group the hit rate was 13 % (+33)
for ventricular extrasystoles and 5% (+46) for
tachycardias (Fig. 4). In the non-neuropathic

Heartbeat and arrhythmia in diabetes

419

diabetics, the hit rate 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 = 004; post-hoc
comparisons: HC/DWN NS; HC/DAN
P =004; DAN/DWN NS), but not for the
perception of ventricular extrasystoles.

The mean false alarm rate (P—FA) was 59 %
(£40) in the control group, 57 % (4 34) in the
non-neuropathic diabetics and 100% (40) 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 leads to an alteration in cardiac
activity and to disturbed perception of heart-
beats and arrhythmias.

Consistent with hypothesis 1, the diabetics
with autonomic neuropathy had a reduced
spontaneous 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, comparable 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
differentiates 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 leads to an
impairment in the transmission of cardiac
signals. In intact cardiac perceptivity, cardiac
signals are decoded and processed in the ‘noise’
of the internal and external afferences, similar to
external signals (Pennebaker, 1982). Autonomic
deafferentation induces a reduction in the car-
diac signal rate, impairing the cardiac signal-to-
noise ratio. Under ambulatory conditions (24-h
ECG, arrhythmia perception task), i.e. normal
noise level, the cardiac signal can no longer 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 level 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 (Katkin, 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 of visceral 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
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visceral rather than sensory afferents. Moy
peripheral neuropathy can be excluded becy
these patients did not reveal clinical signsuse
sensorimotor neuropathy and, additionally c %
diac neuropathy usually represents an ’eaarllh
manifestation of diabetic nerve disorder (Clark
& Ewing, 1982). g

Two methods, an arrhythmia perception task
and a modified heartbeat tracking task, we;
used to assess cardiac perception. The arrhythe
mia perception task revealed unequivocal results.
which clearly differentiated diabetics with aygg,
nomic neuropathy from the two control groups
This task seems to be a valid, clinically usefy;
and naturalistic tool for evaluation of cardige
perception. The additionally conducted modifieq
tracking task basically confirmed the aboye
findings. Therefore, in the context of the whole
study, it is justifiable to report these results ip
spite of the recently questioned validity of the
tracking method (Flynn & Clemens, 1988).

The cardiac perception deficiency as demonp-
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 lead 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).
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