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Abstract

Performance on heartbeat counting tasks is usually interpreted in terms of cardiac sensitivity. We tested the hypothesis
that heartbeat counting is influenced by beliefs about heart rates by dissociating beliefs about heart rates and actual heart
rates. In a within-subjects design, heart rates of 50 patients with cardiac pacemakers were set%0 apog; medium

(75 bpm, or high(110 bpm pacing rate unknown to the patients via remote control while they performed a heartbeat
tracking task. Results showed that patients’ heartbeat counting did not follow the shifts in their actual heart rates
adequately, although their overall performance was comparable to that of young and healthy control participants. As a
result, tracking scores decreased significantly in the high pacing rate condition where beliefs about heart rates and actual
heart rates were most extremely dissociated. The findings suggest that tracking scores reflect beliefs about heart rates
rather than cardiac sensitivity.

Descriptors: Cardioception, Heartbeat perception, Interoception, Methodology, Cardiac pacemakers

Several methods for assessing heartbeat perception have been eating rather than the way itfislt to be beating can normally lead
veloped in psychophysiological researdee Jones, 1994; Reed, to high performance scores because beliefs about heart rates can be
Harver, & Katkin, 1990, for thorough reviews; for empirical eval- based on a variety of internal and external cues of physiological
uations see Brener, Liu, & Ring, 1993; Eichler & Katkin, 1994, arousal indicating actual cardiac activation. Thus, actual heart rates
Knoll & Hodapp, 1992; Ring & Brener, 1996; Schneider, Ring, & and beliefs about heart rates have to be dissociated experimentally
Katkin, 1998; Stormer, Heiligtag, & Knoll, 1989The most eco-  without participants’ knowledgéRing & Brener, 1996, p. 5420
nomic and most practical method is the heartbeat counting oexamine the question of whether tracking performance depends on
tracking task introduced by Schand{¥981). In this procedure, accuracy of beliefs about heart rates rather than on cardiac awareness.
participants are asked to count their heartbeats during defined time In the present experiment, we dissociated actual heart rates and
intervals of usually less than 1 min. Performance scores are theleliefs about heart rates by manipulating actual heart rates in pa-
computed based on the deviation between the number of actugients with cardiac pacemakers without providing them any infor-
heartbeats and the number of counted heartbeats. Because of itgtion about this manipulation. The pacemaker was set to rates of
straightforwardness and practicability, the task can be applied ea$0 bpm(low pacing rate condition 75 bpm(medium pacing rate
ily in a wide range of research settings, including ambulatory anccondition, and 110 bpnthigh pacing rate conditiorvia remote
clinical contextge.g. Ehlers, Breuer, Dohn, & Fiegenbaum, 1995 control while participants were supine and performed a mental
Some recent methodological studies, however, suggested th&facking task of the Schand(#981) type. Thus, we induced dras-
heartbeat counting in the tracking task might be based on beliefsc heart rate changes while leaving beliefs about heart rates un-
about(or estimates ofheart rates rather than on cardiac sensitivity affected.
(Brener & Knapp, 1995; Phillips & Jones, 1997; Ring & Brener, If patients based their heartbeat counting on constant beliefs
1996. Counting heartbeats the way the heart is believed to bebout heart rates rather than on cardiac sensations, their counted
heart rates should not follow the shifts in their actual heart rates
adequately. Rather, the difference between actual and counted heart
This study was carried out by the Medical Faculty of the University rates should change significantly in line with the pacing rate ma-
of the Saarland. Part of this work was supported by a post-doc fundindlipulations. Furthermore, tracking scores should be affected sig-
from the Deutsche ForschungsgemeinschBffG) to Sabine Windmann  nificantly by the experimental dissociation of beliefs about heart
through the graduate program KOGNET at the Ruhr-University Bochum,ates and actual heart rates. We also compared tracking perfor-

Germany. . . . .
Address reprint requests to: Dr. S. Windmann, Department of Cognitivemance of patients with cardiac pacemakers with a group of healthy,

Science, University of California—San Diego, 9500 Gilman Drive, La Jolla, YOUNg controls to discount the possibility that patients’ overall
CA 92122-0515, USA. E-mail: swindman@cogsci.ucsd.edu. level of cardiac awareness was significantly impaired.
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Method the procedures were identical to those described for the patient
participants.

¢ - . . In both groups, numbers of counted heartbeats were recorded
Fifty patients with cardiac pacemake@6 women, mean age 71.3 anyally and were later transcribed for statistical analysis. All

years,SD = 17.3; 24 men, mean age 69.2 yea8 = 12.9  paricipants were supine during all procedures.
participated in the study. Patients with diabetes were excluded

from the sample. Data from one male patiéaged 85 yeajshad
to be eliminated for the low pacing rate condition because he ha
not completely understood the instructions at that time.
Twenty-one healthy subject$1l women, mean age 33.17 years,
SD= 9.92; and 9 men, mean age 26.56 ye&if3= 7.73 patrtici-
pated as controls. They were recruited via local media announce-
ments and were paid DM 30 for participation. All indicated that
they were currently not under medical treatment, were not takingvith H; indicating number of actual heartbeats per minute apd H
medication, and had no medical or psychiatric disease. Data of oni@dicating number of counted heartbeats per minute. The scores
male subject had to be eliminated for one trial because he had netere then averaged across the two trials.

Participants

ata Analysis
e computed beats per minute for actual and for counted heart-
beats. The ordinary tracking score was then computed as:

1—[(H; — H/Hi]

understood the instructions correctly. We performed the following analyses. First, we compared track-
ing scores of controls with tracking scores of patients in the me-
Apparatus dium condition(which paralleled the control group in terms of

In the patient group, the electrocardiogram was recorded from th@ctual heart rate bestising analysis of covarianc@ANCOVA)

limbs using a six lead electrocardiogram recor¢i®iemens Car- with actual heart rate as covariate. Second, to analyze tracking
direx 62, and lead Il was displayed on a single channel monitoringPerformance in the patient group, we performed analyses of vari-
device (Siemens Ergoscop 8%41The programmer of the pace- ance(ANOVAs) with repeated measures to compare actual heart
maker corresponded to the brand of the unit implantietbd- rates, counted heart rates, differences between actual and counted

tronic 9790, Intermedics Rx 2000, Biotronik EPR 1000, Pacesettefeart rates, and tracking scores among pacing conditidngnh—

APS 1I). Feldt epsilon corrections are reported for these compariséfis
Electrocardiogram in the control group was recorded using Ag-2nalyses included sex as a between-subjects variable. Pearson cor-

AgCl electrodes placed on the thorax. The signal was displayed 0ﬁ3|ati0n coefficients were used to determine retest reliability of the

a computer screen while R-waves per trial were detected and countd@cking scores and to examine the influence of age and body mass

online using laboratory equipment from MedNatMunich, Ger-  index (kg/m?) on tracking scores. Aw-error probability of .05

many and the software package B-Scope developed by Erharas adopted for all statistical tests.

Bablok (Regensburg, Germahy

Results
Procedures

Patients with cardiac pacemakers were asked to participate in @omparison of Patient and Control Participants
psychophysiological study involving a heartbeat counting task durThe ANCOVA (with actual heart rate as covariatid not show
ing a routine follow up examination of the pacemaker functions byany significant difference between tracking scores of patients in
the cardiologist. Because manipulation of the pacing rate is usualljhe medium pacing rate condition and tracking scores of control
included in these routine medical examinations, participation in thedarticipants,F(1,65 = .04, n.s., no significant effect for sex,
experiment did not involve any additional medical risk or physical F(1,65 = .003, n.s., and no significant SexGroup interaction,
load. After giving their consent, patients performed two trials of F(1,69 = 0.77; see Table)1
30-s duration each in every pacing rate conditiow: 50 bpm;
medium: 75 bpm; and high: 110 bpm; presented in counterbalTracking Performance in the Three Pacing Rate Conditions
anced orderwith an intertrial interval of about 3 min. The patients The ANOVA of patients’ actual heart rates showed a highly
were instructed to “count your heartbeats silently without takingsignificant effect of the repeated measures factor, condition,
the pulse” as indicated by the verbal “go!” and “stop!” commandsF (2,94 = 585.26,p < .0001,e = 0.74, but no significant effect of
of the experimenter. The three pacing rates were set via remotgex and no significant Sex Condition interaction. Post hoc tests
control. To avoid abrupt heart rate changes, programming steps diddicated that actual heart rates in the low pacing rate condition
not exceed 10-15 heartbeats per minute, so that it took two owere significantly lower than in the medium conditidf(1,48 =
three adjustments until pacing rates reached the predefined valueBd5.144p < .001, and actual heart rates in the medium pacing rate
Actual heart rates were registered offline from the electrocardio-condition were significantly higher than in the high pacing rate
graph. The rates deviated slightly from the programmed pacingondition,F (1,48 = 1176.85,p < .0001.
rates in the three conditions and also displayed some variance. This Counted heart rates differed significantly between conditions,
variation was due to naturally occurring arrhythmic heartbeats thaF (2,94 = 6.66,p < .005,¢ = 0.83. There was also a significant
cannot be prevented by the pacemaker and that shorten the currénteraction of Sex< Condition,F(2,94) = 3.30,p = .041, but no
interbeat interval. In addition, some patients had baseline headignificant main effect of sex. Post hoc tests indicated that female
rates above 6@nin that could of course not be lowered by the patients did not count differentially in the three pacing rate con-
pacemaker. For this reason, actual heart rates in the low pacing ratfitions, F(2,50 = 1.179. In male patients, counted heart rates
condition showed the most variance. were enhanced in the high pacing rate condition compared with the
Control participants also gave informed consent prior to par-other two conditionsF (2,44 = 6.19,p < .03, whereas the low
ticipation. They were given about 5 min rest before the experi-and the medium conditions did not differ significantf(1,22 =
mental procedures were run. Apart from the heart rate manipulationd,.91.
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Table 1. Heartbeat Tracking Performance of Patients With Cardiac Pacemakers and Healthy Control Participants

Actual heart rates  Counted heart rates Difference Overestimations*
Conditiorygroup (Hi) (He) (Hi — He) Tracking score (Hi < He)
Low pacing rate 61.1412.10 51.59(17.79 9.55(22.93 72 (.24 18 (36%)
Female 62.1913.29 50.31(20.59 11.88(27.09 .65(.26) 7 (27%
Male 59.96(10.78 53.04(14.19 6.91(17.32 .80 (.19 11 (48%)
Medium pacing rate 76.06.30 54.14(17.0) 21.88(17.77) .70 (.20 5 (10%)
Female 76.884.77) 53.00(19.28 23.88(19.79 .67 (.22 3 (11%
Male 75.04(5.81) 55.43(14.39 19.61(15.29 74 (.19 2 (9%)
High pacing rate 108.943.48) 59.02(23.26 49.92(23.26 54(.20) 2 (4%)
Female 108.004.62 53.31(17.74 54.69(18.39 49 (.17) 0 (0%)
Male 110.00(0.0 65.48(27.23 44.52(27.23 .58 (.23 2 (9%)
Control group 82.2411.869 53.19(18.03 29.05(22.969 .66 (.25 0 (0%)

*Overestimations refers to the numb@roportion of subjects who overestimated their heart rates.

Differences between actual heart rates and counted heart rates Results showed that patients did not change their heartbeat
showed a highly significant effect for conditioR(2,94 = 114.59,  counting to the same extent as their actual heart rates changed.
p < .0001,e = 0.89. Post hoc analyses showed that the differencéOnly male participants showed an increase in heartbeat counting in
in the medium pacing rate condition was significantly higher thanthe high pacing rate condition, and this increase was weak when
the difference in the low pacing rate conditidf(1,48 = 30.00, compared with the drastic variations a@ctual heart rates. Corre-

p < .001, and the difference in the high pacing rate condition wasspondingly, the difference between actual and counted heart rates
significantly higher than the difference in the medium pacing rateshowed a marked effect of the experimental manipulations without
condition, F(1,48 = 119.30,p < .0001; see Table 1. The sex any significant sex effects. As this difference is the most direct
effect, F(1,47) = 1.51, and the Sex Condition interaction, measure for the degree of correspondence between actual heart
F(2,94 = .70 were not significant. rates and counted heart rates, we conclude that heartbeat counting

Tracking scores differed significantly for the three conditions, of both male and female patients did not follow the shifts in actual
F(2,94 = 19.96,p < .001,e = 0.82. Post hoc analyses indicated heart rates adequately. The higher the pacemaker rate was set, the
that tracking scores in the high pacing rate condition were orgreater was the difference between actual and counted heartbeats.
average lower than in the mediufA(1,48 = 47.80,p < .001, Tracking scores were affected significantly by this failure of the
and in the low conditioni-(1,48 = 22.53,p < .001, but that there  patients to realize the magnitude of their actual heart rate varia-
was no significant difference between the medium and the lowtions. Tracking scores decreased considerably in the high pacing
conditions,F(1,48 = 0.38; see Table 1. The analysis also re- rate condition, in which actual heart rates and beliefs about heart
vealed a significant effect for sek,(1,47) = 4.81,p < .04, indi- rates were most extremely dissociated. This effect occurred be-
cating that male patients had higher tracking scores than femaleause heartbeat counting remained relatively constant across con-
patients(see Table L The Sexx Condition interaction effect was ditions, especially in female patients, regardless of the enormous

not significant. actual heart rate increase in the high pacing rate condition. Thus,
it seems that patients followed their beliefs about heart rates rather
Correlation of Tracking Scores With Other Variables than their cardiac sensitivity when they performed the task. Whereas

Tracking scores of patients with cardiac pacemakers did not corthis method worked relatively well in the low and the medium
relate significantly with age or with body mass index. All coeffi- pacing rate condition, it failed in the high pacing rate condition.
cients were below .15. Thus, only the high pacing rate condition revealed that most pa-
Tracking scores in the low pacing rate condition correlatedtients were actually less good at heartbeat perception than tracking
significantly with tracking scores in the medium condition in fe- scores in the low and the medium condition suggested. Without
male patientgr = .451,p < .05 and in male patientér = .554, considering the high pacing rate condition, patients’ cardiac aware-
p < .05, but not with tracking scores in the high pacing rate ness would have been highly overestimated.
condition, neither in femal& = .11, n.s) nor in male patientér = This interpretation is further supported by the finding that track-
.33, n.s). ing scores in the low pacing rate condition did not correlate sig-
nificantly with tracking scores in the high condition. As retest
reliability is a prerequisite for the validity of a stable trait measure,
this finding raises some doubts as to whether the tracking para-
We manipulated actual heart rates in patients with cardiac pacedigm is appropriate for assessing interindividual differences in
makers while they performed a mental heartbeat tracking taskcardiac sensitivity. Irrespective of absolute performance level, in-
with patients not knowing that their heart rates were being manipterindividual differences have to be consistent to be interpretable in
ulated. Thus, the patients had no chance to infer their actual hearérms of a trait construct.
rate changes from any sources of information other than from Besides arguments related to the high pacing rate condition, our
their cardiac sensations. We investigated whether patients’ heartiata provide further evidence supporting the assumption that track-
beat counting would reflect the shifts in their actual heart ratesng scores can be misleading. In the low and the medium condi-
adequately. tion, tracking scores were practically identi€¢al2 and .70 despite

Discussion
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highly significant differences in actual heart rates. Initially, this significant shifts in their actual heart rates. The fact that tracking
finding seems to suggest that heartbeat counting performance wasores do not differentiate between excessive and insufficient heart-
perfectly consistent across these two conditions, i.e., counted heattteat countingthat is, false-positive and false-negative errors; see
beats increased from the low to the medium condition the sam®&eed et al., 1990, p. 2Yade heartbeat counting in the low and
way as actual heart rates increased. However, the analysis of tlihe medium conditioappearto be consistently related to the shifts
differencesetween actual and counted heart rates shows that thig actual heart rates although in actuality the counting was not.

is not the case. The medium pacing rate condition had produced Finally, our results are unlikely to reflect a specific cardiac
many underestimations of actual heart rates, as it is usually ob-insensitivity in patients with cardiac pacemakers, because their
served in the mental tracking paradigBrener & Knapp, 1995; tracking performance was comparable to that of young and healthy
Ring & Brener, 1998 whereas the low conditiofwhere the pace- control participants. Thus, the findings provide consistent evidence
maker was set to an unusually low pacing yatad produced in support of the hypothesis that tracking scores reflect accuracy of
relatively manyoverestimations of actual heart rates. Thus, pa-beliefs abouior estimates of heart rates rather than accuracy of
tients didnotactually count differently in these two conditions, but heartbeat perceptiaidones, 1994, p. 67ff; Knoll & Hodapp, 1992;
counted a relatively constant number of heartbeats despite thehillips & Jones, 1997; Ring & Brener, 1996
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