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Aims Interoception is the sensing function of physiological conditions and is crucial in self-regulation and decision-making.
We examined the association of heartbeat tracking task performance, an indicator of interoceptive accuracy, with
the degree of improvement in exercise tolerance in patients undergoing home-based cardiac rehabilitation.

...................................................................................................................................................................................................
Methods
and results

Participants underwent baseline peak oxygen uptake (VO2) measurements and a heartbeat tracking task. The heart-
beat tracking task score varies between 0 and 1, with higher scores indicating a better heartbeat perception. After
6 months of home-based exercise training, peak VO2 was measured again, and the percentage change (%D peak
VO2) relative to the peak VO2 at baseline was calculated. Univariate regression analysis was performed to examine
the association between %D peak VO2 and the heartbeat tracking task score. Multiple regression analysis was per-
formed to determine the predictors of %D peak VO2. Of 120 participants, 100 patients (age 65.9 ± 11.9 years; 86%
male) were included. There was a significant positive association between %D peak VO2 and the heartbeat tracking
task score at baseline (R2 = 0.236, P < 0.001). In multiple regression analysis, the percentage of measured peak VO2

to the predicted value (%predicted peak VO2) (b = -0.248, P = 0.002), exercise adherence (b = 0.364, P < 0.001),
and heartbeat tracking task score at baseline (b = 0.372, P < 0.001) were significantly associated with %D peak VO2.

...................................................................................................................................................................................................
Conclusions Heartbeat tracking task performance, an indicator of interoceptive accuracy, at baseline is associated with the de-

gree of improvement in exercise tolerance.
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Introduction

Cardiac rehabilitation (CR) is a valuable treatment that reduces re-
currence rates and mortality in patients with a broad spectrum of
heart diseases.1,2 The degree of improvement in exercise tolerance
is associated with prognosis in patients with heart disease.3–5

Although CR can significantly improve exercise tolerance,6 there
are many patients in clinical practice whose exercise tolerance is
reduced or does not improve well. Only physiological indices have
been examined in previous reports on factors associated with the
degree of improvement in exercise tolerance.7–9 Anxiety and de-
pression have been reported to be associated with exercise toler-
ance in patients with heart disease.10,11 A recent report found a
negative association between depressive tendencies and changes in
exercise capacity in patients taking part in inpatient CR.11 However,
to the best of our knowledge, no previous study has examined fac-
tors associated with the degree of improvement in exercise toler-
ance, including psychological and neurological factors other than
anxiety and depression.

Recently, interoception has been attracting attention in psychology
and neurology as the sensing function of internal bodily changes and

physiological conditions, which are composed of signals transmitted
from internal organs and blood vessels to the brain.12–15

Interoception is associated with anxiety and depression.16

Interoceptive mechanisms appear central to somatic disorders of
brain–body interactions, including functional digestive disorders,
chronic pain, and comorbid conditions.15 Furthermore, interoception
plays an integral role in self-regulation, decision-making, conscious-
ness, and motivational representations.13,15 Interoceptive accuracy
(IA) is defined as the objective accuracy in detecting internal bodily
sensations.17 The heartbeat tracking task (HTT) proposed by
Schandry18 is a reliable method for evaluating IA.17,19–23

It has been
suggested that people who perform well on HTT show a more finely
tuned behavioural self-regulation of physical load in exercise,19

which may influence the effectiveness of exercise training. Since
home-based CR is performed under unsupervised conditions, self-
regulating abilities, such as willingness to engage in exercise, recogni-
tion of one’s physical condition, and adjustment of the exercise load,
are likely to be necessary. Interoceptive accuracy has been shown to
increase significantly after 2–3 months of exercise training in healthy
individuals.23 However, the association between IA and the improve-
ment of exercise tolerance by exercise training is not clear.
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Furthermore, the influence of interoception in patients undergoing
CR has not been investigated.

Identifying factors associated with improvement of exercise toler-
ance that also affects prognosis is vital for better optimization of
interventions at the initiation of exercise training in patients with
heart disease and effective CR. Therefore, we conducted an observa-
tional study to determine the association of HTT performance, an in-
dicator of IA, with the degree of improvement in exercise tolerance.

Methods

Ethics statements
The present study was conducted according to the principles outlined in
the Declaration of Helsinki and was approved by the Ethics committee of
KKR Takamatsu Hospital (approval no.: E165). Written informed consent
was obtained from all patients.

Study design and population
This prospective observational study screened 171 patients with heart
disease who first visited the CR outpatient clinic at the KKR Takamatsu
Hospital between April 2019 and December 2020. Of these, 120 partici-
pants were enrolled, after excluding 51 patients with atrial fibrillation,
physical comorbidities precluding cardiopulmonary exercise testing
(CPX), pacemaker implantation, cognitive impairment, or those who
refused to participate in this study. In addition, participants in the study
did not include patients with cancer, dysgnosia, cardiac and non-cardiac
surgeries, or severe mental illness.

The period of observation or intervention in previous studies of
home-based CR varies significantly, ranging from 2 to 12 months.24 Here,
the observation period was set at 6 months considering the follow-up
period set in many previous studies.24 Participants underwent CPX at
baseline to measure their peak oxygen uptake (VO2) as an indicator of
exercise tolerance and were prescribed exercise for home-based exer-
cise training. The HTT was performed to evaluate IA. In addition, anxiety
and depression were assessed using the Hospital Anxiety and Depression
Scale (HADS),25 which was self-administered by the participants. The
handgrip strength was measured using a Smedley-type hand dynamom-
eter (T.K.K.5401, Grip D, Takei Scientific Instruments Co., Niigata, Japan)
to indicate muscle strength. Other information such as echocardiography
parameters, laboratory data, medication status, and comorbidities were
collected from each patient’s most recent medical records. Peak VO2

was measured again after 6 months of home-based exercise training.

Cardiopulmonary exercise testing
The protocol of CPX followed that of a previous study.26

Cardiopulmonary exercise testing was performed using a cycle ergom-
eter (Well Bike BE-260; Fukuda Denshi Co., Tokyo, Japan) with breath-
by-breath respiratory gas measurements using a computerized metabolic
cart (AE-310S; Minato Medical Science, Osaka, Japan). After a 3-min rest
on the ergometer, the exercise began with a 3-min warm-up at 10 W and
50 repetitions/min, followed by 10-W ramp loading every minute. During
CPX, the 12-lead electrocardiogram was continuously monitored with
an exercise stress test device (MLX-1000; Fukuda Denshi), and blood
pressure (BP) was measured every minute. The test was terminated
when the patient showed (i) maximal volitional fatigue, (ii) VO2 levelling
off, (iii) excessively high BP (i.e. systolic BP >250 mmHg), or (iv) electro-
cardiogram abnormalities. The highest value of VO2 during exercise was
calculated as peak VO2; it was corrected by body weight (mL/kg/min).
The percentage of measured peak VO2 to the predicted peak VO2

(%predicted peak VO2) was calculated using the predicted values by age
and sex for healthy Japanese subjects.27 The anaerobic threshold (AT)
was measured by the V-slope method.28 Cardiopulmonary exercise test-
ing was performed by a different measurer than the HTT examiner.

Heartbeat tracking task
The HTT was performed according to the measurement method by
Schandry.18–21,23 This task was conducted in a quiet room without any
noise. Participants were instructed to silently count their heartbeats by
concentrating on their heart activity in a resting sitting position.
Participants were not permitted to take their pulse or to attempt any
other physical manipulations (e.g. holding their breath) that could facili-
tate the detection of heartbeats. Participants were asked to count the
number of times they felt a heartbeat in each of the three intervals of 25,
35, and 45 s and verbally report the number of counted heartbeats at the
end of each counting phase. The beginning and the end of the counting
intervals were indicated by the examiner’s start and stop cue. The order
of measurements in the three intervals was determined arbitrarily by the
examiner so as not to keep it constant among participants; the partici-
pants received no information about the length of these intervals or on
the quality of their performance at the end of each trial. The examiner
used a three-lead electrocardiogram (lead II) with electrodes attached
under the middle of the right and left clavicles and on the left lib to count
and record the actual heartbeats for each interval. The HTT score was
calculated as the average score of the three heartbeat perception inter-
vals according to the following formula:

HTT score =

1=3 R
�

1-ðjrecorded heartbeats-counted heartbeatsjÞ=recorded heartbeats
�
:

The HTT score can vary between 0 and 1, with higher scores indicating
a better heartbeat perception and consequently better IA.18–23

Home-based exercise training
After being assessed by CPX at baseline, the participants were fully
informed about the benefits of CR. According to guidelines,29 they were
individually instructed to perform exercise training at home. Each partici-
pant was required to perform at least 30 min of aerobic exercise per day,
at least 3 days per week. Exercise intensity was prescribed at an AT level
intensity based on the results of their initial CPX. The heart rate at the
AT level was used as the target heart rate, and 11 (light)–13 (somewhat
hard) on the Borg scale was used as the subjective intensity. Participants
were instructed to check their heart rate using a pulse rate measuring de-
vice or to measure their own pulse. The type of exercise was walking or
riding a bicycle ergometer. Participants were given a diary to keep track
of their exercise and were instructed to write down the days and times
of exercise training. During the 6 months of the study, participants under-
went a regular examination by a physician and received direct guidance
on the safety of exercise and continued training by CR specialists at least
once every 2 months. During exercise training, the target heart rate was
not re-prescribed, but the participants were instructed to adjust the exer-
cise intensity based on their subjective intensity using the Borg scale. At
the final evaluation, participants’ records and interviews were used to as-
sess exercise adherence. Participants were categorized into four groups
with reference to the statement on exercise adherence30: those whose
adherence both to the number of exercise training sessions prescribed
(>_30 min, 3 times/week) and to the duration of the prescribed cycle
(24 weeks) was at least 80% (high adherence group), those whose adher-
ence was between 50% and 80% (somewhat high adherence group),
those whose adherence was between 20% and 50% (somewhat low
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..adherence group), and those whose adherence was less than 20% (low
adherence group).

Outcomes
The outcome was the percentage change in peak VO2 (%D peak VO2)
and indicated the degree of improvement in exercise tolerance. The %D
peak VO2 was calculated as the degree of change in peak VO2 after
6 months relative to the value at baseline according to the following
formula:

%Dpeak VO2 =

ðpeak VO2 after 6 months-peak VO2 at baselineÞ=peak VO2 at baseline� 100:

Statistical analysis
Variables are expressed as mean ± standard deviation or median (inter-
quartile range) for continuous variables and as the number of patients
(percentage) for categorical variables. Univariate regression analysis
was performed to examine the explanatory power of the HTT score
for %D peak VO2. Univariate and multiple regression analyses were
performed to determine the predictors of %D peak VO2. In the univari-
ate regression analyses, variables with a P-value <0.10 were included in

the multiple regression analysis. The multi-collinearity between the in-
dependent variables was checked using the variance inflation factor.
Univariate ordinal logistic regression analysis was applied to evaluate
the association between the HTT score and exercise adherence, with
exercise adherence (low adherence: 0, somewhat low adherence: 1,
somewhat high adherence: 2, high adherence: 3) as the dependent vari-
able and the HTT score as the independent variable; odds ratios (ORs)
along with 95% confidence intervals (95% CIs) are reported.
Spearman’s rank correlation coefficient was used to evaluate the associ-
ation between the HTT score and HADS score at baseline and be-
tween exercise adherence and baseline HADS score. For an effect size
as f2 = 0.22 in reference to the study by Suzuki et al.8 and with a = 0.05,
1 - b = 0.8, and the number of predictors = 10, the appropriate sample
size for multiple regression analysis estimated using G*Power software
(version 3.1.9.7)31 was 84 participants. The target sample size was set at
120 participants while assuming a withdrawal rate of 30% during the 6-
month observation period so that at least 84 participants were included
in the final analyses. This calculation was based on the actual treatment
results observed at our facility, wherein the withdrawal rate of new CR
patients was 30% within 6 months.

All statistical analyses were performed using EZR version 1.52
(Saitama Medical Centre, Jichi Medical University, Saitama, Japan), a

Figure 1 Flow diagram of the study participants. CPX, cardiopulmonary exercise testing.
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Table 1 Baseline characteristics of patients and results of univariate regression analyses between the percentage of
change of peak VO2 (%D peak VO2) after 6 months of home-based exercise training and each variable

Variable Patients included in the final analysis Patients excluded from the final analysis R2 P-value

(n 5 100) (n 5 20)

Age (years) 65.9 ± 11.9 70.6 ± 11.8 0.046 0.033

Male sex, n (%) 86 (86.0) 16 (80.0) <0.001 0.88

BMI (kg/m2) 24.7 (22.4–26.7) 23.8 (20.3–27.8) <0.001 0.99

Heart rate (beats/min) 68.9 ± 11.6 67.7 ± 12.1 0.003 0.60

Systolic blood pressure (mmHg) 126.7 ± 16.9 131.9 ± 13.8 0.014 0.24

Diastolic blood pressure (mmHg) 75.5 ± 11.6 74.3 ± 12.5 0.005 0.49

Current smoker, n (%) 25 (25.0) 3 (15.0) 0.006 0.46

Current drinker, n (%) 38 (38.0) 10 (50.0) 0.001 0.73

Diagnostic category, n (%)

Angina pectoris 48 (48.0) 9 (45.0) 0.009 0.35

Acute myocardial infarction 31 (31.0) 4 (20.0) 0.013 0.25

Old myocardial infarction 12 (12.0) 3 (15.0) <0.001 0.91

Valvular disease 2 (2.0) 4 (20.0) 0.002 0.66

Others 7 (7.0) 0 (0.0) <0.001 0.88

Heart failure (%) 26 (26.0) 6 (30.0) <0.001 0.84

Echocardiographic findings

LVEF (%) 58.0 (53.0–64.8) 61.0 (54.5–65.3) <0.001 0.90

LVDd (mm) 47.0 (42.0–51.0) 47.0 (41.8–51.3) <0.001 0.86

LVDs (mm) 31.5 (28.0–36.0) 32.6 (27.0–37.3) <0.001 0.95

E/A 0.8 (0.7–1.1) 0.9 (0.8–1.0) 0.020 0.17

E/E0 10.7 (9.1–13.0) 12.7 (10.2–18.0) 0.001 0.81

LAVI (mL/m2) 20.0 (13.0–26.0) 31.0 (22.5–37.8) 0.001 0.47

Laboratory values

BNP (pg/dL) 41.6 (18.8–93.3) 40.6 (25.2–123.1) 0.012 0.28

Haemoglobin (g/dL) 14.2 (13.2–15.3) 14.0 (12.8–15.1) 0.007 0.40

Creatinine (mg/dL) 0.88 (0.78–1.03) 0.83 (0.72–0.96) 0.010 0.33

eGFR (mL/min/1.73 m2) 63.5 ± 13.9 65.9 ± 20.9 0.016 0.21

HDL-cholesterol (mg/dL) 52.9 ± 15.1 51.9 ± 14.9 0.004 0.52

LDL-cholesterol (mg/dL) 89.5 (68.0–104.0) 78.0 (63.5–76.5) 0.026 0.11

L/H ratio 1.70 (1.36–2.31) 1.69 (1.18–2.00) 0.001 0.71

Haemoglobin A1c (%) 5.9 (5.6–6.5) 6.2 (5.8–7.1) <0.001 0.89

Medications, n (%)

ARB or ACEI 68 (68.0) 14 (70.0) 0.051 0.024

Ca2þ antagonist 29 (29.0) 10 (50.0) 0.006 0.44

b-Blocker 55 (55.0) 14 (70.0) 0.020 0.16

Diuretic 20 (20.0) 5 (25.0) 0.032 0.076

Statin 87 (87.9) 17 (85.0) 0.004 0.51

Comorbidities, n (%)

Chronic kidney disease 21 (21.0) 5 (25.0) 0.044 0.037

Diabetes mellitus 35 (35.0) 10 (50.0) <0.001 0.78

Chronic respiratory disease 7 (7.0) 1 (5.0) 0.007 0.41

Anaemia 10 (10.0) 5 (25.0) <0.001 0.84

Hand grip strength (kgf) 33.9 ± 9.4 30.7 ± 9.8 0.017 0.20

HADS

Anxiety score 4.0 (2.0–6.0) 6.5 (4.5–8.0) 0.051 0.023

Depression score 4.0 (2.0–7.0) 6.5 (4.5–8.0) 0.001 0.71

Total score 8.0 (4.0–13.0) 13.0 (6.5–15.3) 0.011 0.30

CPX parameters

Peak RER 1.19 ± 0.06 1.16 ± 0.08 0.014 0.24

VO2 at AT (mL/kg/min) 9.3 (7.9–10.4) 8.5 (7.5–9.4) 0.024 0.13

Continued
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..graphical user interface for R version 4.02 (The R Foundation for
Statistical Computing, Vienna, Austria).32 A P-value <0.05 was considered
statistically significant.

Results

Baseline characteristics
Figure 1 shows a flow diagram of the study participants. In total, 120
participants were enrolled and assessed at baseline. During the
follow-up, 17 patients were withdrawn because of loss to follow-up
for non-medical reasons (12 patients) and discontinued because of
physical impairment, cognitive impairment, surgical treatment, wor-
sening heart failure, and death (1 patient each). Of 103 patients who
completed the 6-month follow-up, 100 patients were included in the
final analysis, excluding the 3 patients with physical comorbidities pre-
cluding CPX at the final evaluation. The characteristics of the patients
included in the final analysis are shown in Table 1. The average patient
age was 65.9 ± 11.9 (40–93) years, and 86.0% of patients were male.
The median peak VO2 was 15.0 (7.4–34.6) mL/kg/min, and the aver-
age %predicted peak VO2 was 63.5 ± 14.6 (35.6–116.2) %. The me-
dian HTT score was 0.75 (0.17–0.98).

Cardiac history
There were 91 (91.0%) patients with ischaemic heart disease such as
angina pectoris or myocardial infarction, and all patients had under-
gone percutaneous coronary intervention. Participants in the study
included a few patients with non-ischaemic heart disease such as
valvular disease, but none of these participants had comorbid coron-
ary artery disease. There were 26 patients (26.0%) with heart failure.
The median left ventricular ejection fraction was 58.0 (22.0–73.0)%.

Outcomes
In 100 patients included in the final analysis, the degree of adherence
to home-based exercise training for 6 months was as follows: high ad-
herence, 47 patients = 47%; somewhat high adherence, 23 patient-
s = 23%; somewhat low adherence, 10 patients = 10%; and low
adherence, 20 patients = 20%. The overall median %D peak VO2 was
4.7 (-27.6 to 54.0) %. The median %D peak VO2 by exercise adher-
ence was 12.9 (-17.4 to 42.1) % for the high adherence group, 6.0
(-9.4 to 54.0) % for the somewhat high adherence group, -6.4 (-12.7
to 10.6) % for the somewhat low adherence group, and -4.8 (27.6–

17.8) % for the low adherence group, respectively. In the univariate
regression analysis, there was a significant positive association be-
tween %D peak VO2 and the HTT score at baseline (R2 = 0.236,
P < 0.001) (Figure 2). Among the candidate variables for multivariable
analysis shown in Table 1, age, angiotensin II receptor blocker (ARB)
or angiotensin-converting enzyme inhibitor (ACEI) use, diuretic use,
chronic kidney disease, anxiety score of the HADS, %predicted peak
VO2, exercise adherence, and HTT score showed a P-value <0.10,
and they were selected as independent variables. In the multiple re-
gression analysis, %predicted peak VO2 at baseline (P = 0.002), exer-
cise adherence (P < 0.001), and HTT score at baseline (P < 0.001)
were statistically significant predictors of %D peak VO2. The standar-
dized partial regression coefficients were -0.248 for %predicted peak
VO2, 0.364 for exercise adherence, and 0.372 for HTT score. The
adjusted R2 value was 0.478 (Table 2). The variance inflation factors
for each independent variable were all <5.0. Stepwise multiple re-
gression analyses using the Bayesian information criterion (BIC)
showed an increase in the adjusted R2 and a decrease in the BIC and
residual standard error in the model with HTT score compared with
the model with HTT score excluded from the independent variables,
indicating an improvement in the model fit (Supplementary material
online, Table S1). There was a significant positive association between
exercise adherence and the HTT score at baseline (OR = 22.80, 95%
CI 2.67–209.00; P = 0.005). There were no significant associations be-
tween anxiety and depression subscales and total scores on HADS at
baseline and HTT score or exercise adherence.

Discussion

The present observational study showed that the degree of improve-
ment in exercise tolerance was significantly negatively associated
with %predicted peak VO2 at baseline and significantly positively
associated with exercise adherence and the HTT score at baseline in
patients with heart disease who underwent home-based CR. In clinic-
al practice, adding the evaluation of IA by HTT may provide a better
predictor of the degree of improvement in exercise tolerance and
contribute to the delivery of personalized medicine. To the best of
our knowledge, this is the first report to show that HTT performance
is an independent factor associated with the degree of improvement
in exercise tolerance. In patients with heart disease, the greater the

....................................................................................................................................................................................................................

Table 1 Continued

Variable Patients included in the final analysis Patients excluded from the final analysis R2 P-value

(n 5 100) (n 5 20)

Peak VO2 (mL/kg/min) 15.0 (12.3–17.8) 13.7 (11.1–15.5) 0.021 0.15

%Predicted peak VO2 (%) 63.5 ± 14.6 61.0 ± 11.9 0.067 0.010

HTT score 0.75 (0.60–0.86) 0.71 (0.55–0.82) 0.236 <0.001

Exercise adherence — — 0.258 <0.001

Data are presented as mean ± standard deviation, median (with lower and upper quartiles), or number (percentage). R2 and P-value reported the results of univariate regression
analyses between the %D peak VO2 and each variable for the 100 patients included in the final analysis.
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; AT, anaerobic threshold; BMI, body mass index; BNP, B-type natriuretic peptide; CPX,
cardiopulmonary exercise testing; eGFR, estimated glomerular filtration rate; HADS, Hospital Anxiety and Depression Scale; HDL, high-density lipoprotein; HTT, heartbeat
tracking task; LAVI, left atrial volume index; LDL, low-density lipoprotein; L/H, low-density lipoprotein-cholesterol/high-density lipoprotein-cholesterol; LVDd, left ventricular
end-diastolic diameter; LVDs, left ventricular end-systolic diameter; LVEF, left ventricular ejection fraction; RER, respiratory exchange ratio; VO2, oxygen uptake.
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..improvement in peak VO2, the better the prognosis.3–5 Before initiat-
ing CR, it is crucial to predict which patients will improve or worsen
their exercise tolerance during home-based exercise training, as this
information will lead to a more optimized CR programme for each
patient.

Interoception is the sensing function of internal changes and
physiological conditions of the body.12 Neuroanatomical and neuroi-
maging studies have shown that brain networks, including the insular
cortex and anterior cingulate cortex, are involved in the brain mecha-
nisms that support interoception.12,13,16,33 There are various

measurement methods of interoception.14,17 The exact method for
evaluating IA remains controversial, and there are problems regard-
ing the use of the HTT scores—it fails to correctly differentiate the
IA of the top 60% individuals with high HTT scores, it is structurally
bound to actual heart rates, and the scores vary across the time inter-
vals used in the task.16,34 Nevertheless, there is limited evidence for
these challenges related to HTT, and the HTT has been very
widely used and well-validated as a measure of IA in previous clinical
studies.17,19–23 A significant positive correlation was found between
the heartbeat discrimination task, another measure of IA, and the

Figure 2 Association between %D peak VO2 and the heartbeat tracking task score at baseline. %D peak VO2 was significantly positively associated
with the heartbeat tracking task score at baseline. HTT, heartbeat tracking task; VO2, oxygen uptake.
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.HTT.17 Presently, there is not a more objective or a more scientific-
ally reliable method that uses a device to evaluate IA. Therefore, the
HTT was used to evaluate IA in the present study. HTT scores have
not been previously reported in patients with heart disease. The
mean or median HTT scores reported in other populations have
ranged from 0.52 to 0.76,17,19–21,23,35 which may be similar to those
of HTT scores of the participants in this study. The indications and ac-
curacy of the HTT in patients with atrial fibrillation have not been ad-
equately investigated in previous studies, and therefore, they were
excluded from the present study. The HTT scores are reportedly
negatively correlated with the resting heart rate.34 However, the pre-
sent study was unable to address the association between factors
that may affect heart rate (e.g. sex, smoking, drinking, caffeine/theine,
and medications such as b-blockers and inhaled b2 agonists), and
heart rate and HTT performance. Therefore, further studies are
required.

There are three possible pathways for the association between IA
as expressed by HTT performance and the degree of improvement of
peak VO2 in home-based CR patients. The first is the interrelationship
with exercise adherence. The rate of high exercise adherence among
participants in the present study was similar to previous reports.24,30

The high exercise adherence group showed a sufficient improvement
in peak VO2, and exercise adherence was an independent factor asso-
ciated with %D peak VO2. In this context, it is interesting to note that
there was a significant positive association between exercise adher-
ence and HTT performance. It has been shown that people in the high
IA group take actions that are likely to benefit themselves in the long
term.36 In contrast, people in the low IA group have difficulty making
rational decisions.35 The better the IA, the greater the ability to be ad-
herent to one’s physical condition and illness, which may contribute to
improved exercise adherence as a rational action to improve or pre-
vent deterioration. In healthy individuals, the ability to accurately per-
ceive one’s heartbeat is negatively correlated with depression
symptoms, an effect that manifests itself only when coupled with high
anxiety levels.16 In the present study, there was no significant associ-
ation between the HTT score and anxiety and depression at baseline.

Anxiety and depression were also not significantly associated with ex-
ercise adherence. Previous studies have shown different results in
patients with depression, with increased,37 decreased,38 or no associ-
ation39 with exercise adherence. The association between anxiety and
exercise adherence is also unclear and is currently being studied.40 The
association between IA and anxiety and depression in exercise adher-
ence in patients undergoing home-based CR needs to be further clari-
fied in future studies.

The possible second pathway includes self-regulation of the load
during exercise training. The degree of improvement in exercise tol-
erance in patients with heart disease is related to the frequency and
intensity characteristics of training,9 and it is crucial to perform exer-
cise training with an appropriate load. Usually, home-based CR
involves unsupervised exercise training based on professional exer-
cise prescriptions. The exercise intensity is targeted at the instructed
heart rate and load, but since the exercise load adjustment is done by
the patient alone, the ability to fine-tune the appropriate exercise
load is required. Although reported in healthy subjects, it has been
suggested that interoception plays an important role in self-regulating
physical load during exercise.19,20 Patients with higher IA were able
to perceive the physical load during exercise accurately and may have
been able to perform exercise training while adjusting the exercise
load to a more appropriate level.

Finally, there is the possibility of a pathway for physical activity in
daily life. Physical activity is important in patients with heart disease to
improve functional capacity, quality of life, and prognosis and is a
Class 1A recommendation in the European Society of Cardiology
guidelines.41 There is a positive correlation between physical activity
during the daytime and HTT performance, although the previous
study that reported this was conducted in healthy children.22

Although it is unclear whether this tendency is similar in adult patients
with heart disease, the association between IA and physical activity
may affect %D peak VO2. In a previous study of patients with chronic
musculoskeletal pain, the differences between objective measures of
moderate to vigorous physical activity and self-reported levels in daily
life showed a significantly negative correlation with HTT

.......................................................................................................................................................................

....................................................................................................................................................................................................................

Table 2 Results of multiple regression analysis of the percentage of change of peak VO2 (%D peak VO2) after 6 months
of home-based exercise training (n 5 100)

Dependent variable: %D peak VO2 after 6 months of home-based exercise training

Independent variable B Standard error b t statistic P-value

Age (years) -0.021 0.100 -0.017 -0.207 0.84

ARB or ACEI usea 2.458 2.462 0.078 0.999 0.32

Diuretic usea 4.670 2.847 0.128 1.640 0.10

Chronic kidney diseasea -4.726 2.859 -0.132 -1.653 0.10

Anxiety score 0.395 0.350 0.086 1.130 0.26

%Predicted peak VO2 -0.250 0.080 -0.248 -3.112 0.002

Exercise adherenceb 4.556 0.989 0.364 4.604 <0.001

HTT score 31.531 6.713 0.372 4.697 <0.001

R2 = 0.520, Adjusted R2 = 0.478, ANOVA P < 0.001

aYes: 1, No: 0.
bHigh: 3, Somewhat high: 2, Somewhat low: 1, Low: 0.
ACEI, angiotensin-converting enzyme inhibitor; ANOVA, analysis of variance; ARB, angiotensin II receptor blocker; B, partial regression coefficient; b, standardized partial re-
gression coefficient; HTT, heartbeat tracking task; VO2, oxygen uptake.
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.
performance, suggesting that IA affects the ability to self-monitor
one’s physical activity.21 In patients with heart disease, kinesiophobia
reduces physical activity42 and participation in CR.43 It has been sug-
gested that patients with high levels of kinesiophobia are more prone
to anxiety44 and often have difficulties in distinguishing between
harmful and harmless body signals.45 Interoceptive accuracy is associ-
ated with anxiety and is the sensing function of the body’s internal
changes and physiological conditions.16 The association between
kinesiophobia and IA is an important topic for future research.

In the present study, %predicted peak VO2 at baseline before ini-
tiating CR was also a significant factor associated with %D peak VO2.
Previous studies have shown that heart disease patients with low
exercise capacity are more likely to improve their exercise toler-
ance,7–9 and the present study of home-based CR patients showed
reasonable results to support these findings. There is a significant
negative association between age and %D peak VO2.

7,9 The improve-
ment in exercise tolerance is poor in patients with comorbid kidney
dysfunction,46 and ARB and ACEI use improve skeletal muscle func-
tion and contribute to the improvement of exercise tolerance in
patients with heart failure.47 Drugs such as calcium antagonists, b-
blockers, and diuretics were not significantly associated with %D
peak VO2. This may be due to the heterogeneity in the diagnostic cat-
egory of the participants in this study. A recent study suggested that
the higher depression scores on HADS at the initiation of CR were
associated with less improvement in exercise capacity during rehabili-
tation in hospitalized patients.11 In the present study, there was no as-
sociation between depression scores on HADS and the degree of
improvement in exercise tolerance. This difference in results may be
due to the difference between inpatients and home-based patients
and the difference in the observation period.

Our findings revealed that exercise tolerance and HTT perform-
ance at baseline are more important indicators for predicting the ef-
fect of home-based CR on exercise tolerance. In particular, if patients
have poor HTT performance, it may be necessary to strengthen
measures to improve exercise tolerance, including the selection of
supervised exercise training, frequent monitoring for continued exer-
cise training, counselling, and the use of remote systems. Home-
based CR using Information and Communication Technology, such
as mobile devices, will become more widespread in the future.24,48

The findings of our study could be one of the personal markers for
patients undergoing home-based CR who do not receive direct
supervision and may deliver personalized treatment.

Limitations
The current study has several limitations. First, the implementation of
exercise training at home was an evaluation based on self-reports
from the participants and may lack objectivity because actual heart
rate monitoring during exercise training and daily physical activity was
not directly measured. Further investigations using a blinded activity
tracker are required to determine the relationship of exercise adher-
ence, ability to self-regulate physical load, and physical activity with
HTT performance and %D peak VO2. Second, the study participants
were patients undergoing home-based CR; hence, further investigation
is required to determine the generalizability of our results to patients
undergoing centre-based CR. Third, in the present study, IA, anxiety,
and depression have each been assessed on a single scale only. There

was no association between IA and anxiety or depression, which may
conflict with some previous studies. Further studies should evaluate
the present findings according to different interoception scales14,17 and
other psychological scales, including scales measuring anxiety and de-
pression.10,49 Finally, the sample size was small. Although the statistical-
ly valid sample size was met, 17% of participants were lost to follow-
up, and the participants were from only one hospital. Most of the par-
ticipants were older men, a group who had a high proportion of is-
chaemic heart disease, particularly angina pectoris. In addition, the
participants also included a group who had low exercise adherence
and had a less relevant clinical improvement in peak VO2 performance,
thus limiting the generalizability of the results. In the future, the number
of participants should be increased. The results of this study should be
further validated by subgroup analysis according to diagnostic catego-
ries, analysis using multiple regression prediction models adjusted for
other clinical factors, and the evaluation of the prediction model.

Future directions
Although it has been demonstrated that IA can be trained,14,50 the
present study cannot address causality, such as whether enhancing
HTT performance will significantly improve exercise tolerance.
Improvement in HTT performance in patients with heart disease may
further improve exercise tolerance, although further intervention
studies are required to confirm this. The present study endpoint was
set as %D peak VO2, a surrogate marker for prognosis. However, the
lack of clinical outcome data (e.g. all-cause mortality, cardiovascular
mortality, and hospital admissions) is a significant limitation of this
study. Further investigations are required to determine the associ-
ation between the HTT score and clinical outcomes to support the
use of HTT scores for patients with heart disease in clinical practice.

Conclusions

In patients with heart disease undergoing home-based CR, %predicted
peak VO2 at baseline, exercise adherence, and HTT performance at
baseline were associated with the degree of improvement in exercise
tolerance. In clinical practice, evaluation of IA by HTT may help better
predict the degree of improvement in exercise tolerance. Further
investigations are required to clarify the causal relationship between
HTT performance and improvement in exercise tolerance.
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