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Abstract

Background: This study aimed to evaluate the effects of different
heart rate fluctuation ranges during aerobic training on outcomes in
patients with stable coronary artery disease (CAD).

Methods: Ninety-seven patients diagnosed with stable CAD were en-
rolled between March 2017 and December 2019. Participants were ran-
domly assigned to three groups: the control (CON) group, the medium-
intensity heart rate small range (MIS) group, and the medium-intensity
heart rate large range (MIL) group. The CON group received standard
care and patient education, while the MIS and MIL groups underwent
personalized rehabilitation training with specific heart rate fluctuation
targeted ranges, in addition to standard care. Cardiopulmonary func-
tion and exercise performances were assessed using resting heart rate
(RHR), maximum heart rate (HRmax), heart rate recovery (HRR), and a
6-min walk test (60MWT) at the baseline and after 16 weeks of training.

Results: The MIS group demonstrated a significant reduction in RHR
compared to the CON and MIL groups. While both exercise reha-
bilitation groups exhibited improvement in HRR, only the MIS group
achieved a statistically significant improvement compared to the
CON group. Post-training HRmax and 6MWT performance increased
in both MIS and MIL groups, with only the MIL group presenting
statistical significance compared to the CON group.
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Conclusion: Exercise rehabilitation with different training regimens
can enhance cardiac function in patients with CAD. Different heart rate
modulation strategies yielded distinct effects on cardiopulmonary func-
tion. Maintenance of a narrower heart rate fluctuation during exercise
was observed to significantly enhance the effectiveness of rehabilitation,
which could lead to new treatment protocols or optimization of existing
strategies for patients with cardiovascular conditions. The combination
of GMWT and power bicycle training may offer an effective method for
improving cardiac function in community-based rehabilitation settings.
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ercise

Introduction

Coronary artery disease (CAD) is a common chronic disorder
that contributes significantly to morbidity and mortality, impos-
ing a substantial burden on the public health system [1]. While
current pharmacological and surgical interventions can effec-
tively alleviate coronary artery stenosis and restore myocardial
perfusion [2], they fail to address the underlying pathophysiol-
ogy of CAD. Abnormal resting heart rate (RHR) and heart rate
recovery (HRR) are two established independent risk factors for
the prediction of the onset and mortality of CAD. Specifically,
an HRR of < 12 beats/min indicates cardiac autonomic dysfunc-
tion with significant prognostic value in patients with coronary
heart disease [3-6]. It is well-recognized that surgical interven-
tions alone have limited efficacy in correcting RHR and HRR,
and inadequate rehabilitation may lead to the recurrence of coro-
nary artery stenosis in post-surgical patients [2]. Therefore, ad-
ditional supportive treatments remain a clinically unmet need
for the optimization and maintenance of long-term outcomes.
In recent years, exercise has emerged as a clinically vali-
dated intervention for the management of CAD. Studies have
demonstrated that regular exercise training can mitigate car-
diac ischemia, delay or eliminate angina pectoris, enhance en-
dothelial function, and reduce the overall incidence of cardio-
vascular events [1]. Additionally, exercise has been associated
with a 15% to 28% reduction in all-cause mortality in patients
with heart diseases [7, 8]. Given this significant benefit, ex-
ercise intensity is a critical determinant of its therapeutic ef-
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Table 1. Cohort Characteristics

Characteristics CON (n=31) MIS (n = 32) MIL (n = 34) Significance
Age (years) 59.2+6.2 60.2 £6.7 59.4+73 NS
Period (years) 3.8+1.5 51+£1.8 4.6+2.0 NS
BMI (kg/m?) 263423 26.1+1.9 262+ 1.4 NS
Clinical characteristics
Diseased vessels (one and two) 31 (100%) 32 (100%) 34 (100%) NS
History of myocardial infarction 13 (42%) 14 (44%) 13 (38%) NS
Kidney function mild abnormality 15 (48%) 13 (41%) 16 (47%) NS
Family history of coronary artery disease 9 (30%) 11 (34%) 11 (32%) NS
Cardiovascular risk factors
Smoker (%) 10 (32%) 11 (34%) 13 (38%) NS
Diabetes (%) 6 (19%) 5 (15%) 6 (18%) NS
Hypertension (%) 12 (39%) 13 (40%) 15 (44%) NS
Medication
Beta-blockers 24 21 23 NS
Anti-thrombotics 20 19 22 NS
Anti-hypertensives 10 12 11 NS
Statins 27 29 26 NS
Antidiabetics 6 5 5 NS

Values are mean + SD unless otherwise stated. BMI: body mass index; CON: control; MIS: medium-intensity heart rate small range; MIL: medium-

intensity heart rate large range; SD: standard deviation.

ficacy. Thus, it is critical to establish safe and effective aerobic
exercise parameters when developing exercise prescriptions.
However, despite the growing recognition of exercise as a core
component of cardiac rehabilitation, there is currently no con-
sensus regarding the specific effects of heart rate fluctuation
variabilities on cardiopulmonary function [9, 10].

To provide a more reasonable and accessible exercise strat-
egy for CAD management, this study was designed to evaluate
the effects of different ranges of heart rate fluctuations dur-
ing aerobic exercise using physiological parameters. Based on
the preliminary results, we hypothesized that a smaller heart
rate fluctuation during exercise would lead to greater improve-
ments in cardiopulmonary functions.

Materials and Methods

Participants

Ninety-seven male patients diagnosed with stable CAD were
enrolled between March 2017 and December 2019, all of
whom had not yet met the criteria for surgical intervention.
The inclusion criteria were: 1) meeting the European Society
of Cardiology diagnostic criteria for stable CAD as outlined
in the 2013 guidelines; 2) age between 40 and 70 years; 3)
an education level of junior high school and above; and 4) no
regular exercise habits. The exclusion criteria were: 1) aortic
aneurysms; 2) acute large-area myocardial infarction; 3) acute

pulmonary embolism; 4) new-onset or rapidly worsening con-
firmed angina; 5) multiple ventricular arrhythmia sources; and
6) progressive hemodynamic instability.

The study protocol was reviewed and approved by the
hospital’s ethics committee (2020w10042), and the study was
conducted in compliance with the ethical standards of the re-
sponsible institution on human subjects as well as with the
Helsinki Declaration.

The participants were randomly assigned to one of the three
groups: the control (CON) group, the medium-intensity heart
rate small range (MIS) group, and the medium-intensity heart
rate large range (MIL) group. The experimental subjects were
numbered from 1 to 97 using simple randomized grouping. Each
number was divided by 3, and group allocation was determined
based on the remainder: participants with no remainder were
assigned to the CON group, those with a remainder of 1 were
assigned to the MIL group, and those with a remainder of 2
were assigned to the MIS group. This process resulted in 31 par-
ticipants in the CON group, 32 in the MIS group, and 34 in the
MIL group. No significant differences in baseline characteristics
were observed among the three groups, as shown in Table 1.

Evaluation indicators

Sports endurance index

Six-minute walk test (6MWT) [11] was conducted in a 50-m
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Figure 1. A 42-year-old male patient is exercising under the guidance of medical staff (model: SONE SERIAL#151-008739,

SCIFIT Systems Inc.).

section of a corridor under controlled environmental condi-
tions. A stool was available to accommodate the participants’
needs. Participants were instructed to walk back and forth at
their maximal tolerable speed, and the distance walked within
6 min was recorded. Real-time heart rate (HR) was continu-
ously recorded using a Polar heart rate monitor.

Heart function indicators

RHR [12] was recorded after the participant had remained at
rest for 15 min. Maximum heart rate (HRmax) was recorded
using a Polar heart rate monitor during the 6MWT. HRR [13]
was defined as the reduction in heart rate 1 min after the com-
pletion of the exercise.

RHR and HRR were taken at the baseline and after the
16-week exercise intervention, while HRmax was assessed
monthly. All assessments were performed by professional
physiotherapists.

Personalized exercise prescription

The exercise regimen started with lower limb muscle resistance
training for the first 4 weeks, followed by a personalized aero-
bic exercise regimen for the next 12 weeks. Muscle resistance
training focused on isometric exercises targeting the quadriceps,

hamstrings, gluteus medius, and adductors, performed three
times per week. Each session consisted of three sets at an inten-
sity of 15 repetitions maximum. For each exercise, the patient
contracted the target muscle, maintained isometric contraction,
lifted the lower limb off the bed, and held the position for 5 - 10
s. The 12-week aerobic exercise regimen involved recording the
RHR and HRmax during the 6MWT to calculate the heart rate
reserve (HRmax - RHR). The target heart rate range for mod-
erate-intensity aerobic exercise was set at 40-60% of the heart
rate reserve, plus the RHR [14], which was further refined for
each group based on previous studies [2, 14] and clinical trials.
The MIS group was assigned a heart rate range of RHR + 50%
(HRmax - RHR) + 2 bpm, while the MIL group had a range
between RHR + 50% (HRmax - RHR) + 6 bpm. The target heart
rate range was adjusted monthly.

Power bicycle rehabilitation training

Power bicycles were utilized for structured rehabilitation train-
ing (Fig. 1). The seat height was adjusted to ensure the thighs
were parallel to the ground when the pedals reached the high-
est position. Each training session began with quiet sitting for
5 min, followed by a 5-min warm-up without load applied. The
initial cycling parameters were set at 15 W at a speed of 30
revolutions per minute (rpm), with an incremental increase of
5 rpm every minute to achieve the target heart rate range with-
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Table 2. Changes in Cardiovascular Risk Parameters Throughout Training

CON MIS MIL
Variable
Before After Before After Before After
RHR 70.3+4.6 69.1+£52 71.1+£4.1 65.3+£3.08¢%¢ 70.1 £3.8 68.9+52
HRR 11.2+43 11.6+53 12.1+£53 16.7 +3.284d 126 £5.1 15.3 +4.32
HRmax 1253+ 12.1 1243 +15.2 122.1+16.2 131.2+£11.20 123.1+10.2 136.2 + 7.4a:¢
6MWD 390.3 +54.2 400.3 +£47.2 403.4 +£39.5 4323 +52.32 389.4+41.4 4574 £32.1%¢

apP < 0.01 vs. compared with before treatment. °P < 0.05 vs. compared with before treatment. °P < 0.01 vs. control group. 9P < 0.05 vs. control group.
eP < 0.01 vs. MIL post-group. P < 0.05 vs. MIL post-group. CON: control; MIS: medium-intensity heart rate small range; MIL: medium-intensity heart
rate large range; RHR: resting heart rate; HRR: heart rate recovery; HRmax: maximum heart rate; 6MWD: 6-min walk distance.

in 5 min. Real-time heart rate was monitored using the DASH
5000 system, with an on-screen heart rate displayed and an au-
dio reminder every 5 s to instruct participants to maintain their
target range. If participants experienced abnormal heart rate,
palpitations, chest tightness, or shortness of breath, the training
would be immediately halted, and appropriate measures would
be administered under professional supervision.

Statistical analysis

All statistics were performed using IBM SPSS Statistics 26.
Quantitative data were expressed as mean + standard deviation
(x £ s). For within-group comparisons of pre- and post-exer-
cise regimens, the paired-sample #-test was used. For between-
group comparisons post-exercise regimens, the Kruskal-walls
test was applied. A P-value of less than 0.05 was considered
statistically significant.

Results

General information

Four hundred and ninety patients were referred to cardiac re-
habilitation, of which 140 met the inclusion and exclusion cri-
teria. Forty patients withdrew and the remaining 100 patients
went through randomization. Three patients discontinued for
personal reasons (two from the CON group, and one from the
MIS group). The baseline clinical characteristics of the par-
ticipants were as follows: all 97 participants had one or two
diseased vessels, 40 participants had a history of myocardial
infarction, 44 participants had mild kidney abnormalities, and
31 participants had a family history of CAD. Regarding the
medication in use, 68 participants were on beta-blockers, 61
were on anti-thrombotics, and 82 were on statins. No signifi-
cant differences in patient characteristics were found among
the CON, MIS, and MIL groups, as shown in Table 1.

MIS group performed best in cardiac function

After 16 weeks of rehabilitation training with specific regi-
mens, the cardiopulmonary training results are summarized

in Table 2. The MIS group showed a significant decrease in
RHR compared to baseline (P < 0.01). Additionally, the post-
training RHR in the MIS group was significantly lower than in
both the CON and MIL groups (P < 0.01), while the MIL group
showed no significant difference to the CON (P > 0.05). HRR
increased significantly from pre- and post-training in both
exercise groups (P < 0.01), while only the MIS group dem-
onstrated a significant increase compared to the CON group
(P < 0.01). No significant differences were observed in HRR
between the MIS and MIL groups (P > 0.05).

MIL group performed best in sports endurance

Regarding the HRmax, the MIL group showed a significant in-
crease after training (P < 0.01), while the MIS group showed
a modest increase (P < 0.05). Only the MIL group exhibited a
significant increase in HRmax compared to the CON group (P <
0.01), with no significant difference observed between the CON
and MIS groups. The 6MWT results followed a similar pattern,
with the MIL group showing a significant increase compared
to the CON group after training (P < 0.01), while no significant
difference was found between the CON and MIS groups. How-
ever, significant improvements were observed between pre- and
post-training within each exercise group (P < 0.01). No adverse
events were reported during the training sessions.

Heart rate curve during exercise

Figure 2 presents the heart rate curve of two patients randomly
selected from the two exercise groups during the exercise process
after the first month of aerobic training. The data indicated that
heart rate fluctuations in the MIL group were pronounced, as con-
sistent heart rate oscillation was observed between the minimum
and maximum recommended range throughout the exercise pe-
riod. Similar fluctuation patterns could be observed in most MIL
participants. In contrast, the MIS group showed heart rate vari-
ability within a more stable and narrow fluctuation range.

Discussion

In recent years, both physicians and healthcare researchers
have increasingly recognized the importance of exercise thera-
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Heart rate recording during exercise
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Figure 2. Heart rate change curve of two patients randomly selected from the two exercise groups during the exercise process

after the first month of aerobic training.

py following cardiovascular surgery. Shreds of evidence have
indicated that exercise therapy is effective across all stages of
vascular disease management, significantly reducing adverse
cardiovascular events and improving patient autonomic nerve
function, exercise endurance, and quality of life [9, 10, 15-
17]. Current aerobic exercise rehabilitation protocols largely
follow the “ACSM Exercise Testing and Exercise Prescrip-
tion Guidelines”, which recommend an exercise intensity of
40% to 60% of heart rate reserve for CAD [14]. This protocol
has been widely used in clinical practices. However, our pre-
clinical experiments based on the protocol [14] for CAD reha-
bilitation showed mixed results. Overall, the cardiopulmonary
function of patients improved after exercise, supporting the
efficacy of aerobic exercise as a beneficial intervention for pa-
tients with CAD [7, 15]. However, the degree of improvement
varies among individuals, suggesting a need to reassess exer-
cise details in certain cases. In this study, detailed experimen-
tal review and data analysis revealed that patients who closely
monitored heart rate fluctuations during exercise tended to
achieve better outcomes. This observation led to the investiga-
tion of whether maintaining a specific heart rate range or al-
lowing wide fluctuation would yield differing results. Despite
an extensive literature review, no clear consensus was found.
With the hypothesis that smaller and more consistent heart rate
fluctuations during exercise could better regulate sympathetic
nerve activity, thus improving cardiac function, this study was
designed to provide clarity and shed light on the standardiza-
tion of rehabilitation regimens for future clinical practices. The
6MWT was conducted for maximum heart rate determination
and to establish moderate-intensity exercise loads for the in-
tervention groups. For the MIS group, the exercise heart rate
range was defined as RHR plus 50% of heart rate reserve, with
fluctuations of + 2 bpm, while the MIL group had a fluctuation
range of + 6 bpm. This range corresponded to approximately
40% to 60% of heart rate reserve. Additionally, isometric re-
sistance training was introduced 1 month before the study to
reduce the risk of joint pain and muscle atrophy, which could
compromise adherence.

Our findings showed significant improvements in cardio-

pulmonary function indicators after the exercise interventions.
Both the MIS and MIL groups showed significant increases
in the HRR, HRmax, and 6MWT performance compared to
baseline, consistent with previous studies [9, 16]. Firstly, in-
creased RHR has been shown to activate the sympathetic
nervous system, increasing myocardial oxygen demand, and
reducing cardiac reserve, thereby worsening myocardial is-
chemia [18]. Therefore, lowering RHR is crucial for patients
with coronary heart disease. In this study, post-exercise RHR
in the MIS group was significantly lower than that in both the
CON and MIL groups. Secondly, HRR, another key indica-
tor of cardiac autonomic nervous activity was analyzed, as it
serves as a valuable prognostic marker for patient outcomes [9,
19-21]. The MIS group showed significantly improved HRR
compared to the CON group, whereas no such difference was
found in the MIL group. These combined results of RHR and
HRR suggest that continuous and stable exercise stimuli may
be more effective in reducing RHR when performing aerobic
exercise. One of the potential explanations is that smaller heart
rate fluctuations during exercise could lead to more stable
autonomic regulation, which may result in improved cardiac
function. Moreover, smaller fluctuations indicate lower strain
on the cardiomyocyte, allowing for a more consistent work-
load on the heart, which may promote better long-term cardiac
function. Future studies will further explore the optimal heart
rate range and the underlying mechanisms for the optimization
of cardiopulmonary outcomes from physical rehabilitation in
patients with CAD. Lastly, HRmax and 6MWT performances
were significantly improved in the MIL group compared to the
CON group, suggesting that larger heart rate fluctuations dur-
ing exercise may enhance coronary blood perfusion and im-
prove peak exercise capacity. This could be particularly ben-
eficial for patients with higher physical fitness levels, as it may
enhance extreme exercise tolerance. However, no significant
differences were observed between the two exercise groups,
warranting further research for the development of personali-
zation rehabilitation regimens in clinical practices.

In conclusion, this study highlighted the significance of
heart rate fluctuation range during aerobic exercise on cardio-
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pulmonary outcomes in CAD patients. Results have suggested
that smaller heart rate fluctuations may provide greater ben-
efits in RHR reduction and thus cardiac autonomic function
enhancement. While larger fluctuations could lead to exercise
endurance and peak capacity improvements. Lastly, in-depth
analyses are planned to gather additional information, optimize
medical resource allocation, and reduce the medical burden on
patients. Considering the practicality of sports rehabilitation
equipment and the feasibility of long-term monitoring and fol-
low-up, the combination of 6MWT and power bicycle training
may offer an effective strategy to enhance cardiac function in
community rehabilitation settings.

Limitations

The primary limitations of this study include the relatively
small sample size. Additionally, the exercise prescription used
in the study may not represent the optimal protocol and re-
quires refinement for future studies. The fact that all partici-
pants in this study were male further limits the generalizability
of the results, particularly for patients with more severe or pro-
longed heart diseases. Future studies will aim to address these
limitations by including a larger and more diverse population.
Although the exercise tolerance measured by the 6SMWT cor-
related well with the maximum exercise capacity obtained
through cardiopulmonary exercise testing (CPET) [17], it may
not fully capture exercise tolerance in patients with CAD [22].
To enhance the objectivity and accuracy of future studies,
CPET will be incorporated for the maximum heart rate meas-
urement and provide a more accurate assessment of exercise
tolerance [23].
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