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Abstract

Guidelines recommend exercise-based cardiac rehabilitation (CR) 2 
- 3 times per week. However, this high number of visits per week to 
outpatient CR can be a burden that lowers patient compliance. Home-
based exercise is a key for patients to perform a sufficient volume 
of exercise. But we sometimes need to be careful in patients who 
has coronary artery stenosis. Wearable activity trackers would be use-
ful for maintaining an appropriate intensity and sufficient volume of 
home-based exercise. A 65-year-old male patient who did not have 
unremarkable past medical history had chest pain and visited our 
hospital. The primary diagnosis was acute myocardial infarction and 
the culprit lesion which was 99% stenosis in the posterior descend-
ing artery of the left circumflex artery was successfully treated. He 
was also diagnosed with obesity, hypertension, diabetes mellitus, 
and dyslipidemia and had residual 75% stenosis in the left anterior 
descending artery. He was started pharmacotherapy and planned 
elective percutaneous coronary intervention after 5 months. He was 
required an exercise-based CR after discharge. Outpatient CR was 
scheduled for once a week and he needed additional home-based ex-
ercise. We used a wearable activity tracker (iAide2-W, TOKAI Corp, 
Gifu, Japan) to check appropriate intensity of exercise and maintain 
a sufficient volume for home-based exercise. This device was able to 
monitor the metabolic equivalent by an acceleration sensor by telem-
etry. We could check the intensity of exercise at a specialized online 
site. Thanks to this device, he was able to reduce the body weight and 
increase the exercise tolerance without any chest pain. The percent 
predicted oxygen intake per body weight increased from 84% to 95% 

at the anaerobic threshold and from 68% to 83% at the peak. After 5 
months, he treated the residual stenosis successfully. Wearable activ-
ity trackers can be used to evaluate biological information in daily life 
and are expected to be useful for CR.
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Introduction

Recently, early reperfusion therapy has dramatically improved 
the short-term prognosis in patients with acute myocardial in-
farction (AMI); however, there is still a problem with the long-
term prognosis [1, 2]. Exercise-based cardiac rehabilitation 
(CR) is a tool for improving the long-term prognosis [3]. CR 
improves exercise tolerance, quality of life, and the prognosis 
for patients with AMI [4]. CR has been shown to suppress re-
current cardiac events, readmission rates, and cardiac mortal-
ity [4]. Jankowski et al. showed the effectiveness of inpatient 
and outpatient CR for prognosis in patients with AMI [5]. But 
the participating rate of outpatient CR is low in Europe [6] and 
USA [7], especially in Japan [4]. One of the reasons for the low 
participating rate of outpatient CR is high frequent visit. The 
guidelines for CR recommend exercise 2 - 3 times per week 
[4]. However, this high number of visits for outpatient CR may 
be a burden that lowers patient compliance [4]. Therefore, we 
need to find ways to support home-based exercise.

Wearable activity devices that detect biological informa-
tion during exercise are expected to be useful for CR [8]. This 
meta-analysis reported that wearable activity devices improved 
exercise tolerance without cardiac adverse events. Especially 
in home-based CR, wearable activity devices have a possibil-
ity to be a comparable alternative or adjunct to center-based 
CR [9]. We report here a case in which a wearable activity 
device was used to support outpatient CR.

Case Report

Investigations

A 65-year-old male had experienced chest pain for 15 min 
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every other day for the past week. He visited a clinic and was 
prescribed Nitroglycerin. But his chest pain still kept transient-
ly and he came to our hospital 1 week later. He was obesity 
(body mass index: 24.2 kg/m2), non-smoker, and did not have 
an unremarkable past medical history. In his family history, his 
father had a myocardial infarction. Consciousness was clear 
and blood pressure and pulse rate were 150/117 mm Hg and 
73/min, respectively. He had chest pain at arrival.

Diagnosis

Chest pain was kept but the electrocardiogram did not show 
ST-segment elevation. There was no difference of blood pres-
sure between left and right and chest X-ray did not show aortic 
dissection and other obvious diseases. Echocardiography did 
not show left ventricular wall motion asynergy. In laboratory 
examinations, cardiogenic parameters were elevated. Troponin 
I, white blood cell, aspartate aminotransferase, lactic acid de-
hydrogenase, and creatine phosphokinase were 128.1 pg/mL, 
5,600/µL, 22 U/L, 162 U/L, and 115 U/L, respectively. AMI 
with non-ST-segment elevation was suspected and coronary 
angiography was performed. Coronary angiography showed 
99% stenosis in the posterior descending artery of the left cir-
cumflex artery and 75% stenosis in the proximal left anterior 
descending artery (Fig. 1).

Treatment

The culprit lesion in the posterior descending artery was suc-
cessfully treated by using a drug-coated balloon. Serum cre-
atine kinase peaked out at 228 IU/L. Cardiac function was 
preserved. In echocardiography, there was no wall motion 
asynergy and the left ventricle ejection fraction and E/e' were 
62.0% and 9.4, respectively. The worsening of heart failure 

was slight and the level of brain natriuretic peptide was 44.6 
pg/mL. He was also diagnosed with hypertension, diabetes 
mellitus, and dyslipidemia. The hemoglobin A1c, total cho-
lesterol, triglyceride, low-density lipoprotein cholesterol, and 
high-density lipoprotein cholesterol were 6.8%, 188 mg/dL, 
83 mg/dL, 138 mg/dL, and 32 mg/dL, respectively. He started 
medication with angiotensin-converting enzyme inhibitor, 
mineralocorticoid receptor antagonist, beta-blocker, dapagli-
flozin, statin, and ezetimibe in addition to anti-platelet therapy. 
He started inpatient CR in acute phase. He recovered without 
any problems and was discharged after 7 days in the hospital. 
The stenosis in the left anterior descending artery was planned 
to be treated by elective percutaneous coronary intervention 
after 5 months due to his private schedule.

Follow-up and outcomes

Outpatient CR was needed to provide a sufficient volume and 
appropriate intensity of exercise, in addition to nutritional 
guidance, disease education, and coronary risk modification. 
He was obese and his body weight was 70.1 kg (body mass 
index: 24.2 kg/m2). A cardiopulmonary exercise test showed 
low exercise tolerance; oxygen intake per body weight at 
anaerobic threshold and peak was 12.5 mL/min/kg (percent 
predicted: 84% and metabolic equivalents (METS): 3.6) and 
16.7 mL/min/kg (percent predicted: 68% and METS: 4.8), 
respectively (Table 1). Outpatient CR was scheduled for once 
a week and he needed additional home-based exercise. For 
an appropriate home-based exercise, we used a wearable ac-
tivity tracker (iAide2-W, TOKAI Corp, Gifu, Japan). This 
device detects METS by an acceleration sensor, heart rate 
at rest, skin temperature, and number of steps every minute. 
These data were registered by telemetry and medical staff 
could check these data at a specialized online site (Fig. 2). 
We mainly focused on METS for exercise guidance and con-

Figure 1. Coronary angiography. Representative results of coronary angiography are shown. Red circle showed 99% stenosis in 
in the posterior descending artery of the left circumflex artery (a) and showed 75% stenosis in proximal left anterior descending 
artery (b).
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sidered the range 3.0 to 3.5 METS as an appropriate exer-
cise intensity. Representative biological information in the 
day was shown in Figure 3. Thanks to this device, we could 
instruct a sufficient volume of exercise and limit an exces-
sive intensity of exercise. After 5 months of CR, his body 
weight fell to 65.2 kg (body mass index: 22.7 kg/m2). A car-
diopulmonary exercise test showed the improvement of oxy-

gen intake per body weight at anaerobic threshold (14.2 mL/
min/kg, percent predicted: 95%, METS: 4.1) and peak (20.4 
mL/min/kg, percent predicted: 83%, METS: 5.8) (Table 1). 
He did not have a heart attack and his heart failure did not 
worsen over 5 months. He underwent successful percutane-
ous coronary intervention for residual stenosis.

Discussion

We experienced a successful case of outpatient CR using a 
wearable activity device in a patient with AMI who had re-
sidual stenosis in a coronary artery.

The guidelines for CR recommend exercise 2 - 3 times per 
week; however, this large number of visits of CR may be a bur-
den that reduces patient compliance [4]. We sometimes need 
to support home-based exercise, but it is difficult to provide 
exercise guidance without physical data. Patients with cardio-
vascular disease are limited in their ability to perform high-
intensity exercise, because exercise that exceeds the anaerobic 
threshold accelerates sympathetic nerve activity and metabolic 
acidosis caused by an increase in serum lactic acid, which can 
lead to ischemic heart attack, critical arrhythmia, and wors-
ening heart failure [10, 11]. Exercise below the anaerobic 
threshold is needed for patients with cardiovascular disease, 
especially ischemic heart disease with residual stenosis. We 
usually detect the anaerobic threshold by a cardiopulmonary 
exercise test, and the heart rate and METS at that point are 
used as targets for the intensity of exercise. A wearable device 
that detects biological information is expected to be useful for 
home-based exercise. In this case, we used a device that de-
tects METS in the patient who treated AMI and had residual 
stenosis in coronary artery.

METS in each type of exercise is roughly known but this 
is useful only as a guide [12]. For example, the METS of 
walking changes from 2.0 METS to 5.0 METS with an in-

Table 1.  Changes of Body Weight and Exercise Tolerance Af-
ter 5 Months of CR

Pre-CR Post-CR
Body weight, kg 70.1 65.2
Body mass index, kg/m2 24.2 22.7
CPX
    AT VO2, mL/min/kg 875 927
    AT VCO2, mL/min 1027 992
    AT RER 1.17 1.07
    AT VO2/wt, mL/min/kg 12.5 14.2
    AT VO2/wt, % predict 84 95
    AT METS 3.6 4.1
    Peak VO2, mL/min/kg 1173 1330
    Peak VCO2, mL/min 1611 1754
    Peak RER 1.37 1.32
    Peak VO2/wt, mL/min/kg 16.7 20.4
    Peak VO2/wt, % predict 68 83
    Peak METS 4.8 5.8

AT: anaerobic threshold; CPX: cardiopulmonary exercise test; CR: car-
diac rehabilitation; METS: metabolic equivalents; Post-CR: the time 
point when patient finished cardiac rehabilitation for 5 months; Pre-CR: 
the time point when patient discharged; RER: respiratory gas exchange 
ratio; VCO2: carbon dioxide output; VO2: oxygen intake.

Figure 2. Illustration of the system using iAide2-W for outpatient CR. The system using iAide2-W for outpatient CR is illustrated. 
iAide2-W measures the patient’s physical data and the transmitter (iAide2-GV) sends the data to a specialized information cloud 
by telemetry. Medical staff then instructs the patient according to the data. CR: cardiac rehabilitation.
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crease in walking speed. It is difficult to perform the detailed 
guidance under non-supervised CR. Our patient performed 
home-based exercise with a wearable activity tracker and the 
data were sent to a specialized online site by telemetry. We 
checked the METS in home-based exercise and instructed 
the patient to achieve an appropriate intensity of exercise at 
outpatient CR. The patient gradually understood his optimal 
intensity of exercise. We also used this device to evaluate 
the volume of exercise and instructed the patient to perform 
a sufficient volume of exercise. During 5 months of CR, our 
patient could perform a sufficient volume and appropriate 
intensity of home-based exercise and improved his exercise 
tolerance. These results suggest that this kind of wearable 
device could be useful for CR.

Learning points

Exercise-based CR is a class I treatment for cardiovascular 
disease to improve exercise tolerance and the prognosis. How-
ever, it is difficult to keep the frequency and the intensity of 
exercise-based CR because of the patient’s life style. Wearable 
activity devises are useful for outpatient CR to keep their suf-
ficient volume of exercise with appropriate intensity.
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Figure 3. Representative biological information using iAide2-W. Representative 1 day biological information is shown. (a) Pulse rate 
(blue dot) and body surface temperature (red bar), (b) steps, and (c) METS in the day are shown. METS: metabolic equivalents.
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