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LAY ABSTRACT
Patients who completed an exercise training programme 
after implantable cardioverter-defibrillator or cardiac re-
synchronization therapy treatment in our institution bet-
ween May 2017 and May 2018 were included. The aim of 
this study was to determine the effects of exercise training 
on walking time, 6-min walk distance, and hospitalization 
rate. Patients exercised for 20–50 min 3–5 times weekly 
for 3 months. Training helped patients with implantable 
cardioverter-defibrillator or cardiac resynchronization 
therapy improve the 6-min walk distance, regardless of 
changes in physical activity. However, the non-active gro-
up had higher rates of all-cause hospitalization. Increa-
sing physical activity improves patient outcomes.

Objective: This study elucidated the effects of ex-
ercise training on physical activity, 6-min walk dis-
tance, and all-cause hospitalization rates in patients 
with chronic heart failure, and evaluated factors 
contributing to changes in physical activity.
Design: Prospective cohort observational study.
Patients and methods: Patients (n =62) who com-
pleted an exercise training programme after implan-
table cardioverter-defibrillator or cardiac resynch-
ronization therapy treatment between May 2017 
and May 2018 were included. Patients exercised for 
20–50 min 3–5 times weekly for 3 months and were 
assigned to the active (≥ 10 min/day) or non-active 
(< 10 min/day) group based on changes in walking 
times between baseline and 3 months, as assessed 
by the International Physical Activity Questionnaire. 
Results: The 6-min walk distance improved in both 
groups with exercise training. Physical activity level 
did not increase in some patients, despite improve-
ments in exercise tolerance. Depression improved 
significantly in the active group, but no correlation 
was found with physical activity. Factors contribu-
ting to physical activity changes were not identified. 
The all-cause hospitalization rate was lower in the 
active group during follow-up (mean 10.5 months).
Conclusion: Exercise training effectively increased 
6-min walk distance regardless of physical activity. 
Non-active patients experienced increased all-cause 
hospitalizations. Increasing physical activity impro-
ves patient outcomes.
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Patients with heart failure (HF) experience ventricular 
tachycardia or ventricular fibrillation with a recur-

rence rate of 10–20% (1). Implantable cardioverter-de-
fibrillator (ICD) and cardiac resynchronization therapy 
(CRT) defibrillator (CRT-D) are highly effective for 
decreasing mortality from ventricular tachycardia or 
ventricular fibrillation (2, 3). CRT is a highly effective 
treatment for drug-refractory systolic heart failure (HF) 

patients with a wide QRS complex (3, 4). Treatment 
with CRT results in left ventricular (LV) reverse remo-
delling, based on the findings of a decrease in LV size 
and/or increase in LV ejection fraction (LVEF), which 
reduces morbidity and mortality (3). However, studies 
have shown that clinically significant anxiety disorders 
and depressive symptoms are prevalent among patients 
with ICD and CRT defibrillator (CRT-D) (5, 6).

Decreased physical activity (PA) is common, regard-
less of shock exposure, among patients with ICD and 
CRT-D (7–9). After ICD or CRT treatment, exercise 
training (ET) has been reported to improve exercise 
capacity without adverse events (4, 10–12). In addi-
tion, reports suggest that this improves the patients’ 
prognosis. Increased PA in patients with ICD or CRT-
D is associated with decreased HF hospitalization and 
mortality rates (13, 14). However, the effects of ET on 
PA in patients with ICD and CRT-D are unclear. There-
fore, this study aimed to elucidate the effects of ET 
on PA and 6-min walk distance (6MWD) or all-cause 
hospitalization, and to clarify factors contributing to the 
change in PA in chronic HF patients with ICD or CRT.

METHODS

Ethical considerations

This study was conducted in accordance with ethical standards 
on human experimentation and with the Declaration of Helsinki 
1975, revised 1983. In particular, the study protocol was approved 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2728&domain=pdf
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by the ethics committee of the National Cerebral and Cardio-
vascular Center (approval number M26-015), where the study 
was performed. All patients provided written informed consent.

Study design and participants

This prospective observational cohort study included patients 
who completed a 3-months ET programme after ICD, CRT-
pacemaker (CRT-P) or CRT-D treatment at our institution bet-
ween May 2017 and May 2018. Patients were eligible for the ET 
programme if they met any of 3 criteria (LVEF ≤ 40%, percent 
predicted peak oxygen uptake ≤ 80%, and B-type natriuretic pep-
tide level ≥ 80 pg/ml) and had been referred to the programme 
at their physicians’ discretion. Between May 2017 and May 
2018, 65 patients met the inclusion criteria. Two patients died, 
and 1 did not complete the questionnaire; thus, 62 participants 
were included in the analysis. Treatment for HF was tailored to 
all patients based on current guidelines, which were consistent 
throughout the study period (15). HF patients treated with an 
ICD or CRT were evaluated in prospective observational studies 
at baseline (at the beginning of the ET programme), 3 months 
(at the end of the 3-months ET programme), and 6 months (3 
months after the end of ET programme). 

After 3 months of ET, participants were categorized into 2 
groups according to the walking time assessed by the International 
Physical Activity Questionnaire (IPAQ). Based on the change 
in walking time between baseline and 3 months, patients who 
walked ≥ 10 min/day were allocated to the “active group” (n = 33) 
and those < 10 min/day were allocated to the “non-active group” 
(n = 29, Fig. 1), based on a study that reported a 10-min increase in 
PA reduced HF hospitalization risk by 4% (13). After identifying 
the 2 groups, baseline data were analysed retrospectively.

Exercise programme

A description of the exercise protocol has been published 
previously (4). The 3-months ET programme began with 
supervised in-hospital sessions consisting of walking, bicycle 
ergometer, and low-intensity resistance training for 20–40 min 
sessions 3–5 times per week, followed by home ET combined 
with once- or twice-weekly supervised in-hospital ET ses-
sions. The duration increased to 30–60 min, and the intensity 
of the endurance exercise was determined individually at a 
heart rate corresponding to 40–60% of the heart rate reserve 
(maximum heart rate minus resting heart rate), anaerobic  
threshold level obtained on baseline cardiopulmonary exercise 
testing, or at level 12–13 (“a little hard”) of the 6–20 scale 
perceived rating of exercise (original Borg scale). All patients 
were encouraged to continue home ET with an individualized 
exercise prescription, based on the cardiopulmonary exercise 
testing or 6-min walk test results at baseline and 3 months. 
Individualized exercise prescriptions were tailored throughout 
the study period based on current guidelines (16).

Physical activity

PA was assessed using the IPAQ score and step count. IPAQ has 
high reliability and validity when monitoring PA across diverse 
populations (17) and has, therefore, become the most widely 
used questionnaire to assess PA. In addition, the reliability and 
validity of the Japanese version have been verified (18). This 
study used the IPAQ short form, and activities of different in-
tensities were reported for each domain. Domains were divided 
into vigorous PA, moderate PA, and walking. Weekly duration 
estimates for vigorous and moderate PA were calculated by 

multiplying the time spent performing the activity in a typical 
day by the number of days in the past week spent performing that 
activity. Weekly durations were then multiplied by metabolic 
equivalent (MET) values for the different activities to calculate 
MET-minutes per week for each intensity level. To determine 
sedentary time, patients were instructed to think about the time 
they spent sitting or lying at work, at home, while doing course 
work, and during leisure time. Time spent sleeping was exclu-
ded from sedentary time. Then they were asked to estimate the 
total number of h and min per day they spend sitting or lying 
within a day. IPAQ values were used to determine the walking 
time. Walking time was calculated as time (min) × frequency 
(times/week)/7. Participants were interviewed immediately after 
completing IPAQ to prevent recall bias.

A description of the step count protocol has been published 
previously (19). Briefly, all patients wore a triaxial accelerome-
ter (AM500N; Acos Co. Ltd, Nagano, Japan) 24 h a day for 8 
days, except while bathing and sleeping (19). Continuous data 
from the final 7 days of the 8-day collection period were used 
to assess daily patient PA (19). Step counts were recorded after 
age, sex, height, and weight were entered for each patient. In 
addition, the active MET was set to 2.8, according to a previous 
study on the activity amount targeting the device (18, 20). The 
active step count was steps at 2.8 METs, and the active activity 
time was the activity time at 2.8 METs. IPAQ and step counts 
were assessed at baseline. Furthermore, IPAQ findings and step 
counts were assessed at the 3rd (from 8 days before the end of 
the 3-months period to the end of the 3-months period) and 6th 
months (from 8 days before the end of the 6-months period to 
the end of the 6-months period) follow-up examinations.

Fig. 1. Study design flowchart.

Recruited patients  
n=65 

n=62 

From baseline to 3 months 
・death (n=2) 
・unable to contact (n=1) 

3-months (n=33) 3-months (n=29) 

6-months follow-up  
(n=32) 

6-months follow-up  
(n=28) 

Death  
(n=1)

unable to contact  
(n=1) 

Δ walking time (between baseline and 3-months) 

Δ walking time <10 min 
Non-active group (n=29) 

Δ walking time ≥10 min 
Active group (n=33) 
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Physical performance

This study followed a previously published protocol for mea-
suring isometric knee extensor muscle strength (IKEMS) (4). 
In summary, IKEMS was measured using the μ-Tas MF-1 
assembly (Anima Co. Ltd, Tokyo, Japan) (21) at baseline and 
after 3 months of ET. A 6-min walk test was also performed 
at baseline and after 3 months of ET. Participants were asked 
to walk continuously for 6 min with maximum effort, and the 
distance was recorded.

Depression and quality of life

Symptoms of depression were measured using the Patient Health 
Questionnaire-9 (PHQ-9), with items mirroring the diagnostic 
criteria for major depressive disorders (22). Patients were asked 
to rate items on the questionnaire on a scale from 0 (not at all) 
to 3 (nearly every day) according to their symptoms during 
the past 2 weeks (22, 23). Scores in the PHQ-9 range from 0 
to 27, and a cut-off score >10 was used to detect patients with 
clinically relevant levels of depression (23, 24).

Quality of life (QOL) was assessed using the Japanese version 
of the Medical Outcomes Study 36-Item Short-form Health 
Survey (SF-36) questionnaire (25–27). The SF-36 consists 
of a physical component summary (PCS), mental component 
summary (MCS), and role component summary (RCS) score. 
The final score (range 0–100) was calculated according to re-
commendations from the SF-36 guidelines, with higher scores 
representing a better QOL (25–27). The patient PHQ-9 and 
SF-36 data were evaluated at baseline and at 3 and 6 months.

Statistical analyses

Data are expressed as mean and standard deviation (SD) unless 
otherwise stated. Categorical variables were compared using 
Fisher’s exact test. Comparisons between groups were analysed 
using the unpaired Student’s t-test or Wilcoxon rank-sum test, 
depending on normality of distribution. Comparisons 
within groups were analysed using the paired t-test 
or Wilcoxon signed-rank test. Based on a study 
by Abraham et al. (28), that used increases in the 
6MWD to determine sample size, a sample size of 
20 was required to detect an increase of 53 m in 
the 6MWD in patients with HF after CRT, with a 
standard deviation of ±66 m, power of 0.80, and α 
value set at p < 0.05 (2-tailed). Analysis of covariance 
(ANCOVA) was used to examine changes during the 
3-months ET programme with the corresponding ba-
seline measurement used as a covariate. Spearman’s 
rank correlation coefficients were used to evaluate 
the relationships between change in walking time and 
other variables of interest. Differences of all-cause 
hospitalizations, HF hospitalization, and ICD therapy 
(excluding CRT-P) in the active and non-active group 
were compared using Kaplan–Meier survival curves 
and compared using the log-rank test. All statistical 
analyses were performed using JMP Pro version 
14.2.0 (SAS Institute, Cary, NC, USA). For all tests, 
p < 0.05 was considered statistically significant.

RESULTS

Attendance at the supervised in-hospital ET 
sessions during the 3-months ET programme 

was similar in the 2 groups (active group: mean 16 
(SD10), non-active group: mean 16 (SD 9), p = 0.887). 
Fourteen participants (42%) in the active group com-
pleted < 12 sessions of the supervised in-hospital 
sessions. Among the remaining participants, 2 (6%) 
completed all 36 sessions; 6 (18%) completed 24–36 
sessions. In the non-active groups, 10 of the 29 (34%) 
completed < 12 sessions of the supervised in-hospital 
sessions. In the remaining participants, 2 (7%) comple-
ted all 36 sessions; 2 (7%) completed 24–36 sessions.

During the 3-months ET programme, there were no 
exercise-related adverse events, such as ventricular 
tachycardia, ventricular fibrillation, the occurrence 
of anti-tachycardia pacing or shock, lead dislocation, 
deterioration of the surgical wound site, or device 
malfunction.

Patient characteristics
There were no significant differences in patient cha-
racteristics between the active and non-active groups 
(Table I). In both, active and non-active groups, the 
number of patients receiving CRT was 19.

Changes during the 3-months exercise training 
programme
There was a significant improvement in 6MWD in both 
groups (p < 0.01). However, the PHQ-9 score signifi-
cantly improved only in the active group (p < 0.01). 
The active group also showed significant improve-

Table I. Patient characteristics

Variable

Active 
group
(n = 33)

Non-active 
group 
(n=29) p-value

Age, years, mean (SD) 63 (14) 61 (16) 0.640
Male sex, n (%) 23 (70) 20 (69) 0.950
Body mass index, kg/m2, mean (SD) 21.4 (3.5) 21.1 (4.0) 0.763
Old myocardial infarction, n (%) 8 (24) 14 (48) 0.065
Peripheral artery disease, n (%) 7 (21) 1 (3) 0.057
Orthopaedic disease, n (%) 11 (33) 10 (34) 0.924
Cerebrovascular disease, n (%) 6 (18) 1 (3) 0.067
CRT-D, n (%) 15 (45) 18 (62) 0.336
Left ventricular ejection fraction, %, mean (SD) 26 (13) 28 (15) 0.615
Left ventricular end-diastolic diameter, mm, mean (SD) 64 (13) 61 (13) 0.378
Left ventricular end-systolic diameter, mm, mean (SD) 56 (17) 53 (14) 0.447
BNP level, pg/ml, mean (SD) 307 (229) 362 (333) 0.447
eGFR, ml/min/1.73 m2, mean (SD) 51 (21) 54 (26) 0.569
Frailty, n (%) 5 (15) 6 (21) 0.843
Prefrail, n (%) 19 (58) 16 (55)
Robust, n (%) 9 (27) 7 (24)
Medication, n (%)
  Diuretic 27 (82) 24 (83) 0.923
  Angiotensin-converting enzyme inhibitor 17 (52) 15 (52) 0.987
  β-blocker 32 (97) 26 (90) 0.332
  Inotropic drug 6 (18) 7 (24) 0.565
  Angiotensin-receptor blocker 7 (21) 4 (14) 0.446
  Anti-arrhythmic drugs 15 (45) 18 (62) 0.213

CRT-D: cardiac resynchronization therapy – defibrillator; BNP: B-type natriuretic peptide; 
eGFR: estimated glomerular filtration rate; SD: standard deviation.

J Rehabil Med 52, 2020
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ment in IKEMS, sedentary time, walking according 
to the IPAQ, walking time, step count, PCS, and RCS 
(p < 0.01) (Table II).

In the non-active group, walking according to the 
IPAQ and walking time decreased significantly (Table 
II). However, RCS improved significantly.

Significant differences were found between the 
groups. The sedentary time, walking, walking time 
according to the IPAQ, active step count, PHQ-9, and 
PCS were better in the active group than in the non-
active group (Table III).

Follow-up and adverse events
The mean PHQ-9 of the active group was significantly 
worsened between 3 and 6 months (3.0 (SD3.4) to 4.0 
(SD 3.8), p = 0.037). There was a significant increase in 
walking according to the IPAQ in the non-active group 
from 3 to 6 months (mean 379 MET-minutes/week (SD 
443) to 768 MET-minutes/week  (SD 765), p < 0.001). 
Other factors did not change significantly. There were 
no significant differences in HF hospitalization or ICD 
therapy (4 active (4 from anti-tachycardia pacing) vs 6 
non-active (3 from anti-tachycardia pacing)) between 
the active and non-active groups. However, during a 
mean follow-up of 10.5 months, the number of all-
cause hospitalizations was higher in the non-active 
group than that in the active group, with 13 (11 from 
cardiac causes) and 6 (4 from cardiac causes) all-cause 
hospitalizations, respectively (p = 0.037) (Fig. 2A–C). 
No significant differences in all-cause hospitalizations 
were shown among patients in the ICD and CRT groups 
in the active and non-active groups.

Univariate analysis of change in walking time by 
exercise training between baseline and 3 months 
with clinical characteristics 
Change in walking time was significantly related 
to walking (r = –0.28; p = 0.031) and walking time 
(r = –0.28; p = 0.029) according to the IPAQ at base-
line (Table IV). However, the correlation coefficient 
was low. Other factors were not significantly related 
(Table IV).

Table II. Changes in variables during the 3-months exercise training programme

Variable

Active group/Non-
active group
n

Active group Non-active group

Baseline
Mean (SD)

3 months
Mean (SD)

Baseline
Mean (SD)

3 months 
Mean (SD)

6MWD, m 33/24 450 (128) 512 (116)* 453 (91) 493 (112)*
IKEMS, kgf 33/24 30 (12) 34 (11)* 29 (15) 31 (13)
IKEMS/BW, kgf/kg 33/24 51 (14) 55 (13)* 50 (16) 54 (14)
IPAQ
  Sedentary time, min/day 33/29 855 (224) 547 (282)* 679 (281) 681 (234)
  Walking, MET-minutes/week 33/29 296 (414) 1,567 (2,134)* 1,013 (1,815) 379 (443)*
  Moderate PA, MET-minutes/week 33/29 140 (463) 640 (1,315)* 168 (375) 288 (884)
  Vigorous PA, MET-minutes/week 33/29 167 (641) 255 (626) 375 (1,224) 251 (546)
  Walking time, min/day 33/29 15 (21) 80 (109)* 52 (93) 19 (23)*
Pedometer
  Step count, steps/day 17/14 3,926 (2,652) 5,604 (3,361)* 4,102 (2,768) 3,336 (3,265)
  Activity time, min/day 17/14 48 (28) 68 (31)* 53 (26) 45 (37)
  Active step count, step/day 17/14 3,135 (2413) 4,516 (3,081)* 3,271 (2,615) 2,518 (2,943)
  Active activity time, min/day 17/14 36 (25) 51 (28)* 41 (26) 33 (32)
PHQ-9 33/29 4.7 (3.9) 3.0 (3.4)* 3.5 (3.6) 4.8 (4.2)
MOS 36-Item Short-Form Health Survey
  PCS 32/28 33 (15) 38 (12)* 36 (11) 35 (14)
  MCS 32/28 53 (9) 55 (10) 53 (11) 52 (11)
  RCS 32/28 40 (16) 45 (13)* 37 (19) 44 (14)*

*p < 0.05 vs baseline.
6MWD: 6-min walk distance; ET: exercise training; IKEMS: isometric knee extensor muscle strength; IPAQ: International Physical Activity Questionnaire; BW: 
body weight; PA: physical activity; MET: metabolic equivalents; MOS: Medical Outcomes Study; PHQ: Patient Health Questionnaire; PCS: physical component 
summary; MCS: mental component summary; RCS: role component summary;  SD: standard deviation.

Table III. Adjusted mean difference in outcomes after exercise 
training 

Estimate Standard error p-value

6MWD, m 10.76 6.82 0.121
IKEMS, kgf 1.00 0.77 0.204
IKEMS, kgf/kg 0.44 1.19 0.711
Sedentary time, min/day -83.00 34.98 0.021
Walking, MET-minutes/week 702.66 205.42 0.001
Moderate PA, MET-minutes/week 176.76 145.63 0.230
Vigorous PA, MET-minutes/week 23.80 71.48 0.740
Walking time, min/day 35.85 10.48 0.001
Step count, step/day 587.35 309.31 0.063
Activity time, min/day 5.84 3.93 0.142
Active step count, step/day 554.21 252.68 0.032
Active activity time, min/day 5.46 3.09 0.083
PHQ-9 –1.20 0.41 < 0.001
PCS 2.75 1.34 0.045
MCS 1.39 1.09 0.208
RCS –0.11 1.49 0.944

Estimated value in the active group compared with the non-active group.
6MWD: 6-min walk distance; ET: exercise training; IKEMS: isometric knee 
extensor muscle strength; IPAQ: International Physical Activity Questionnaire; 
BW: body weight; PA: physical activity; MET: metabolic equivalents; MOS: 
Medical Outcomes Study; PHQ: Patient Health Questionnaire; PCS: physical 
component summary; MCS: mental component summary; RCS: role component 
summary.

www.medicaljournals.se/jrm
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DISCUSSION

Results from patients who were treated with CRT or 
ICD and completed ET showed that the PA level did 
not increase in some patients, despite improvements 
in exercise tolerance associated with ET. To our know-
ledge, this is the first study to report changes in the PA 
of patients receiving CRT who completed ET.

Gad et al. reported that 3 months after CRT treat-
ment without ET, patient step counts were significantly 
reduced (29). Furthermore, it has been reported that 
the PA of HF patients after ICD and CRT treatment 
without ET increased, but the measuring device used 
in the studies was a single-axis accelerometer (13, 
14). Therefore, it is difficult to compare the results of 
the studies with those of the present study, because a 
tri-axial accelerometer and a different measurement 
algorithm were used. Nonetheless, a 10-min increase 
in PA among ICD or CRT-D patients resulted in de-
creased HF hospitalization and mortality rates (13, 14). 
However, it remains unclear whether exercise tolerance 
or daily step count is a prognostic indicator in HF pa-
tients after ICD and CRT treatment. To date, exercise 
tolerance has often been used as a prognostic indica-
tor. In this study, patients treated with CRT or ICD 
who completed ET showed a significant increase in 

Table IV. Univariate analysis of change in walking time by 
exercise training (ET) between baseline and 3 months with clinical 
characteristics 

n r p-value

Age 62 0.07 0.582
Body mass index 62 0.12 0.356
LVEF 62 –0.09 0.469
LV end-diastolic diameter 62 0.16 0.211
LV end-systolic diameter 62 0.14 0.271
BNP 62 –0.11 0.389
eGFR 62 –0.08 0.514
Number of ET sessions 62 0.03 0.829
6MWD 62 0.03 0.792
IKEMS, kgf 62 0.07 0.598
Sedentary time 62 0.23 0.076
Walking 62 –0.28 0.031
Moderate PA 62 –0.17 0.186
Vigorous PA 62 –0.10 0.422
Walking time 62 –0.28 0.029
Step count 33 0.07 0.583
Activity time 33 0.03 0.806
Active step count 33 0.07 0.588
Active activity time 33 0.03 0.844
PHQ-9 62 0.02 0.876
PCS 60 –0.07 0.585
MCS 60 0.03 0.805
RCS 60 0.13 0.334

LV: left ventricular; LVEF: left ventricular ejection fraction; BNP: B-type natriuretic 
peptide; eGFR: estimated glomerular filtration rate; ET: exercise training; 6MWD: 
6-min walk distance; ET: exercise training; IKEMS: isometric knee extensor 
muscle strength; IPAQ: International Physical Activity Questionnaire; BW: 
body weight; PA: physical activity; MET: metabolic equivalents; MOS: Medical 
Outcomes Study; PHQ: Patient Health Questionnaire; PCS: physical component 
summary; MCS: mental component summary; RCS: role component summary.

Log-rank 4.35 

p=0.037 

Log-rank 2.97 

p=0.085 

Log-rank 0.50 

p=0.479 

Active group Active group 

Active group 

Non-active group 
Non-active group 

Non-active group 

2A  2B

2C

Fig. 2. Kaplan–Meier curves for all-cause hospitalizations, heart failure 
(HF) hospitalization, and implantable cardioverter-defibrillator (ICD) 
therapy in the active and non-active groups. The rate of all-cause 
hospitalization is significantly higher in the non-active group (2A). 
Heart failure hospitalization (2B) and defibrillation therapy events 
(2C) do not show any significant difference.

J Rehabil Med 52, 2020
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In the future, it is important to construct a programme 
to increase PA that differs from conventional cardiac 
rehabilitation methods. For example, home-based 
training guided by the telemonitor has been reported 
to improve exercise tolerance safely by reducing the 
levels of anxiety and depression; an increase in PA is 
also expected with this training (33).

This study had some limitations. First, this study 
lacked a control (non-exercise) group from a single 
institute. Secondly, it included a small number of pa-
tients from a single centre. Moreover, an accelerometer 
could not be obtained in all patients. However, a study 
assessing PA in patients undergoing CRT had a similar 
sample size (29). This study had a small sample size, 
and therefore shock and anti-tachycardia pacing tre-
atments in ICD therapy were not delineated. Thirdly, 
the participation rate of supervised ET was low in the 
active and non-active groups; however, there was no 
difference between the 2 groups. Therefore, the impact 
on PA was small. Finally, it was difficult to calculate 
the sample size between groups, and the study may 
thus have been underpowered.

In conclusion, patients who underwent ET after 
CRT or ICD treatment showed a significant increase 
in 6MWD regardless of the change in PA. Neverthe-
less, the non-active group had higher rates of all-cause 
hospitalization than the active group. Future studies 
should focus on constructing exercise programmes to 
decrease hospitalization risk for patients, especially 
for those who do not show increased PA.
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