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Objective: To investigate training at different inten-
sity levels on cardiac function, exercise capacity, 
and health-related quality of life in patients with 
chronic heart failure.
Methods: This prospective cohort study enrolled 
patients with chronic heart failure at Beijing Reha-
bilitation Hospital, Beijing, China from January 2018 
to January 2020. Participants received conventional 
therapy (non-exercise group) or therapy plus cycle 
ergometer exercises at an intensity of 80% anaerobic 
threshold (EA group) and Δ50% power above anae-
robic threshold (EB group) for 12 weeks. The primary 
outcome was peak oxygen uptake.
Results: Forty-five patients (15/group) completed 
the study without serious complications. Exercise 
training at an intensity of Δ50% power above anae-
robic threshold had better effects on exercise capa-
city than exercise at an intensity of 80% anaerobic 
threshold, as shown by a greater improvement in 
peak oxygen uptake (20.3 ± 4.1 vs 16.8 ± 3.2 mL/
min/kg), peak O2 pulse (12.5 ± 2.3 vs 10.1 ± 2.1 
mL/beat), and peak workload (123.1 ± 26.9 vs 
102.8 ± 29.5 W) in patients with chronic heart fai-
lure (all p < 0.001). Exercise improved the 6-min 
walk test distance (control: 394.0 ± 74.1; EA: 
481.4 ± 89.4; EB: 508.9 ± 92.5 m; p < 0.001) and 
health-related quality of life (control: 40.7 ± 12.3; 
EA: 16.2 ± 8.6; EB: 11.5 ± 6.4; p < 0.001). 
Conclusion: Compared with an intensity of 80% 
anaerobic threshold, exercise training at an inten-
sity of Δ 50% power above anaerobic threshold was 
safe and had better effects on cardiac function, 
exercise capacity, and health-related quality of life.

Chronic heart failure (CHF) is a complex clinical
syndrome characterized by typical symptoms, 

such as breathlessness or fatigue. CHF often results 
in a marked reduction in physical activity and health-
related quality of life (HRQoL). CHF develops in the 
late stages of coronary artery disease and cardiomyo-
pathies, with an estimated prevalence of 65 million 
patients worldwide (1), including approximately  
12.6 million in the Chinese population (2), and  
in-hospital mortality of 5.3% (3). In the USA, the 
lifetime risk of developing CHF is as high as 20% for 
individuals ≥40 years of age (4). CHF is associated 
with high morbidity and mortality, making CHF a 
major public health issue (4). Exercise training is 
strongly recommended in patients with CHF by vari-
ous guidelines, including those from the European 
Society of Cardiology (ESC) (5) and American Heart 
Association (AHA) (4), and is an important compo-
nent of cardiac rehabilitation programmes offered to 
patients with CHF. 

Several trials have confirmed that exercise training 
could improve exercise capacity and HRQoL and may 
reduce mortality and hospitalization in patients with 
CHF (6–11). Individualized exercise prescription 
should be implemented under the guidance of profes-
sionals to achieve effective functional improvement, 
determine the patient’s acceptability of exercising, 
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Exercise training in CHF assessed by CPET p. 2 of 7

and ensure safety. Cardiopulmonary exercise testing 
(CPET) is a non-invasive method for assessing 
cardiopulmonary performance during exercises 
and is an effective asset in managing patients with 
CHF (10).

Exercise intensity is the key component in exercise 
training programmes, and it is crucial not only for 
obtaining the desired benefits, but also for ensuring 
patient safety (6, 12). However, there is no consensus 
to date as to what level of exercise intensity will lead 
to better cardiac rehabilitation efficacy among patients 
with CHF (13–15). Low-to-moderate intensity exer-
cises have been investigated in several studies with 
encouraging results (16, 17), but whether higher inten-
sity exercise has added benefits in improving exercise 
capacity remains unclear.

A previous study by the authors verified the efficacy 
and safety of exercise training at an intensity of Δ 50% 
above anaerobic threshold (AT) power in patients with 
stable CHF (18). Based on the previously obtained 
results, the current study aimed to investigate the 
effects of exercise training at different intensity levels 
on cardiac function, exercise capacity, plasma B-type 
natriuretic peptide (BNP), and HRQoL in patients 
with CHF. The results could provide a basis for deve-
loping clinical cardiac rehabilitation programmes.

METHODS

Study design and participants
This prospective cohort study enrolled patients 
with CHF, Class II–III New York Heart Association 
(NYHA), and left ventricular ejection fraction (LVEF) 
< 45%, who underwent treatment at Beijing Rehabili-
tation Hospital of Capital Medical University, China, 
from January 2018 to January 2020. The diagnosis 
and treatment of CHF were performed according to 
the 2018 Chinese Guidelines for diagnosing and trea-
ting heart failure (19). Patients with acute coronary 
syndrome, acute heart failure, active myocarditis, 
acute pericarditis, malignant arrhythmia, severe 
valvular heart disease, uncontrolled hypertension, 
or non-cardiovascular causes of exercise limitation 
were excluded because these patients were unable 
to exercise at the intensity required in this study. All 
patients had to remain clinically stable for at least 
1 month, without any clinical symptoms or physical 
signs, before participation. 

This study was approved by the Institutional 
Ethics Committee at Beijing Rehabilitation Hospital 
(approval #2015bkkf-002; November 2, 2015). Each 
patient signed the informed consent form before per-
forming the CPET and entering the exercise training 
programme.

Grouping and rehabilitation programme
The patients were prescribed exercise after a com-
prehensive discussion between the patient and the 
physician and based on the patient’s condition. The 
participants were grouped into a non-exercise group, an 
exercise at an intensity of 80% AT group (EA group), 
and a Δ50% power above AT group (EB group) as 
shown in Fig.1.

All patients were on managed medicine prescriptions 
for secondary prevention, including renin-angiotensin 
system inhibition, beta-blockers, mineralocorticoid 
receptor antagonists, and other drugs (diuretics, dig-
oxin, etc.) according to their conditions and the 2018 
Chinese Guidelines for the diagnosis and treatment of 
heart failure (19). Lifestyle management, emotional and 
sleep management, and risk factor management were 
also suggested based on the guidelines. Before cardiac 
rehabilitation, the patient’s general state was evaluated, 
including cardiac diseases, co-morbidities, symptoms, 
medications, and risk factors. All patients were provided 
with individualized lifestyle recommendations and self-
management strategies, including stopping smoking, 
avoiding excessive alcohol or fluid intake, alleviating 
psychological stress, and improving sleep quality. In 
addition, all patients received education about the causes 
of CHF, the symptoms, disease course, therapy, and how 
to control the risk factors. The participants in the non-
exercise group received conventional therapy according 
to the 2018 Chinese Guidelines for diagnosing and 
treating heart failure (19), excluding exercises. The 
participants in the EA group and EB group underwent 
therapy plus cycle ergometer exercises.

A precise and individualized exercise intensity 
prescription was tailored according to the grouping 
and quantitative function evaluation by CPET. The 
participants in the EA group exercised at an intensity of 
80% AT, and the participants in the EB group exercised 

Fig. 1. Flow diagram of the study design. Exercise group A (EA group): 
exercised at an intensity of 80% anaerobic threshold (AT); exercise 
group B (EB group): exercised at an intensity of Δ50% power above AT.
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Exercise training in CHF assessed by CPET p. 3 of 7

at an intensity of Δ50% above AT. Δ 50% power 
(W) = [(power at AT – incremental rate × 0.75) + (power 
at peak work – incremental rate × 0.75)] / 2. The parti-
cipants in the EA and EB groups underwent 5 training 
sessions per week for 12 weeks under multiparameter 
monitoring in Beijing rehabilitation hospital. After 5 
min of warm-up, the participants exercised on a cycle 
ergometer (Custo-med, Germany) for 30 min at perma-
nent individual power, followed by 5 min cool-down 
period. At the beginning of the rehabilitation course, 
the participants were allowed to exercise for 5–10 min 
and rest for 3–5 min, according to the individual states, 
until a total of 30 min of exercise (excluding rest) was 
reached. After 5–7 training sessions, the participants 
in the EA and EB groups were able to finish the entire 
exercise training without rest. 

Outcomes and data collection
The primary outcome was peak oxygen uptake (VO2), 
measured by symptom-limited CPET according to the 
continuous increment power programme from Habor-
UCLA Medical Center in Los Angeles, California, 
USA (20, 21) and expressed as a value adjusted to body 
weight (mL/kg/min). All CPET values were reported 
in absolute terms and normalized to the percentage of 
predicted (%pred) (22).

Secondary outcomes included AT, peak O2 pulse, 
peak workload, left ventricular end-diastolic diameter 
(LVEDD) and LVEF using echocardiography, BNP, 
HRQoL score, and 6-min walk test distance (6MWD). 
Both LVEDD and LVEF of all participants were eva-
luated by Doppler echocardiography in the ultrasound 
department. Plasma BNP concentrations were detected 
using a human BNP ELISA kit (Huanzhong Bioengi-
neering Institute, Shijiazhuang, China) according to 
the manufacturer’s instructions. HRQoL was measu-
red using the Minnesota Living with Heart Failure 
(MLWHF) questionnaire. The 6-min walk test was 
conducted in a standardized format, as previously repor-
ted (23). All parameters were evaluated at the baseline 
and the end of the 12-week rehabilitation programme.

Demographic characteristics and other clinical data 
were collected at baseline, including age, sex, body 
mass index (BMI), smoking history, co-morbidities, 
and medication history.

Statistical analysis
SPSS 26.0 (IBM Corp., Armonk, NY, USA) was used 
for statistical analysis. The Kolmogorov-Smirnov test 
was used to test the continuous variables for normal 
distribution. The continuous variables were presented 
as means ± standard deviation (SD). The differences 
among the 3 groups were assessed by 1-way analysis of 
variance (ANOVA) with the Student-Newman-Keuls 

post hoc test. The paired sample t-test was used to 
analyse the differences before and after the interven-
tion. The categorical variables were presented as n (%) 
and analysed using the Fisher exact probability test. 
p-values < 0.05 were considered statistically significant.

RESULTS

Patients’ characteristics
A total of 45 participants with CHF were enrolled, 15 
in each group. The mean age was 66 ± 8 years, and 87% 
were male. All groups were comparable in age, BMI, 
and pre-treatment CPET parameters. The aetiology of 
CHF was ischaemic in 89% of participants (Table I).

Effects of exercise training on CPET parameters 
The participants in the EA group and EB group com-
pleted the 12-week exercise programme safely without 
serious complications. No serious cardiac events oc-
curred during CPET and the exercise programme. The 
participants achieved maximal or near-maximal CPET 
at baseline and after the 12-week training, as reflected 
by the respiratory exchange ratio of >1.15.

Peak VO2, AT, and peak workload in the EA and EB 
groups were significantly improved by the 12-week 
exercise programme. After 12 weeks of exercise, 
AT, peak VO2, and peak workload were higher in 
the EA group compared with the non-exercise group 
(p < 0.001). In the EB group, AT, peak VO2, peak O2 
pulse, and peak workload were higher than in the non-
exercise group (p < 0.001). Notably, peak VO2, peak 
O2 pulse, and peak workload of the participants in the 
EB group were significantly increased by the 12-week 
exercise compared with the EA group (Table II).

Effects of exercise training on echocardiography, 
BNP, 6MWD and HRQoL
After the exercise programme, the LVEF in the EA 
and EB groups was increased compared with base-
line. The plasma BNP levels of the EB group were 
decreased significantly compared with baseline. After 
the 12-week exercise programme, the LVEF of the 
EA group (45.0 ± 9.8) and the LVEF and plasma BNP 
of the EB group (47.4 ± 8.0; 159.9 ± 92.5) were dif-
ferent from those of the non-exercise group (LVEF: 
38.7 ± 4.5; BNP: 293.3 ± 178.2; all p < 0.001), but 
there were no significant differences between the EA 
and EB groups (Table II).

6MWD (EA: 481.4 ± 89.4; EB: 508.9 ± 57.0; non-
exercise: 394.0 ± 74.1) and HRQoL (EA: 16.2 ± 8.6; 
EB: 11.5 ± 6.4; non-exercise: 40.7 ± 12.3) improved 
significantly in the EA and EB groups compared with 
non-exercise group (all p < 0.001), although there 
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were no significant differences between the EA and 
EB groups (Table II).

DISCUSSION

This study reported that exercise training intensity of 
80% AT and Δ50% above AT, as measured by CPET, 
both improved exercise capacity, cardiopulmonary 
function, and HRQoL in patients with CHF, as demon-
strated through peak VO2, peak workload, LVEF, BNP, 
and MLWHF questionnaire, respectively. Exercises at 
an intensity of Δ50% power above AT had better effects 
on exercise capacity than exercise at 80% AT, as shown 
by more obviously improved peak oxygen uptake, peak 
O2 pulse, and peak workload. No serious cardiac event, 
such as malignant arrhythmia, unstable angina, myo-
cardial infarction, syncope, or sudden death occurred 
during the 12-week training programme.

Previous studies have already noted that exercise 
capacity and HRQoL of patients with CHF improve 
after exercising at an intensity level of AT (7, 16, 24–26), 

and this intensity level is recommended by a Chinese 
specialist consensus for Chinese patients with CHF 
(27). Giuliano et al. (25) showed that peripheral 
remodelling through intermittent muscular exercise 
(PRIME) improved the aerobic capacity of patients 
with CHF compared with traditional exercises, as sup-
ported by previous studies (28, 29). A previous study 
by the authors also obtained comparable results after 
12 weeks of exercise at an intensity of Δ50% above 
AT (10, 18). To the best of our knowledge, the current 
study is the first to report that the exercise capacity 
of patients with CHF improves exercise capacity 
parameters more efficiently at an intensity of Δ 50% 
power above AT than at 80% AT, as indicated by peak 
VO2 (mL/min, mL/min/kg), peak O2 pulse (mL/beat), 
and peak workload, suggesting that higher intensity 
exercise training had a better effect on cardiac impro-
vement. The ongoing HE-EI Trial will compare no 
exercise vs high-intensity exercise (70% peak VO2) 
vs moderate-intensity exercise (at the AT intensity) 
in patients with CHF (30). Although it uses different 

Table I. Characteristics of chronic heart failure patients in the non-exercise group, the exercise group A (EA), and exercise group B (EB). 
EA exercised at an intensity of 80% anaerobic threshold (AT) and EB exercised at an intensity of Δ 50% power above AT

Non-exercise group
(n = 15)

EA group
(n = 15)

EB group
(n = 15) p-value

Age, years, mean ± SD 67.2  ±  7.7 66.5 ± 7.2 65.1 ± 8.1 0.742
Sex: male, n (%) 12 (80) 13 (87) 14 (93) 0.562
BMI, kg/m2, mean ± SD 25.2 ± 3.9 25.5 ± 3.8 25.7 ± 2.3 0.916
Smoking history, n (%) 9 (60) 8 (53) 10 (67) 0.757
Ischaemic cardiac disease, n (%) 13 (87) 13 (87) 14 (93) 0.799
Hypertension, n (%) 8 (53) 9 (60) 10 (67) 0.757
Diabetes, n (%) 5 (33) 5 (33) 4 (27) 0.987
Hyperlipidaemia, n (%) 11 (73) 10 (67) 9 (60) 0.741
ACEI/ARB, n (%) 12 (80) 14 (93) 13 (87) 0.598
Beta-blocker, n (%) 11 (73) 13 (87) 12 (80) 0.908
Diuretic, n (%) 8 (53) 6 (40) 9 (60) 0.741
Digoxin, n (%) 3 (20) 1 (7) 1 (7) 0.859
Resting HR, beats/min, mean ± SD 73.0 ± 10.4 73.6 ± 12.1 76.6 ± 11.4 0.729
Peak HR, beats/min, mean ± SD 120.4 ± 23.1 119.0 ± 32.3 125.3 ± 26.3 0.804
Resting SBP, mmHg, mean ± SD 112.8 ± 18.3 113.9 ± 20.2 116.0 ± 11.8 0.875
Peak SBP, mmHg, mean ± SD 158.6 ± 29.8 162.0 ± 25.2 165.9 ± 23.1 0.747
Resting DBP, mmHg, mean ± SD 66.9 ± 7.5 67.9 ± 6.2 69.7 ± 6.2 0.497
Peak DBP, mmHg, mean ± SD 76.3 ± 9.5 75.7 ± 7.9 78.4 ± 11.6 0.725
AT
 mL/min, mean ± SD 634.5 ± 149.1 666.6 ± 147.4 721.6 ± 181.8 0.332
 mL/min/kg, mean ± SD 9.6 ± 1.8 9.8 ± 1.7 9.8 ± 1.9 0.905
 % predicted, mean ± SD 61.3 ± 17.6 66.0 ± 18.2 62.8 ± 17.3 0.763
Peak VO2

 mL/min, mean ± SD 918.5 ± 277.7 991.1 ± 265.0 1026.3 ± 262.3 0.538
 mL/min/kg, mean ± SD 13.6 ± 2.8 14.4 ± 3.6 14.0 ± 2.5 0.765
 % predicted, mean ± SD 59.3 ± 18.4 64.1 ± 18.5 60.3 ± 19.0 0.761
Peak O2 pulse
 mL/beat, mean ± SD 8.5 ± 2.4 9.0 ± 2.0 9.2 ± 2.4 0.675
 % predicted, mean ± SD 79.3 ± 31.0 85.7 ± 19.0 80.9 ± 18.9 0.748
Peak workload
 W, mean ± SD 78.3 ± 22.1 81.7 ± 20.1 81.1 ± 19.6 0.892
 % predicted, mean ± SD 73.1 ± 19.5 77.1 ± 21.1 76.9 ± 17.8 0.816
LVEF, %, mean ± SD 38.3 ± 4.8 38.7 ± 5.5 39.1 ± 5.7 0.932
LVEDD, mm, mean ± SD 58.7 ± 5.9 59.5 ± 5.6 58.9 ± 5.7 0.924
BNP, pg/ml, mean ± SD 309.1 ± 216.8 318.1 ± 263.2 317.4 ± 236.8 0.993
6MWD, m, mean ± SD 383.3 ± 62.8 376.6 ± 92.6 393.1 ± 55.8 0.822
HRQoL, mean ± SD 38.7 ± 11.6 39.7 ± 10.0 42.3 ± 9.3 0.621

BMI: body mass index; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers; CPET: cardiopulmonary exercise testing; BNP: 
B-type natriuretic peptide; 6MWD: 6-min walk test distance; HRQoL: health-related quality of life, CHF: chronic heart failure; HR: heart rate; SBP: systolic 
blood pressure; DBP: diastolic blood pressure; LVEF: left ventricular ejection fraction; LVEDD: left ventricular end-diastolic diameter.
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Exercise training in CHF assessed by CPET p. 5 of 7

exercise intensities than in the current study, it will 
provide additional insights about the optimal exercise 
intensity in patients with CHF.

In addition, this study showed that plasma BNP 
levels decreased and peak SBP increased significantly 
in the EB group, but plasma BNP levels and peak SBP 
showed no obvious changes in the EA group after 
12-week exercise, indicating that cardiac function was 
markedly improved only by exercise at an intensity 
of Δ50% power above AT. The precise mechanism by 
which exercise-based rehabilitation programme bene-
fits patients with CHF is not completely understood, 
but it was reported previously that exercise training 
improves myocardial perfusion by alleviating endothe-
lial dysfunction and dilating coronary vessels (31, 32), 
attenuates ventricular remodelling (33), and improves 
myocardial contractility and diastolic filling (31, 34). In 
addition, exercise training can improve skeletal muscle 
O2 transport and utilization (35), modify autonomic 
nervous system function (36), and attenuate the pro-
duction of pro-inflammatory cytokines and natriuretic 
peptides (37, 38).

Core elements of an exercise programme include fre-
quency, intensity, duration, and type, of which exercise 
intensity is the most important part. Despite that, there 
are controversies in exercise intensity evaluation and 

prescription formulations (13–15). Moreover, some 
evaluation methods have their limitations in CHF. 
Specifically, the HR index model, used to evaluate 
exercise intensity in traditional medicine, is limited 
due to the influence of beta-blockers (39, 40). The 
rating of perceived exertion (RPE) has also been used 
as an indicator of exercise intensity; however, it is not 
quantitative and is easily affected by subjective factors. 
Thus, symptom-limited CPET can be used to evaluate 
exercise capacity objectively and quantitatively and 
was the most suitable for the present study. Among 
many variables from CPET, peak VO2, which increase 
is related to better clinical outcomes, is one of the most 
sensitive independent prognostic factors in patients with 
CHF (41–43), as was confirmed by the current study. 

The current study also showed that LVEF and 6MWD 
of patients with CHF increased, and the HRQoL sco-
res of patients with CHF were decreased significantly 
in the EA and EB groups after the 12-week exercise 
intervention, but were not significantly different bet-
ween the EA and EB groups after exercise training, 
indicating that the assessment methods, such as echo-
cardiography and 6-min walk test, are not sensitive in 
evaluating exercise capacity of trained patients with 
CHF compared with peak VO2. Thus, the current 
study supports the statement that CPET parameters, 

Table II. Changes in cardiopulmonary exercise testing, plasma B-type natriuretic peptide (BNP), echocardiogram, 6-min walk test 
distance (6MWD), and health-related quality of life (HRQoL) score among the non-exercise group, exercise group A (EA group) and 
exercise group B (EB group) after 12 weeks. EA exercised at an intensity of 80% anaerobic threshold (AT); EB exercised at an intensity 
of Δ 50% power above AT

Parameters
Non-exercise group 

(n = 15) EA group (n = 15) EB group (n = 15) p-value

Resting HR, beats/min, mean ± SD 71.9 ± 14.3 74.5 ± 12.4 74.0 ± 12.7 0.847
Peak HR, beats/min, mean ± SD 113.7 ± 21.9 121.1 ± 20.8 128.2 ± 20.2 0.189
Resting SBP, mmHg, mean ± SD 117.7 ± 19.2 107.9 ± 12.8 119.2 ± 15.0 0.125
Peak SBP, mmHg, mean ± SD 151.8 ± 31.1 155.7 ± 25.0 173.7 ± 16.0# 0.051
Resting DBP, mmHg, mean ± SD 65.9 ± 8.6 66.3 ± 9.7 70.7 ± 5.8 0.225
Peak DBP, mmHg, mean ± SD 74.3 ± 8.1 74.5 ± 14.6 77.7 ± 5.2 0.617
AT
 mL/min, mean ± SD 693.7 ± 159.6 901.5 ± 237.8* 1032.2 ± 285.4# 0.001
 mL/min/kg, mean ± SD 9.8 ± 2.1 12.1 ± 2.3* 13.8 ± 3.7# 0.001
 % predicted, mean ± SD 64.4 ± 17.2 72.1 ± 14.7 82.7 ± 14.0# 0.009
Peak VO2

 mL/min, mean ± SD 895.5 ± 200.6 1219.6 ± 362.5* 1561.2 ± 437.3#† < 0.001
 mL/min/kg, mean ± SD 13.1 ± 2.4 16.8 ± 3.2* 20.3 ± 4.1#† < 0.001
 % predicted, mean ± SD 58.6 ± 16.4 70.4 ± 15.8* 80.2 ± 13.9# 0.002
Peak O2 pulse
 mL/beat, mean ± SD 8.9 ± 2.2 10.1 ± 2.1 12.5 ± 2.3#† < 0.001
 % predicted, mean ± SD 87.7 ± 28.7 89.9 ± 17.1 99.3 ± 12.0 0.286
Peak workload
 W, mean ± SD 76.6 ± 22.3 102.8 ± 29.5* 123.1 ± 26.9#† < 0.001
 % predicted, mean ± SD 72.3 ± 20.1 94.6 ± 26.6* 92.4 ± 23.9# 0.025
LVEF, %, mean ± SD 38.7 ± 4.5 45.0 ± 9.8* 47.4 ± 8.0# 0.011
LVEDD, mm, mean ± SD 58.0 ± 5.9 57.5 ± 5.3 56.8 ± 5.8 0.844
BNP, pg/ml, mean ± SD 293.3 ± 178.2 231.4 ± 222.7 159.9 ± 92.5# 0.120
6MWD, m, mean ± SD 394.0 ± 74.1 481.4 ± 89.4* 508.9 ± 57.0# < 0.001
HRQoL, mean ± SD 40.7 ± 12.3 16.2 ± 8.6* 11.5 ± 6.4# < 0.001

CHF: chronic heart failure; HR: heart rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; LVEF: left ventricular ejection fraction; LVEDD: left 
ventricular end-diastolic diameter. P: analysis of variance (ANOVA) test among 3 groups after 12 weeks. the multiple comparisons among 3 groups were 
assessed by ANOVA with the Student-Newman-Keuls post hoc test
*Compared with non-exercise group, p < 0.05.
#Compared with non-exercise group, p < 0.05.
†Compared with EA group, p < 0.05.
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especially peak VO2, are recommended to evaluate 
exercise training efficiency in patients with CHF.

This study has some limitations. It was a single-
centre study with a small sample size and a lower ratio 
of female distribution (13%). Only the patients with 
CHF who were able to complete the 12-week exercise 
training programme were included. In addition, many 
patients treated in our rehabilitation centre less than 
1 month after the last cardiovascular acute event were 
excluded, leading to a selection bias.

In conclusion, in stable patients with CHF and 
NYHA Class II–III, an exercise-based cardiac reha-
bilitation programme resulted in clinically important 
improvements in exercise capacity, cardiopulmonary 
function, and HRQoL. Compared with exercise train-
ing at an intensity of 80% AT, an intensity of Δ50% 
power above AT was safe and had better effects on 
cardiac function and exercise capacity.
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