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Abstract 

Introduction: Cardiac rehabilitation stands out as the main recommendation for patients with 
heart failure. Lack of adherence, attributed to a lack of self-care, education, and follow-up, neg-
atively impacts the disease. Telerehabilitation is presented as a valuable tool to achieve im-
provements similar to those of cardiac rehabilitation in functional aerobic capacity, depres-
sion/anxiety and quality of life. The primary objective is to determine the effects of a physical 
exercise program and Telephone educational follow-up mediated by Cardiac Telerehabilitation 
(TCTR) in patients with heart failure on functional aerobic capacity compared with Cardiac Tel-
erehabilitation (CTR) and Conventional outpatient Cardiac Rehabilitation (CCR).  
Method: Three-arm randomized controlled clinical trial (TCTR, CTR, CCR) following the CON-
SORT recommendations for clinical trials. Evaluating functional aerobic capacity, clinical vari-
ables, anxiety/depression and health-related quality of life. 
Results: The functional aerobic capacity in all groups presented a statistically significant im-
provement in the distance traveled in the 6MWT p-value <0.05 at the beginning and end of the 
intervention, presenting a mean difference of 73.36±2.56, being greater than in the CTR and 
CCR groups. 
Conclusions: More favorable improvements are evident with the implementation of cardiac tel-
erehabilitation, education and telephone follow-up in functional aerobic capacity. 
Clinical trial: ClinicalTrials.gov (NCT05761639).  
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Resumen 

Introducción: La rehabilitación cardíaca se destaca como la principal recomendación para pa-
cientes con insuficiencia cardíaca. La falta de adherencia, atribuida a la falta de autocuidado, 
educación y seguimiento, impacta negativamente la enfermedad. La telerehabilitación se pre-
senta como una herramienta valiosa para lograr mejoras similares a las de la rehabilitación 
cardíaca en la capacidad aeróbica funcional, la depresión/ansiedad y la calidad de vida. El ob-
jetivo principal es determinar los efectos de un programa de ejercicio físico y Seguimiento edu-
cativo telefónico, mediado por Telerehabilitación Cardíaca (STRC), en pacientes con insuficien-
cia cardíaca sobre la capacidad aeróbica funcional, en comparación con la Telerehabilitación 
Cardíaca (TRC) y la Rehabilitación Cardíaca ambulatoria Convencional (RCC). 
Método: Ensayo clínico controlado aleatorizado de tres brazos (RCC, TRC, STRC) siguiendo las 
recomendaciones CONSORT para ensayos clínicos. Se evaluaron la capacidad aeróbica funcio-
nal, variables clínicas, ansiedad/depresión y calidad de vida relacionada con la salud. 
Resultados: La capacidad aeróbica funcional en todos los grupos presentó una mejora estadís-
ticamente significativa en la distancia recorrida en la prueba de marcha de 6 minutos (p < 0,05) 
al inicio y al final de la intervención, con una diferencia media de 73,36 ± 2,56, superior a la 
observada en los grupos TRC y RCC. 
Conclusiones: Se observan mejoras más favorables con la implementación de la telerehabilita-
ción cardíaca, la educación y el seguimiento telefónico en la capacidad aeróbica funcional. 
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Introduction 

Heart failure (HF) represents the final stage of several heart diseases and is considered a public health 
problem, occurring in people between 75 and 80 years of age; in Latin America, the prevalence is 1% 
(Ciapponi et al., 2016). Therefore, frequent hospitalisations, deterioration in quality of life and morbid-
ity and mortality are associated with the decompensations inherent to this disease(de la Espriella et al., 
2022; Sicras-Mainar et al., 2022).  

HF represents enormous resources in the health system, being the first cause of hospitalisation in people 
over 65 years of age, representing 3% of hospital admissions and 2.5% of health care; in 2010, 3% of 
men and 10% of women died from this disease(Sayago-Silva et al., 2013; Sicras-Mainar et al., 2022). 

For the treatment of HF, Cardiac Rehabilitation (CR) has Type I level A evidence, where patients improve 
exercise tolerance, quality of life, functional capacity, survival and reduce hospitalisations(Heidenreich 
et al., 2022; McDonagh et al., 2021).  

Poor patient adherence to treatment contributes to patient decompensations and hospitalisations at-
tributed to poor health literacy, the presence of depressive symptoms, cognitive deficits and the pres-
ence of multiple comorbidities(Betancourt-Peña et al., 2024; Tinoco et al., 2021; van Leunen et al., 2023). 
Thus, lack of knowledge is related to reduced adoption of self-care behaviours, reduced quality of life 
and poor adherence to treatment(van Leunen et al., 2023).  

However, closely following up patients on their treatment and lifestyle habits reduces the likelihood of 
treatment abandonment; the implementation of technologies such as telephone calls, considered acces-
sible and easy-to-use means of communication, as a means to maintain quality of care, facilitate rapid 
access to care, can reduce patient travel costs and minimise the frequency of clinic visits(Dalli-Peydró 
et al., 2024; McDonagh et al., 2021; Pitta et al., 2022). 

The implementation of cardiac telerehabilitation allows for greater coverage of the population, and has 
similar benefits to CR in terms of quality of life, exercise tolerance and cholesterol reduction; in addition 
to this, it is well tolerated, safe, effective and has high compliance rates among HF patients(Piotrowicz 
et al., 2010; Thamman & Janardhanan, 2020), which clearly favours implementation in contexts where 
rehabilitation centres are scarce(Pitta et al., 2022; Thamman & Janardhanan, 2020). 

The primary objective is to determine the effects of a physical exercise programme and telephone edu-
cational follow-up mediated by cardiac telerehabilitation in patients with heart failure on functional 
aerobic capacity compared with cardiac telerehabilitation and conventional outpatient cardiac rehabil-
itation. 

The secondary objectives are to determine the effects of a physical exercise programme and telephone 
educational follow-up mediated by cardiac telerehabilitation in patients with heart failure on clinical 
variables, anxiety/depression and health-related quality of life compared to cardiac telerehabilitation 
and conventional outpatient cardiac rehabilitation.  

A comparison of these methods is necessary due to the expanding usage of telerehabilitation in cardiac 
care and the possible supplementing effect of educational techniques. The comparative evidence gap 
between regular outpatient care and telerehabilitation with and without educational support is ad-
dressed in this study. 

 

Method 

Study design  

This is a three-arm prospective randomised controlled clinical trial type study, blinded to the assessors, 
investigators and outcome analysts. For its design, the recommendations for clinical trials from the CON-
SORT list and for non-pharmacological interventions were followed (Boutron et al., 2008) in turn, was 
registered at ClinicalTrials.gov (NCT05761639).  
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The ethical principles of the Helsinki declaration and resolution 008430 of 1993 of the Colombian Min-
istry of Health and Social Protection were adopted. The protocol received approval from the ethics com-
mittee act 17115. Prior to recruitment, participants were provided with detailed information about the 
study, followed by obtaining signature of informed consent. All measurements were performed in a 
clinic in the city of Cali, Colombia, where patients were assessed at baseline and at the end of the inter-
vention. 

Participants 

The target population of the study was represented by patients diagnosed with HF who were admitted 
to a cardiac rehabilitation programme in the city of Santiago de Cali, Colombia.  

Inclusion criteria were established as patients of both sexes, aged between 18 and 80 years, diagnosed 
with HF by a specialist in Cardiology, adopting the recommendations of the European Society of Cardi-
ology (ESC)(McDonagh et al., 2021) with indications for exercise. In addition, the participants had to 
have electronic technological equipment such as a computer, tablet or mobile phone. On the other hand, 
as exclusion criteria, the following were taken into account: patients with respiratory comorbidity or 
who presented some limitation to perform active and resistive movements (recent fractures, recent hae-
modynamic alterations, coronary heart disease after the diagnosis of cardiovascular disease, infectious 
diseases and neuromuscular limitations). 

Sample 

Since the main result was intended to compare quantitative variables, the mean and standard deviation 
were taken into account as a measure of variation in the distance covered in metres in the 6-minute 
walk test (6MWT)(Kikuchi et al., 2021). The total distance in the Conventional Outpatient Cardiac Re-
habilitation (CCR) group was 378.5 (SD 96.9) and in the Cardiac telerehabilitation (CTR) group 432 (SD 
83). Random sampling was performed estimating 95% confidence, Error α: 5% (0.05), Error β: 20% 
(0.20), Power: 1-β: 80%, K: 7.9 (value taken from the table K(Zα+Zβ)2), additionally increased by 12% 
for possible problems in the measurements or dropout of study participants, so that an n=52 per inter-
vention group was established for a total of 156 HF patients. 

Randomisation 

The allocation of the intervention was carried out in a block randomised manner using the sealed enve-
lope method, which were previously prepared by the researchers. After the patients had finished with 
the specialist doctor, a person not involved in the research asked the patient to choose one of the enve-
lopes. Subsequently, the intervention process was scheduled. 

Unblinding only occurred in case the patient dropped out or failed to comply with his rehabilitation 
sessions and continued with his conventional rehabilitation sessions in case he had been assigned to 
telerehabilitation. Consequently, a place was released in the intervention group to which the patient 
belonged. 

Intervention 

Before starting the rehabilitation or telerehabilitation programme, the patients were summoned in per-
son at the clinic for the evaluation of anthropometric data (height, weight, percentage of fat, water, mus-
cle mass and abdominal perimeter), laboratory tests (total cholesterol, HDL, LDL, Triglycerides, Func-
tional aerobic capacity (6MWT and 1-minute sit to stand test), depression and anxiety questionnaire 
(HADS, Patient health questionnaire 9 PHQ-9), functional capacity (Duke Activity Status Index (DASI)) 
and health-related quality of life (HRQoL) Minnesota Living with Heart Failure Questionnaire 
(MLHFQ)(Tinoco et al., 2021). These data were collected again at the end of the 12-week intervention 
programme. 

A detailed description of each of the interventions performed in this study, the allocation of the inter-
vention according to experimental group and the exercise prescription for each group is described be-
low. 

Experimental groups 
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 CCR: The programme was carried out face-to-face at the clinic's cardiac rehabilitation centre. This 
programme included exercise sessions supervised by a physiotherapist specialised in the cardiovas-
cular pulmonary area. The duration of each session was 60 minutes, with sessions three times a 
week for 12 weeks. 

 CTR: The programme was carried out by means of synchronous technological assistance through 
the ‘Google Meet’ platform, where the person exercised at home using a computer, tablet or mobile 
phone. This programme included exercise sessions supervised by a physiotherapist specialised in 
the cardiovascular pulmonary area. The duration of each session was 60 minutes, with sessions tak-
ing place three times a week for 12 weeks. 

 For the Telephone-monitored Cardiac Rehabilitation and Telerehabilitation (TCTR) group, tele-
phone calls were made three times a week, on days other than those assigned for the telerehabilita-
tion sessions, in order to monitor the activities and exercises to be performed at home and to collect 
information. In the calls, details were obtained on heart rate, perception of exertion in the activities 
and a recommendation was made to rest at least once a week. 

 Education: Conducted once a week by medical specialists, the education session lasted 30 minutes 
for each patient and could be conducted in group or individual sessions. Topics covered included: 
knowledge of the disease, identification of warning signs, anxiety management, use of medications, 
home exercises, application of relaxation techniques, guidelines for proper nutrition, sexuality is-
sues. These sessions were conducted virtually for the TCTR and CTR groups, and in person for the 
CCR group. 

 Exercise prescription, monitoring and rate; Telerehabilitation patients were provided with a heart 
rate monitor (POLAR FT4) and a blood pressure monitor (OMRON). These devices allowed them to 
accurately monitor their heart rate and blood pressure. In addition, they were instructed on the use 
of the BORG scale to assess their perception of exertion before, during and after each session. For 
conventional rehabilitation patients, these data were collected with the instruments available in the 
clinic. 

As for the exercise prescription, it consisted of three main phases. The warm-up phase involved changes 
of position and self-loading. The central phase was divided into strengthening at 50% of the Maximum 
Repetition (RM) and aerobic exercise where work was performed at 50% to 70% of the FCMax or at a 
perceived exertion between 11-13/20 on the BORG scale. Finally, the cool-down phase was carried out 
by working below 50% of the FCMax or below 11/20 on the BORG scale. Over the weeks, the exercise 
intensity was progressed according to the patient's prescription and tolerance.  

No adverse events occurred during the telerehabilitation intervention. Constant monitoring of their he-
modynamic stability was performed, and in the event of any complications, immediate attention from 
the attending physician was guaranteed. 

These advances were based on previously established ranges, which are also detailed in figure 1.  
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Figure 1. Distribution of experimental groups, monitoring, frequency and prescription of exercise. 

 

 

Measuring results 

Functional aerobic capacity was assessed as the main outcome of the study: the distance covered in the 
6MWT was taken into account(Demers et al., 2001) The test was conducted in a 30-meter-long corridor 
with two cones at each end to delimit the distance to be covered. Each patient was encouraged to walk 
as quickly as possible, and the remaining time was indicated for each minute elapsed. Two tests were 
performed, and the test with the greatest distance traveled was recorded, with peripheral oxygen satu-
ration (SpO2), heart rate, and blood pressure measured with a blood pressure monitor and aneroid 
sphygmomanometer (WelchAllyn® DS44-11CBT). Repetitions were also taken in the 1 minute Sit to 
Stand with the patient sitting from an upright position in a chair against a standard 46 cm high wall 
without armrests and should stop and sit down as quickly as possible for 1 minute(Kato et al., 2022) 
Additionally, the Duke Activity Status Index (DASI) was used to evaluate functional capacity(Lugo-
Agudelo et al., 2018). 

As secondary measures, clinical variables were taken through the initial measurements on entry to the 
CR programme, structured interview and the patients' medical history in which risk factors, symptoms, 
anthropometry (body mass index, abdominal circumference, fat percentage, water percentage, lean 
mass), left ventricular ejection fraction (LVEF), total cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL) and triglycerides were taken into account. 

Anxiety and depression were measured with the Hospital Anxiety and Depression Scale (HADS), the 
scale score is between 0 and 21 points, it is classified on a Likert scale ranging from 0 to 3, the higher 
the score, the greater the intensity or severity of the symptoms(Yamamoto-Furusho et al., 2018); the 
Patient health questionnaire 9 (PHQ-9), which considers nine symptoms of depression according to the 
DSM-IV criteria, was also used.(Cassiani-Miranda et al., 2021). 

Health-related quality of life: HRQoL was conducted with the Minnesota Living with Heart Failure Ques-
tionnaire (MLHFQ), an instrument used to assess the quality of life of HF patients, providing information 
for two dimensions, physical and emotional, in addition to the total score(Lugo-Agudelo et al., 2018). 

Independent variables such as age, sex, marital status, health regime, occupation, level of schooling and 
socio-economic stratum were taken into account. 

Statistical analysis 

The collected data were entered into a Microsoft Office Excel 2010 database and subsequently exported 
to Stata version 16 (StataCorp, College Station, TX, USA) for statistical analysis. The distribution of con-
tinuous variables was assessed using the Kolmogorov–Smirnov test. Continuous variables with an ap-
proximately normal distribution were summarized using means and standard deviations. Within-group 
comparisons between pre- and post-intervention measurements were performed using paired-samples 
t-tests. Between-group comparisons among the three intervention groups were conducted at baseline 
and after the intervention. Homogeneity of variances was assessed prior to between-group compari-
sons. When the assumption of homogeneity of variances was met, a one-way analysis of variance 
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(ANOVA) was performed, followed by Tukey–Kramer post hoc comparisons when appropriate to ac-
count for unequal group sizes. When homogeneity of variances was violated, Welch's ANOVA was used, 
followed by Dunnett's T3 post hoc test for pairwise comparisons. Statistical significance was set at α = 
0.05, and 95% confidence intervals were reported. 

 

Results 

Eligibility for the trial was assessed in 180 patients referred for CR during a 9-month period (April to 
December 2024). Fifteen patients were excluded because they had previously undergone CR and an-
other nine patients had symptoms of HF decompensation at admission and were referred by the emer-
gency department for follow-up. A total of 156 patients were enrolled in the trial and randomly assigned 
to the TCTR, CTR and CCR groups. There was a dropout rate of 5 patients (3.2%); 2 patients could not 
be transported to the clinic and 1 patient had decompensation requiring hospital management for the 
CCR group; for the TCTR and CTR groups there were 2 dropouts each related to difficulties connecting 
via internet from home. At the end of the intervention, the TCTR group had 51 patients, the CTR group 
had 51 patients and the CCR group had 49 patients (Figure 2). 

 

Figure 2. Flowchart of the recruitment, assignment, monitoring and analysis process. 

 

 

Primary results 

At baseline, sociodemographic variables such as age, sex, marital status, level of education and socioec-
onomic status did not show statistically significant differences p-value=≥0.05. Other clinical variables 
such as risk factors, symptoms, LVEF and NYHA also showed no differences between patients (Table 1). 

 
 
Table 1. Sociodemographic and clinical variables of the patients 

Variables Total n= 151 TCTR n=51 CTR n=51 CCR n=49 P-Value 
Age* 
Sex 

Male 
Female 

Marital Status 
Stable Union 

No Stable Union 
Education Level 

None 
Incomplete Primary 
Complete Primary 

Incomplete Secondary 
Complete Secondary 

61.91 ± 12.86 
 

101 (66.9%) 
50 (33.1%) 

 
92 (60.9%) 
52 (39.1%) 

 
4 (2.6%) 
5 (3.3%) 

16 (10.6%) 
11 (7.3%) 

50 (33.1%) 

61.25 ± 12.31 
 

34 (66.7%) 
17 (33.3%) 

 
27 (52.9%) 
24 (47.1%) 

 
1 (2.0%) 
3 (5.9%) 
4 (7.8%) 
2 (3.9%) 

21 (41.2%) 

62.51 ± 13.23 
 

35 (68.6%) 
16 (31.4%) 

 
34 (66.7%) 
17 (33.3%) 

 
2 (3.9%) 
1 (2.0%) 

6 (11.8%) 
4 (7.8%) 

16 (31.4%) 

61.98 ± 13.26 
 

32 (65.3%) 
17 (34.7%) 

 
31 (63.3%) 
18 (36.7%) 

 
1 (2.0%) 
1 (2.0%) 

6 (12.2%) 
5 (10.2%) 

13 (26.5%) 

0.886 
0.939 

 
 

0.335 
 
 

0.928 
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Higher Education 
Socioeconomic Stratum 

Low 
Medium 

High 
Risk Factor 

Dyslipidemia 
Hypertension 

Diabetes 
Hypothyroidism 
Postmenopause 
Current Smoker 

Ex-smoker 
Family History 

Sedentary Lifestyle 
Symptoms 
Chest Pain 

Syncope 
Dyspnea 

Lower Limb Fatigue 
Palpitations 

Lower Limb Edema 
Claudication 

LVEF (%) 
HFpEF 

HFmrEF 
HFrEF 
NYHA 

II 
III 

65 (43.1%) 
 

43 (28.5%) 
84 (55.6%) 
24 (15.9%) 

 

81 (53.6%) 
93 (61.6%) 
48 (31.8%) 
23 (15.2%) 
41 (27.2%) 

3 (2.0%) 
63 (41.7%) 
90 (59.6%) 

140 (92.7%) 
 

47 (31.1%) 
5 (3.3%) 

88 (58.3%) 
96 (63.6%) 
57 (37.7%) 
37 (24.5%) 

9 (6.0%) 
 

57 (37.7%) 
55 (36.4%) 
39 (25.8%) 

 
112 (74.2%) 
39 (25.8%) 

20 (39.2%) 
 

14 (27.5%) 
32 (62.7%) 

5 (9.8%) 
 

33 (64.7%) 
36 (70.6%) 
14 (27.5%) 
10 (19.6%) 
15 (29.4%) 

2 (3.9%) 
19 (37.3%) 
32 (62.7%) 
44 (86.3%) 

 
21 (41.2%) 

1 (2.0%) 
33 (64.7%) 
33 (64.7%) 
24 (47.1%) 
12 (23.5%) 

4 (7.8%) 
 

19 (37.3%) 
16 (31.4%) 
16 (31.4%) 

 
36 (70.6%) 
15 (29.4%) 

22 (43.1%) 
 

20 (39.2%) 
23 (45.1%) 
8 (15.7%) 

 
23 (45.1%) 
26 (51.0%) 
15 (29.4%) 
8 (15.7%) 

14 (27.5%) 
1 (2.0%) 

19 (37.3%) 
31 (60.8%) 
49 (96.1%) 

 
10 (19.6%) 

1 (2.0%) 
27 (52.9%) 
34 (66.7%) 
16 (31.4%) 
11 (21.6%) 

2 (3.9%) 
 

19 (37.3%) 
21 (41.2%) 
11 (21.6%) 

 
38 (74.5%) 
13 (25.5%) 

23 (47.1%) 
 

9 (18.4%) 
29 (59.2%) 
11 (22.4%) 

 
25 (51.0%) 
31 (63.3%) 
19 (38.8%) 
5 (10.2%) 

12 (24.5%) 
0 (0%) 

25 (51.0%) 
27 (55.1%) 
47 (95.9%) 

 
16 (32.7%) 

3 (6.1%) 
28 (57.1%) 
29 (59.2%) 
17 (34.7%) 
14 (28.6%) 

3 (6.1%) 
 

19 (38.8%) 
18 (36.7%) 
12 (24.5%) 

 
38 (78.4%) 
11 (21.6%) 

 
0.093 

 
 
 
 

0.126 
0.121 
0.432 
0.422 
0.857 
0.373 
0.275 
0.722 
0.094 

 
0.060 
0.408 
0.475 
0.724 
0.228 
0.704 
0.696 

 
0.792 

 
 
 

0.560 
 

*Values are expressed as means and standard deviation. 
LVEF: left ventricular ejection fraction; NYHA: New York Heart Association. 

 

In functional aerobic capacity it was evident that all groups presented statistically significant improve-
ments in the distance covered in the 6MWT p-value<0.05 at the beginning and end of the intervention, 
with the TCTR group presenting the greatest mean differences of -73.36±2.56, followed by the CTR 
group -63.53±1.32 and CCR -58.53±2.17. Similarly, the results of VO2e 6MWT (ml/kg/min) and METs 
6MWT are presented with statistically significant changes p-value<0.05 (Table 2). 

 

Table 2. Changes in the functional aerobic capacity of patients 

VARIABL
ES 

TCTR n=51 CTR n=51 CCR n=49 

Basal Final 

Differen
ce of 

means ± 
EE 

P-Value Basal Final 

Differen
ce of 

means ± 
EE 

P-Value Basal Final 

Differe
nce of 
means 

± EE 

P-
Value  

Distance 
6MWT 

(m) 

254.29±48
.25 

327.65±48
.69 

-
73.36±2.

56 
0.001 

258.8
1±55.

0 

322.33±52
.26 

-
63.53±1.

32 
0.001 

278.55
±59.21 

337.08±54
.23 

-
58.53±

2.17 
0.001  

VO2e 
6MWT 

(ml/kg/m
in) 

7.74±0.80 9.42±1.58 
-

1.68±0.1
8 

0.001 
7.81±
0.92 

8.87±0.87 
-

1.06±0.0
2 

0.001 
8.15±0.

98 
9.12±0.90 

-
0.97±0

.04 
0.001  

METs 
6MWT 

2.21±0.23 2.69±0.45 
-

0.48±0.0
5 

0.001 
2.23±
0.26 

2.53±0.25 
-

0.30±0.0
1 

0.001 
2.33±0.

26 
2.60±0.25 

-
0.28±0

.01 
0.001  

Sit to 
Stand 

(Repetitio
ns)a,b 

17.90±3.9
8 

25.76±5.7
1 

-
7.86±0.6

5 
0.001 

18.59
±5.02 

29.80±7.1
0 

-
11.22±0.

61 
0.001 

17.86±
4.79 

29.43±5.7
6 

-
11.57±

0.66 
0.001  

DASI 
Total 

32.43±16.
48 

44.52±11.
54 

-
12.09±1.

8 
0.001 

30.30
±17.1

0 

43.70±10.
47 

-
13.40±1.

7 
0.001 

25.04±
14.27 

40.08±10.
97 

-
15.04±

1.8 
0.001  

DASI VO2 
Max 

23.55±7.0
9 

28.73±4.9
7 

-
5.19±0.7

7 
0.001 

22.63
±7.35 

28.38±4.5
1 

-
5.75±0.7

3 
0.001 

20.35±
6.14 

26.82±4.7
1 

-
6.47±0

.77 
0.001  
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DASI 
METs 

6.73±2.02 8.22±1.43 
-

1.49±0.2
2 

0.001 
6.46±

2.1 
8.12±1.3 

-
1.65±0.2

1 
0.001 

5.82±1.
76 

7.67±1.35 
-

1.85±0
.22 

0.001  

Final post hoc tests - statistically significant differences p<0.05 of group: a - TCTR with respect to CTR group (p=0.006), b - TCTR with respect 
to CCR group (p=0.006). 

VO2e 6MWT: Estimated oxygen consumption in the 6-minute walk test; DASI: Duke Activity Status Index. 

 

The TCTR experimental group showed further significant improvements in the Sit to Stand 1 minute 
repetitions, DASI total, DASI VO2 Max and DASI METs values with a mean difference at the end of the 
intervention of 7.86±0.65, 12.09±1.8, 5.19±0.77 and 1.49±0.22 respectively p-value<0.05. The CTR 
group significantly improved in the 1 minute Sit to Stand repetitions, DASI total, DASI VO2 Max and DASI 
METs values with a mean difference at the end of the intervention of 11.22±0.61, 13.40±1.7, 5.75±0.73 
and 1.65±0.21 respectively p-value<0.05. The CCR group presented a significant improvement in the 
repetitions of the Sit to Stand 1 minute, values of the total DASI questionnaire, DASI VO2 Max and DASI 
METs with a mean difference at the end of the intervention of 11.57±0.66, 15.04±1.8, 6.47±0.77 and 
1.85±0.22 respectively value-p-value<0.05. Finally, in the 1 minute Sit to Stand repetitions in the intra-
group comparison, significant differences were found at the beginning of the intervention between the 
TCTR vs CTR group and TCTR and CCR (Table 2). 

Resu Secondary sides  

As for the secondary variables, the TCTR experimental group showed no significant differences at the 
end of the intervention in the variables weight, BMI, water percentage and Triglycerides p-value=≥0.05. 
In the variables LVEF, abdominal perimeter, fat percentage, muscle mass, total cholesterol, HDL, LDL, 
HADS anxiety, HADS depression, PHQ-9, MLHFQ Physical, MLHFQ Emotional and MLHFQ Total there 
were significant changes at the end of the intervention p-value<0.05 (Table 3).  

 

Table 3. Changes in clinical variables, anxiety, depression and quality of life of patients. 

VARIABLES 

TCTR n=51 CTR n=51 CCR n=49 

Basal Final 

Differen
ce of 

means ± 
EE 

P- 
Value 

Basal Final 

Differen
ce of 

means ± 
EE 

P- 
Value 

Basal Final 

Differe
nce of 
means 
± EE 

P- 
Value 

LVEF (%) 
43.59±13.

7 
47.33±11.

6 

-
3.74±1.0

7 
0.001 ±10.98 

47.82±9.8
5 

-
2.88±0.2

5 
0.001 

46.18±
10.23 

49.20±8.9
5 

-
3.02±0

.27 
0.001 

Weight 
(kg). 

74.13±17.
55 

74.23±16.
41 

-
0.10±0.3

7 
0.783 

68.95±1
4.13 

69.79±12.
90 

-
0.84±0.3

8 
0.031 

70.05±
12.60 

69.85±12.
09 

0.19±0
.17 

0.253 

Height (m) 1.64±0.1 1.64±0.1 - - 
1.66±0.8

5 
1.66±0.85 - - 

1.65±0.
88 

1.65±0.88 - - 

BMI 
(kg/m2) 

27.28±5.9
6 

27.34±5.5
7 

-
0.06±0.1

4 
0.679 

24.91±4.
30 

25.23±3.8
0 

-
0.32±0.1

4 
0.026 

25.71±
4.06 

25.69±3.7
4 

0.02±0
.09 

0.853 

Waist 
circumfere
nce (cm)a,d 

98.31±12.
81 

96.53±11.
83 

1.78±0.2
9 

0.001 
91.89±1

1.39 
89.53±15.

91 

-
2.36±1.7

2 
0.178 

94.01±
11.01 

92.96±10.
53 

1.05±0
.19 

0.001 

Fat (%)a,d 
30.89±7.8

5 
29.36±7.8

7 
1.53±0.3

9 
0.001 

25.87±7.
24 

25.18±6.9
9 

-
0.69±0.4

0 
0.088 

28.20±
13.12 

26.02±7.8
1 

2.18±1
.84 

0.241 

Water 
(%)a,b,d,e 

46.94±5.7
6 

47.36±5.6
8 

-
0.42±0.2

5 
0.093 

50.78±4.
83 

50.89±4.6
4 

-
0.11±0.3

2 
0.725 

51.01±
5.49 

51.01±5.3
6 

-
0.05±0

.10 
0.628 

Mass 
(kg)a,b,d,e 

40.58±10.
5 

42.27±9.8
4 

-
1.68±0.5

5 
0.004 

47.43±1
0.02 

48.25±11.
01 

-
0.82±0.6

5 
0.212 

46.90±
9.75 

47.24±9.4
7 

-
0.35±0

.08 
0.001 

Total 
Cholesterol

c,e,f 

156.06±39
.53 

145.37±33
.19 

10.69±2.
77 

0.001 
151.98±

38.86 
139.39±32

.91 
12.59±1.

62 
0.001 

173.06
±37.38 

164.43±31
.29 

8.63±1
.98 

0.001 
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HDL 
(mg/dL) 

41.47±10.
71 

43.82±10.
42 

-
2.35±0.5

0 
0.001 

40.77±8.
98 

42.45±8.4
2 

-
1.69±0.1

7 
0.001 

38.15±
7.12 

39.80±6.7
1 

-
1.65±0

.17 
0.001 

LDL 
(mg/dL) 

83.50±30.
02 

76.96±22.
42 

6.54±2.2
0 

0.005 
74.12±2

8.18 
72.22±22.

92 

-
1.90±0.9

5 
0.051 

82.66±
23.68 

79.37±18.
35 

3.29±1
.27 

0.013 

Triglycerid
es (mg/dL) 

140.14±50
.84 

134.94±47
.63 

5.20±3.2
3 

0.114 
147.73±

58.17 
138.24±42

.51 

-
9.49±3.0

3 
0.003 

146.0±
86.07 

135.14±38
.07 

10.86±
8.80 

0.223 

HADS 
Anxiety 

a,d,e 
2.88±1.07 0.25±0.56 

2.63±0.2
6 

0.001 
4.29±2.6

6 
1.31±1.63 

2.98±0.3
2 

0.001 
3.35±2.

06 
0.73±1.17 

2.61±0
.21 

0.001 

HADS 
Depression 

a 
1.47±1.35 0.08±0.27 

1.39±0.1
7 

0.001 
2.73±2.7

9 
0.18±0.48 

2.55±0.3
8 

0.001 
2.27±2.

04 
0.04±0.20 

2.22±0
.29 

0.001 

PHQ-9 6.39±6.04 4.88±5.62 
1.51±0.3

9 
0.001 

4.27±3.7
9 

2.45±3.21 
1.82±0.3

5 
0.001 

4.76±4.
6 

2.06±2.59 
2.69±0

.33 
0.001 

MLHFQ 
Physical 

15.71±11.
60 

9.90±7.89 
5.80±1.0

6 
0.001 

14.35±1
1.11 

10.49±8.9
9 

3.86±0.6
3 

0.001 
14.53±

9.73 
8.43±5.66 

6.10±5
.43 

0.001 

MLHFQ 
Emotional 

7.76±6.39 6.22±5.31 
1.54±0.6

3 
0.017 

7.43±5.9
6 

5.57±5.20 
1.86±0.4

8 
0.001 

8.18±6.
66 

4.65±3.88 
3.53±0

.57 
0.001 

MLHFQ 
Total 

35.16±23.
32 

25.06±18.
64 

10.10±1.
75 

0.001 
34.24±2

3.57 
24.49±19.

32 
9.75±1.4

2 
0.001 

37.55±
22.43 

22.04±13.
66 

15.51±
1.61 

0.001 

Baseline post hoc tests - statistically significant group differences p<0.05: a - TCTR with respect to the CTR group, b - TCTR with respect to 
the CCR group, c - TCTR with respect to the CCR group. 
Final post hoc tests - statistically significant differences p<0.05 of group: d - TCTR with respect to CTR group, e - TCTR with respect to CCR 
group, f - CTR with respect to CCR group. 
LVEF: Left ventricular ejection fraction; BMI: Body mass index; HDL: High density lipoproteins; LDL: Low density lipoproteins; BUN: Blood 
urea nitrogen; MLFHQ: Minnesota Living with Heart Failure Questionnaire; PHQ-9: Patient health questionnaire 9. 

 

The CTR group did not present significant differences at the end of the intervention in the variables 
abdominal perimeter, water/fat/mass percentage and LDL p-value=≥0.05. The variables LVEF, weight, 
BMI, total cholesterol, HDL, triglycerides, HADS anxiety, HADS depression, PHQ-9, MLHFQ Physical, 
MLHFQ Emotional and MLHFQ Total showed significant changes at the end of the intervention p-
value<0.05 (Table 3). 

The CCR group did not present significant differences at the end of the intervention in the variables 
weight, BMI, water/fat percentage and Triglycerides p-value=≥0.05. The variables LVEF, abdominal cir-
cumference, total cholesterol, HDL, LDL, HDL, HADS anxiety, HADS depression, PHQ-9, MLHFQ Physical, 
MLHFQ Emotional and MLHFQ Total showed significant changes at the end of the intervention p-
value<0.05 (Table 3). 

In the intra-group comparison at the beginning of the intervention, there were differences in the varia-
bles abdominal perimeter, fat percentage, water percentage, muscle mass, total cholesterol, HADS anx-
iety and HADS depression p-value<0.05. At the end of the intervention there were differences in the 
variables abdominal perimeter, fat percentage, water percentage, muscle mass, total cholesterol and 
HADS anxiety p-value<0.05 (Table 3). 

 

Discussion 

Against the primary objective the results showed that CTR, TCTR and CCR are statistically significant in 
patients after 12 weeks of intervention, however, better results are observed in TCTR and CTR. 

In the sociodemographic characteristics, patients had a mean age of 61.91±12.86 and 66.9% were male; 
results were similar to those previously reported(Piotrowicz et al., 2010),(Ho et al., 1993; Peng et al., 
2018). 

According to the NYHA classification, patients predominantly reported values corresponding to Class II 
(74.2%), followed by Class III (25.8%). This distribution resembles that presented by different studies 
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(Bernocchi et al., 2018; Hwang et al., 2017), who observed a higher predominance of Class II, however, 
in another study (Peng et al., 2018) report that Class III was predominant.  

Statistically significant improvements were evident in the difference in distance in metres travelled at 
the first assessment versus the second assessment in the 6MWT for all three groups, with a p-value 
<0.001. Specifically, a difference of -73.36±2.56 was observed in the TCTR group, -63.53±1.32 in the CTR 
group, -58.53±2.17 in the CCR group. These results are consistent with the findings reported by Palmira 
Bernocchi et al(Bernocchi et al., 2018) who found that a group undergoing telerehabilitation with tele-
phone call monitoring showed a difference of 60 metres between pre- and post-intervention measure-
ments. In contrast, the group receiving conventional rehabilitation experienced a 15-metre decrease in 
their test values. 

Furthermore, our results are comparable with other research in the field; (Peng et al., 2018) reported a 
difference of 21.87 metres in their telerehabilitation group compared to the conventional rehabilitation 
group, which had a difference of 4.07 metres. Similarly, differences of 30.0 metres have been reported 
in their telerehabilitation group compared to 20.7 metres in the conventional rehabilitation group (Pi-
otrowicz et al., 2010). 

In relation to expressed VO2 consumption, our patients presented statistically significant differences, 
with a notable increase in the TCTR group of 1.68, in the CTR group of 1.06 ml/kg/min and in the CCR 
group of 0.97 ml/kg/min. These results are in line with those reported by other authors (Piotrowicz et 
al., 2010; Tauda, 2025), who also reported an increase in VO2 consumption in their telerehabilitation 
intervention group with a difference of 0.95 ml/kg/min compared to the conventional rehabilitation 
group where it did not occur. The findings presented above do not present telephone follow-up in pa-
tients, so it is considered that this strategy allows maintaining better results in the primary variable 
compared to the other intervention groups. 

Consequently, high values for these variables suggest increased exercise tolerance, improved functional 
capacity, decreased mortality and improved quality of life(Bjarnason-Wehrens et al., 2020; Moraga Ro-
jas et al., 2021). Overall, our findings support the efficacy of telerehabilitation, which corresponds to the 
existing literature, and underline the relevance of considering this modality as an effective option com-
pared to conventional cardiac rehabilitation, highlighting significant improvements in functional capac-
ity measured through the 6MWT, the 1-minute sit to stand and even functional capacity with the DASI 
questionnaire. 

In terms of LVEF after the 12-week intervention programme for all three groups, significant changes 
were evident, especially in the TCTR group with-3.74±1.07, CRT -2.88±0.25 and CCR -3.02±0.27. These 
results are in agreement with the conclusions of Jamie J et al (Edwards & O’Driscoll, 2022) in their sys-
tematic review and meta-analysis of clinical trials on exercise in heart failure in 2022; noting that exer-
cise significantly improves diastolic function, with marked improvements in LVEF. In addition, similar 
improvements in paraclinical markers such as total cholesterol, LDL, HDL and triglycerides have been 
reported(Piotrowicz et al., 2019). 

This effect can also be attributed to the comprehensive approach of the intervention plan, which in-
cludes educational components. In addition, patients demonstrated adherence to their pharmacological 
treatment, and exercise facilitated adaptation to significant improvements that are directly related to 
functional capacity(Pecilla & Sharma, 2021). 

HF is associated with an increased likelihood of depression according to meta-analysis studies describe 
the overall prevalence of depression in HF to be around 20% to 30%, and the presence of depression 
and HF are associated with increased mortality and morbidity in patients(Sbolli et al., 2020). In this 
study, depression and anxiety were assessed with the HADS questionnaire and the PHQ-9, showing sta-
tistically significant changes in the groups at pre- and post-intervention programme time. It is postu-
lated that this change may be attributed to the inclusion of emotion management education during our 
intervention and to the effects attributable to exercise, which is recognised as an antidepressant(Her-
ring et al., 2010).  

These are considered positive changes, as the presence of depressive symptoms in patients has previ-
ously been associated with non-adherence to cardiac rehabilitation in heart failure(Betancourt-Peña et 
al., 2024). In addition, the reason why the CCR group experiences more significant change compared to 
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the telerehabilitation groups may be due to the limited face-to-face social interaction that characterises 
telerehabilitation programmes(Peng et al., 2018). 

The MLHFQ questionnaire assesses the quality of life of people with HF; in this study it was present in 
all intervention groups (p<0.005); the Bernocchi et al., (2018) and Peng et al., (2018) have shown sta-
tistically significant differences in the groups, and these results remained consistent throughout the 4-
month follow-ups and 6 months(Bernocchi et al., 2018). Given that quality of life is often impaired in 
individuals with HF, improving functional capacity through exercise not only translates into physical 
benefits, but also substantial improvements in overall quality of life (Edwards & O’Driscoll, 2022). These 
results reinforce the importance of integrating exercise programmes into the comprehensive manage-
ment of heart failure, highlighting its sustained impact on quality of life over time. 

In relation to the frequency and duration of the telerehabilitation programme, significant variations 
were observed between studies, with durations ranging from 8 to 18 weeks(Bernocchi et al., 2018; Kiku-
chi et al., 2021; Pastora-Bernal et al., 2021; Piotrowicz et al., 2010; van Leunen et al., 2023). In this study, 
a 12-week programme was chosen, with sessions scheduled three times a week, similar to previous 
clinical trials with interventions 3-5 times a week(Bernocchi et al., 2018; Kikuchi et al., 2021; Pastora-
Bernal et al., 2021; Piotrowicz et al., 2010; van Leunen et al., 2023).  

With the results of this study, the implementation of telerehabilitation, education and monitoring pro-
grammes can be considered as effective interventions in HF patients, as well as allowing greater cover-
age and adherence of patients who cannot access hospital-based exercise programmes(Espinoza Pérez 
et al., 2023). Additionally, telephone follow-up could be a strategy to avoid early drop-outs and maintain 
improvements during telerehabilitation(LaValley et al., 2019). 

Limitations 

The limitations of this study are that cardiopulmonary exercise tests were not performed to establish a 
reference parameter in functional aerobic capacity; however, the application of other recommended 
tests such as the 6MWT, Sit to Stand Test and DASI can provide relevant information and generate cost-
effective impacts since few cardiac rehabilitation programmes have the conditions to perform this type 
of test; on the other hand, aspects related to a duration longer than 12 weeks of the intervention to 
provide follow-up and maintenance of the benefits was not possible due to administrative conditions 
and the health system in Colombia. Access to technological devices and internet networks can be diffi-
cult to access for certain populations, especially in rural areas. However, this problem was not addressed 
in this study, as most of the study population resided in urban environments. Nevertheless, it is consid-
ered that this remains a great alternative for people in urban areas due to accessibility and transporta-
tion issues. The lack of participant blinding is another drawback that might have affected self-reported 
outcomes like adherence and perceived exertion. Future studies could include assessor blinding and 
objective digital adherence tracking to reduce bias, even though blinding in behavioral interventions is 
sometimes impractical(Boutron et al., 2008).  

Finally, no monitoring of nutritional habits was carried out throughout the intervention period; how-
ever, the results of the study reveal significant findings. Importantly, Finally, nutritional habits were not 
monitored during the intervention period; however, the study results reveal significant findings. The 
study design is noteworthy, as it was a three-arm study incorporating telephone follow-up and educa-
tion within a Latin American context. 

 

Conclusions 

The physical exercise programme and educational telephone follow-up via cardiac telerehabilitation 
improves the functional aerobic capacity of patients significantly compared to conventional cardiac re-
habilitation and telerehabilitation. 
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