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RESUMO

Uso de M-Health associado a programa de reabilitagcao cardiovascular sobre
capacidade funcional, aderéncia e fatores de risco cardiovasculares: revisao
sistematica e metanalise.

Introducgdo: Aplicativos de smatphones para saude (M-Health) parecem superar
barreiras ao acesso a Programas de Reabilitagdo Cardiovascular (PRCV), favorecido
pelo seu alto grau de aceitabilidade e podendo influenciar positivamente na
frequéncia do exercicio fisico. Objetivo: Analisar evidéncias sobre os beneficios da
associacao entre o uso de M-Health e PRCV nos desfechos primarios e secundarios
(qualidade de vida, aderéncia e manejo de fatores de risco cardiovasculares).
Desenho: Revisao Sistematica e Metanalise. Métodos: Foram utilizadas as bases de
dados: PubMed, EMBASE e SPORTDiscus com texto completo (EBSCOhost) a
partir do registro mais antigo até o dia 20 de abril de 2018. Entre os critérios de
inclusédo estdo cardiopatas maiores de 18 anos submetidos ao M-Health associado
ao PRCV. Resultados: 8 ensaios clinicos randomizados (ECR) foram elegiveis. O
risco de viés foi considerado moderado e as intervengdes com M-Health consistiram
em mensagem de texto, e-mails e por aplicativos. Nos desfechos primarios seis
desses estudos avaliaram VO2pico, TC6min e IPAQ em curto e intermediario prazo.
Nos desfechos secundarios, seis estudos abordaram a aderéncia as intervengdes,
questionarios de feedback e qualidade de vida. Para analise quantitativa houveram
estimativa de efeito favoravel a associacdo do M-Health e PRCV para as variaveis
aptidao cardiorrespiratoria, frequéncia cardiaca, colesterol total, LDL e triglicerides.
Conclusdo: Ha alta qualidade de evidéncia e forca de recomendacao favoravel
associacdo da intervengdo do M-Health ao PRCV na melhora da aptidao
cardiorrespiratoria a curto prazo, e colesterol total e triglicérides para o periodo
intermediario, ja para frequéncia cardiaca e LDL a evidéncia € com fraca forga de
recomendagao.

Palavras-chave: Ensaio Clinico Randomizado, Exercicio por aplicativo de celular;
aplicativo de saude; condicionamento fisico; VO2max; VO2pico; cuidado usual;
reabilitacdo supervisionada; aderéncia ao tratamento; reabilitagdo de cardiopatas.



ABSTRACT

Use of m-health associated with the cardiovascular rehabilitation program on
functional capacity, adherence and cardiovascular risk factors: systematic
review and metanalysis

Introduction: Smartphone applications for health (M-Health) seem to overcome
barriers to access to Cardiovascular Rehabilitation Programs (CRP), favored by their
high degree of acceptability and can positively influence the frequency of physical
exercise in weight loss. Objective: Analyze the influence of the association between
M-Health and CRP in cardiorespiratory fithess, adherence to CRP and in
management of cardiovascular risk factors, when compared to cardiac patients
inserted in isolated CRP (without association with M-Health). Design: Systematic
Review and Meta-Analysis Methods: The following databases were used: Medline via
Ovid, EMBASE, Central, PEDro and SPORTDiscus via EBSCOhost from the oldest
record until December 20, 2019. Among the inclusion criteria are cardiac patients
older than 18 years submitted to M- Health associated with CRP. Results: 14
randomized controlled trials (RCTs) were eligible. The risk of bias was considered
moderate and the interventions with M-Health consisted of text messages, e-mails,
and applications. In the primary endpoint, thirteen of these studies assessed VO2
peak, 6MWT and IPAQ; in secondary outcomes, eight studies addressed
cardiovascular risk management and nine assessed adherences to interventions and
feedback questionnaires. For quantitative analysis, there were estimates of effects
favorable to the association of M-Health for the variables: cardiorespiratory fitness,
resting heart rate, diastolic blood pressure and triglycerides. Conclusion: There is
high quality of evidence and strength of recommendation favorable to the intervention
of M-Health in improving cardiorespiratory fitness and triglycerides. This favorable
effect extends to the behavior of heart rate and diastolic blood pressure, despite
lower levels of quality of evidence.

Keywords: randomized controlled trials, Exercise, app health, cardiac rehabilitation,
physical fitness, cardiorespiratory fitness e VO,peak
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ABSTRACT

Introduction: Smartphone applications for health (M-Health) seem to overcome
barriers to access to Cardiovascular Rehabilitation Programs (CRP), favored by their
high degree of acceptability and can positively influence the frequency of physical
exercise in weight loss.

Objective: Analyze the influence of the association between M-Health and CRP in
cardiorespiratory fitness, adherence to CRP and in management of cardiovascular
risk factors, when compared to cardiac patients inserted in isolated CRP (without
association with M-Health).

Design: Systematic Review and Meta-Analysis

Methods: The following databases were used: Medline via Ovid, EMBASE, Central,
PEDro and SPORTDiscus via EBSCOhost from the oldest record until December 20,
2019. Among the inclusion criteria are cardiac patients older than 18 years submitted
to M- Health associated with CRP.

Results: 14 randomized controlled trials (RCTs) were eligible. The risk of bias was
considered moderate and the interventions with M-Health consisted of text
messages, e-mails, and applications. In the primary endpoint, thirteen of these
studies assessed VO2 peak, 6MWT and IPAQ; in secondary outcomes, eight studies
addressed cardiovascular risk management and nine assessed adherences to
interventions and feedback questionnaires. For quantitative analysis, there were
estimates of effects favorable to the association of M-Health for the variables:
cardiorespiratory fitness, resting heart rate, diastolic blood pressure and triglycerides.
Conclusion: There is high quality of evidence and strength of recommendation
favorable to the intervention of M-Health in improving cardiorespiratory fitness and
triglycerides. This favorable effect extends to the behavior of heart rate and diastolic
blood pressure, despite lower levels of quality of evidence.

Keywords: randomized controlled trials, Exercise, app health, cardiac rehabilitation,

physical fitness, cardiorespiratory fitness e VO,peak
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Introduction

Cardiovascular rehabilitation program is considered highly effective for the
treatment of evidence-based cardiovascular disease, especially when focused on
lifestyle modification after a cardiovascular event.'?

However, acceptance and adherence to training are often impaired due to
the barriers encountered by patients, since the attendances are performed in
specialized centers, thus, resorting to difficulties in locomotion, lack of time,
professional commitments, among others. In this way, it is necessary to introduce
new intervention strategies to encourage adherence to a healthy lifestyle.>*

In this scenario, interventions with smartphones have been considered an
effective tool to help the patient in the management of some chronic diseases.’
Mobile applications have the advantage of breaking the limitation of mobility and can
be applied in several areas in the health field, such as remote monitoring, support for
diagnosis as well as support for decision-making.6

Successful interventions use personalized content, that is, an intervention
adapted to the characteristics of the individual, generally based on an individual's
responses to a questionnaire and as a result are generally perceived with more
interest and more personal relevance and more discussed than non-personalized
educational material.” In addition, with the help of health-related smartphone apps,
patients with chronic conditions felt safer knowing that their illnesses were closely
monitored and participated in their own health management more effectively.®

The use of new technologies, such as software and mobile phone or
applications or SMS, specifically in Cardiovascular Rehabilitation Programs (CRP)
has been studied in improving the frequency of cardiac patients exercising remotely,

at home, (m-Health), featuring a supervised or semi-supervised intervention. General
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or personalized guidance as to the course of the disease, identification of signs and
symptoms, correct use of medications, and nutritional guidelines are also
complementary objectives of this form of intervention. The results of primary studies
seem to indicate positive effects of the association of all these actions, which reflect
on the clinical improvement of this group of patients, associated with lower costs
when compared to the conventional program. 38

Confirming the importance and applicability of this topic, in 2015 a systematic
review was conducted with meta-analysis8 in order to investigate the influence of
internet-based interventions on mortality and lifestyle changes in the secondary
prevention of cardiovascular risk factors. Nevertheless, the evidence found was of
low quality and the size of the effect uncertain due to the few studies and
methodological weaknesses found, thus suggesting the development of more
primary studies on this type of intervention.

For this reason, due to the increased use of technologies in care and
manipulation in patients participating in the CRP, it is important to analyze, through a
systematic review of the literature, the influence the use of these technologies to the
CRP, on the patient's functional capacity, adherence, and the perception of the M-
Health group participant to the frequency of exercise and management for the control
of cardiovascular risk factors.

Therefore, this study aims to analyze evidence through a systematic review
and meta-analysis, on the influence of the association between M-Health and CRP in
cardiorespiratory fitness, adherence to CRP and in management of cardiovascular
risk factors, when compared to cardiac patients inserted in isolated CRP (without

association with M-Health).
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Methods

This systematic review was recorded by the international database of
systematic reviews in health and social assistance PROSPERO (registration number
CRD42019137017) and reported in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-analyzes. (PRISM)®. The prospective registration of
systematic review protocols increases the reliability and transparency in conducting

the studies.™

Search strategies and inclusion criteria

The studies were selected through the databases: Medline via Ovid, EMBASE,
Central, PEDro and SPORTDiscus via EBSCO, from the oldest record until
december 2019. The terms and keywords used to improve the searches were
selected with randomized controlled ftrials, Exercise, app health, cardiac
rehabilitation, physical fitness, cardiorespiratory fitness, VO,max e VOjpeak
(Appendix).

Randomized controlled trials (RCT) which used interventions associating
cardiovascular rehabilitation programs with new Technologies were selected, such as
software and mobile phone or applications or sms to improve the frequency of
cardiac patients exercising remotely, at home, (m-Health), featuring a supervised or
semi-supervised intervention of the CRP (Cardiovascular Rehabilitation Program),
and so comparing their cardiorespiratory fitness to cardic patients involved in
standard cardiovascular rehabilitation program?®.

There was no restriction on the language of the studies, characteristics of the
participants and duration of the intervention. To be eligible, studies should include the

following criteria: i) RCT comparing the use of m-health associated with the
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cardiovascular rehabilitation program with the use of the cardiovascular rehabilitation
program only; ii) Pre and post intervention assessment of at least one of the studied
outcomes (primary and secondary); iii) Patients enrolled in a cardiovascular

rehabilitation program.

Primary and secondary outcomes

As a primary endpoint, functional capacity was adopted, using VO3 peak (ml/kg/min)
measured by means of a maximal exercise test and indirect evaluations, e.g., 6-
minute walk test (6MWT) or Self Reported measure of Physical Activity by by specific
questionnaires. The values of mean and standard deviation in meters extracted by
the 6MWT were converted to ml/kg.min, using the formula previously described by
Robert et al."

The secondary outcomes of the present study were adherence and the
perception of the M-Health group participant, to increase the frequency of exercise
and management for the control of cardiovascular risk factors such as body mass
index (BMI), resting heart rate (HRR) behavior, sistolyc (SBP) and diastolic (DBP)

blood pressure control, lipid profile (Total Cholesterol, LDL, HDL, Triglycerides).

Selection of studies

The study selection process was carried out by two independent reviewers
(AP and NSA). After excluding duplicates, titles and abstracts were excluded
according to the eligibility criteria. After exclusion by title and abstract, the full texts of
the selected studies were examined. Necessary case, was consulted a third reviewer
(ACCGT). The reference lists of the included studies were analyzed to obtain

potentially eligible studies that were not found by the search strategy.
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Data extraction

Data on primary and secondary outcomes were extracted including initial and
final values of means, standard deviations and sample size, by two independent
reviewers (AP and NSA) and disagreements between authors regarding data
extractions were resolved by consensus.

The data extraction process was carried out using a standardized form,
which included details such as characteristics of the participants, the cardiovascular
rehabilitation program, inclusion of M-Health in the cardiovascular rehabilitation
program, cardiorespiratory fitness analysis procedures, as well as compliance and
change in behavior of cardiovascular risk factors, sample size, course of treatment,

baseline data and treatment methods for both groups.

Bias Risk Assessment

The individual assessment of the risk of bias in the included studies was
carried out using the PEDro Scale. This scale aims to help users of the PEDro
database to assess the methodological quality of clinical trials. This process was
completed in two phases, initially, the note on this scale was searched on the PEDro
database website, and only for studies that had not been evaluated and listed in this
database, they were subsequently evaluated, manually using those same criteria by
two independent reviewers (AP and NSA) and in the possibility of divergences, the
consensus method (ACCGT) was again adopted.

A score greater than or equal to 7 was considered "high quality", a score of 5
or 6 was considered "moderate quality" and less than or equal to 4 of "poor quality"

12 The methodological quality classification was not an inclusion criterion.
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Assessment of the quality of evidence

The quality of the evidence was assessed using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE)'™ ™
GRADE makes it possible to assess the quality of the evidence and the results found
through the meta-analysis reported in a systematic review. Fact that allows
judgments to be made about the strength of the evidence, in addition to being an
effective method to link the quality of the evidence and the clinical recommendations.

Briefly, the GRADE classification was initially regarded as “high” but
downgraded by one level for each of the following domains we considered: (1) Risk
of bias (downgraded when more than 25% of participants from studies with “low
methodological quality” [PEDro score <5]); (2) inconsistency of results (I* statistic,
downgraded when more than the presence of heterogeneity, downgrading 1 level [1°>
50% to 75%)], downgrading 2 levels, [I>> 75%] 15-21; (3) Indirectness (downgraded
when there was the presence of any of these criteria: i) patients different from the
population of interest, ii) differences in the intervention under analysis; iii) substitute
outcomes, other than those predefined as relevant; and iv) results from analyzes that
did not directly compare the interventions (head-to-head), but through network meta-
analysis (network meta-analysis); (4) and imprecision (<400 participants in total for
each result). Assessment of publication bias, using the funell plot was not performed,
as the number of studies selected for each outcome was not more than 10."

To characterize the quality of the evidence, the following factors were
considered: high quality - it is unlikely that further research will alter our confidence in
the estimate of the effect; moderate quality - research is likely to have a major impact
on our confidence in the effect estimate and may change the estimate; low quality -

new research is likely to have a major impact on our confidence in the effect estimate
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and likely to change the estimate; and very low quality - we are not sure about the

estimate' 4

Data analysis

All meta-analyzes were conducted using the Review Manager - RevMan
software (version 5.3, Copenhagen: The Nordic Cochrane Center, The Cochrane
Collaboration, 2014). Pooled estimates were calculated using a random effect model.
The I° statistic was used to assess the proportion of variation between studies
attributed to heterogeneity and can be classified as homogeneous when 1> = 0%, low
heterogeneity 1% to 50%, moderate heterogeneity 50% to 75% and high
heterogeneity when 17 > 75 %.>?’

The data were grouped in meta-analyzes and described as differences
between the means (mean difference - MD) and standardized mean differences
(standardized mean difference - SMD) with 95% confidence intervals (Cl). The effect
size was interpreted as 0.2 representing a small effect size, 0.5 as moderate and 0.8

as a large effect size. %°

Results

The search in the aforementioned databases identified 5028 studies,
Besides, 2 more studies” *? were found manually by reading the bibliographies and
added. From these, 1388 were identified as duplicates and only 52 were selected for
reading the abstract. Then, 21 were excluded after reading the abstracts, and finally,
when reading the full text, 17 were excluded for the following reasons: No RCT (n =
7), other forms of technology, not M-Health (n = 5), publications of study protocols (n

= 1) and studies that are not related to the inclusion requirements (n = 4). Thus, the



21

3,6,7,22-32

eligible studies were published between the years 2010 and 2019. Figure 1

shows the schematic process of selecting studies based on a PRISMA flowchart®

***Figure 1***

The fourteen eligible studies® & 7 2232

comprised a total of 2917 participants,
aged over 40 years, and respecting the inclusion criteria of this review, all study
participants have heart disease and belonged to a CRP. It should be noted that

among the selected studies there are different approaches to M-Health, thus all the

characteristics of the selected studies can be seen in table 1.

***Tablet 1***
The methodological quality of the included studies, analyzed by the PEDro

3, 6,7, 29, 31

scale'? presented an average of 6,93+1,27 points. Five studies were

22-28, 30, 32 were of

considered to be of "moderate quality" and the other nine studies
"high quality", as shown in table 2.
***Tablet 2***
For quantitative analysis, between the extracted data, for the primary and
secondary outcomes, it was possible to summarize the VOgpeak variables
(ml/kg/min)® 2 2> 263132 the maximum distance covered in the 6MWT minutes

6.22.29.30 \which were converted to ml/kg/min."" On the other hand, studies

(meters)
that presented a Self Reported measure of Physical Activity (METS/min/week)’%*
were not converted and thus analyzed in forest plot separately. Both analyzes are
represented in figure 2.

In the secondary endpoint, it was possible to summarize the behavior of the

variables that involve the management of cardiovascular risk factors, such as Body
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Mass Index, Waist Circumference, Hip Circumference, Waist-to-Hip-Ratio, Heart
Rate Rest, Systolic Blood Pressure, Diastolic Blood Pressure, and Profile Lipid as
can be seen in Figures 3, 4 and 5 respectively.

6.7.22.25 \vere contacted for

During the data extraction process, four authors
clarification and request for data, two studies” %5 sent the spreadsheet to extract the
mean and standard deviation values. Another study22 sent mean values and standard
deviations for the variable VO2 for both groups in the post-intervention moment.
Finally, the studye, which presented its final results in graph format, had its data
estimated to compose the meta-analysis. Data from SBP, DBP, and Self Reported
measure of Physical Activity by IPAQ, referring to the study?®, are unpublished data
that were inserted in the analyzes, due to the author's prior authorization.

Regarding the research protocols that were initially considered for
reading the full text to contact the authors and obtain the values of its variables, only

Dorje et al.?? forwarded the full text, which was published after the date of the first

database search.

Primary outcomes

Thirteen studies were found that address the cardiorespiratory capacity of

7,22-27, 30, 32 3,6, 29, 31
dv ’ ) dv; ’

patients inserted in supervise or semi-supervise , who underwent
M-Health intervention compared to unused control group interactivity through the cell
phone.

Figure 2 shows the forest plot of functional capacity values measured by
physical and self-reported tests. In both graphs, the estimate of the effects does not

include zero, thus showing differences in favor of M-Health with a high effect size for
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the variable VO2 (0.81 [0.26, 1.37]), but for the results obtained by the

questionnaires, the effect was research (0.33 [0.04,0.63]).

**Eigure 2%
Secondary outcomes

In the quantitative analysis of the management of cardiovascular risk factors,
the studies included Varnfield et al°, Dorje et al®?, Frederix et al’®, Chow et al**
Maddison et al®> ?°, Dale et al®® e Peng et al*®, however, not all variables were
common among the studies cited.

The estimate of the effect for 72.7% of the variables analyzed touched the line
of the non-effect, BMI: 0.42 [-0.88, 1.72], WC: -0.32 [-6.03, 5.40], HC: -0.55 [-8.78,
7.68], Waist -To-Hip-Ratio 0.01 [-0.09, 0.12] SBP: 4.54 [-3.44, 12.52], Total
Cholesterol: 0.00 [-0.22, 0.23], HDL: -0.02 [-0.05, 0.01] and LDL: -0.03 [ -0.16, 0.10].

However, there is a reduction in these values and high estimates of the
favorable effect after the associated M-Heath intervention for the variables HRR and
DBP, (-2.95 [-4.82, -1.09]), (-1.67 [-3.28, -0.06]), respectively and for Triglicerydes (-
0.16 [-0.27, -0.04]) there is a low effect size, significant to M-Health, involving a
sample of more than a thousand participants in each analysis, as can be seen in
figures 3, 4 and 5.

***Figure 3***

**Figure 4***

*+Figure 5
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Among the selected studies, variables that were not included in this review

were evaluated, as they are not related to the inclusion criteria, such as quality of

3, 6,22, 23, 25-32 26, 31

life , costs of implementing M-Health?>?”, mortality®® *!, adverse events®*

%032 and the number of hospitalizations®® *'. However, in general, studies converge
in their results, showing improvement in the variables of the M-Health group
compared to the control group, except for mortality and the number of
hospitalizations.

Positive results regarding adherence and factors related to satisfaction
concerning aerobic training associated with M-Health were investigated in nine
studies® 72225 28.30.32 Thg evaluations addressed by these studies were conducted
through questionnaires prepared by their authors, or by accessing and viewing
educational messages or videos. It should be noted that among the M-health
interventions, forms, and the period of evaluations proposed by the primary studies
for these comparisons, a pattern was not found that would allow a more objective
comparison by this review, so the results of each study are described in following
paragraphs.

In the study by Chow et al**, 87% of the participants answered the feedback
questionnaire on the applied intervention, and among these questions stand out
those reported regarding the patients' perception of usefulness (91%) and easy
compression (97%) messages sent. Besides, 81% of the participants adhered to
healthy diets and food, and 73% improved their level of physical activity measured
through a questionnaire (IPAQ) and justified these changes due to the fact that they
felt more motivated about changes in habits and quality of life.

The findings on feedback from the intervention proposed in the study by

Frederix et al® report that 97% of the participants in the intervention group that the
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messages were easy to read, and the program easy to use, 95% were very satisfied
or satisfied, and 89% reported that they would continue to use even after the study is
finished.

In another article, Frederix et al*’ (2018) presented the 2-year follow-up of
the study published in 2015, conserving approximately 91% of participants, in which
the improvement in the quality of life showed lower costs for M-Health participants
compared to control. For the last study22 that evaluated the perception of the
participants in the intervention group, they observed that 100% of their participants
stated an improvement in their quality of life.

6,25,28,30,32 was

Added to this, the adherence rate assessed by the studies
higher and significant when compared to the control group, except Antypas et al’,
who assessed adherence after discharge from the M-health intervention, and report
that their values were higher, but not significant.

Moreover, the visualization rates of messages and educational videos also
showed higher and expressive results for the intervention group M-health®>?, with

1’8 assessed medication

rates between 57% to 100%. Also, the study by Dale et a
adherence, and the M-health group behaved significantly higher when compared to

control (mean difference: 0.58, 95% CI 0.19-0.97; P = .004).

Discussion

For quantitative analysis, the association of M-Health with CRP is effective
when compared to conventional CRP in increasing cardiorespiratory fitness. Besides,
for the secondary outcome, for the HRR, DBP and Triglicerydes variables, they

showed significant behavior favorable to the association of M-health and CRP use.
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The qualitative analysis of the selected articles shows a coherent and positive
trend in the influence of the use of M-Health to the CRP, as can be seen by the
adherence and acceptability in increasing the practice of physical activity and
healthier eating habits, when compared to the intervention groups conventional CRP.

As for the quality of the evidence evaluated and presented in Table 3, the
cardiorespiratory fitness variables measured by physical tests are classified as high
quality, favorable, and strongly recommended for the association of interventions.
However, when assessing self-reported cardiorespiratory fitness, the evidence is
classified as low quality, due to the inconsistency and indirectness criteria and
favorable with a strong recommendation. Factors such as heterogeneity above 50%,
low sample size, extensive confidence interval, and the subjectivity of the evaluation
through questionnaires were criteria that reduced the quality of this evidence.'*"

All the quantitative variables of secondary outcomes show favorable behavior
and are strongly recommended for the intervention. Only the variable Triglicerydes
showed high quality, unlike the HRR and DBP variables on which moderate and low
qualities are observed respectively, since the inconsistency criteria, justified in table
3.

Cardiorespiratory fitness can be assessed using different instruments, such as
the maximum ergospirometric test (direct VO2 measurement), or indirectly by
maximum exercise tests, and 6-minute walking, or by using a device such as an
accelerometer or even subjectively reported through physical activity level
questionnaires. Due to intolerance to the efforts of patients with cardiorespiratory
disorders, oxygen consumption indirectly assessed by the 6-minute walk test does
not differ statistically when compared to the maximum direct consumption obtained

by VO,peak® 3.
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According to the aforementioned information, it is understood that the
summary of the differences between the means of the VO2 results and the distance
covered in the 6MWT becomes adequate, accurate and of high confidence, thus
being considered its conversion, as can be observed, in figure 2.

Previous studies 3% 3¢ %7

, affirm that the cardiopathic patient's physical fitness
gain seems to be more pronounced between 8 to 12 weeks after the beginning of the
regular practice of aerobic and/or resistance physical activity, for those inserted in
conventional®. This fact can be justified by the association of cardiorespiratory
disorders and dysfunctions of the peripheral skeletal muscle apparatus38, resulting
from the history of sedentary lifestyle, intensified by the aging process® *°.

Based on the results of the summarization represented by figure 2, the
preference for the association of M-Health and CRP for the increase in functional
capacity is verified, as it is believed that the conditioning gains were higher since
interactivity through the cell phone-enabled better acceptability, adherence and
motivation to initiate changes in behavior and lifestyle habits such as regular physical
activity " 2+ %,

Another aspect that reflects improved physical fitness is the reduction in heart
rate values*" *2. The behavior of this variable can be observed in figure 4, which
corroborates the results found for VO2 and 6MWT favorable for the associated
intervention of M-Health and CRP, because low heart rate values have been referred
to as an increasing factor in tone vagal, which promotes electrical stability of the
heart as well as reduction of peripheral vascular resistance, reducing BPD values,

while increased sympathetic activity would increase the vulnerability of the heart and

the risk of cardiovascular events, such as hypertensive conditions*.
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As for the positive results in the improvement of triglycerides, a direct
relationship with the approaches mentioned by the authors of the primary studies® %
24 selected for summarization can be seen, since among the interaction approaches
they emphasized nutritional guidelines and feedback from the study participant's diet
to the researcher, in which a food diary was built, for example, employing the
photographic record-?.

These results were not observed by the Cochrane review by Devi et al.8, in
which he assessed secondary prevention factors for cardiovascular diseases
associated with the use of the internet and cardiovascular rehabilitation programs. It
is noteworthy that in this study when compared with the review published by
Cochrane 5 years ago, more studies and a more specific comparison involving only
interactivity through the cell phone as well as the comparison on cardiorespiratory
fitness were added.

For these reasons, the limitation of this study is related to the presence of
inconsistency for some secondary outcomes. This fact can be justified as it is a
current topic, many studies are still under development which may update these
results and reflect changes in the quality of the level and evidence, the strength of
recommendation, and the inclusion of the analysis of publication bias (funnel plot).

Although adverse effects and hospitalizations were performed in some
selected studies® 2% 3 32 this information was not planned as an outcome in the
registration protocol and was also not reported by all included studies. Thus, due to
the importance of this information for the safety of the M-Health intervention, this is a
weakness of the present review. It is necessary to understand why they happen and
to have more adverse events reported in the M-Health group that are perceived in

the studies®® ** However, in the other two studies® %, the similarities between
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adverse events/mortality are reported®? and there was only one adverse event in the
study of Maddison et al®.

As for the strengths of this review, there is a great favorable effect of high
quality and strength of recommendation for the implementation of M-health when
compared to the CRP aimed at improving cardiorespiratory fitness. This classification
allows us to guarantee that new research is unlikely to alter the confidence in the
estimate of the effect found by the present review. Among the selected studies, few

2527 \which were lower for the M-

presented a comparison of the intervention costs
health group evaluated in different follow-ups. Also, the diversity of M-health
approach presented by the selected studies, allows each CRP to implement this type

of associated intervention in a supervised and semi-supervised manner, according to

its budget.

Conclusion

From the evidence summarized in this review, among the selected studies,
high quality of evidence was found, strong recommendation strength and the
favorable association between M-Health intervention and CRP in improving
cardiorespiratory fitness and levels of triglycerides. This favorable effect extends to
the behavior of heart rate and diastolic blood pressure, despite lower levels of quality
of evidence. Adherence to the practice of remote physical activity was shown to be
significantly higher in primary studies, however, this review did not summarize these

effects.



30

References

1. Ribeiro AG, Cotta RMM, Ribeiro SMR. A promocé&o da saude e a prevengao
integrada dos fatores de risco para doencgas cardiovasculares. Ciénc. saude coletiva
[Internet]. 2012 Jan; 17(1):7-17. doi: 10.1590/S1413-81232012000100002.

2. Malta DC, Bernal RTI, Lima MG, Araujo SSC, Silva MMA, Freitas MIF, et al.
Doencas cronicas nao transmissiveis e a utilizacdo de servicos de saude: analise da
Pesquisa Nacional de Saude no Brasil. Rev. Saude Publica [Internet]. 2017;
51(Suppl 1): 4s. doi:10.1590/s1518-8787.2017051000090.

3. Duscha BD, Piner LW, Patel MP, Craig KP, Brady M, McGarrah RW, Chen C,
Kraus WE. Effects of a 12-week mHealth program on peak VO, and physical activity
patterns after completing cardiac rehabilitation: A randomized controlled trial.
American Heart Journal. 2018 May; 199:105-14. doi: 10.1016/j.ahj.2018.02.001.

4. Redfern J, Thiagalingam A, Jan S, Whittaker R, Hackett ML, Mooney J, De Keizer
L, Hillis, GS, Chow CK. Development of a Set of Mobile Phone Text Messages
Designed for Prevention of Recurrent Cardiovascular Events. European Journal of
Preventive Cardiology. 2014 Apr; 21(4) 492-99. doi:10.1177/2047487312449416.

5. Wang J, Wang Y, Wei C, Yao NA, Yuan A, Shan Y, Yuan C. Smartphone
interventions for long-term health management of chronic diseases: an integrative
review. Telemed J E Health. 2014 Jun;20(6):570-83. doi: 10.1089/tm;j.2013.0243.
Epub 2014 May 1.

6. Varnfield M, Karunanithi M, Lee CK, Honeyman E, Arnold D, Ding H, Smith C,
Walters DL. Smartphone-based home care model improved use of cardiac
rehabilitation in postmyocardial infarction patients: results from a randomised
controlled trial. Heart. 2014 Nov;100(22):1770-9. doi: 10.1136/heartjnl-2014-305783.

7. Antypas K, MSc RN; Wangberg, SC. An Internet- and Mobile-Based Tailored
Intervention to Enhance Maintenance of Physical Activity After Cardiac
Rehabilitation: Short-Term Results of a Randomized Controlled Trial. J Med Internet
Res 2014;16(3):e77. doi: 10.2196/jmir.3132.

8. Devi R, Singh SJ, Powell J, Fulton EA, Igbinedion E, Rees K. Internet-based
interventions for the secondary prevention of coronary heart disease. Cochrane
Database of Systematic Reviews 2015; n.12. Art. No.: CD009386. doi:
10.1002/14651858.CD009386.pub2.

9. Moher D, Liberati A, Tetzlaff J, Altman DG. The PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses:The PRISMA statement.
International Journal of Surgery 2010; 8: 336e341337.

10. Oliveira CB, Elkins MR, Lemes IR, Silva DO, Briani RV, Monteiro HL, Azevedo
FM, Pinto RZ. A low proportion of systematic reviews in physical therapy are
registered: a survey of 150 published systematic reviews. Brazilian Journal of
Physical Therapy. 2018, 22(3):177-83. doi: 10.1016/j.bjpt.2017.09.009.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24787747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24787747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24787747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=24787747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24787747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24787747
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24787747
https://www.ncbi.nlm.nih.gov/pubmed/24787747

31

11. Ross RM, Murthy JN, Wollak ID, Jackson AS. The six minute walk test accurately
estimates mean peak oxygen uptake. BMC Pulm Med. 2010;10:31.
doi:10.1186/1471-2466-10-31.

12. Shiwa SR, Costa LOP, Moser ADL, Aguiar IC, Oliveira LVP. PEDro: the
physiotherapy evidence data base. Fisioter. Mov. 2011; 24(3):523-33.
doi:10.1590/S0103-51502011000300017.

13. Guyatt GH, Oxman AD, Kunz R, et al. GRADE guidelines 6. Rating the quality of
evidence--imprecision. J Clin Epidemiol. 2011;64(12):1283-93.
doi:10.1016/j.jclinepi.2011.01.012.

14. Ministério da Saude (Brasil). Diretrizes metodolégicas: Sistema GRADE —
Manual de graduacdo da qualidade da evidéncia e forca de recomendagéao para
tomada de decisdo em saude. Brasilia: Ministério da Saude; 2014.

15. Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions: version 5.1.0 London: The Cochrane Collaboration, 2011. [acesso 10
maio. 2012]. Disponivel em: http://www.cochrane-handbook.org.

16. Craig J, Smyth R. Pratica baseada na evidéncia: Manual para Enfermeiros.
Loures: Lusociéncia; 2004.

17. Zoltowski APC, Costa, AB, Teixeira MAP, Koller SH. Methodological quality of
systematic reviews in brazilian psychology journals quality of systematic reviews in
psychology. Psicologia: Teoria e Pesquisa. 2014; 30(1):97-104. doi:10.1590/S0102-
37722014000100012.

18. Cohen J. Statistical Power analysis for the behavioral sciences. 2nd ed. Hillsdale,
NJ: Erlbaum; 1988.

19. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003; 327: 557-60. doi: 10.1136/bmj.327.7414.557.

20. Santos E, Cunha M. Interpretacéo Critica dos Resultados Estatisticos de uma
Meta-Analise: Estratégias Metodologicas. Millenium, 2013; 85-98.

21. Higgins JPT, Thompson SG. Quantifying heterogeneity in a metaanalysis. Stat
Med. 2020; 21: 1539-58. doi:10.1002/sim.1186

22. Dorje T, Zhao G, Tso K, Wang J, Chen Y, Tsokey L, Tan BK, Scheer A, Jacques
A, Li Z, Wang R, Chow CK, Ge J, Maiorana A. Smartphone and social media-based
cardiac rehabilitation and secondary prevention in China (SMART-CR/SP): a parallel-
group, single-blind, randomised controlled trial. Lancet Digital Health. 2019;
1(7):363—-74. doi:10.1016/S2589-7500(19)30151-7.

23. Frederix |, Hansen D, Coninx K, Vandervoort P, Vandijck D, Hens N, Van
Craenenbroeck E, Van Driessche N, Dendale P. Medium-Term Effectiveness of a
Comprehensive Internet-Based and Patient-Specific Telerehabilitation Program With


https://doi.org/10.1590/S0102-37722014000100012
https://doi.org/10.1590/S0102-37722014000100012
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1016/S2589-7500(19)30151-7

32

Text Messaging Support for Cardiac Patients: Randomized Controlled Trial. J Med
Internet Res 2015 Jul;17(7):e185. doi:10.2196/jmir.4799.

24. Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, Jan S, Graves
N, de Keizer L, Barry T, Bompoint S, Stepien S, Whittaker R, Rodgers A,
Thiagalingam A. Effect of lifestyle-focused text messaging on risk factor modification
in patients with coronary heart disease: a randomized clinical trial. Jama 2015 Sep;
314(12):1255-63. doi:10.1001/jama.2015.10945.

25. Maddison R, Pfaeffli L, Whittaker R, Stewart R, Kerr A, Jiang Y, et al. A mobile
phone intervention increases physical activity in people with cardiovascular disease:
Results from the HEART randomized controlled trial. Eurj Prev Cardiol. 2015 Jun;
22(6):701-9. doi: 10.1177/2047487314535076.

26. Maddison R, Rawstorn JC, Stewart RAH, Benatar J, Whittaker R, Rolleston A, et
al. Effects and costs of real-time cardiac telerehabilitation: randomised controlled
non-inferiority trial Heart. 2019 Jan;105(2):122-9. doi: 10.1136/heartjnl-2018-313189.

27. Frederix |, Solmi F, Piepoli MF, Dendale P. Cardiac telerehabilitation: A novel
cost-efficient care delivery strategy that can induce long-term health benefits.
European Journal of Preventive Cardiology. 2017; 24(16):1708-17.
doi.10.1177/2047487317732274

28. Pfaeffli Dale L, Whittaker R, Jiang Y, Stewart R, Rolleston A, Maddison R. Text
Message and Internet Support for Coronary Heart Disease Self-Management:
Results From the Text4Heart Randomized Controlled Trial. J Med Internet Res
2015;17(10):e237. doi: 10.2196/jmir.4944

29. Peng X; Su Y; Hu Z; Sun X; Li X; Dolansky M; Qu M; Hu X. Home-based
telehealth exercise training program in Chinese patients with heart failure: A
randomized controlled trial. Medicine. 2018 Aug ; 97(35):e12069. doi:
10.1097/MD.0000000000012069.

30. Hwang R, Bruning J, Morris NR, Mandrusiak A, Russell T. Home-based
telerehabilitation is not inferior to a centre-based program in patients with chronic
heart failure: a randomised trial. J Physiother. 2017; 63(2):101-107.
doi:10.1016/j.jphys.2017.02.017.

31. Piotrowicz E, Baranowski R, Bilinska M, et al. A new model of home-based
telemonitored cardiac rehabilitation in patients with heart failure: effectiveness,
quality of life, and adherence. Eur J Heart Fail. 2010;12(2):164-71.
doi:10.1093/eurjhf/hfp181.

32. Piotrowicz E, Pencina MJ, Opoilski G, et al. Effects of a 9-Week Hybrid
Comprehensive Telerehabilitation Program on Long-term Outcomes in Patients With
Heart Failure: The Telerehabilitation in Heart Failure Patients (TELEREH-HF)
Randomized Clinical Trial. JAMA Cardiol. 2020; 5(3):300-8.
doi:10.1001/jamacardio.2019.5006.



33

33. Troosters T, Vilaro J, Rabinovich R, Casas A, Barbera JA, Rodriguez-Roisin R, et
al. Physiological responses to the 6-min walk test in patients with chronic obstructive
pulmonary disease. Eur Respir J. 2002; 20(3):564-9. doi:
10.1183/09031936.02.02092001

34. Solway S, Brooks D, Lacasse Y, Thomas S. A qualitative systematic overview of
the measurement properties of functional walk tests used in the cardiorespiratory
domain. Chest. 2001; 119(1):256-70.

35. Alves RV, Mota J, Costa MC, Alves JGB. Aptidao 6Bisica relacionada a saude de
idosos: in6luéncia da hidroginastica. Rev Bras Med Esporte. 2004;10(1):31-7.
doi:10.1590/ S1517-86922004000100003.

36. Ades PA, Ballor DL, Ashikaga T, Utton JL, Nair KS. Wheight training improves
walking endurance in healthy elderly persons. Ann Intern Med. 1996;124(6):568-72.

37. Vincent KR, Braith RW, Feldman RA, Kallas HE, Lowenthal DT. Improved
cardiorespiratory endurance following 6 months of resistance exercise in elderly men
and women. Arch Intern Med. 2002;162:673-78. doi:10.1001/ archinte.162.6.673.

38. Dourado VZ. Equacgdes de Referéncia para o Teste de Caminhada de Seis
Minutos em Individuos Saudaveis. Sociedade Brasileira de Cardiologia. 2011 June;
96( 6 ):e128-e138.doi: 10.1590/S0066-782X2011005000024.

39. Gongalves ACCT, Pastre CM, Camargo FJCS, VanderleiLCM. Exercicio resistido
no cardiopata: revisdo sistematica. Fisioter. mov. 2012 Mar; 25( 1 ):195-205.

40. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, et al.
Physical activity and public health in older adults: recommendation from the
American College of Sports Medicine and the American Hearth Association. Med Sci
Sports. 2007; 39(8):1435-45. doi:10.1249/ mss.0b013e3180616aa2.

41. Krinski K, Elsangedy HM, Nardo Junior N, Soares |A. Efeito do exercicio aerobio
e resistido no perfil antropométrico e respostas cardiovasculares de idosos
portadores de hipertensdo. Acta Sci Health Sci. 2006;28(1):71-5.

42. Locks RR, Ribas DIR, Wachholz PA, Gomes ARS. Effects of aerobic and
resistance training on cardiovascular responses of active elderly. Fisioter Mov. 2012
jul.-set.; 25(3):541-50. doi: 10.1590/S0103-51502012000300010.

43. Vanderlei, LCM, Pastre CM, Hoshi RA, Carvalho TD, Godoy MF. Nogbes basicas
de variabilidade da frequéncia cardiaca e sua aplicabilidade clinica. Rev Bras Cir
Cardiovasc. 2009; 24(2):205-17. doi:10.1590/S0102-76382009000200018.


https://doi.org/10.1590/S0066-782X2011005000024
https://doi.org/10.1590/S0103-51502012000300010

34

Table 1 — Risck of bias in selected studies

¥102 |e 3o sedfjuy

6102 Ie 39 aliog

clozg e 39 o)es

S1L0Z [ 33 uosippep

102 IE 30 plalyuIep

SL0Z Ie 10 X11opaiy

G10Z Ie 3@ moyo

8102 |e 39 eyosnQg

610¢ Ie 19 zoImo.ajold

0102 Ie 19 zoImo.ajold

810Z Ie 3o uosippep

2102 |e 3o Buemy

LL0Z e 10 X11opaiy

8102 |e 3@ Buad

GL0Z Ie 19 li}seid

selected studies

Scale PEDro

~

~

~

~

~

Random distribution
Hidden distribution

Comparisons to the starting point

Blinding of subjects
Blinding therapists

Blinding of evaluators

Ratings> 85%

Treatment intention analysis
Intergroup comparisons

Precision and variability measures

Total Score

8/10 8/10 8/10 5/10 8/10 5/10 8/10 7/10 6/10 8/10 7/10 8/10 5/10

6/10

7/10




Tabel 2- Characteristics of the studies included in the review

35

Studies

Sample characteristics

Intervention

Outcome
Primary/Secondary

Antypas (2014)
Norway

Total sample: 1st month (n=24); 3rd
month (n=19)

Intervention group:
1st month follow-up: n=10
3rd month follow-up: n=7

Control group:
1st month follow-up: n=14
3rd month follow-up: n=12

Diagnosis: cardiovascular disease

Medicines: Not reported by the
authors

M-Health and Supervised CRP:

Personalized content based on health behavior
models through website and text message
CRP: supervised

Intervention time: one month and three months

Primary: Self-reported General Physical
Activity (IPAQ)

Secondary: Self-efficacy, social support,
anxiety and depression (HADS)

Chow (2015) Total sample: 710 M-Health and Supervised CRP: Primary: low-density lipoprotein
Sydney, (582 men; 128 women) Weekly text message via smartphone cholesterol (LDL-C)
Australia

Intervention group: 352 CRP: supervised Secondary: SBP, BMI, physical activity

level (IPAQ) and smoking

Control group: 358 Intervention time: 24 weeks

Diagnosis: Coronary artery disease

diagnosed by cineangiography and/or

history of acute myocardial infarction.

Medicines: Aspirin, beta-blockers,

statin, Angiotensin-converting enzyme

inhibitor.
Dale (2015) Total sample: 123 M-Health and Supervised CRP: Automated text Primary: Adherence to healthy lifestyle
Auckland, New messaging and support website behaviors, measured using a self-reported
Zealand Intervention group: 61 composite health score (=3) at 3 and 6

Control group: 62

Diagnosis: Myocardial infarction,

CRP: supervised

Intervention time: 24 weeks

months.

Secondary: included clinical outcomes,
medication adherence score, self-efficacy,




36

Unstable angina and Angina.

Medicines: Not reported by the
authors.

perception of illness and anxiety and / or
depression at 6 months.

Dorje (2019)
Multicentric
Shanghai,
China

Perth, Australia

Total sample: 312

Intervention group: 156

Control group: 156

Diagnosis: coronary artery disease
Medicines: Aspirin, clopidogrel, beta-

blocker, statin, angiotensin-converting
enzyme inhibitor

M-Health and Supervised CRP: Application for
patients with coronary heart disease

CRP: Unsupervised

Intervention time: 8 and 24 weeks

Primary: 6MWT short and long term.

Secondary: self-reported quality of life
questionnaires
GAD-9, PHQ-9, SF-12.

Duscha (2018)
California EUA

Total sample: 25
Intervention group: 16
Control group: 9

Diagnosis: Ischemic origin with low
or preserved ejection fraction, acute
myocardial infarction, valvulopathy,

stable angina

Medicines: Aspirin, calcium channel
beta blocker, statin, beta blockers,
angiotensin converting enzyme
inhibitor, anticoagulant and diuretic.

M-Health and Semii-supervised CRP: Sending text
messages through the app, calls, conference calls
and supervised exercises

CRP: supervised

Intervention time: 12 weeks

Primary: Long-term VO,
Secondary: medical adherence and
frequency of angina

Frederix (2015)
Multicentric
Belgium

Total sample: 139

Intervention group: 69

Control group: 70

Diagnosis: Heart failure with lowered

or preserved ejection fraction and
acute myocardial infarction

M-Health and Supervised CRP: Tele-rehabilitation
system via email and SMS for cardiac patients and
participants in the traditional CRP with supervised
exercises

CRP: supervised

Intervention time:6 weeks and follow-up in 6 month

Primary: VO, short and long term.

Secondary: daily physical activity
recorded by triaxial accelerometer.
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Medicines: Aspirin, beta-blockers and
statins

Frederix (2017)
Multicentric
Belgium

Total sample: 126

Intervention group: 62

Control group: 64

Diagnosis: Heart failure with lowered
or preserved ejection fraction and

acute myocardial infarction

Medicines: Aspirin, beta-blockers and
statins

Intervention time: follow-up in 2 years of the 2015 Primary: VO, peak

study
Secondary: International physical activity
and quality of life questionnaire (HRQoL)

Hwang (2017)

Total sample: 49

M-Health and Supervised CRP: 60 min exercises Primary: 6MWT

multicentric twice a week and lifestyle monitoring using online
Brisbane, Intervention group: 23 video conferencing software Secondary: Quality of life, patient
Australia satisfaction, participation rates in the
Control group: 26 CRP: supervised program and adverse events
Diagnosis: Heart failure with Intervention time: 12 weeks
preserved ejection fraction, dilated
idiopathic heart failure, acute
myocardial infarction and ischemic
cardiomyopathy
Medicines: Beta-blocker, diuretic,
aldosterone antagonist
Maddison Total sample: 171 M-Health and Supervised CRP: 3-5 text message Primary: VO, peak long-term
(2015) by cell phone per week and once a week it was sent
Auckland, New Intervention group: 85 through the specialized website Secondary: quality of life through
Zealand 3 videos messages. CRP was supervised questionnaires SF-36 and EQ-5D

Control group: 86

Diagnosis: Coronary artery disease
with angina

Medicines: Not reported by the

CRP: supervised

Intervention time: 24 weeks
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authors

Maddison
(2018)
Tauranga,
Auckland, New
Zealand

Total sample: 140

Intervention group: 68

Control group: 72

Diagnosis: acute myocardial
infarction and post-bypass coronary

artery disease

Medicines: Aspirin, beta blocker,

statin, Angiotensin converting enzyme

inhibitors, anticoagulant and calcium
channel blocker

M-Health and Supervised CRP: Remotely
monitored exercise-based cardiac telerehabilitation
platform

CRP: supervised

Intervention time: 12 weeks and follow-up in 6
month

Primary: VO, peak

Secondary: Accelerometry and HRQoL

Peng (2018)
Hunan,
Chengdu, China

Total sample: 98

Intervention group: 49

Control group: 49

Diagnosis: heart failure with
preserved ejection fraction, dilated
idiopathic heart failure and acute

myocardial infarction

Medicines: Not reported by the
authors.

M-Health and Supervised CRP: 1-4 weeks (training
3x week / 20min) 5-8 weeks (training 5x week /
30min) and CRP unsupervised

CRP: unsupervised

Intervention time: 8 weeks more follow-up in 4
month

Primary: 6MWT

Secondary: MLHFQ and Hospital Scale
for Anxiety and Depression

Piotrowicz
(2010)
Warsaw, Poland

Total sample: 131

Intervention group: 75

Control group: 56

Diagnosis: Cardiac insufficiency,
Implantable cardioverter defibrillator,

Intraventricular arrhythmia, coronary
artery disease, By pass

M-Health and Semi-supervised CRP:
telerehabilitation used for exercises and questions
about

patient's condition, including fatigue, dyspnoea,
blood pressure, weight and medications taken. 5
min warm-up and cool-down period and exercises
lasting 30 to 40 min with intensity ranging from 40 to
70% of the reserve heart rate

CRP: supervised

Primary: VO, peak and 6MWT

Secondary: SF36, NYHA Il and llI
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Medicines: Aspirin, beta blocker,
statin, angiotensin converting inhibitor,
anticoagulant, diuretic, antagonist
aldosterone and digoxin

Intervention time: 8 weeks

Piotrowicz
(2019)
Multicentric
Warsaw, Poland

Total sample: 781
Intervention group: 386
Control group: 395

Diagnosis: Heart failure with reduced
ejection fraction, implantable
cardioverter defibrillator, Acute
myocardial infarction and By pass

Medicines: Aspirin, beta blocker,
statin, angiotensin converting inhibitor,
anticoagulant, diuretic, clopidogrel
and digoxin

M-Health and Supervised CRP: intervention
encompassed telecare, telerehabilitation, and remote
monitoring of implantable

devices.

CRP: supervised

Intervention time: 9 weeks and followed up for 14 to
26 months after randomization.

Primary: VO, peak and 6MWT

Secondary: SF36, NYHA |, Il and IlI

Varnfield (2014)
Queensland,
Australia

Total sample: 94
Intervention group: 53
Control group: 41

Diagnosis: acute myocardial
infarction

Medicines: Not reported by the
authors.

M-Health and Semi-supervised CRP: Use of an
pplication for post myocardial infarction patients for
telerehabilitation

CRP: supervised

Intervention time: 6 weeks and more follow-up in 6
months

Primary: 6MWT short and long term

Secondary: Quality of life assessed

through questionnaires EQ5D and HRQoL
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Table 3 - Assessment of the quality of evidence of primary and secondary outcomes

Certainty assessment N° of patlents

Neof | Study | gy ocpe Incon5|stenc Indlrectnes Imorecision Other Absolute Certainty |  Importance
studies | design P considerations (95% Cl)

Cardiorrespiratory Function - Physical test

10 RCT not serious not serious not serious | not serious none 962 926 MD 0.81 higher DPDD IMPORTANT
(0.26 higher to 1.37 higher) HIGH

Cardiorrespiratory Function - Self Reported mensure of Physical Activity

3 RCT not serious serious @ serious b not serious none 455 482 SMD 0.54 higher @dOO | IMPORTANT
(0.07 higher to 1.01 higher) LOw
Heart Rate Rest
4 RCT not serious serious ¢ not serious | not serious none 563 556 MD 2.95 lower ®000 IMPORTANT
(4.82 lower to 1.09 lower) | MODERAT
E
Systolic Blood Pressure
7 RCT not serious | very serious ¢ | not serious | not serious none 804 805 MD 4.54 higher ®dOQ | IMPORTANT
(3.44 lower to 12.52 higher) LOW
Triglicerydes
4 RCT not serious not serious not serious | not serious none 574 576 MD 0.16 lower ODDD IMPORTANT

(0.27 lower to 0.04 lower) HIGH

Legend: RCT: Radomized Clinical Trial. Cl: Confidence interval; MD: Mean difference; SMD: Standardised mean difference

Explanations: a. The summary presents a heterogeneity of 57%, presenting inconsistency of information and downgrading 1 level of evidence; b. Functional capacity assessed through;
questionnaire, subjective assessment; c. The summary presents heterogeneity of 65%, presenting inconsistency of information and downgrading 1 level of evidence; d. The summary presents
heterogeneity of 95%, presenting inconsistency of information and downgrading 2 levels of evidence.
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Registros identificados por outras fontes

v

(n=2)

v

Duplicates (n= 1388)

Records for reading the titles
(n=3642)

v

v

Excluded (n=3590)

Records for reading the abstracts
(n=52)

v

v

Full text assessed for eligibility
(n=31)

v

Excluded (n=21)

l

Studies included in the qualitative analysis

(n=14)

v

v

Studies included in the quantitative analysis

(n=13)

Excluded (n=17)

e No RCT (n=7),

e No M-Health (n =5),

e Protocols (n = 1)

¢ Others inclusion requirements (n = 4)

Excluded (n=1)
e Repeated VO,peak quantitative data

Figure 1 — Organization chart of the articles selection process
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M-Health CRP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CI I, Random, 95% Cl
Darje, 2014 174462  BA005 134 1689885 63326 131 1249% Q.46 [-1.09, 2.00] T
Cuscha, 2018 2.7 5.6 16 191 5.4 g 1.9% 260[1.92 712
Frederix, 2014 23.91 B.74 F2 2286 58.37 Fd B.7% 1.058[1.08,3.18] —
Hwang, 2017 13.45 F.995 23 14378 T 26 1.9% -0.83 [4.84,3.18]
Maddison, 20145 26.8 .4 Fils] 271 G4 Ta T.3% -030[F2.34,1.74]  E—
Maddison, 2018 a0.4a2 963 ot 28349 B.74 72 4 0% 1.13 [1.64, 3.90] N B —
FPeng, 2018 14 86775 517064 42 14.29474 523711 41 G.1% 0.27 [1.97, 2.51] I L —
Piotrowicz, 2010 19.7 582 Ta 19 4 6 a6 10.8% 0.70 [0.98, 2.38] O
Piotrowicz, 20149 17.9 F2 422 167 89 422 460% 1.20[0.38, 2.02] —0—
Yarnfield, 2014 18.058 B.788 45 18.38 7225 27 27% -0.32 [F3.69, 3.049]
Total (95% ClI) 962 926 100.0% 0.81[0.26, 1.37] <&

Heterogeneity: Taw®= 0.00; Chif=4.22, df=9(F=0.90) F= 0%

Testfor averall effect: £= 2.87 (P =0.004)

4 -2

0 2 )
CRP M-Health

Forest plot of companson: 1 M-Hedlth ve CRE - Caraiorespiratony Funcuon - FRysical 1est, outcome: 1.1 Cardiorespiratony FUnction - Fhysical 18st.

M-Health CRP Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CI I, Random, 95% CI
Antypas, 2014 46594 43 2249873 T o1,795.43 1,867.33 11 B.9% 1.31 [0.24, 2.37]
Chow, 20148 932 1.02007207 3 agv 1,010.2012 358 847% 0.34 [0.19, 0.49] =
Maddison, 2014 a.634 4 4645 a5 44973 4.43 a6 33.4% 014 [-0.14,0.44] -
Total (95% CI) 433 455 100.0% 0.33 [0.04, 0.63] -
Heterogeneity: Tau®= 0.04; Chi*=4 55, df= 2 (P=0100; F= 57% 52 51 7 15 é
Testfor overall effect: F= 220 (P =003 CRP M-Health

Forest plot of comparison: 1 M-Health vs CRP - Cardiorespiratory Function, outcome: 1.2 Cardiorezpiratory Function - Self Reported measure of Physical Activity.

Figure 2 — Forest plot of comparisoe 1 M-Health vs CRP - Cardiorespiratory Function, primany outcome, VO2peak, TOamin and Self Reparted measure of Plhwsical Activiby.



Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chow, 2015 29 1.9079 341 303 19242 358 241%  -1.30[1.58,-1.02] -

Dale, 2015 303 5.4 57 2841 4.4 59 16.6% 2.201[0.40, 4.00] —_—
Dorje, 2018 24.5 3.2 134 249 35 131 222%  -0.40[F1.21,0.41] —

Frederix, 2015 28 5 69 27 5 0 17.4% 1.00 [-0.66, 2 66] S
Maddison, 2018 29,03 432 68 27.58 3 72 197% 1.45[017, 2.73) ———
Total (95% CI) G669 690 100.0% 0.42[-0.88, 1.72] -’-
Heterogeneity: Tau®= 1.81: Chif= 38.09, df= 4 (P < 0.000013; 7= §9% _51 2 3 2 ‘;

Test for overall effect £= 064 (F =052
Forest plot of comparison: 2 M-Health vs CRP - Second Outcomes, outcome: 2.1 Body Mass Index,

M-Health CRP

M-Heafth CRP Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 5% CI IV, Random, 95% CI
Chow, 2015 1006 10327 341 105 105831 358 37.5% -4.40[595,-2.389] L
Maddison, 2018 1022 1082 68 006 10.11 72 337% 360(013,7.07)
Varnfield, 2014 1011 14.4 46 1007 87 26 288% 0.40 [-4.94,5.74]
Total (95% ClI) 455 456 100.0%  -.0.32[-6.03, 5.40]

Heterogeneity. Tau®=22.07, Chi*=18.51, df= 2 (P = 0.0001), *=89%
Testfor overall effect 2= 011 (P =0.91)

Forest plot of comparizon: 2 M-Health vs CRP - Second Qutcomes, outcome: 2.2 Walist Circumfersnce.

Study or Subgroup  Mean

M-Health CRP
SD Total Mean

Mean Difference

SD_Total Weight IV, Randem, 95% CI

.20 10 0 10 {
M-Health CRP

Mean Difference
N, Random, 95% CI

Chow, 2015
Maddison, 2018

Total (95% CI)

101.7 11.2658 341 1064 11.5452
68 1023 6.34

106 g.22
409

358 506% -4.70[-6.39,-3.01)
72 49.4% 3.70[1.26,6.14]

430 100.0% -0.55(-8.78,7.68]

Heterogeneity: Tau®= 34.13; Chi*= 30.73, df=1 (F < 0.00001), I*= 97%
Test for overall effect £= 013 (P = 0.90)

Forest plot of comparison: 2 M-Health vs CRP - Second Outcomes, outcome: 2.3 Hip Circumference.

-
-

-20 10 0 10
M-Health CRP

M.Health CRP Mean Difference Mean Difference
Study or Subgroup  Mean_SD _Total Mean SD Total Weight IV, Random, 95% CI I, Random, 95% CI
Dale, 2015 097 06 61 0.94 007 62 47 6% 003 F012,018]
Dorje, 2019 09 06 134 08 06 131 524% 0.00[F0.14,0.14]
Total (95% CI) 195 193 100.0% 0.01 [-0.09, 0.12]

Heterogeneity Tau®= 0.00; Chi*= 008, df=1 (P=078);F=0%

Test for averall effect Z=0.27 (F = 0.79)
Forest plot of comparison: 2 M-Health vz CRP - Second Qutcomes, outcome: 2.4 Waist-to-Hip-Ratio.

0.5 0 0.5 1
M-Health CRP
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M-Health CRP Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight I, Random, 95% CI M, Random, 95% CI
Chow, 2015 BY 95394 3 B9 9621 358 339% -200[-3.42 -058)] —-
Dorje, 2019 68.9 82 134 744 104 131 261% -550[-7.76,-3.24] —a
Peng, 2018 TFAa2 365 42 80454 441 41 308% -3.02[-4.76,-1.28] ——
Varnfield, 2014 64.3 108 46 B33 11.7 26 91% 1.00 [-4.47, 6.47] I Ra—
Total (95% Cl) h63 256 100.0% -2.95[-4.82,-1.09] 2

Heterogeneily: Tau®= 214; Chi*= 860, df=3 (P=0.04); F=65%
Test for overall effect: Z=3.11 {P = 0.002)
Forest plot of comparizon: 2 M-Health vs CRP - Second Qutcomes, outcome: 2.5 Heart Rate Rest.

40 -5 0 5 10
M-Health CRP

M-Health CRP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% CI N, Random, 95% Cl
Chow, 2015 128 945394 3N 136 192419 358 151% -B3.00[10.24,-576] -
Dale, 2015 136 20 61 135 16 62 139% 1.00[5.41,7.41] —
Dorje, 2019 132 19 134 1224 132 131 147% 950 [5.57,13.43] —
Frederix, 2015 150 14 69 129 M 70 141% 21.00[15.07, 26.93] B
Maddison, 2015 135.81 17.58 856 13099 16.23 86 14.4% 4.82[0.24,988] =
Maddison, 2018 1356 16.66 BB 1305 1514 72 143% 510[-0.18,10.38] =
Varnfield, 2014 1231 1712 46 1244 15 26 134% -1.30 [-8.90, 6.30] —
Total (95% Cl) g04 805 100.0% 4.54[-3.44,12.52]

Heterogeneity: Tau®= 108.40; Chi®= 12713, df= 6 (P < 0.00001); F= 95%
Testfor overall effeck Z=1.12 (F = 0.26)

Forest plot of comparizon: 2 M-Health ws CRP - Second Qutcomes, outcome: 2.6 Systolic Blood Pressure.

20 10 0 10 2
M-Health CRP

M-Health CRP Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight I, Random, 95% CI I, Random, 95% CI
Chow, 20145 a1 945384 3N 84 9621 358 344% -3.00[-4.42 -1.58] -
Cale, 2014 T4 11 61 79 10 B2 13.4% 0.00[3.72, 3.72] . E—
Frederix, 20156 T4 A3 B4 T4 17 T 6% -176[8.14, 4.67] -1
Maddizon, 2015 Fa.589 9.44 85 784 1025 a6 18.2% 019 [F2.76, 3.14] —
Maddison, 2018 Fe.04 9.04 Ba ¥8.11 1083 72 158%  -0.07 [-3.37, 3.23] E— E—
Warnfield, 2014 T a4 46 THZ TE 26 124% -450[-8.39, -061] e —
Total (95% Cl) 670 674 100.0% -1.67 [-3.28, -0.06] P
Heterageneity: Tau®=1.44; Chi= 8.01, di= 5 (P = 0.16); F= 38% =5 3 é 1=IZI
Testfar averall effect: Z=2.03 (F=0.04) M-Health CRP

Forezt plot of comparizon: 2 M-Health vs CRP - Second Outcomes, outcome: 2.7 DiastolicBlood Pressure.

Figure 3 - Forest plot of comparison: 2 M-Health vs CRP - Second Outcomes, outcome: 2.7 Diastolic Blood Pressure
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M-Health CRP Mean Difference Mean Difference
Sludy or Subgroup Mean S0 Total Mean S0 Total Welght IV, Random, 95% Cl N, Random, 95% CI
Chow, 2015 3.885 09¥26 341 41181 0.74¥5 358 33.4% -0.23[0.36,-0.10] -
Dale, 2015 36 ) 61 38 14 62 1.5% -0.20 |-1.98, 1.58]
Dorje, 2019 36 1 134 35 0.7 131 28.4% 0.10-0.11,0.31) 'r"_
Maddison, 2018 362 0.98 BB 3.55 0.92 72 21.5% 0.07 F0.25, 0.349) -
Wamfield, 2014 222 o081 Eh| 296 0.66 15 15.3% 0.26 018, 0.70]
Total (95% CI) 635 6328 100.0% 0.00 [-0.22, 0.23] ?-
Helerogeneity: Taw®= 0.03 Chi*=11.37, df= 4 (P = 0.02) F= 65% % 3 ) 1 )
Testfor overall effect: Z= 002 (P = 0.93) M-Health CRP
Forest plot of comparison: 2 M-Health ws CRP - Second Qutcomes, outcome: 2.8 Total Cholesterol.

M-Health CRP Mean Difference Mean Difference
Study or Subgroup Mean SD Tetal Mean SO Tetal Weigit N, Random, 95% €1 N, Random, 95% CI
Chow, 2015 20461 0OTO054 39 24756 07202 333 M. 7% -013 024, -002) —=—
Dale, 2015 1.7 0.6 B1 1.9 0.2 62 16.5% -0.20 [-0.45, 0.05] —_—
Daorje, 2019 1.8 07T 134 1.8 06 131 257% 0.00 F0.16, 0.16] .
Maddison, 2018 1.95 097 68 1.71 0.59 72 151% 0.24 [(0.03, 0.51] T
Warnfield, 2014 1.66 0.51 b | 1.61 053 13 11.0% 0.05 [-0.29, 0.39] I La—
Todal (95% CI) 613 611 100.0%  -0.03[-0.16, 0.10] -*-
Heterogeneity Tau?= 0.01; Chi*= 8.54, df= 4 (P= 0.07); P = 53% _51 _055 5 055 {
Tesl for overall effect: 7= 048 (P = 063) 'M-Hearm CRP .
Forest plot of comparizon: 2 M-Health ws CRP - Becond Outcomes, outcome: 2.9 HDL

M-Health CRP Mean Difference Mean Difference
Study or Subgroup Mean S0 Tolal  Mean S0 Total Weight I, Random, 95% Cl Y, Random, 95% CI
Chow, 2015 2.0461 07054 39 24756 07202 333 3M.7% -01310.24,-0.02) ——
Dale, 2015 1.7 0.6 B1 1.9 0. 62 16.5% -0.20 [-0.45, 0.05] e
Diarje, 2019 1.8 0.7 134 1.8 06 131 257% 0.00 [-0.18, 0.16] .
Maddison, 2013 1.95 0.97 B8 1.7 0.59 72 151% 0.24 [-0.03, 0.51] T
Warnfield, 2014 1.E6 0.51 n 1.61 053 13 11.0% 0.05 [-0.29, 0.39] I LE—
Total (95% CI) G13 611 100.0%  -0.03F[-0.16G, 0.10] i
Heterogenegity Tau?= 001, Chf= 854, df=4 (F=007), F= 53% _; —EIES I!I EIIS 1‘
Testfor overall effect Z=0.48 (P=0.63) W-Heallh CRP
Forest plot of comparizon: 2 M-Health ws CRP - Second Outcomes, outcome: 210 LDL

M.Health CRP Mean Difference Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight I, Random, 95% CI I, Random, 95% CI
Chow, 2015 1.582 0.8624 341 1.808 09735 358 48.6% -0.23 [0.36,-0.09) —a0—
Dorje, 2019 1.5 1.3 134 1.5 03 131 16.2% 0.00 (-0.27, 0.27] - T
Maddison, 2018 1.43 0.81 63 1.66 0.11 T2 284% =018 F0.37, 0.01] — &
Warnfield, 2014 113 o.r 3 105 0.69 15 6.2% 0.08 [0.35, 0.51]
Total (95% CI) 574 576 100.0% .0.16 [-0.27, -0.04] .
Heterogeneity: Taw™= 0.00; Chi*= 3.50, df= 3 (P =032 F=14% q + L t
Testfor overall effect Z= 2,67 (P = 0.00%) 05 "',';E,ﬁea,m UCRF. 025 03

Forest plot of comparison: 2 M-Health ws CRP - Second Qutcomes, outcome: 2.11 Triglicerydes.

Figure 4 — Forest plot of comparison: 2 M-Health vs CRP — Second Outcomes, outcome: 2.11 Triglicerydes
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Sensitivity Analysis

Total Mean

CRP

SD Total

Mean Difference

Weight IV, Random, 95% CI

Mean Difference
I, Random, 95% CI

M-Health
Stucty or Subgroup Mean
3.1.1 M-Health and supendised CRP
Darje, 2019 17.4462 B.5005
Freder, 2015 3% 6.74
Maddison, 2015 26.8 6.4
Maddison, 2018 3052 963
Peng, 2018 1456775 517064
Piotrowicz, 2019 1749 6.2
Subtotal (95% CI)

134 16.9885 63326
62 2286 537
5 271 6.5
68 2039 6.75
42 1429474 52371

422 16.7 5.4
803

Heterogeneity: Taw® = 0.00; Chi*= 248, di=5 (F=0.78);, F=0%

Test for overall effect 2= 2,80 (P = 0.005)

3.1.2 M-Heatlth and semi-supenised CRP

Duscha, 2018 nr 5.6
Hweang, 2017 1355 6.995
Piotrowicz, 2010 187 5.2
Yamfield, 2014 18058 6788
Subtotal (95% CI)

16 191 5.5
23 14.378 7217
5 19 4.6

45 1838 7225
159

Heterogeneity: Tau® = 0.00; Chi*=1.53, di= 3 (P =068), F=0%

Test for overall effect Z= 078 (P=0.44)

Total (95% Cl)

962

Heterogenaity: Tau® = 0.00; Chi*= 4.22, df= 9 (P =090) F=0%

Test for overall effect Z= 2.87 (P = 0.004)

Testfor subgroup differences: Chi*= 020, df=1 (P = 0.6&), F= 0%

Figure 5 Forest plot of comparison: Forest plot of comparison: M-Health vs CRP - Cardiorespiratory Function - Physical Tests ubgrups [Supervised and sem-supervisied CRP)
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-0.30 [-2.34, 1.74]
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0.27 [-1.97, 2.51]

1.20[0.38, 2.02]
0.87 [0.26, 1.48]
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-0.32 [3.69, 2.05]
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ANEXO
Registro PROSPERO

24/11/2018 PROSPERO email history

PROSPERO
National Institute for International prospective register of systematic reviews
¢ paoy Research

Dear Dr Toledo,

Thank you for submitting details of your systematic review "Use of
M-health as a strategy to improve the cardiovascular performance of
cardiac patients belonging to the cardiovascular rehabilitation

program" to the PROSPERO register. We are pleased to confirm that the
record will be published on our website within the next hour.

Your registration number is: CRD42019137017

You are free to update the record at any time, all submitted changes

will be displayed as the latest version with previous versions

available to public view. Please also give brief details of the key

changes in the Revision notes facility and remember to update your
record when your review is published. You can log in to PROSPERO and
access your records at https://www.crd.york.ac.uk/PROSPERO.

Comments and feedback on your experience of registering with PROSPERO
are welcome at crd-register@york.ac.uk

Is your team looking for a platform to conduct data extraction for
your systematic review? SRDR-Plus is a free, powerful, easy-to-use
systematic review data management and archival tool. You can get
started here: http://srdrplus.ahrg.gov.

Best wishes for the successful completion of your review.
Yours sincerely,

PROSPERO Administrator

Centre for Reviews and Dissemination
University of York

York YO10 5DD

t: +44 (0) 1904 321049

e: CRD-register@york.ac.uk
www.york.ac.uk/inst/crd

PROSPERQO is funded by the National Institute for Health Research and
produced by CRD, which is an academic department of the University of
York.

Email disclaimer: https://www.york.ac.uk/docs/disclaimer/email.htm
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SPORTDiscus with Full Text (EBSCOhost)
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S2. exercise therapy OR exercise OR rehabilitation OR cardiac rehabilitation OR rehabilitation
program OR physical therapy OR physical training
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