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Abstract

Objectives: The aim of the study was to verify the effectiveness of telemedicine in randomized controlled trials (RCTs)
in terms of its influence on physical conditioning, quality of life, and health conditions in adults/elderly people affected
by chronic diseases.

Design: This was a systematic review and meta-analysis.

Methods: The search covered RCTs published from 2011 to 2021 and was conducted using the PubMed, Embase,
PEDro, Lilacs, and Cochrane Library databases, on volunteers of both sexes, that were rehabilitated, and/or monitored,
and/or evaluated, specifically, via remote care. The extraction, quality of studies, and risk of bias were assessed using the
RoB?2 (risk of bias) tool, for analysis of the strength of evidence, the GRADE (Grading of Recommendations Assessment,
Developing, and Evaluation) method was used, and for the preparation of meta-analysis was used at RevMan 5.4 (Review
Manager) was used.

Results: The database search identified 3949 potential articles for screening, 13 of which were eligible for the present
systematic review, involving 1469 participants with chronic diseases (chronic obstructive pulmonary disease (COPD),
asthma, heart failure, diabetes mellitus, and fibromyalgia). Through the meta-analysis, an advantage was identified for
the remote intervention on physical conditioning (p=0.001), with an estimated effect of 0.29 (0.11, 0.46) and on health
conditions (p=0.0004), —0.30 (-0.47, —0.14), while for quality of life, no significant difference was identified (p=0.90),
0.01 (-0.13, 0.14).

Conclusion: Telemedicine has clinical effectiveness for the outcome of physical conditioning and general health
conditions in adults with chronic diseases when compared to usual care without face-to-face intervention.
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They are also the leading cause of morbidity among
men and women, with an estimated 1.6 billion cases in
2017. These are identified by disability-adjusted life years
(DALYSs), which assume the sum of life years of potential
lost due to premature mortality, and years of productive
life lost due to disability. Respiratory diseases were respon-
sible for 112 million DALY, of which 81.6 million were
due to COPD and 22.8 million were due to asthma.?

These diseases are commonly treated face-to-face, with
medication, guidance, and rehabilitation in hospitals and
clinics. However, with technological advances, it has been
possible to implement other forms of treatment, such as
telemedicine, telehealth, and virtual rehabilitation. Such
treatments, through the use of telecommunications, aim to
reduce the side effects of diseases, in addition to improv-
ing cost-effectiveness, which has drastically impacted the
health system.>*

Telemedicine is defined as the use of information and
telecommunications technologies to carry out healthcare
from a distance,’ that aims to provide medical care to
patients without physical contact, through the use of elec-
tronic devices capable of connecting health professionals
to patients and to each other, facilitating the enforcement
of exams, diagnoses, and remote clinical follow-up.
Telemedicine can also provide self-care and self-monitor-
ing regimens for patients at home, which are ideal strate-
gies to facilitate patient management in the absence of
face-to-face consultations.®

A systematic review reported that telerehabilitation
assessments demonstrate positive results in controlling pain
and edema, as well as improving range of motion, muscle
strength, balance, gait, and functional assessment.” Research
carried out in the field of musculoskeletal physiotherapy
using telehealth tools has shown high levels of patient satis-
faction regarding the form of remote intervention.®'* When
comparing face-to-face interventions with the use of tech-
nology for remote assistance, the degree of satisfaction was
significantly higher for the remote technique.!! Although
more studies are needed on the economic impact of using
telehealth, research so far has shown a favorable cost-bene-
fit ratio for this form of intervention compared to the tradi-
tional face-to-face model.!?™!3

Although a review of the telehealth chronic disease
management system has been conducted, addressing qual-
ity of life, depression, anxiety, and fatigue,'® no studies
have been found that specifically address physical condi-
tioning and other health conditions.

Thus, this review aimed to verify the effectiveness of
remote care in the assessment, and/or monitoring, and/or
rehabilitation of adults/elderly people affected by chronic
diseases, in terms of physical conditioning, quality of life,
and general health conditions, through studies of rand-
omized controlled trials (RCTs), for the order to provide
information that can guide clinical practice, development
of scientific projects (applications, electronic devices),

deepening field research, in addition, to point out the best
way of care between remote and face-to-face care, in miti-
gating the side effects caused by chronic diseases, thus
presenting alternative care for adult/elderly patients, una-
ble to access ambulatory care.

Methods

The preparation of this review followed the recommenda-
tions of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA). The study is a
systematic review with meta-analysis, performed in 2021,
and a research protocol was registered on May 16,2021, in
the international database of systematic reviews,
PROSPERO (CRD42021247886). Approval by a research
ethics committee to conduct this meta-analysis was not
required in Brazil. Research involving only public domain
data that does not identify the research participants, such
as a bibliographic review, does not necessitate approval by
the CEP-CONEP System. The question guiding this review
was as follows: Does telemedicine have superiority for the
outcomes of physical conditioning, quality of life, and
general health conditions of adults and/or elderly people
with chronic diseases, when compared to usual care with-
out face-to-face intervention, in RCTs. The hypotheses
were: (1) Telemedicine is an effective alternative for the
assessment, monitoring, and rehabilitation of patients suf-
fering from chronic diseases. (2) Telemedicine is not an
effective alternative for the assessment, monitoring, and
rehabilitation of patients suffering from chronic diseases.
To identify relevant studies, a search strategy was devel-
oped using the following keywords indexed in Medical
Subject Headings (MeSH).

The databases searched were PubMed, Embase, PEDro,
Lilacs, and the Cochrane Library. The search was per-
formed, covering articles published from 2011 to 2021. The
selected articles were manually organized according to the
following search-term strategy: “chronic disease”/exp OR
“diabetes mellitus”/exp OR “hypertension”/exp OR
“chronic obstructive lung disease”/exp OR “malignant neo-
plasm™/exp OR “obesity”’/exp OR “fibromyalgia”/exp AND
“adult”/exp OR “aged”/exp AND “telehealth”/exp OR “tel-
emedicine”/exp OR “telerehabilitation”/exp AND “tradi-
tional medicine”/exp OR “primary health care”/exp OR
“self care”/exp OR “homebound patient”/exp OR “health
education”/exp OR “medical information”/ exp AND “clin-
ical outcome”/exp OR “treatment outcome”/exp.

After obtaining the relevant primary studies and elimi-
nating duplicates, the articles were evaluated for their rel-
evance, respecting the inclusion and exclusion criteria, as
established by the population, intervention, comparison,
and outcome (PICO) question.

Population: Adults and the elderly of both sexes who
had been diagnosed with one or more chronic diseases and
who used remote care (telemedicine) were included.
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Children, adolescents (under 18 years of age), and bedrid-
den volunteers were excluded, as were those without a
clear diagnosis of chronic disease.

Intervention: Telemedicine interventions (telehealth,
telerehabilitation) include strategies for monitoring, evalu-
ation, and/or rehabilitation. These interventions are an
alternative to elective or routine appointments for monitor-
ing patients, and clinical health conditions. Telemedicine
interventions are conducted via remote means and include
numerous technologies, such as telephones, smartphones,
text messaging, tablets, computers, and other digital
peripheral applications.

Comparison: Primary care services without face-to-
face intervention, such as those for information or educa-
tion purposes only. All studies that did not comply with
this comparison were excluded, as were those that were
protocols or that were not RCTs.

Outcome: Clinical outcomes that addressed physical
fitness, quality of life, and general health conditions (hos-
pitalizations, mortality, and symptom exacerbations) were
considered.

The extraction and evaluation of data were performed
by two authors who independently examined the records,
selecting them for their quality and risk of bias through the
Cochrane risk of bias (RoB2) tool, and in case of disagree-
ment, a third author was asked to arbitrate.

Quality assessment and risk of bias

The potential risk of bias related to randomized trials was
assessed using the RoB2.0. This tool assesses the risk of
bias from five domains, including bias due to randomiza-
tion/processing, bias due to deviations from intended inter-
ventions, bias due to lack of outcome data, bias in outcome
measurement, and bias in the selection of reported out-
comes. A domain was classified as low risk of bias when
the evaluators found clarity in the results and that the
involved researchers had methodically followed the objec-
tive of the study. A domain was assessed as high risk when
the study contained considerable levels of bias, thus sig-
nificantly decreasing confidence in the results.!”

Data extraction

Table 1 was constructed containing the authors’ names,
follow-up time, study design, sample size, type of inter-
vention, age group, and research results.

Meta-analysis and data synthesis

Data synthesis was qualitative for the strength of evidence
and quantitative through meta-analysis.

For the strength of evidence, the GRADE (Grading of
Recommendations Assessment, Developing, and Evaluation)
method was used, which classifies into four levels: high,

moderate, low, or very low. Factors that lower the strength of
evidence (study limitations, inconsistency of results, indirect
evidence, imprecision, and publication bias), and (large mag-
nitude of effect, dose—response gradient, and confounding
variables that may have reduced the observed effect), are the
factors that increase the strength of evidence. High confi-
dence, when it is highly likely that the review finding is a
reasonable representation of the phenomenon of interest.
Moderate confidence, when the review finding is likely to be
a reasonable representation of the phenomenon of interest.
Low confidence, when it is possible that the review finding
is a reasonable representation of the phenomenon of interest.
Very low confidence when it is unclear whether the review
finding is a reasonable representation of the phenomenon of
interest.?!

As for the preparation of the meta-analysis, the tool
used was RevMan 5.4 from the Cochrane Group.
Understanding that the true effect of the treatment in the
studies may be different between them, the type of model
for analysis was the random effect, with continuous data
type, in the inverse statistical method of variance, with the
measure of effect being the difference of the standardized
mean, with a 95% confidence interval. The results were
synthesized to identify statistical heterogeneity, confi-
dence interval, probability of significance, the weight of
studies, and the trend of the effect between the analysis
groups (intervention and control), as evidenced by the fig-
ure of the forest plot, for a better understanding of study
trends and the meta-analysis conclusion.

Results

After searching the databases, 3949 articles were initially
identified, of which 1065 were removed for being dupli-
cates, 2613 were removed by filters used in the screening
tools, and 144 were removed for other reasons (The arti-
cles were either not available in full or still in progress, and
did not pertain to the subject of the study.). The remaining
127 articles underwent title analysis, and 54 were elimi-
nated, leaving 73 articles to be subjected to a more careful
analysis of content and potential risk of bias. Of these,
three articles were eliminated for presenting a high risk of
bias; 54 were eliminated for being protocols, by the non-
randomized study design, by presenting a comparison out-
side the domain of this review, or because there was no
complete data; two were eliminated because they only
brought the data obtained between the groups; and one was
eliminated for presenting patients ineligible for the inclu-
sion criteria of this review. Ultimately, 13 articles were
selected for inclusion in this research (Figure 1).

According to a PubMed search of articles published
between 2011 and 2021, research on telemedicine in adults
with chronic diseases has been growing annually, with 103
articles published in 2011 and 179 in 2020, reaching a peak
in 2019 with 259 publications.
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Identification of studies via databases and registers
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Figure |. Flow diagram of selected studies.

Of the 13 trials included in this review, four are from
the United States of America, two from Australia, and
there was one publication each from Canada, Germany,
Greece, Spain, Switzerland/Germany, Taiwan, and Turkey,
nine of which are related to COPD, one with asthma, one
with heart failure, one with diabetes mellitus (DM), and
one with fibromyalgia. The included studies had a low or
medium risk of bias according to the assessments of the
authors of this review; this assessment was based on the
Cochrane tool (RoB) (Figure 2).

The data on physical conditioning, quality of life, and
general health conditions are presented in Table 2 and
Figure 3.

Physical conditioning

A pedometer-based remote walking program can improve
daily step counts in people with COPD after 4 months of
intervention. '

Telemonitoring is a simple method capable of improv-
ing physical training and physical activity at home in
patients with COPD in the stable phase of the disease.?’

Home maintenance telerehabilitation was equally effec-
tive as outpatient rehabilitation and superior to usual care,
showing an increase in daily activities.?®

Telerehabilitation can improve endurance exercise
capacity in COPD patients compared to usual care.??
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Figure 2. Risk of bias graph and summary, authors' judgments on each risk of bias item for included studies.

The association of a pedometer with an instructional
website improves daily step count and maintains walking
for more than 3 months, mitigating declines in physical
activity in the changing weather season.?!

Physical fitness significantly improved in patients with
type 2 DM in the telerehabilitation group.?®

An important negative influence of exacerbations on
physical function was identified during the study, and only
patients in the telerchabilitation group without exacerba-
tions appeared to increase their mean distance in the 6-min
walk test compared to baseline in 12 months.?®

Quality of life
A pedometer-based remote walking program can improve

quality of life domains over a 4-month intervention in peo-
ple with COPD."

Telerehabilitation was as effective as outpatient hospi-
tal rehabilitation and superior to usual care in assessing the
quality of life over 12 months.?

The telerehabilitation group showed a significant trend
toward improvement in the total quality of life score on the
Chronic Respiratory Disease Questionnaire (CRDQ).??

Although the statistical analysis of the survey did not
demonstrate superiority between groups for quality of life,
reports from participants in the Taking Healthy Steps study
say otherwise.?!

Telerehabilitation through calisthenics exercises can be
effective for the decline of depression and the improve-
ment of the general state of health when compared to the
control group.?®

A telehealth coping skills training program improves
the psychological and somatic quality of life, as well as the
functional capacity of volunteers with COPD.'8
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Figure 3. Forest plot comparison: Outcomes (physical conditioning, quality of life, and general conditions health), respectively.

Home intervention was effective for quality of life in
volunteers with heart failure.?’

Self-management telehealth with an action plan and
regular monitoring can improve the quality of life of asth-
matic volunteers during pregnancy.?

Health conditions

Although the intervention and control groups showed
improvements in relation to baseline, no significant dif-
ference was identified in the COPD assessment test
score.?’

Home maintenance telerehabilitation is effective for the
maintenance of pulmonary rehabilitation, reducing the risk
of acute exacerbation and the number of hospitalizations in
volunteers with COPD.?

Telerehabilitation, when compared to usual care, can
improve self-efficacy and psychological status in COPD
patients with high anxiety and depression scores in COPD
patients.??

Telerchabilitation is safe and effective as an alternative
treatment model for the control of type 2 DM, which can
improve glucose control and be an ally for the decline of
depression, in addition to saving time, labor, and treat-
ment costs.?

Telerehabilitation has not shown general superiority
over current clinical practice for volunteers with COPD.
However, when longitudinal analyses were observed, dur-
ing stable periods without disease exacerbations, benefits
could be identified.?®

Telehealth was not successful in reducing mortality and
the number of hospitalizations in patients with COPD. '8
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Remote intervention improves health and functional
status outcomes, self-care, self-efficacy, metamemory, and
disease knowledge in volunteers with heart failure.”’

Self-management with an action plan, and regular mon-
itoring by the medical team, improves the clinical status of
volunteers with asthma during pregnancy, and reduces the
number of unplanned hospitalizations.?

A remote self-management education program can be a
viable alternative for COPD patients to improve their
knowledge about the disease, self-efficacy, level of activa-
tion, and ability to better deal with the impact of the symp-
toms of the disease, in addition to helping with the
engagement of beneficial behaviors.?

Telehealth reduced by 50% the symptoms of volunteers
with COPD, in the COPD assessment test, an important
indicator of disease progression.?

A cognitive-behavioral pain course, offered remotely
for adults with fibromyalgia, improves symptoms, such as
depression, anxiety, and pain.>’

Discussion

This systematic review identified RCTs that used remote
intervention for assessment, monitoring, or rehabilitation
to study outcomes regarding physical conditioning, quality
of life, and general health conditions in volunteers, adults,
and the elderly with chronic diseases, as other reviews did
not find significant evidence comparing telerchabilitation
with face-to-face rehabilitation.

Telemedicine and its sub-areas (telehealth and telereha-
bilitation) were used according to various methods and
with various electronic devices to adapt the quantity and
duration of interventions, respecting the chronic condi-
tions as well as the exacerbation of symptoms of each
disease.

A remote program was used with 799 participants, 683
of whom had COPD, 36 of whom had asthma, 30 of whom
had fibromyalgia, 25 of whom had heart failure, and 25 of
whom had DM. The studies included presented a low or
medium risk of bias, according to the assessments of the
authors of this review.

The limited sample size, the short follow-up time, the
number of interventions, and the lack of blinding of the
team of investigators and participants regarding the inter-
ventions were the main limitations found in the studies.
The lack of blinding for the intervention was justified by
the nature of the study and certified by the blinding of the
outcome assessors in more than 75% of the cases.

Although there is a difference between the studies
regarding the number of volunteers, follow-up time, and
number of interventions, a comparison among them was
possible. In summary, the mean duration of the interven-
tions was 24 weeks, with the study by Duruturk et al. hav-
ing the shortest analysis time (6 weeks) and the study by
Galdiz et al., the one with the longest time (48 weeks). In

terms of the size of the sample undergoing intervention,
the study by Tsai et al. had the lowest number (19 volun-
teers), and the study by Blumenthal et al., had the largest
sample (162 volunteers), with an overall mean among all
studies of 61 participants.

The technology used in remote care was simple, acces-
sible, and with good applicability (smartphones, notebooks
with cameras, and pulse oximeters). The data were sent by
electronic devices, such as text messages, email, or the
application platform. However, the main adversities found
regarding the effectiveness of telemedicine are due to the
participants' level of understanding of technology and their
skill in handling electronic devices away from the team.
Lack of accessibility, poor Internet quality, and a lack of
electricity were other reported problems.

Of'the 13 studies included, Galdiz et al., and Blumenthal
et al., demonstrated that telemedicine was not generally
superior to typical care, especially in terms of mortality
and hospitalization outcomes. When the outcome was
physical conditioning, Franke et al., Moy et al., Tsai et al.,
and Wan et al., concluded that the intervention was feasi-
ble and effective. Blumenthal et al., Clark et al., Franke
et al., Galdiz et al., Moy et al., and Zairina et al., identified
an improvement in the quality of life of the volunteers. In
addition, in terms of the outcomes of health conditions
(intensity and frequency of pain, exacerbation of symp-
toms, level of activation, self-efficacy, anxiety, and depres-
sion). Chang & Dai, Clark et al., Duruturk et al., Friesen
et al., Galdiz et al., Rassouli et al., Tsai et al., Vasilopoulou
et al., and Zairina et al., concluded that telemedicine indi-
cated significant results.

In general, it was possible to identify in the qualitative
analyses, that telemedicine shows superior effects, in terms
of physical conditioning, quality of life, and general health
conditions, when compared to those who did not receive
any face-to-face rehabilitation, or were limited to educa-
tional guidelines only for self-care, but in the quantitative
analysis, the results for quality of life showed no statistical
difference between the groups.

The main limitation of this review is likely due to the
careful selection process, which chose only RCTs, that
used outcomes of telemedicine compared to outcomes of
usual treatment without intervention in adult patients with
some chronic disease, which may have contributed to a
limited sample and heterogencity regarding the studies
included, due to a higher prevalence of studies related to
chronic respiratory diseases. The strength of the evidence
of the analysis was reduced mainly by indirect evidence
(difference in population, comparison, or outcomes) and
imprecision (large confidence interval, small sample, and
event size).

Therefore, more experimental studies are needed, that
carefully follow the entire analysis process, in a standard-
ized form, with data loss limited to 10%, and a longer fol-
low-up and sample period, in addition to investigating the
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effects of telemedicine on all the participants' physical and
social conjunctures as well as the evaluation of effective-
ness in other chronic diseases.

However, in most studies that used the 6-minute walk
test to identify the effects of a remote intervention program
based on physical exercises, a statistical significance in
favor of the experimental group was evident, in addition to
suggesting that the adoption of physical activity monitored
by trained professionals can be beneficial to stable patients
affected by chronic diseases.

Conclusion

The results of this systematic review identified the effec-
tiveness of telemedicine for the outcomes of physical con-
ditioning and general health conditions, indicating
satisfactory clinical advantages for health professionals
who apply remote intervention for the assessment, moni-
toring, and rehabilitation of adult/elderly patients with
chronic diseases. In addition, telemedicine was shown to
be a viable tool in the mitigation of inherent risks to
patients with chronic diseases.

In the quality of life outcome, there was no statistical
difference between the groups, suggesting nullity between
telemedicine and the control group, in the quantitative
analysis. However, the qualitative analysis brought a better
perception of the volunteers, regarding the remote inter-
vention, and its effectiveness.

However, the continuous study is needed to explore the
different barriers of technology and telemedicine’s applica-
bility to the health field, including quantitative and qualita-
tive research that provides effectiveness and management
data to facilitate understanding to include in the daily clini-
cal practices of any patient with chronic disease, regardless
of age and education level. It is recommended that future
studies utilize a longer follow-up by the health team and a
larger sample covering the entire population diversity (age,
gender, race, education level, and clinical conditions).
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