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Background: Hospital readmissions pose a challenge for modern healthcare
systems. Our aim was to assess the efficacy of telemedicine incorporating
telemonitoring of patients’ vital signs in decreasing readmissions with a focus
on a specific patient population particularly prone to rehospitalization: patients
with heart failure (HF) and/or chronic obstructive pulmonary disease (COPD)
through a comparative effectiveness systematic review.

Methods: Three major electronic databases, including PubMed, Scopus, and
ProQuest's ABI/INFORM, were searched for English-language articles published
between 2012 and 2023. The studies included in the review employed
telemedicine incorporating telemonitoring technologies and quantified the
effect on hospital readmissions in the HF and/or COPD populations.

Results: Thirty scientific articles referencing twenty-nine clinical studies were
identified (total of 4,326 patients) and were assessed for risk of bias using the
RoB2 (nine moderate risk, six serious risk) and ROBINS-I tools (two moderate
risk, two serious risk), and the Newcastle-Ottawa Scale (three good-quality, four
fair-quality, two poor-quality). Regarding the primary outcome of our study
which was readmissions: the readmission-related outcome most studied was
all-cause readmissions followed by HF and acute exacerbation of COPD
readmissions.  Fourteen  studies suggested that telemedicine using
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ABI, Abstracted Business Information; ADHF, acute decompensated HF; AECOPD, acute exacerbation of
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telemonitoring decreases the readmission-related burden, while most of the
remaining studies suggested that it had a neutral effect on hospital readmissions.
Examination of prospective studies focusing on all-cause readmission resulted in
the observation of a clearer association in the reduction of all-cause readmissions
in patients with COPD compared to patients with HF (100% vs. 8%).

Conclusions: This systematic review suggests that current telemedicine
interventions employing telemonitoring instruments can decrease the readmission
rates of patients with COPD, but most likely do not impact the readmission-
related burden of the HF population. Implementation of novel telemonitoring
technologies and conduct of more high-quality studies as well as studies of
populations with >2 chronic disease are necessary to draw definitive conclusions.

Systematic Review Registration: This study is registered at the International

Platform of Registered Systematic Review and Meta-analysis Protocols
(INPLASY), identifier (INPLASY202460097).

KEYWORDS

telemedicine, telemonitoring, readmission(s), heart failure, ADHF -acute decompensated
heart failure, COPD, AECOPD -acute exacerbation of chronic obstructive pulmonary disease

Background

Telemedicine is a multidisciplinary, interactive, and
continuously evolving tool first introduced into the medical
practice during the past century (1). Recently, the COVID-19
outbreak has promoted and accelerated the incorporation of
telemedicine into healthcare systems all over the world (2).
Telemedicine is often described as the use of communication
networks for the delivery of healthcare services and medical
education from one geographic location to another (1). The
instruments used by telemedicine often involve communication
and/or surveillance technologies (3), with the latter being referred
to as telemonitoring (4). Indicatively, some communication tools
employed are videoconferences, telephone calls, text messages,
and mobile app alerts, while home telemonitoring usually
involves vital sign monitoring with medical devices like pulse
oximeters, blood pressure (BP) cuffs, spirometers, thermometers,
and electrocardiographs. These devices can be directly connected
via Bluetooth or Wi-Fi to a transmitting device, or they can be
regular devices requiring the patient to manually transfer their
data to a digital interface accessible by the healthcare team (5, 6).

Identifying a patient population to gain an equitable advantage
with telemedicine is vital. One population would, in theory, be
those experiencing recent hospitalization. As  hospital
readmissions pose great economic, social, and psychological
issues for patients and their families (7, 8) and still remain one
of the main preventable financial strains in modern healthcare
systems (9), investigating the effect of telemedicine on hospital
readmissions is essential for understanding its potential
advantages in healthcare. In the present study we focused on two
chronic conditions that contribute significantly to hospital
readmissions: heart failure (HF) and chronic obstructive
pulmonary disease (COPD) (10, 11).

HF is a clinical syndrome in which symptoms occur due to
functional or structural impairment of ventricular filling or ejection
of blood (12). It is one of the most prevalent diseases with more
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than 38 million people suffering worldwide (13) and is characterized
by recurrent hospitalizations due to decompensation of the cardiac
function (14) accounting for approximately 1%-2% of all hospital
admissions in Europe and North America (15). Acute
decompensated HF (ADHF) is often referred to as new or
worsening signs and symptoms of HF that often lead to emergency
department (ED) visits or hospitalizations and is usually associated
with systemic congestion (16). Studies suggest that about a quarter
of patients with HF are readmitted within 30 days upon discharge
(17). Moreover, patients usually fail to understand the initial signs of
decompensation and ultimately reach the ED once the ADHF has
progressed and serious dyspnea has developed (18, 19). The signs of
early ADHF could be easily identified with BP, heart rate (HR),
oxygen saturation (Ox Sat), and weight monitoring and addressed
by adjustment of the patient’s medication regimen, preventing a
hospital readmission. Daily monitoring of patients in the outpatient
setting is feasible solely with the assistance of telemedicine which is
why it has been considered to have a promising role in patient
management following an ADHF episode (20).

COPD is characterized by persistent airflow limitation due to
airway and/or alveolar abnormalities with the most common risk
factor being tobacco smoking (21). Acute exacerbation of COPD
(AECOPD), as defined by the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) is an acute event
characterized by a worsening of the patient’s respiratory
symptoms that is beyond normal day-to-day variations leading to
a change in medication (21). Patients with AECOPD often
require hospitalization (22) which accounts for about 70% of
total COPD-related medical costs (23). Apart from the great
financial burden, AECOPD might have potentially severe
consequences for patients, such as a decline in pulmonary
function (24) and increase in mortality (25). The rate of
readmissions following an AECOPD is particularly high, notably,
a study conducted in the US found a 64% readmission rate after
a discharge for an AECOPD in Medicare beneficiaries (26). The
high rate of readmissions propagating the financial,
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psychological, and medical load alongside the patients’ difficulty to
properly recognizing the early symptoms of deterioration (27)
mandate the need for the development of an effective system to
recognize the onset of an exacerbation timely.

and COPD frequently
comorbidities, and their concurrent presence is associated with

Furthermore, HF coexist as
increased readmissions and mortality (28, 29), thus we aimed to
assess the presence of current literature on the effectiveness of
telemedicine utilizing telemonitoring instruments in reducing
hospital readmissions for patients with both HF and COPD.
Many studies have investigated telemedicine’s effectiveness in
areas such as mortality, healthcare utilization (e.g., readmission, ED
visits), patient satisfaction, and quality of life (QoL) in the HF and
COPD population (30-35). These studies
telemedicine technologies, either alone or in combination, including

employ various

communication devices, mobile health applications and remote vital
sign monitoring (30-32, 36). Reports systematically assessing
clinical trials in these populations suggest that telemedicine can be
an effective strategy for reducing readmission rates in these patients
(30, 31, 33, 34, 36) and also highlight the need for further research
focused on achieving reliable and reproducible clinical outcomes (37).

Given recent advances in the field of remote monitoring, we
believe that the future of telemedicine will be closely intertwined
with telemonitoring. Therefore, this systematic review aims to
assess the current literature on the effectiveness of telemedicine
employing remote monitoring technologies in reducing hospital
readmissions for patients with HF and/or COPD. Additionally,
our study is the first of its kind to provide comparative data
regarding the efficacy of telemedicine in these two common
groups of patients, as well as evaluate the presence of evidence
for patients with comorbid cardiopulmonary disease.

Methods
Data sources

We conducted a comparative effectiveness systematic review of
journal articles published between 2012 and 2023 following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Data collection was completed on
December 31, 2023. We searched for English-language articles
identified through PubMed, Scopus, and ProQuest’s ABI
(Abstracted Business Information)/INFORM.

Search strategy

Our search strategy on the databases above included the
following: hospital readmission(s) OR patient readmission(s) OR
readmission or readmissions OR re-admissions AND telemedicine
OR smartphone(s) OR telehealth OR digital health OR eHealth
OR health application(s) OR mHealth OR health app(s) OR
mobile application(s) OR mobile app(s) OR portable electronic
app OR smartphone app(s) OR smartphone. When applicable, we
limited the search to adults (in PubMed) and excluded wire feeds,
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blogs, newspapers, magazines, dissertations, and working papers
from the results (in ABI/INFORM). The exact research strings
used for each database can be found in the Supplemental Materials.

Eligibility criteria

Inclusion and exclusion criteria followed the Participants-
(PICO) (38):
1. Participants were defined as adults (>18 years old) who had been
previously hospitalized and diagnosed with HF and/or COPD.

Intervention-Comparison-Outcome framework

Studies including patients <18 years old or patients who were not
hospitalized before
excluded. 2. Interventions consisted of telemedicine incorporating

the initiation of the intervention were
remote vital sign monitoring. Studies not using any type of
telemonitoring (e.g., the only interventions were follow-up calls,
texts, and video visits) were excluded. 3. The comparison was HF
and/or COPD patients receiving usual care. Studies comparing
telemedicine interventions with inpatient hospitalization, or in-
person rehabilitation were excluded. 4. The outcomes included any
readmission-related outcome. The primary outcome of our study
were readmission-related outcomes which encompassed incidence or
AECOPD-
readmissions, time to first readmission, days alive spent in the

rate  of all-cause readmissions, HF-readmissions,
hospital, composite endpoints of readmission and mortality, etc.
Secondary outcomes in our systematic review were either associated
with the healthcare burden (e.g., ED visits, outpatient visits, and total
healthcare costs) or linked to patient benefits (e.g., mortality, QoL
assessed through standardized questionnaires, medication adherence,
and medication reconciliation). When none of the outcomes was

related to readmissions/re-hospitalizations, the studies were excluded.

Study identification

GS and PG finalized the research criteria, and GS reviewed all
titles and abstracts identified from the search strategy. Full texts (n
=40) were subsequently independently reviewed by GS and PG
and 10 additional papers were excluded. Three studies were
excluded because patients were not hospitalized before the
beginning of the study (n=3), four studies were excluded
because the comparison group was hospitalization or in-person
rehabilitation (n=4). One study was excluded because the
comparison group received a telemedicine intervention as well
(n=1). Moreover, another study was excluded because it was an
analysis of systems of an ongoing RCT (n = 1). Furthermore, two
publications (n =2) were excluded because readmissions were not
the primary or secondary endpoint of the studies.

Data extraction

Data extraction from full-text articles (n=30) was done
independently by two reviewers (PG and GS) and included:
disease of the patient population studied, type of study, type of
telemedicine and participant

telemonitoring  intervention,
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characteristics, comparison group intervention, number of patients
enrolled in each group, country where the study took place,
primary and secondary endpoints of the studies, study outcomes
related to readmissions, and other relevant study outcomes.
During the process of data extraction for our primary outcome,
we encountered variations in the ways different studies quantified
the impact on readmissions. This variability prohibited the
conduction of a meta-analysis of the data, so our results were
summarized narratively. We qualitatively assessed outcomes such
as the rate or number of readmissions (both all-cause and
disease-specific), the time to first readmission (both all-cause and
disease-specific), and the duration of subsequent hospitalizations
(both
focusing on the HF population, COPD population, or HF and

all-cause and disease-specific). Furthermore, studies

COPD population were analyzed independently.

Quality assessment

Risk of bias assessment was done using Cochrane-developed tools
such as risk of bias tool for randomized trials (RoB2) for randomized
controlled trials (RCTs) (39) and risk of bias in non-randomized
studies of interventions (ROBINS-I) for non-RCTs (40). Utilization
of the ROBINS-I tool necessitates a proactive identification of
potential confounders. Through discussion and literature review,
other than disease-specific indicators of readmission risk (e.g.,
disease severity, frequency and duration of hospitalizations, other
comorbidities), we determined that age, sex, socioeconomic status,
technology, and health literacy were important domains of potential
could affect the results
interventions on readmissions. For cohort studies the Newcastle-

confounding that of telemedicine
Ottawa scale (NOS) for cohort studies was used and for the case-
control studies the Newcastle-Ottawa scale for case-control studies
was employed. Bias assessment for each study was conducted with
respect to the reported readmission-related outcome(s).

The
significantly across studies. Even for all-cause readmissions, which

reporting of readmission-related outcomes varied
were the focus of most studies, there was no standardized
approach to reporting outcomes. Various studies presented
outcomes in different formats, including absolute numbers or
percentage of all-cause readmissions per patient, number of events
within specific time frames (e.g., 360 days, 180 days, or 30 days),
hazard ratios, odds ratios, readmission rates, or composite
endpoints such as all-cause readmissions or death. Consequently, a
graphical or statistical assessment of reporting bias was not feasible.

Overall judgement of the certainty/confidence of our results was
done independently by two reviewers (PG and GS) and separately
for HF and COPD studies using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) criteria for
effects which have been summarized narratively (41).

Results

A total of 1,411 publications were isolated, of which 1,381 were
screened out as described in the “Study Identification” section of
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the “Methods” and shown in the PRISMA flowchart (Figure 1).
The data extracted from the remaining articles (n=30) are
displayed in Table 1 and refer to twenty-nine different studies
(42-71). Two of the articles refer to the same trial (short- and
long-term analysis), so their data are presented in the same table
row (57, 58). The majority of these studies were conducted in
Europe and North America (n=22) (42-45, 47-51, 53, 55-58,
61-63, 65-70) (Figure 2). Most focused on HF (n=17) (42, 46-48,
50-55, 57-59, 62, 65, 68-70) and fewer focused on COPD (n = 10)
(43-45, 49, 56, 60, 63, 64, 66, 71). Additionally, one study enrolled
patients with HF and COPD (n=1) (61) and another one patients
with HF or COPD (n=1) (67). The results from the latter study
are presented separately for each condition in the table, and they
are assessed according to the respective disease in the results
section. Most studies were RCTs (n = 15) (43, 45, 48, 50, 54, 57-62,
64, 65, 69-71). Some were non-RCT (n=4) (46, 52, 56, 63), cohort
studies (n=9) (42, 44, 47, 49, 51, 53, 66-68), two non-specified
feasibility studies (n=2) (51, 53), and one was a case-control study
(n=1) (55).

Types of telemonitoring interventions
employed

The studies
telemonitoring modalities. A visual representation of the vital

identified utilized various combinations of

signs monitored in HF and COPD studies is shown in Figure 3.
Among the vital signs most frequently monitored were the HR
(n=26) (78% of HF studies, 100% of COPD studies) (42-49, 51,
52, 54-69, 71), body weight (n=20) (100% of HF studies, 27%
of COPD studies) (42, 45-48, 50-55, 57-59, 62, 64, 65, 67-70),
BP (n=15) (78% of HF studies, 18% of COPD studies) (42, 47,
48, 51-59, 62, 64, 65, 68, 69), and Ox Sat (n=14) (17% of HF
studies, 100% of COPD studies) (42-46, 49, 56, 60, 61, 63, 64,
66-68, 71). Less commonly, temperature (n=2) (0% of HF
studies, 18% of COPD studies) (44, 64), forced expiratory volume
(FEV1) (0% of HF studies, 9% of COPD studies) (60), peak
expiratory flow (PEF) (n=1) (0% of HF studies, 9% of COPD
studies) (45), respiratory rate (RR) monitoring (n=2) (0% of HF
studies, 18% of COPD studies) (63, 71), and electrocardiogram
(ECG) monitoring (n=4) (17% of HF studies, 0% of COPD
studies) (46, 61, 65, 69) were employed. No trend was observed
in the achievement of readmission-related outcomes based on the
vital sign monitored (Supplementary Figure S1). This is likely
due to most studies monitoring for the same vital signs (e.g.,
almost all HF studies monitored weight, BP, and HR, and all
COPD studies monitored Ox Sat and HR). Additionally, there
were very few studies employing other modalities (e.g., ECG or
Ox Sat for HF, and temperature or RR for COPD) hindering the
interpretation of any observed changes.

Furthermore, a subset of studies utilized daily questionnaires
and clinical inquiries (n=8) (17% of HF studies, 55% of COPD
studies) (44, 48, 49, 52, 60, 63, 64, 67). Other than the
variability of the telemonitoring devices used, there were
differences in the communication channels used for remote
consultation such as telephone calls, messages, smartphone apps
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FIGURE 1
PRISMA flowchart depicting the process of the literature search of the systematic review. PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analyses

or video consultation. Some studies (n=5) combined
telemonitoring with telerehabilitation (6% of HF studies, 27% of

COPD studies) (43, 46, 56, 60, 61).

Readmission-related outcomes

Approximately half of the studies (48%) reported a positive
impact, to some extent, of telemedicine on hospital readmissions
(n=14) (43, 45, 47, 49, 52, 54-57, 61, 63, 64, 67, 69).
Conversely, most remaining studies (n=14) (42, 44, 46, 48, 50,
51, 53, 59, 60, 62, 65, 68, 70, 71) did not observe a statistically
between the  group
telemonitoring and the control group. Additionally, a low-quality

significant  difference undergoing
study (n=1) (66) indicated that patients in the telemedicine
group had a higher risk of readmission during the telemedicine
intervention. Notably, among the higher-quality studies (n=9)
(43, 48, 50, 57, 59, 62, 64, 65, 70), only three studies (1 =3, 33%)
(43, 57, 64) suggested that the telemedicine interventions might
decrease readmissions. Two of the latter studies exclusively
targeted the COPD population (n=2, 100%) (43, 64), whereas
the other study examined the HF population (n=1, 14%) (57).
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Conversely, the remaining higher-quality studies, all of which
investigated the HF population did not identify a similar effect
(48, 50, 59, 62, 65, 70).

Readmission-related outcomes in studies of
the heart failure (HF) population

Our results demonstrate that 67% (n=12) (42, 46, 48, 50, 51,
53, 54, 59, 62, 65, 67, 68, 70) of the studies focusing on the HF
population (n=18) (42, 46-48, 50-55, 57-59, 62, 65, 67-70) did
not report any statistically significant effect on readmissions in
the intervention group. The remaining 33% (n=6) (47, 52, 54,
55, 57, 69) found telemedicine interventions to be effective at
decreasing either the duration and rate of readmissions or
increasing the time to first readmission.

Out of the prospective HF studies (n =13) (46, 48, 50-54, 57,
59, 62, 65, 69) only 31% (n=4) (52, 54, 57, 69) suggested that
there might be a readmission-related benefit in the intervention
group (decrease in all-cause readmissions, HF-readmission for >3
days, 180-day bed days, or days lost due to hospitalization).
Additionally, for all-cause readmissions; eleven out of the twelve
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TABLE 1 Overview of the results.

Author,
Year

Country

Disease

Type of
study

Risk of bias
(ROB2 or
ROBINS-I)/
quality (NOS)

Telemedicine
intervention

Participant
characteristics

Comparison group

No. of
patients

Outcomes
(Primary or
Secondary
Endpoint)

Readmission-related
outcomes (rate/time
to/duration) (Primary
or Secondary
Endpoint)

Other relevant
outcomes

Parikh USA HF Retrospective | Good-quality Telemonitoring (HR, Ox | Mean age was 75+ 11 | Usual care (n=1,985) 726 30-, 90-, 365-day HF- | No significant difference | Significant increase in | (42)
et al,, 2023 Cohort Sat, BP, weight) years, 55% were male | (matched) readmissions 30-, in 30-, 90-, 365-day HF- | the 30-, 90-, 365-day
90-, 365- all-cause readmissions (adjusted diuretic adjustment
mortality (Primary) association: 0.95[0.68, (adjusted association:
30-, 90-, 365-day, all- | 1.33], 0.99 [0.78, 1.25], 1.84 [1.44, 2.36], 1.76
cause readmissions, 1.08 [0.90, 1.29] [1.42, 2.16], 1.54
30-, 90-, 365-day respectively) [1.29, 1.89]
diuretic adjustment. | (Primary) respectively)
(Secondary) No significant difference | No significant
in 30-, 90-, 365-day, all- | difference in 30-, 90-,
cause readmissions 365- all-cause
(adjusted association: mortality readmissions
0.82 [0.65, 1.05], 0.92 (adjusted association:
[0.77, 1.11], 1.02 [0.89, 0.60 [0.33, 1.0.5], 0.85
1.116] respectively) [0.60, 1.20], 1.00 [0.80,
(Secondary) 1.25] respectively)
Zanaboni Norway, COPD RCT Moderate Telemonitoring (HR, Ox | Mean age was Usual care (n =40) 40 All-cause Significant decrease in Significant decrease in | (43)
et al,, 2023 | Australia, sat) +Tele-rehabilitation | 64.9 +7.1 years, 57.5% readmission or ED all-cause readmission or | ED visits (IRR: 0.064,
Denmark (treadmill) were male, 70% severe- visits [composite ED visits (composite p=0.0022), no
very severe obstruction endpoint, (Primary)], | endpoint, IRR: 0.63, significant difference in
per GOLD all-cause readmission | p =0.0008) 1-year, 6 MWD
ED visits, 6 MWD, (Primary) (mean + SD: 415 + 146,
CAT, MRC, GSES, Significant decrease in p=0.209), CAT
EQ5D, EQ-VAS all-cause readmissions (mean + SD:
(Secondary) (IRR: 0.057, p =0.0002) 18.7 £ 0.089, p = 0.209),
(Secondary) MRC (mean + SD:
1.8+ 1.2, p=0.089),
GSES (mean + SD:
30.5+5.5, p=0.462),
EQ5D (mean + SD:
0.671 £ 0.214,
p=0.0.903), EQ-VAS
(mean + SD:
56.3 +18.9, p =0.653)
Naya Prieto | Spain COPD | Cohort Poor-quality Telemonitoring (HR, Ox | Mean age was 75.56 + | Usual care (n=73) 25 AECOPD- No significant difference | No significant (44)
et al,, 2023 Sat, Temperature) + 9.57 years, 71.42% were readmissions, ED in AECOPD- difference in ED visits
symptom questionnaires | male, 59.1% severe— visits, length of readmissions (20% vs. 23, | (16% vs. 26%,
very severe obstruction hospital stay 38%, p=0.734) and p=0.307)
per GOLD length of hospital stay
(7.8 vs. 7.2, p=0.789)
(Continued)

‘|e 3@ sojnodojbia3s

YSSTYYT ¥202'UIbPs/685S 0T


https://doi.org/10.3389/fdgth.2024.1441334
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

TABLE 1 Continued

Risk of bias
(ROB2 or

No. of
patients

Readmission-related Other relevant
outcomes (rate/time outcomes

Outcomes
(Primary or

Telemedicine
intervention

Author, Disease | Type of Participant

characteristics

Comparison group

Year study

uxeaH 1ewbiq ul sianuoy

L0

640" UISIaUOY

ROBINS-1)/
quality (NOS)

Secondary
Endpoint)

to/duration) (Primary
or Secondary
Endpoint)

Andersen Denmark COPD RCT Serious Telemonitoring (HR, Ox | Median age was 70 Usual care (n=112) 110 180-day AECOPD- Significant decrease in the | — (45)
et al., 2023 sat, PEF, weight) (range 64-76), 38% readmission 180-day AECOPD
were male, 17% (Primary) readmissions (IRR: 1.43,
moderate, 54% severe, 730-day AECOPD- p=0.03)
29% very severe readmissions, 180- (Primary)
obstruction per GOLD day and 730-day days | No significant difference
in the hospital, time | in the 730-day AECOPD
to first readmission readmissions (IRR: 1.04,
(Secondary) p=0.644), 180-day or
730-day days in the
hospital (IRR: 1.22,
p=02, 1.08, p=0.285
respectively), or time to
first readmission (Haz R:
1.23, CI 0.77-1.99,
p=04)
Tsai et al., | Taiwan HF Non-RCT Serious Telemonitoring (HR, Ox | Mean age was 73.3 + Usual care (n =43) 42 Functional capacity No significant difference | Significant (46)
2022 Sat, ECG, weight) + tele- | 5.0, 70.7% were male, (A6MWD) in 30-day and 90-day all- | improvement in
rehabilitation (cycle mean LVEF: 33,5+ (Primary) cause readmission rate functional capacity
ergometers, stepper, 11.2%, mean 6MWD LVEEF, 30-day and [4.3%, and 4.6% decrease | (A6MWD, 51.2% vs.
elliptical cross trainers, | 250.8 £92.6 m 90-day all-cause compared to usual care | 17.7% P <0.05),
walking training) readmission rate respectively, not ALVEF (25.6% relative
(Secondary) statistically significant increase, p <0.05)
(p not provided)]
(Secondary)
Poelzl et al., | Austria HF Retrospective | Good-quality Telemonitoring (HR, Mean age was 69.5+ | Usual care (n=257) 251 180-day HE- Significant decrease in Significant decrease in | (47)
2022 cohort BP, weight) 11.9 years, 25% were (retrospectively readmission or all- 180-day HF-readmission | all-cause mortality
male, mean LVEF matched) cause mortality or all-cause mortality (Haz R=0.38,
36.8 +13.8%, NYHA: I [composite endpoint, | (Haz R 0.54 p <0.001) P <0.0001), significant
(26.3%), I1I (72.5%), IV (Primary)] [composite endpoint, decrease in ANYHA
(1.2%) 30- and 90-day HF- | (Primary)] class (reduction to
readmission, HF- Significant decrease in baseline 1.9 +0.71,
readmission rate per | 90-day HF-readmission | p <0.001), significant
100 person-years, all- | (7.2% vs. 13.9%, p = improvement in self-
cause mortality, 0.006), significant efficacy (AEHFScBs-9,
ANYHA class, self- decrease in the HF- from baseline of 22.4 +
efficacy (AEHFScBs- | readmission rate per 6.0 to 11.3£2.5,
9) 100 person-years p<0.001)
(Secondary) (rate ratio: 0.41 p < 0.001)
no significant decrease in
30-day HF-readmission
(10.5% vs. 23.7%,
p=0.185)
(Secondary)
(Continued)
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Voller et al,, | Germany HF RCT Moderate Telemonitoring (HR, Mean age was 63.0 + Usual care (n=319) 302 Days alive neither in | No significant difference | No significant (48)
2022 BP, weight, 11.5 years, 88% were hospital nor inpatient | in days alive neither in difference in cost-
questionnaires) + health | male, mean LVEF was care per potential hospital nor inpatient effectiveness ratio
coaching (interactive 30.4 +7.4%, mean days in study, care per potential days (probability of cost-
device) 6-MWD was 375 + incremental cost- (mean: 341 59 days vs. | effectiveness was
132m effectiveness ratio 346 + 45 days, p=0.298) | <14.4%), significant
(Primary) (Primary) increase of QoL (by SF-
All-cause 36 [estimated
readmissions, all- difference physical
cause mortality and component 2,
health related QoL p=0.009, mental
(Secondary) component 2.7,
p=0.004] WHO-5
[estimated difference
1.3 p=0.01] and
KCCQ [overall
summary, estimated
difference 5.5
p<0.001]) at 6 and 12
months in the
telemedicine group
Marcos Spain COPD | Retrospective | Good-quality Telemonitoring (HR, Ox | Mean age was 68.7 + Usual care 351 All-cause mortality or | Significant reduction in all- | — (49)
et al., 2022 cohort sat, clinical questions) 9.4 years, 85.8% were (retrospective AECOPD cause mortality or
male, 3.7% mild, 25.6% | propensity score readmissions AECOPD readmission
moderate, 41.2% analysis) (n =495) [composite endpoint, | after 12 months [35.2% vs.
severe, 29.4% very (Primary)] 45.2%, Haz R of 0.71 (95%
severe obstruction per AECOPD CI=0.56-0.91), p=0.007]
GOLD readmissions (Primary)
at 1-, 3-, 6-, and 12- | the time to the composite
month; time to outcome longer (197.8 vs.
readmission, time to 142.7
death and hospital Haz R=0.54 (95%
length of stay. 1C=0.35-0.84)
(Secondary) (Secondary)
Dorsch USA HF RCT Moderate Telemonitoring (weight, | Mean age was 60.2 + Usual care (n=41) 42 6- and 12-week No significant difference | Significant reduction in | (50)
et al., 2021 physical activity) + 9.2 years, 63% were AMLHEFQ score in HF-readmission AMLHFQ score at 6
mobile app male, LVEF 38.8%, (Primary) (Haz R 0.89, 95% CI weeks (mean 37.5 vs.
NYHA: II (12%), 11T HF-readmissions and | 0.39-2.02, p =0.78) 482, p=.04) but not at
(66%), IV (22%) SCHFI questionnaire | (Secondary) 12 weeks (44.2 vs. 45.9,
score p=.78), no significant
(Secondary) difference in the
ASCHFI at 6 or 12
weeks (change from
baseline: 186.1 vs. 187.8,
p=040, 196.9 vs. 206.1,
p =0.24 respectively)
(Continued)
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Ho et al, Canada HF Feasibility Fair- quality Telemonitoring (HR, Median age was 75 Self-90-days before 70 90-day ED visits or | No significant difference | No significant difference | (51)
2021 (recruiting BP, weight) years (range was 44— | intervention (n = 70) all-cause mortality in 90-day all-cause in 90-day ED visits or
prospectively) 93), 51% were male. [composite endpoint, | readmissions (—87% pre- | all-cause mortality (no
(Primary)] vs. post-telemedicine effect measure or p
90-day all-cause implementation, p not value provided),
readmissions, provided) significant reduction in
hospitalization cost (Secondary) hospitalization costs
reduction, QoL (71%, p <0.001),
(AVR-12, AKCCS), significant improvement
self-efficacy in QoL (in the physical
(AEHFScBs-9) and mental component
Secondary of AVR-12) (19%
increase in both, p =
0.02 and p<0.01
respectively), in AKCCS
(101% increase, p <
0.001, no significant
improvement in self-
efficacy (AEHFScBs-9,
5.84% increase, p = 0.22)
Leng-Chow | Singapore HF Non-RCT Moderate Telemonitoring (HR, Median age was 57.9 + | Usual care + 150 180-day and 360-day | No significant differences | Significant reductionin | (52)
et al., 2020 BP, weight, 12.3 years, 60.7% were | structured telephone all-cause, all-cause in 180-day and 360-day | all-cause 365-day
questionnaires) + health | male, LVEF 32.8 + support (1 =55) HF bed days, all- all-cause -readmission mortality (Haz R=0.32,
coaching (interactive 16.9%, NYHA: I cause 365-day rates (Haz R=0.62, CI: | p =0.02) significantly
device) (20.8%), 11 (56.5%), 111 mortality, and cost 0.28-1, p=0.05, Haz R= | higher estimated mean
+1V (22.6%) 0,73 (CI:.47-1.13, p=0.16 | maintenance and
respectively) confidence scores at 1
Significant reduction of | year (71.4 vs. 61.5,
all-cause 180-day bed p<0.001,654vs.59,p <
days (5 vs. 9.8 days, 0.01) reduction in one-
p=0.03), HF bed days year total cost of care
(1.2 vs. 6 days p<0.01), | (—2,774.4 Singapore
one-year HF bed days dollars p = 0.07) in the
(2.2 vs. 6.6, p=0.02), telemedicine group, no
significant differences in
knowledge level (11.6 vs.
109, p=0.06)
Park et al, | USA HF Feasibility Poor-quality Telemonitoring (BP, Median age was 62 National average 58 30-day all-cause No significant difference | - (53)
2019 weight) years, 67% were male readmissions in 30-day all-cause
(Primary) readmissions (10% vs.
23%, p = 0.06)
(Primary)
(Continued)
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Mizukawa | Japan HF RCT Serious Telemonitoring (HR, Mean age was 70.5 + Usual care 20 QoL (MLWHEQ) Significant decrease in Significant increase in (54)
et al,, 2019 BP, weight) 13.3 years, 50% were (n=19) (Primary) HF-readmissions (20% the QoL at 18 and 24
male, LVEF 42.2 + Self-efficacy scale vs. 57.9%, p=0.048), no | months (p=0.014, p=
16.7%, NYHA III-1V: (CDSES), self-care significant decrease in all- | 0.016, respectively),
55% (EHFScBs-9, HE- cause readmissions (60% | significant improvement
readmissions, all- vs. 68.4%, p=0.902) No | in 6 and 18 months in
cause readmissions, | significant difference HF- | self-efficacy
all-cause mortality, readmission or all-cause | (ACDSES p=0.001, p=
HF-readmission, or | mortality (composite 0.020, respectively) and
all-cause mortality endpoint, 30% vs. 63.2%, | at 6, 12, and 18 months,
[composite endpoint, | p =0.068) in self-care
(Secondary)] (AEHFScBs-9, p = 0.005,
p=0.021, p=0022,
respectively) No
significant difference in
all-cause mortality (15
vs. 15.8, p = 0.859)
Srivastava | USA HF Retrospective | Fair-quality Telemonitoring (HR, Median age 74 (range | Usual care group 197 All-cause/HF- Significant reduction in all- | No significant (55)
et al,, 2019 case-control BP, weight) 46-98), 98% were male | (n=870) and self-1- readmissions, total cause readmissions (1.1 vs. | difference during
year before hospital days per 1.6 in self-1-year before telemedical monitoring
telemonitoring patient, length of stay | telemonitoring, p < 0.05) compared to the prior
initiation (n = 197) per admission, urgent | but not with usual care year in the number of
care, ED and primary | group. Significant urgent care and ED
care visits reduction in the length of | visits (mean: 2.5 vs. 2.3,
hospital stay in the p=0.51), or primary
telemedicine group (5.7 vs. | care visits (mean: 2.6
9.5, p<0.01) vs. 3, p=0.08)
Significant reduction in
total hospital days per
patient (2.4 vs. 4.1,
p<0.0001 and 3.8,
p<0.001) self-1-year
before telemonitoring and
control respectively,
admission rate (1.1 vs. 1.6,
p <0.05) and length of stay
(5.7 vs. 9.5, p < 0.01) with
self-1-year before
telemonitoring but not in
comparison with the usual
care group (5.7 + 11.3 vs.
9.0 +14.9, p<0.01).
No significant differences
in HF-readmissions
(Continued)
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Bhatt et al,, | USA COPD | Non-RCT Serious Telemonitoring (HR, Median age 64.5%, Usual care (matched 80 30-day all-cause Significant reduction in 30- | — (56)
2019 BP, Ox Sat,) in relation | 38.7% were male, by readmission risk/ readmissions day all-cause readmission
to tele-rehabilitation enrollment irrespective | not randomized/ (Primary) rate (6.2% vs. 18.1%, p =
(smartphone foot of disease severity, contemporaneous) (1 30-day AECOPD 0.013)
pedaler (+ treadmills, mean FEV1% of =160) readmissions (Primary), significant
exercise bikes) predicted 45.4 + 18.1% (Secondary) reduction in 30-day
AECOPD readmission rate
(3.8% vs. 11.9% p = 0.04)
(Secondary)
Dendale Belgium HF RCT Moderate Telemonitoring (HR, Mean age 76 + 10 Usual care (1 =80) 80 All-cause mortality Significant reduction of Significant reduction in | (57,
et al., 2012 BP, weight) years, 65% were male, (Primary) total days lost due to all-cause mortality (5% | 58)
Frederix mean All-cause hospitalization (13 vs. 30, p | vs. 17.5%, p =0.01), for
et al., 2019 LVEF 35+ 15% readmissions/patient. | =0.02) during the the 6-month duration
Days lost due to all- | intervention, the reduction | of the intervention,
cause readmissions, | was maintained in thelong- | significant reduction in
HEF-readmissions, term analysis (7.28 vs. all-cause mortality not
death, or dialysis, 11.81, p=0.04) validated in the long-
related costs HF-readmissions per term analysis, no
comparison, and patient showed a trend significant difference in
number of (0.24 vs. 0.42, p = 0.06) cost (mean 2,557 vs.
hospitalizations hospitalizations/patient, 2,643, p=0.90)
(Secondary) (0.51 vs. 0.70, p = 0.06) in
favor of telemedicine, no
significant differences in all-
cause readmissions/patient
(0.80 vs. 0.82, p = 0.93)
(Secondary)
Kotooka Japan HF RCT Moderate Telemonitoring (HR, Mean age was Usual care (n=91) 90 HF-readmissions and | No significant difference | No significant difference = (59)
et al,, 2018 BP, weight, body 67.1+12.8 years, 51% all-cause mortality in HF-readmissions in all-cause mortality
composition) were male, only [Composite (Haz R=1.007, CL:0.534- | (Haz R=0.809 CI:
NYHA: II-1II (70/20) endpoint, 1.897 p=0.983) 0.354-1.847, p = 0.614)
(Primary)] (Primary), and the mortality from
all-cause and no significant reduction | cardiovascular
cardiovascular- in all-cause and causes (Haz R =0.524
readmissions, cardiovascular CI: 0.176-1.557,
mortality from readmissions p=0.245), cost of
cardiovascular causes, | (Haz R=0.795, CL: medical.
cost of medical care, | 0.479-1.320, p=0.376, Care, cardiac
cardiac biomarkers, Haz R=0.595, CL:0.171- | biomarkers (e.g., LVEF
MMSE, GSES, 2.074, p=0.415, p=0.922) MMSE
MLWHF PHQ-9 respectively) (p=0.568), GSES
scores, and adherence | (Secondary) (p=0.842), MLWHF
to medication (p=0.943), PHQ-9
(Secondary) scores (p = 0.498), or
adherence to medication
(no p provided).
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Broadbent | New COPD | RCT Serious Telemonitoring (HR, Ox | Mean age was Usual Care (n = 30) 30 Respiratory-related No significant difference | Significant increase in | (60)
et al,, 2018 | Zealand Sat, FEV1,) + CCQ + 70.57 +10.34 years, readmissions and in respiratory-related medication adherence
reminders for 37% were male, 37% cost-effectiveness readmissions (absolute (48.5% vs. 29.5%,
medication and tele- were classified as severe analysis number 15 vs. 15, p=0.03), no significant
rehabilitation (socially and 50% as very severe (Primary) p>0.99) difference in CCQ
assistive robot) obstruction per GOLD Medication (Primary) score (functional p =
Additionally, recruited adherence and QoL 0.11, symptoms p =
patients had poor (Secondary) 0.33, mental p=0.5,
social support, lived in total p=0.36) (QoL),
remote location and cost of care (mean
leaved house <4 times difference 1,152 New
per week. Zealand $, CI: =760 to
3,356, p=0.32).
Bernocchi | Italy HF + RCT Serious Telemonitoring (HR, Ox | Mean age was 71 years, | Usual care (1 = 56) 56 Exercise tolerance Significant increase in the | Significant (61)
et al.,, 2017 COPD Sat, ECG) + tele- 88% were male, with (6MWT) median time to all-cause | improvement in the
rehabilitation + HF-NYHA: II-IV and (Primary) readmission or mortality | A6OMWT from baseline
educational COPD-GOLD: time to all-cause [Composite endpoint, to +60 vs. —15m, p=
interventions + moderate-very severe readmission or (113.4 vs. 104.7 days, 0.004, in AMRC (—0.17
structured phone calls obstruction. mortality (Composite | p =0.0484)] vs. 0.07, p =0.0500),
endpoint), dyspnea (Secondary) ABarthel (5.4 vs. 1.3,
(MRC), physical p=0.0006), AMLHFQ
activity profile (—10.5 vs.—0.44,
(PASE), disability p=0.0007) and ACAT
(Barthel) and QoL (=5.3 vs. —1.6,
(MLHFQ, CAT) p=0.00001)
(Secondary)
Ong et al, | USA HF RCT Moderate Telemonitoring (HR, Median age was Usual care (n=722) 715 180-day all-cause No significant difference | No significant (62)
2016 BP, weight) + health 73 years, 53.8% were readmissions in 180-day all-cause difference in all-cause
coaching (telephone male, LVEF: 42.7 + (Primary) readmission (Haz mortality (Haz R=
calls, interactive device) | 1.3%, NYHA: I (0.2%), 30-day all-cause R=1.03 95% CI, 0.61, 95% CI: 0.37-
11 (23.4%), 111 (65.6%), readmission 30- and | 0.88-1.20, p =0.74) 1.02, p =0.06),
1V (10.8%) 180-day all-cause (Primary), significant increase in
mortality no significant difference | 180-day QoL
30- and 180-day QoL | in 30-day all-cause (MLHFQ) (28.5 vs.
(Secondary) readmission (Haz 3263, p=0.02)
R=1.01, 95% CI:
0.80-1.28, p=0.91)
(Secondary)
(Continued)
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Esteban Spain COPD Non-RCT Moderate Telemonitoring (HR, Mean age was 70.1 + Usual care (n=78) 119 AECOPD Significant reduction of | Significant reduction in | (63)
et al.,, 2016 RR, Ox Sat, 7.5 years, 87.2% were readmission rate, AECOPD readmissions ED visits (OR 0.56,
questionnaires) + mobile | male, having COPD length of stay, 30-day | (OR 0.38, 95% CI 0.27- | 95% CI 0.35-0.92,
app + patient education | with >2 AECOPD all-cause readmission | 0.54, p < 0.0001) p<0.02)
admission last year or rate (Primary),
>3 within the past 2 (Primary) 30-day all-cause
years ED visits, mortality, | readmissions (OR 0.46,
QoL, exercise 95% CI 0.29-0.74,
capacity, limitations | p <0.001) and length of
in daily life hospital stay, (OR 0.58,
(Secondary) 95% CI 0.46-0.73,
p<0.0001)
(Secondary)
Ho et al, Taiwan COPD | RCT Moderate Telemonitoring (HR, Mean age was 81.4 + Usual care 53 Time to first Significant increase of Significant reduction in | (64)
2016 BP, Ox Sat, temperature, | 7.8 years, 81% were (n=53) AECOPD time to first AECOPD ED visits (0.36 vs. 0.91/
weight) + symptom male readmissions within | readmission within 6 patient; p =0.006)
diary 66% mild-moderate, 6 months months (p=0.02)
34% severe-very severe (Primary) (Primary)
obstruction per GOLD all-cause all-cause readmissions
readmissions per (0.23 vs. 0.68/patient; p =
patient, ED visits 0.002)
(Secondary) (Secondary)
Kraai et al,, | the HF RCT Moderate Telemonitoring (HR, Mean age was 69+ 12 | ICT-guided- DMS (n 94 HF-readmission or No significant difference | No significant (65)
2016 Netherlands BP, weight, ECG) + ICT- | years, 72% were male, | =83) mortality [Composite | in all-cause readmissions | difference in composite
guided- DMS mean LVEF was 28 + endpoint, (49% vs. 51%, p = 0.78) or | endpoint score, all-
9%, NYHA: 1I (21%), (Primary)] HF-readmissions (28% cause mortality (mean
1II (51%), IV (18%) all-cause vs. 27% p =0.87) difference 0.1, 95%CI:
readmissions, all- (Secondary) —0.67 t0 0.82, p=0.39),
cause mortality, QoL, QoL (=14 vs. —15, 95%
HF outpatient clinic CI: —8.7- 7.4, p=0.63),
visits, cost analysis cost analysis,
(Secondary) significant reduction of
visits to the HF-
outpatient clinic (2 vs.
4, p=0.02)
Dyrvig Denmark COPD | Retrospective | Fair-quality Telemonitoring Median age was 71.80 | Usual Care 210 Readmissions, risk of | Significant increase in all- | Significantly lower risk = (66)
et al,, 2015 cohort (HR, Ox Sat, years, 39.52% were (Dataset of 11.303 all-cause mortality cause readmission during | of all-cause mortality
Spirometer) + male patients) during the the RCT (OR =3.44, 95% | during trial (Haz R =
Teleconsultation with a observation period CI: 2.59-4.57, p <0.0001) | 0.65, 95% CI: 0.47—
nurse (Especially: female sex 0.88, p=0.006)
and old age)
(Continued)
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(Primary or
Secondary
Endpoint)

Readmission-related
outcomes (rate/time
to/duration) (Primary
or Secondary
Endpoint)

Other relevant
outcomes

Davis, et al., | USA HF Retrospective | Fair-quality Telemonitoring (HF: Mean age was 63 + 16.6 | Usual care 59 30-, 90-, 180-day all- | No significant difference | No significant in 30-, (67)
2015 cohort weight) years, 54.2% were male, | (n=59) cause readmission, in 30-, 90-, 180-day all- | 90-, 180-day ED visits
+Questionnaires patients defined as ED visits cause readmission for HF | (OR =1.85, 95%CI:
underserved (Primary) (OR =0.45, 95%CI: 0.15- | 0.51-6.70, p=0.16,
142, p=0.09, OR=0.72, | OR=0.91, 95% CI:
95% CI: 0.32- 1.60, p= 0.36- 2.23, p=0.18,
0.12, OR=0.70, 95% CI: | OR=0.61, 95% CI:
0.32- 1.60, p=0.10, 0.27- 1.36, p=0.08,
respectively respectively)
USA COPD | Retrospective | Fair-quality Telemonitoring (Ox Sat, | Mean age was 61 +11 | Usual care 71 30-, 90-, 180-day all- | Significant decrease in No significant in 30-,
cohort HR, weight) + years, 37.9% were male, | (n=174) cause readmission, 30-day all-cause 90-, 180-day ED visits
Questionnaires patients defined as ED visits readmissions for COPD | (OR=0.61, 95%CI:
underserved (Primary) (OR =041, 95%CI:0.17- | 0.20-1.86, p=0.15,
1.04, p=0.02), no OR =0.90, 95% CI:
significant difference for | 0.44- 1.87, p=0.15,
90-, 180-day all-cause OR=0.97, 95% CI:
readmission for COPD 0.51- 1.85, p=0.13,
(OR = 0.86 95% CI: 0.47- | respectively)
1.69, p=0.11, and OR =
0.76, 95% CI: 0.42-1.38,
P =0.08 respectively)
(Primary)
Thomason | USA HF Retrospective | Fair-quality Telemonitoring (HR, Median age was Usual care (n =1,337) 70 All-cause Non-significant decrease | - (68)
et al., 2015 cohort BP, Ox Sat, weight) 84 years, readmissions in all-cause readmission
40% were male rate (10% vs. 22%, no p
value provided, assumed
to be non-significant)
Villani Ttaly HF RCT Serious Telemonitoring (as Mean age was 71 years, | Usual care (n =40) 40 All-cause Significant decrease in Significant decrease in | (69)
et al, 2014 determined by treating | 88% were male with at readmissions, HF- all-cause readmissions ANYHA class (2.1 vs.
cardiologist: HR, BP, least two of: age > 70 readmission for >3 (17 vs. 6, p <0.02), 2.4, p<0.02),
weight, ECG) years, > 2 days, ANYHA class, | significant decrease in Apulmonary artery
hospitalizations for Apulmonary artery HF-readmission for >3 pressure (38 vs. 33,
heart failure in the last pressure days (23 vs. 12, p<0.02). | p<0.05), improved
6 months, > 1 co- psychological status psychological status
pathologies (diabetes, (ASTAI-6, APHQ-9, (ASTAI-6, APHQ-9,
COPD, cerebrovascular APGWBI, AMMAS) APGWBI, AMMAS,
disease, renal failure) p<0.01, p<0.01,
p<0.01, 0<0.05
respectively)
Lynga et al., | Sweden HF RCT Moderate Telemonitoring (weight) | Mean age was 73 +10.2 | Usual care (n=153) 166 HF-readmissions No significant difference | No significant (70)
2012 years, 75.9% were male, (Primary) in HF-readmissions (Haz | difference in all-cause
LVEF <30% (61.4%), all-cause R =0.90, 95%CI:0.65- mortality (Haz R=
30-39% (20.5%), 40— readmissions, all- 1.26, p=0.54) 0.57, 95%CI: 0.19-1.73,
49% (18.1%), NYHA cause mortality, (Primary) p=0.32), composite
1II (96.4%), IV (3.6%) composite endpoint | no significant difference | endpoint of all-cause
of all-cause in all-cause readmissions | readmissions and
(Continued)

‘|e 3@ sojnodojbia3s

YSSTYYT ¥202'UIbPs/685S 0T


https://doi.org/10.3389/fdgth.2024.1441334
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

Stergiopoulos et al.

(71)

0.90, 95%CI
=0.54)

0.65-1.26, p
No significant

difference in

all-cause mortality

Other relevant
(Haz R

pulmonary function
(FEV1/FVC) (no

p value provided), ED
visits. (no p value

provided)

(rate/time = outcomes
(Primary

0.83, 95% CI:
=0.24)

Readmission-related
outcomes
to/duration)

or Secondary
Endpoint)

(Haz R=

0.61-1.13, p
(Secondary)

No significant difference

in AECOPD-

readmissions (no p value

Outcomes
(Primary or
Secondary
Endpoint)
readmissions and all-
cause mortality
(Secondary)
AECOPD-

readmissions,

pulmonary function,

ED visits, pulmonary | provided)

function

No. of
patients

22

Comparison group

Usual care

(n

18)

w
9
=]
2

=

(9]
2

3}

©

i

I
<

3}

Participant

Mean age was 73.50 +

6.05, 95.5% were male,

with

moderate (18.2%),

severe (40.9%), very

severe (40.9)

obstruction per GOLD

Telemedicine
intervention

Telemonitoring (HR,

RR, Ox Sat)

Risk of bias
(ROB2 or
ROBINS-1)/
quality (NOS)

Serious

RCT

Disease  Type of

COPD

Country

China

TABLE 1 Continued

Author,

Chau et al.,
2012
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AECOPD, acute exacerbation of COPD; BP, blood pressure; CCQ, Clinical COPD Questionnaire; CDSES, chronic disease self-efficacy scale; COPD, chronic obstructive pulmonary disease; CAT, COPD assessment test; CI, confidence interval; ECG, Electrocardiogram;

GSES, general self-efficacy scale; GOLD, global initiative for chronic obstructive lung disease; Haz R, hazard ratio; HF, heart failure; HR, heart rate; EQ-5D, EuroQol 5 Dimensions; EQ-VAS, EuroQol Visual Analog Scale; EHFScBs-9, European Heart Failure Self-Care
Behavior Scale 9; FEV1, forced expiratory volume; IRR, incidence risk ratio; ICT-guided-DMS, information and computing technology-guided-disease-management system; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction;

MMAS, Morisky Medical Adherence Scale; MRC, Medical Research Council; MLHFQ, Minnesota Living With Heart Failure Questionnaire; MMSE, mini mental state examination score, NOS, Newcastle-Ottawa Scale; NYHA, New York Heart Association; OR, odds

ratio; Ox sat, Oxygen saturation; PASE, physical activity scale for the elderly; PHQ-9, Patient Health Questionnaire; PEF, peak expiratory flow; PGWBI, perceived general well being index; QoL, quality of life; RCT, randomized controlled trial; RR, respiratory rate; RoB2,
risk of bias tool for randomized trials; ROBINS-I, risk of bias in non-randomized studies of interventions; SCHFI, self-care heart failure index; SF-36, Short Form-36; SD, standard deviation; STAI, state-trait anxiety inventory; VR-12, Veterans Rand 12-item Health

Survey; WHO-5, World Health Organization Well Being Index; 6MWT, 6-min Walk Test; 6MD, 6-min Walk Distance.

15

10.3389/fdgth.2024.1441334

prospective studies examining all-cause readmissions as a primary
or secondary outcome in the HF population (n =11, 92%) (46, 48,
51-54, 57, 59, 62, 65, 70) concluded that telemedicine interventions
had a neutral effect on this endpoint. Considering the reproducible
outcomes reported by several large, moderate risk of bias RCTs,
along with fewer higher risk of bias studies pointing in the
opposite direction, we express moderate confidence in reporting
that the telemedicine interventions including telemonitoring are
unlikely to significantly impact readmissions in patients with
HF (Table 4).

Readmission-related outcomes in studies of
the chronic obstructive pulmonary disease
(COPD) population

Our results demonstrate that 64% (n=7) (43, 45, 49, 56, 63, 64,
67) of the studies focusing on the COPD populations (n=11) (43—
45, 49, 56, 60, 63, 64, 66, 67, 71) demonstrated a readmission-related
benefit. Specifically, 100% of the prospective studies which studied
all-cause readmissions (n=4) (43, 56, 63, 64) reported a
statistically significant decrease in the intervention group. In
relation to the prospective studies assessing AECOPD-
readmissions (n=6) (44, 45, 56, 60, 63, 64), 67% (n=4) (45, 56,
63, 64) reported a decrease in the telemedicine group. The two
trials (n=2) (44, 60) that did not demonstrate a statistically
significant decrease were characterized by small sample sizes and
serious risk of bias, evaluating <30 patients each. Only one study
(n=1, 14%) (66), with serious risk of bias, suggested that people
in the telemedicine group were more likely to be readmitted to the
hospital. Considering the reproducible outcomes reported by the
larger lower risk of bias prospective studies we report with poor
confidence that the telemedicine interventions including
telemonitoring employed within the last decade could be effective
at decreasing the readmission rates in patients with COPD (Table 4).

Readmission-related outcomes in studies
including patients with heart failure (HF)
and chronic obstructive pulmonary disease
(COPD)

Only one study (n=1) was identified that examined patients
with comorbid HF and COPD (61). This study reported a
significant increase in the median time to all-cause readmission
or death in this patient population. More studies are warranted
to determine whether patients with >2 chronic disease could
derive benefits from telemedicine interventions.

Other relevant endpoints

Some of the identified studies also reported lower risk of all-cause
mortality (n=4; n=3 for HF, n=1 for COPD) (47, 52, 57, 66),
improved QoL (n=6; n=5 for HF, n =1 for HF and COPD) (48, 50,
51, 54, 61, 62), reduced ED visits (n = 3; all for COPD) (43, 63, 64),
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FIGURE 2

World map representing the countries where the identified studies were conducted.

Proportion of Heart Failure Studies
by Vital Sign Being Telemonitored

a.
100-
904
80—
704
60
% 50—
40—
304
204
10-
o_

FIGURE 3

100

Proportion of COPD Studies by
Vital Sign Being Telemonitored

Column charts depicting the percentages of identified studies using remote monitoring for each vital sign. (A) Proportion of heart failure (HF) studies

telemonitoring for weight, heart rate (HR), blood pressure (BP),

electrocardiograph (ECG) and oxygen saturation (Ox Sat). (B) Proportion of chronic

obstructive pulmonary diseases (COPD) studies telemonitoring for Ox Sat, HR, weight, pulmonary volumes via spirometry, BP, temperature and
respiratory rate (RR). BP, blood pressure; COPD, chronic obstructive pulmonary disease; ECG, Electrocardiograph; HF, heart failure; HR, heart rate;

Ox Sat, oxygen saturation; RR, respiratory rate.
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decreased cost (n=2; all for HF) (51, 52), improvement in the
New York Heart Associations functional class (NYHA, #n = 2; all for
HF) (47, 69), or the left ventricular ejection fractions (LVEF, n = 1; all
for HF) (46) higher self-efficacy or confidence levels (n=3; all
for HF) (47, 52, 54), exercise tolerance (n=2; n=1 for HF, n=1 for
HF and COPD) (46, 61), and improved medication adherence
and reconciliation (n=1; all for COPD) (60) in the telemedicine
groups. However, it is crucial to note the ambiguity in some of these
results, as other studies suggested that there was no significant
difference in all-cause mortality (n =7; all for HF) (42, 51, 54, 59, 62,
65, 70), ED visits (n=5; n=2 for COPD, n=2 for HF, n=1 for
HF or COPD) (44, 51, 55, 67, 71), healthcare costs (n=4; n=3
for HF, n=1 for COPD) (48, 57, 60, 65), QoL (n=2; n=1 for
HEF, n=1 for COPD) (43, 59, 60), self-efficacy (n=3; n=2 for HF,
n=1 for COPD) (43, 50, 51), and medication adherence (n=1; all
for HF) (59).

Risk of bias assessment and certainty of
evidence

The risk of bias was assessed using the RoB2 tool for RCT's
(Figure 4A), the ROBINS-I for non-RCTs (Figure 4B), the “NOS
for cohort studies” for the cohort studies (Table 2), and “NOS
for case-control studies” for the case-control study (Table 3).

10.3389/fdgth.2024.1441334

Despite most studies being RCTs, the quality of their data was
suboptimal with nine at moderate (43, 48, 50, 57-59, 62, 64, 65, 70)
and six at serious risk of bias (45, 54, 60, 61, 69, 71). Some
limitations associated with the use of telemedicine were common
across all studies, particularly, the nature of the telemedicine
intervention, which precluded blinding of participants and the
treating teams.

Out of the four non-RCTs two were considered moderate risk
(52, 63) and two serious risks of bias (46, 56). Non-RCTs
experienced similar types of biases as RCTs and had additional
risks due to the lack of randomization.

Furthermore, observational studies inherently pose a greater
risk of bias, and the NOS score was assessed according to the
guidelines of the “Agency for Healthcare Research and Quality”.
Four of the cohort studies assessed with NOS were deemed as
fair-quality (51, 66-68), three as good-quality (42, 47, 49), two as
poor-quality (44, 53), one of the feasibility studies was assessed
as fair-quality (51), the other one as poor-quality (53) and the
case-control study assessed as fair-quality (55).

The overall confidence in the GRADE estimates for narrative
data was moderate for readmissions in the HF population and
low for readmissions in the COPD population (Table 4).
Confidence assessment for the population with comorbid HF and
COPD was not attempted as only one study focusing on this
population was identified (61).
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“Traffic light” plots of the domain-level judgements for each individual result and weighted bar plots of the distribution of risk-of-bias judgements
within each bias domain for randomized controlled trials (RCTs) and non-RCTs. (A) For RCTs, the risk of bias tool for randomized trials (RoB2) was
utilized. The majority of RCTs were generally categorized as having intermediate/unclear risk of bias. None of the studies was deemed as low risk
due to the nature of telemedicine interventions, which precluded blinding of patients and healthcare professionals. (B) For non-RCTs, the risk of
bias tool in non-randomized studies of interventions (ROBINS-I) was applied. Similar types of biases regarding the lack of blinding and pre-
selection of the intervention population were encountered in all the studies. RCTs, randomized controlled trials; ROBINS-I, risk of bias tool in
non-randomized studies of interventions; RoB2, risk of bias tool for randomized trials.
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TABLE 2 Newcastle-Ottawa scale (NOS) - for cohort studies.

Item and score

Representativeness | Selection of | Ascertainment | Demonstration that Compare the @ Assessment | Was follow- @ Adequacy of

of the exposed the non- of exposure (1)  outcome of interest ability of of outcome up long follow-up
cohort (1) exposed was not present at | cohorts on (2) enough for | of cohorts
cohort (1) start of study (1) the basis of outcomes to ()]
the design or occur? (1)
analysis (2)
Parkh et al,, 2023 * 0 * * * * * * Good-quality 7/9
Naya Prieto et al., 2023 0 0 0 * 0 * 0 0 Poor-quality 2/9
Poelzl et al.,, 2022 * 0 * * * * * Good-quality 7/9
Marcos et al., 2022 * * 0 * * * * 0 Good-quality 6/9
Ho et al, 2021 0 * 0 * 0 * * 0 Fair-quality 4/9
Park et al,, 2019 0 0 0 * 0 * * 0 Poor-quality 3/9
Dyrvig et al., 2016 0 0 * * 0 * * 0 Fair-quality 4/9
Thomason et al., 2015 0 0 * * 0 0 * * Fair-quality 4/9
Davis et al,, 2015 0 0 * * 0 * * 0 Fair-quality 4/9

NOS, Newcastle-Ottawa Scale.

TABLE 3 Newcastle-Ottawa scale (NOS) - for case-control studies.

Item and score Overall
Is the case | Representativeness of K Selection of  Definition of | Comparability of cases | Assessment of | Same method of Non-
definition the cases (1) Controls (1) | Controls (1) and controls on the exposure (1) ascertainment of Response
adequate (1) basis of the design or cases and controls (1) rate (1)
analysis (2)
Srivastava * 0 0 * * * * 0 Fair-quality
et al.,, 2019 5/9 (usual care
control)
* 0 0 * b * * 0 Fair-quality
6/9 (self-1-year
before control)

NOS, Newcastle-Ottawa Scale.
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@DDO, Moderate certainty.
®DOO, Low certainty.

AECOPD, acute exacerbation of chronic obstructive pulmonary disease; COPD, chronic obstructive pulmonary disease; HF, heart failure; NOSNewcastle-Ottawa Scale; RCT, randomized controlled trial; RoB2risk of bias tool for randomized trials; ROBINS-I, risk of bias

in non-randomized studies of interventions.

*HF-readmissions (30-, 90-, 365-day), all-cause readmissions (30-, 90-, 180-, 365-day), HF-readmission rate per 100 person-years, days alive neither in hospital nor inpatient care per potential days, all-cause 180-day hospital bed days, length of readmission, HF-

readmission for >3 days, HF- hospital bed days, composite endpoints (e.g., all-cause readmissions or mortality).

**AECOPD-readmissions (180-, 730-day), all-cause readmissions (30, 90-, 180-day), respiratory-related readmissions, length of readmission/days spent in the hospital, time to first AECOPD-readmission, time to first readmission, composite endpoints (e.g., AECOPD-

readmissions or mortality, time to AECOPD-readmission or mortality, all-cause readmission or ED visit).
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Discussion

With this systematic review, we aimed to evaluate the current
evidence on the effectiveness of telemedicine incorporating
telemonitoring technologies in reducing the readmission-related
burden of patient populations with HF and/or COPD placing
them at high risk for re-hospitalization. We observed a trend
differentiating the effects of the implemented telemedicine
among these groups. This variability could likely be attributed to
differences in the nature or treatment of the diseases and their
respective decompensations/exacerbations, or to the telemedicine
modalities employed in the respective trials.

Heart failure (HF)

ADHEF is a syndrome characterized by a constellation of physical
signs and subjective symptoms that can be easily monitored in the
outpatient setting. Some of the physical signs include weight gain
(due to peripheral and abdominal edema), hypoxemia, tachycardia,
and tachypnea, and some of the symptoms can be fatigue, anorexia,
and dyspnea (72). Our review suggests that telemedicine employing
current telemonitoring modalities is unlikely to impact readmissions
of patients with HF. The discrepancy between the expected effect
and the results of this studies could potentially be attributed to
various factors. First, one of the most common causes of
readmission in patients with HF is medication non-adherence
(73, 74). Individuals who are non-adherent to medication are less
likely to accurately perform and report the daily self-monitoring and
self-assessment required by telemedicine; thus, this might be a
confounder. Additionally, the usual care for HF across many
institutions in Europe and the US involves transitional care services,
also known as “bridge clinics”, offering close post-discharge follow-
up and additional disease-management education to the control
groups. This approach has been shown to decrease the readmission
risk in recently discharged HF patients (75, 76). Therefore, this close
follow up in the control groups might decrease the significance of a
readmission-related benefit observed in the telemedicine group.

Moreover, the treatment for ADHF almost always includes
intravenous (IV) diuretics in the hospital setting to relieve the
systemic congestion. Orally administered diuretics might not be as
efficient, as the ones administered IV, for patients with ADHEF, as
these patients may have intestinal edema decreasing the absorption
and bioavailability of orally administered agents (77, 78).

Furthermore, we noticed that the combination of telemonitoring
with symptom questionnaires was less frequent in the HF studies
(n=3, 17%) (48, 52, 67) compared to the COPD studies (n=6,
55%) (44, 49, 60, 63, 64, 67). Even though there has been skepticism
regarding the practicality and reliability of self-reported information,
this data could suggest that collection of patient-reported outcome
measures though standardized questionnaires in conjunction with
objective vital sign monitoring might be efficient in recognizing
decompensation earlier. Notably, this could be applicable for ADHF
as most patients recall onset of certain symptoms such as cough,
edema, orthopnea or fatigue even seven days before the development
of dyspnea which ultimately leads them to the ED (79, 80).
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Previous systematic reviews examining the use of telemedicine in
preventing hospitalization in the HF population have reported
conflicting results. Regarding all-cause readmissions one meta-
analysis provided low-quality data supporting that telemedicine can
decrease all-cause readmissions (33). However, another study
contradicted this result by showing a neutral effect on all-cause
readmissions (34). This latter study did suggest, with moderate-
quality data, that telemedicine could decrease HF-readmissions (34).
Additionally, a different systematic review aligns with our results
suggesting a neutral/unclear effect of telemedicine on readmissions
(35). Our findings, combined with those of other studies, highlight
the need for further high-quality research to draw definitive
conclusions. Moreover, the implementation of novel telemonitoring
technologies, as described in the “Emerging Vital Sign Monitoring
Technologies” subsection, could enhance telemedicine’s efficacy in
preventing readmissions in this patient group.

Chronic obstructive pulmonary disease
(COPD)

AECOPD is characterized by hypoxemia, tachypnea, dyspnea,
increase in cough frequency, and frequently tachycardia and fever
(81). Our results suggest that readmissions of patients with COPD
could potentially be reduced in patients remotely monitored with
telemedicine devices. This effect, which was not apparent in the
HF cohort, might be due to the nature of AECOPD management
allowing for efficient outpatient treatment when identified early. In
most cases except for inhaled agents, medications such as steroids
and antibiotics (if infection is suspected) can be administered
orally with comparable efficacy to IV delivery (82, 83).

Furthermore, the greater emphasis placed on the collection of
subjective patient information, alongside vital sign monitoring, to
early identify key symptoms of exacerbation such as increase in
cough, sputum production or dyspnea, might have contributed to
the COPD trials reaching their readmission-related endpoints.
While the data regarding COPD and readmissions appear
optimistic, it is important to consider that most of the studies
included in the analysis had moderate or high risk of bias which
may affect the reliability and generalizability of this conclusion.

A similar systematic review examining the COPD population
contends that home management, mainly achieved through
telemedicine, has the potential to decrease all-cause hospital
readmissions (30). Moreover, a recent meta-analysis suggested
that telemonitoring decreases all-cause AECOPD-readmissions
but likely has a neutral effect on all-cause readmissions or
hospital days (32).

Additionally, another systematic review, not focusing on the
recently hospitalized patients with COPD or on telemonitoring,
suggested with low certainty that there might be little or no
effect on the number of patients admitted to the hospital (31).
This finding aligns with a large retrospective study conducted in
the Netherlands, which also did not specifically target the
inpatient population and found no reduction in hospitalizations
following the introduction of telemedicine in the COPD cohort
(84). These findings, along with our study, underscore the
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importance of identifying a subgroup of COPD patients that
would benefit the most from telemedicine and suggest that
recently hospitalized patients appear to benefit more in terms of
decrease in readmissions compared to the general COPD
More
possibly employing novel

population. studies providing high-quality evidence,
telemonitoring technologies, are

necessary to validate and expand on these conclusions.

Emerging remote vital sign monitoring
technologies

While the identification of emerging telemonitoring technologies is
beyond the scope of this review, it is briefly discussed because multiple
novel telemonitoring instruments are reaching the point of clinical
maturity. These advancements are anticipated to enable continuous
monitoring of multiple biomarkers enhancing accuracy and patient
could field of
telemedicine. For instance, non-contact physiological measurements

compliance which significantly impact the
based on image sensors (e.g., digital cameras, smartphone cameras,
radars) can facilitate continuous monitoring of physiological
elements such as RR, breathing pattern, temperature, HR or even Ox
Sat (85-88). Additionally, wearable photoplethysmography sensors
will allow continuous tracking of multiple biomarkers (e.g., HR, RR)
throughout the day, readily providing patient data at rest and during
various levels of exertion (89). Furthermore, advancements in
artificial intelligence (AI) will enable the development of integrative
health data systems capable of detecting patterns indicative of
potential cardiopulmonary decompensation as it occurs (90, 91).
With the integration of these innovative technologies into future
clinical trials, we may anticipate varying outcomes across different
aspects of patient care, including readmissions.

Limitations

This systematic review is subject to many of the common
limitations and biases similar studies experience. Our selection
criteria may have screened out studies that could potentially alter
our results. Additional selection bias could be introduced as we
focused on studies published only in the English language during
2012-2023. Furthermore, the lack of access to unpublished data
could as well impose a publication bias on our study, as smaller
studies not demonstrating readmission-related benefit in the
telemedicine group are less likely to have been published.
Unfortunately, the variability in the reported outcomes did not
allow us to generate a funnel plot or do an Egger’s test to
determine the probability of publication bias, which decreases the
certainty of our analyses. Regarding the quality of the studies
analyzed, even though most were RCTSs, none of them had a low
risk of bias, due to innate limitations imposed by the
telemedicine interventions (described in the “Risk of bias”
section of the Materials). Additionally, in all RCTs and non-
RCTs there was a deliberate selection of specific patient groups
more likely to be capable of understanding and complying with
interventions. Exclusion

the telemedicine criteria  typically
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involved patients with dementia, lack of access to the internet,
psychiatric diseases, or residents in nursing homes. Moreover,
different studies employed different inclusion and exclusion
criteria for the HF and COPD population (e.g., NYHA class,
number of previous readmissions, age). Therefore, the external
validity and applicability of these studies to the general HF and
COPD population is limited and this diversity in criteria
complicate the comparison of outcomes among different studies.
Our study is further limited by the inclusion of international
studies; healthcare systems vary significantly, and there are
substantial differences in how each country allocates resources,
manages readmissions, or delivers outpatient care.

Conclusions

In this study, we conducted a systematic literature review to
examine the impact of telemedicine employing telemonitoring on
hospital readmissions in high-risk patients with chronic diseases,
particularly focusing on HF and COPD. To our knowledge, this is
the first systematic review providing comparative data regarding the
effectiveness of telemedicine in these two common groups of
patients. Our conclusion, with moderate confidence, suggests that
current telemonitoring modalities likely have a neutral effect on the
readmissions of patients with HF, and with poor confidence, that
telemedicine employing telemonitoring technologies could decrease
the readmissions of patients with COPD. Nevertheless, even in the
case of HF, most studies suggest that telemedicine could positively
affect patients’ lives (e.g., mortality, QoL, ED visits). Thus, it
remains to be determined how this broad spectrum of telemedicine
interventions can be tailored to fit the needs of these patient
populations. Additionally, understanding its effectiveness in patients
with more than one chronic condition would be more
representative of the actual patient populations being treated in the
clinical setting. We anticipate that with the incorporation of novel
telemonitoring technologies and the initiation of studies employing
reproducible health systems approaches in telehealth services for at-
risk populations (e.g., recently hospitalized patients), both of which
have been prioritized due to the recent COVID-19 public health
will have
telemedicine has the potential to be a transformative intervention

crisis, we stronger evidence regarding whether

for the care of at-risk cardiopulmonary patients.
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SUPPLEMENTARY FIGURE S1

Column charts illustrating the proportion of studies achieving readmission-
related endpoints differentiated for each vital sign being telemonitored. (a)
Percentage of heart failure (HF) studies reaching their readmission-related
endpoint (in red) compared to the percentages of studies telemonitoring
for weight, heart rate (HR), blood pressure (BP), electrocardiograph (ECG),
and oxygen saturation (Ox Sat). (b) Percentage of chronic obstructive
pulmonary disease (COPD) studies reaching their readmission-related
endpoint (in blue) compared to the percentages of studies telemonitoring
for Ox Sat, HR, weight, pulmonary volumes via spirometry, BP,
temperature, and respiratory rate (RR). The numerator on the fractions
above each column indicates the number of studies telemonitoring for
the specific vital sign with a positive readmission-related endpoint, the
denominator indicates the total number of studies telemonitoring
the same vital sign. BP, Blood Pressure; COPD, Chronic Obstructive
Pulmonary Disease; ECG, Electrocardiograph; HF, Heart Failure; HR, Heart
Rate; Ox Sat, Oxygen Saturation; RR, Respiratory Rate.
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