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Abstract

Background: Management of noncommunicable diseases (NCDs) is an increasing challenge for health care systems. Although
remote patient monitoring presents a promising solution by utilizing technology to monitor patients outside clinical settings, there
isalack of knowledge about the effect on resource utilization.

Objective: This systematic review aimed to review the effects of remote patient monitoring on health care resource utilization
by patients with NCDs.

Methods: Eligible randomized controlled trials (RCTs) involved digital transmission of health data from patients to health care
personnel. Outcomes included hospitalizations, length of stay, outpatient visits, and emergency visits. A systematic literature
search was performed in Medline, Embase, and Cochrane Central Register of Controlled Trials in June 2024. Titles, abstracts,
and full texts were screened individually by 2 authors. Risk of bias was assessed, and data were extracted, analyzed, and pooled
in meta-analysis when possible. Confidence in the estimates was assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach.

Results: Weincluded 40 RCTs published between 2017 and 2024. The largest group of NCDs was cardiovascular disease (16
studies). Remote patient monitoring may slightly decrease the proportion of hospitalizations compared with usual care (risk ratio
[RR] 0.86, 95% CI 0.77 to 0.95; low certainty). Compared with usual care, remote patient monitoring had fewer or an equal
number of hospitalizations (mean difference —0.13, 95% CI —0.29 to 0.03; low certainty). Hospita length of stay may be dlightly
reduced with remote patient monitoring compared with usua care (mean difference —0.84, 95% Cl —1.61 to —0.06 days; low
certainty). The proportion of outpatient visits showed probably little to no difference between remote patient monitoring and
usual care (RR 0.94, 95% CI 0.87 to 1.02; moderate certainty). Compared with usual care, remote patient monitoring had slightly
more outpatient visits, but the Cl was wide (mean difference 0.41, 95% Cl —0.22 to 1.03; low certainty). The results indicate a
small or no difference between remote patient monitoring and usual care regarding proportion of emergency visits (RR 0.91, 95%
Cl 0.7910 1.05; low certainty). We are uncertain whether remote patient monitoring increases or decreases the number of emergency
visits, asthe evidence was of very low certainty.

Conclusions: This systematic review showed that remote patient monitoring possibly led to lower proportions of patients being
hospitalized, fewer hospitalizations, and shorter hospital length of stay compared with usual care. Patients undergoing remote
monitoring had possibly more outpatient visits compared with usual care. The proportions of patients with outpatient visits or
emergency visitswere probably similar. Finally, we had very low certainty in the number of emergency visits. The results should
be considered with caution as the certainty of evidence was moderate to very low. We did not find results regarding institutional

stay.
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Introduction

Noncommunicable diseases (NCDs) including diabetes,
cardiovascular diseases, chronic respiratory diseases, and mental
health conditions lead to widespread human suffering globally
and impose a high burden on health care systems, both
financialy and structurally [1,2]. More than 70% of all deaths
globally are caused by NCDs, and cardiovascular disease
accounts for most of the deaths [3]. The already substantial
societal costs of NCDs are expected to rise even further in the
years to come [4]. NCDs contribute to reduced productivity,
shortened working lives, and premature mortality, with estimates
suggesting acumulative global loss of between US $30 trillion
and US $47 trillion in economic output between 2011 and 2030
[5]. Furthermore, NCDslead to high treatment costs, imposing
adirect economic burden on health systems[1,6].

The follow-up of these individuals is resource-intensive and
requires a high degree of interdisciplinary and holistic care over
time. This leads to increased demands on both capacity and
competencein health care services, asthese patients often need
both continuous monitoring and acute interventions[1,2]. Asa
result, there is significant interest in exploring and testing new
care models aimed at extending the servicesto patients' homes
through innovative technologies, which may contribute to
preventing avoidable use of health care resources[7-9]. Welfare
technology is highlighted as an important element in the
development of the health and care sector [9].

Among these technol ogies, remote patient monitoring presents
significant opportunities to improve the timeliness of care,
enhance health outcomes, and potentially reduce unnecessary
use of health care resources[9,10]. Remote patient monitoring
utilizestechnological toolsto track patients' health status outside
of typical clinical settings, including patients homes or other
remote locations. This method involves sending health data
directly to hedth care providers via automated electronic
systems or web- and phone-based interfaces, facilitating timely
interventionsif health status deteriorates [11,12].

This process ensures that health care providers can respond
rapidly and potentially prevent hospitalizations. Unlike
traditional calendar-based hospital follow-up appointments,
remote monitoring enables customized treatment planstailored
to each patient's specific needs and disease activity [11,12].
Routine monitoring of patient’s health data and receiving alerts
when measurements surpass a predetermined threshold can
enable health care providers to intervene promptly. This
approach offers potential advantages for both individuals and
society by lessening the burden on patients and decreasing the
need for unnecessary medical visits[10,13].

Moreover, the use of welfare technology hopefully can free up
resources within health care services, allowing them to be
allocated more effectively to patients with greater needs.
However, findings from studies examining patients' utilization
of health care serviceswith remote patient monitoring compared
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with usual care have shown mixed results [14]. Therefore, we
lack definitive knowledge about the effect of remote monitoring
on resource utilization. [14] The purpose of this systematic
review was to examine the effects of remote patient monitoring
on health care resource utilization for individuals with NCDs,
compared with usual care. The protocol for this review was
preregistered in PROSPERO (CRD42023431366) on June 19,
2023. This review is an update of a previous review [15]
published in Norwegian with the key messages and executive
summary provided in English.

Methods

We conducted a systematic review according to the guidelines
described in the Cochrane handbook [16] and the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [17]. The completed PRISMA
checklist is provided in Multimedia Appendix 1.

Selection Criteria

Eligible studieswere randomized controlled trialsinvestigating
the effect of remote monitoring of patientswith NCDs (including
chronic pulmonary diseases, diabetes, cardiovascular disease,
cancer, mental health disorders, and comorbidities) on health
care utilization, compared with usual care, publishedin English
or a Scandinavian language.

The interventions had to involve digital transmission of health
data from the patient to health care personnel, who would then
contact the patient and provide medical support and guidance
if the measurements indicated signs of deterioration or fell
outside norma vaues. We aso included studies that
incorporated additional components alongside remote patient
monitoring, such as rehabilitation guidance, exercise
prescriptions, and other forms of support.

Studies involving digital follow-up without any element of
sdlf-reporting, such asimplantsthat transmit data automatically,
were excluded.

Given the rapid advancements in digital health technologies,
including remote monitoring tools, software platforms, and
communication infrastructure, we prioritized newer studies to
ensure the findings reflected current clinical practice and
technological capabilities. Older studies may be based on
outdated technologies or care models that no longer represent
the current standard of care, potentially limiting the applicability
and relevance of their results. Hence, only studies published
from 2017 and onwards with interventions conducted in 2013
or later (within the last 10 years at the time of our first
systematic search) were included.

The studies had to report one or more of thefollowing outcomes:
hospitalizations (proportions or numbers), length of hospital
stay, outpatient consultations (proportions or numbers), use of
emergency services (proportions or numbers), visits to general
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practitioners, use of home health care services, and use of
institutional stay.

Search Strategy

A librarian developed a search strategy corresponding to the
inclusion criteriaand searched the following databases. Medline
(Ovid), Embase (Ovid) and Cochrane Central Register of
Controlled Trias (Wiley). Searcheswere conducted in 3 rounds:
April 2022, May 2023, and June 2024 (Multimedia Appendix
2).

Inclusion Process

The authors independently screened the references identified
in the previous review and the updated searches. We utilized
the “priority screening” function in EPPI-Reviewer [18] to
enhance the efficiency of screening titles and abstracts. This
machinelearning feature identifiesthe characteristics of included
and excluded studies and predicts the likelihood of relevance
for each reference. Priority screening prioritizesrelevant records
at the beginning of the screening process and relegatesirrel evant
records toward the end. Two authors (GS and CHH)
independently screened the titles and abstracts to determine
their digibility according to our inclusion criteria
Disagreements were solved through discussion. We decided to
stop screening after assessing 400 titles and abstracts in arow
without including any additional references, as the inclusion
rate had plateaued, suggesting that the algorithm had already
identified all relevant studies

Subsequently, we obtained the full texts of references deemed
relevant. In pairs, the authors (GS, CHH, N@) then
independently reviewed these full texts and made a final
assessment to determine which studiesto include. Disagreements
were solved through consensus.

Risk of Bias

Two authors (CHH and GS) independently assessed risk of bias
for each outcome with the Cochrane risk-of-bias tool (RoB 2)
for randomized trials[19]. Disagreements were solved through
discussion. RoB 2 assesses risk of bias within 5 domains:
randomization process, deviations from the intended
interventions, missing outcome data, measurement of the
outcome, and selection of the reported result. Overall risk of
biasfor each outcome was classified aslow risk, some concerns,
or high risk based on the domain with the highest risk of bias.

Data Extraction

One author (GS) extracted data from the included studies, and
another (CHH or N@) checked the data against the publication.
We extracted the following data: study and participant
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characteristics, information about the interventions, observation
period, and outcomes related to resource use. These outcomes
included hospitalizations (including readmissions), length of
hospital stay, and number of outpatient visits (including clinic
visits, outpatient visits, and medical consultations with private
physicians and general practitioners), and emergency services.
In case of missing information, we contacted the study authors.

Statistical Analysis

We conducted meta-analyses combining studies reporting on
the same outcome in RevMan Web [20]. Some of the effect
sizes were transformed, as the original data were not reported
in aformat ready for effect size calculation. For dichotomous
outcomes (proportion hospitalized, proportion of outpatient
visits, proportion with emergency visits) we performed
random-effects analyseswith therisk ratio (RR) asthe measure
of relative effect. For continuous outcomes (number of
hospitalizations, hospital length of stay, number of outpatient
visits, number of emergency visits) we performed
random-effects analyses with the mean difference asthe measure
of relative effect. A decision taken after the protocol was
published wasto add results of absolute effects on all outcomes
to enhance interpretability and clinical relevance. We believe
this can reduce the risk of misinterpreting large relative effects
with low absolute benefit and facilitate meaningful comparisons
and meta-analyses across studies with varying baseline risks

We did not plan any subgroup analyses or meta-regression in
the protocol, but we did thefollowing post hoc analyses: If there
were 2 or more studies with the same NCD for an outcome, we
subgrouped the meta-analysis per disease group. If there were
10 or more studies in a meta-analysis, we performed mixed
effects meta-regression using the R-package [metafor] [21].
Explanatory variables were mean age and publication year. In
addition, if there were 10 or more studies in a meta-analysis,
we produced funnel plots and performed the Egger test in R
[metafor].

Grading of Recommendations Assessment,
Development, and Evaluation

We used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach [22] to assess
our certainty of the effect estimates per outcome within the
following 5 domains: risk of bias, inconsistency, indirectness,
imprecision, and publication bias. The GRADE approach
specifies 4 levels of certainty: high, moderate, low, or very low.
Table 1 illustrates how the certainty of the evidence and the
importance of the outcome influence the description of the
direction and size of an intervention’s effect.
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Table 1. How certainty of the evidence and importance of the outcome influence the description of an intervention’s effect, as described in [23].

Level of certainty Important benefit or harm

Lessimportant benefit or harm No important benefit or harm or null

effect

High certainty Increases or decreases

Moderate certainty Probably increases or decreases

Low certainty May increase or decrease

Uncertain whether intervention in-
creases or decreases outcome

Very low certainty

Increases or decreases slightly Little to no difference

Probably increases or decreases
slightly

Probably little to no difference

May increase or decrease dlightly ~ May make little to no difference

Uncertain whether intervention in-
creases or decreases outcome

Uncertain whether intervention in-
creases or decreases outcome

Results

Included Studies

We identified 23,562 unique referencesin the literature search,
of which 258 studies were evaluated in full text. In total, 218
of these studieswere excluded for the following reasons: wrong
study design (n=90), wrong intervention (n=54), wrong
outcomes (n=48), observation period before 2013 (n=16), wrong
target group (n=8), and wrong language (n=2; Figure 1).

Figure 1. Flowchart of study selection process.

We included 40 studies [24-62] published between 2017 and
2024 (Tables 2 and 3).

The studies were distributed across various countries, mainly
representing high-income countries, with the highest number
conducted in the United States and Denmark (Table 2).

The most frequently reported outcomes were proportion of
hospitalized patients (including readmissions), proportion with
emergency visits, and length of hospital stay.

Identification of studies via databases
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Table 2. Key characteristics of included studies (N=40).

Characteristic Details

Total participants, n (range in individual studies) 11,617 (31-1225)
Female participants (N=11,617), n (%) 4888 (42)
Studies with mean age =50 years, n (%) 32(80)

Chronic conditions, n (%) of studies

Cardiovascular disease 16 (40)
Chronic obstructive pulmonary disease 8(20)
Cancer 5(13)
Multiple chronic conditions 4(10)
Mental illness 3(8)
Cystic fibrosis 2(5)
Diabetes mellitus 2(5)

Countriesrepresented, n (%) of studies

United States 5(13)
Denmark 5(13)
Canada 4(10)
Spain 3(8)
Australia 3(8)
United Kingdom 2(5
Poland 2(5)
Japan 2(5)
Netherlands 1(3)
Norway 1(3)
Germany 13
Colombia 1(3)
China 1(3)
New Zedand 103
France 1(3)
Russia 13
Singapore 13
Korea 13
Brazil 1(3)
Argentina 1(3)
Hong Kong 1(3)
Multinational 1(3)
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Table 3. Study characteristics (N=40).
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First author Name of trial or Sample Diagnoses Age Wom-  Intervention Relevant outcomes  Follow-
(year)/country program (app) size,n (years), en, % up
mean (SD)
Abelsen NR? 538 Chronic 69.7 49.0  Tablet for patientsto answer  Number of hospita- 6 and
(2022)/Norway diseases simple questions about their  izations, length of 12
[63,64] (COPDb, health or to monitor measure- hospital stay, use ~ months
c ments related to health status  of acute services,
T2DM", . -
HE can. (such as B, blood glucose, OU;pr?I' ent visits
cer. mental oxygen saturation, or weight); and home care ser-
iIIrﬁss) automatic transfer of measure-  VICES
mentsfrom the hometelemon-
itoring devicesto the patient’s
tablet and follow-up center
Absolom App: eRAPID 508 Colorectal, 56.0(11.8) 79.9  AnonlineeHeath systemfor Proportionhospitd- 6, 12,
(2021)/England breast, or patientsto self - report symp- ized and proportion and 18
[24] gynecologi- tomsduring cancer treatment;  with emergency weeks
cal cancers provision of automated sever-  visits
ity-dependent patient advice
guiding self-management or
medical contact
Achury-Saldana  App: Control Vit 175 HF 66 (11.9) 286 Daily (weight, arterial press  Proportionhospital- 6
(2024)/Colombia sure, HR', and symptoms) ized months
[29] questionnaire; alerts when an
increase in weight or change
inHR or arterial pressurewas
detected
Ackermann Tria: MEL-SELF 100 Localized 58.7(12.0) 46 Usua care plus patient-led Number of outpa- 6
(2021)/Aus- pilot study; app: melanoma surveillancewithinstructiona  tient visits months
tralia[26] ASICAY Skin- videos on how to perform
Checker app SSEM, remindersto undertake
SSE, amobile dermatoscope
attached to their smartphone,
and an app that facilitated
store-and-forward tel ederma-
tology and fast-tracked un-
scheduled clinic visits
Agarwal App: BlueStar 240 T2DM 51.8(10.7) 48.0 Informationrelatedto T2DM Proportionhospital- 3 and 6
(2019)/Cana- management entered into the ized and proportion months
da[27] app by patients who received  with outpatient and
customized, evidence-based  emergency visits
messages to impact motiva-
tion, behavior, and education;
the transfer of health data to
theuser’sclinician also facili-
tated by the app
Alshahrani Tria: Tele-ACS 337 Acutecoro- 58.1 139 12-lead ECG' belt with auto-  Length of hospital 6
(2024)/UK [28]  study nary syn- matic monitoring of BPand ~ St& and proportion - months
drome pulseoximeter; remoteconsul-  With emergency
tation with clinician visits
Andersen NR 222 COPD 70 (64-76) 61 Home measurement of oxy-  Proportion hospitdl- 6 and
(2023)/Den- gensaturation, HR, peak expi- ized, and length of 24
mark [29] ratory flow, body weight, and hospital stay months

aquestionnaire on dyspnea,
cough, sputum volume, and
color; results sent to a server
with green, yellow, and red
aerts
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First author
(year)/country

Name of trial or
program (app)

Sample
size, n

Diagnoses

Wom-
en, %

Age
(vears),
mean (SD)

Intervention

Follow-
up

Relevant outcomes

Angermann
(2023)/Germany
[30]

Benzo
(2022)/US [31]

Broadbent
(2018)/New
Zedland [32]

Dorsch
(2021)/US[33]

Faurholt-Jepsen
(2021)/Denmark
(34

Franz (2022)/US
[35]

Trial: randomized 715
INHX trial

NR 375

App: iRobi robot 60

App: Manage- 83
HFALife

Trial: RAD- 98
MIS; app: Monsen-

SO system smart-
phone app

Trid: el CE M study 267

Acute sys
tolic HF

COPD

COPD

Left ven-
tricular
gection
fraction
Bipolar dis-
order

Cystic fi-

brosis

70 (60-78) 29

69.0(95) 565

69.8(10.1) 615

61.1(9.0) 350

427 (135) 256

28.8% <18 50.9
years

Structured tel ephone monitor-
ing based on patient-recorded
vital signsand a 19-item
standardized questionnaire
addressing factors such as ad-
verse events since previous
contact, medication adher-
ence, and satisfaction with re-
mote patient monitoring

Weekly HC' callsand are-
mote monitoring system that
had a computer tablet, an ac-
tivity monitor, and an oxime-
ter; tablet-gathered data
transmitted to an online pa-
tient portal to monitor compli-
ance with the rehabilitation
routine and daily physical ac-
tivity; aim of weekly HC call
to beabehavior changeinter-
vention supported by the mo-
tivational interviewing and
self-efficacy theories

Robot provided to patients at
home programmed to deliver
COPD management consist-
ing of several components
guided by aclinical pathway;
overall program designed to
monitor health and prompt
medical contact if health was
deteriorating

Self-monitoring with amobile
app, along with aFithit physi-
cal activity monitor and scale

Daily self-monitoring of
mood, level of activity, dura-
tion of sleep, and medication
intake; collected smartphone
data on awebpage regularly
examined by study nurses
who, based on the patients
needs and collected data,
contacted the patients and
gave advice

Symptoms measured by pa-

tients using the CFRSD"
twice per week; study sites
automatically alerted if apar-
ticipant's FEV1° fell below
baseline >10% or if CFRSD
worsened in =2 of 8 respirato-
ry symptoms

Proportion hospital- 18 and
ized 60
months

Proportion hospital- 3
ized and with months
emergency visits

Proportionhospital- 4
ized and hospital months
length of stay

Proportionhospital- 12
ized weeks

3and 6
months

Proportion hospita-
ized and duration
of psychiatric read-
missions

Proportionhospital- 12
ized, length of hos- months
pital stay, and

number of outpa

tient and emergen-

cy visits per partic-

ipant per year of

follow-up
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First author Name of trial or Sample Diagnoses Age Wom-  Intervention Relevant outcomes  Follow-
(year)/country program (app) size,n (years), en, % up
mean (SD)
Galinier Trial: OSICAT 937 AcuteHF 69.9(12.4) 27.8  Telemonitoring programwith Proportionhospita- 18
(2020)/France[36] 2 elements: electronicdevices ized and hospital  months
and apersonalized education- length of stay
al component; telemonitoring
group: identical set of electron-
ic scales to measure body
weight and adeviceto answer
8 symptom questions provid-
ed to each participant; mea-
surement of body weight and
recording of HF symptoms
communicated daily to a se-
cure server and analyzed auto-
matically by an expert system
that generated aerts, as neces-
sary, with the aim of predict-
ing episodes of cardiac decom-
pensation
Garanin App: INME-01 392 HF and 66.3 (47.9) 49.4 Monitoring carried out with  Proportionhhospital- 3
(2022)/Russia tonometer acute coro- the certified INME-01 ized and length of ~ months
[37] nary syn- tonometer with an integrated  hospital stay
drome GSMP modulethat allows BP
and pulse rate measurements
and ability to transmit results
viaacellular communication
channel to aresearch center;
based on the results of the re-
ceived data, doctor able to
contact the patient and adjust
the previously prescribed
treatment
Gomis-Pastor App: mHeart 134 Hearttrans 45 (16) 31 Multifaceted theory-based in-  Proportion hospita- 6 and
(2023)/Spain [38] plant terventions provided during  ized and proportion 12
the study period to optimize ~ with outpatientand months
therapy management usinga emergency visits
mobile app
Greer (2020)/US NR 181 Cancer 53.3(12.9) 53.6 Smartphone mobile app with  Number of hospital- 12
[39] (random+ medication plan, reminders, izationsand emer- weeks
ized) symptom-reporting module,  gency visits
patient education, and Fitbit
integration for tracking physi-
cal activity; used for 12 weeks
Hernandez- TELECARE 510 Advanced 76 (14) 54.5 Monitoring of biological and Proportion hospitd- 45, 90,
Quiles heart and medical questionnaires avail- ized, length of hos- and 180
(2024)/Spain [40] lung dis- ableinreal timefor thehealth pital stay, and pro- days
ease care team; alarm routines portion and num-
ber with emergen-
cy visits
Indraratna App: TCCY smart- 164 Acutecoro-  61.5(12.5) 21.0 Smartphone app with Blue-  Proportion hospita- 30 days
(2022)/Australia phone app nary syn- tooth-enabled devicesfor dai- ized
[41] drome or ly monitoring of weight, BR,
HF and physical activity, along
with educationa push notifica
tions
Jiang (2022)/Sin- App: NSSMP 114 T2DM 52.8(11.0) 30.0 6-month NSSMP consisting  Number of hospita- 6
gapore of an education sessionand a izationsand num- months
[43] smartphone app for self-mon-  ber of outpatient

itoring and recording of blood
glucose, diet, and exercise

and emergency
visits
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First author Name of trial or Sample Diagnoses Age Wom-  Intervention Relevant outcomes  Follow-
(year)/country program (app) size,n (years), en, % up
mean (SD)
Jiang (2024)/Chi- NR 148 COPD 72.7(6.79) 14.2 Internet of Things—based Number withread- 12
na[42] with hyper- management based ontele-  mission months
capnic monitoring of clinical and
chronicres- ventilator parameters for 12
piratory months
failure
Krzesinski Tria: AMULET 605 HFandleft g7 (14)° 21 Nurse-led noninvasiveassess-  Proportion hospita- 12
(2021)/Poland [44] ventricular ments supporting remote ized months
gection therapeutic decisions for pa-
fraction tients after an episode of acute
HF, including vital sign mon-
itoring, assessments of HF
symptoms, and physician rec-
ommendations
Laursen Tria: EN- 78 Borderline 26.8(18.1) 87.0 Mobilediary app: psychoedu- Proportionhhospita- 1 month
(2021)/Den- TER,; app: mDiary personality cational material (dialectical  ized and number of
mark [45] disorder behavior therapy) and visual- outpatient visits
izations of participant’s data;
recording of symptom infor-
mation (eg, emotional dysreg-
ulation and thoughts of sui-
cide and self-harm) by partic-
ipants so health care profes-
sionals could follow themin
real time and use theregistra-
tions in the treatment
Lee (2023)/Ko-  App: PRO-CT- 222 Breast, 55.9(9.7) 605 Completed symptom question-  Proportion hospita- 2
rea[46] CAE lung, head naire every 7 daysfor 8 ized and proportion months
and neck, weeks; data accessible by with outpatient and
esophaged, cliniciansusing aweb dash-  emergency visits
or gyneco- board (at least once)
logic can-
cer
Mizukawa NR 39 HF 72.4(12.7) 487  3ams tlemonitoring (collab- Proportionhospital- 24
(2019)/Japan [47] orative management), self- ized and length of  months
management education, and  hospital stay
usual care; al involved self-
monitoring weight, BP, and
pulse; 12-month disease man-
agement program also part of
intervention groups; telemon-
itoring group: noninvasive
physiologic telemonitoring
devices to measure BP, pulse
rate, and body weight for 12
months and data transmitted
to the nurse's computer; self-
management group: described
as “ self-management”
Piotrowicz Tria: TELEREH- 850 HF 62.4 (105 114 Hybrid comprehensivetelere-  Proportion hospital- 9 weeks
(2020)/Poland HF trial/Car- habilitation: supervised exer- ized
[48] dioM essenger cise training monitored with

transmitter of the
CareLink network,
or erlin@home
wireless transmit-
ter

tele-ECG; monitoring of BP
and body weight

https://mhealth,jmir.org/2025/1/e68464

RenderX

JMIR Mhealth Uhealth 2025 | vol. 13 | e68464 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Smedslund et &

First author Name of trial or Sample Diagnoses Age Wom-  Intervention Relevant outcomes  Follow-
(year)/country program (app) size,n (years), en, % up
mean (SD)
Rohde Tria: MESSAGE- 699 HF (with  61.2(14.5) 342  Telemonitoringgroup: 4daily Proportionhospita- 180
(2024)/Brazil [49] HF study; app: reduced short text messagesto opti-  ized and with days
Clever Care |eft ventric- mizeself-care, activeengage- emergency visits

ular gjec- ment, and early intervention;

tion frac- red flags based on feedback

tion messagestriggering automatic

[<40%)]) diuretic adjustment and/or

Shimoyama Trial: Telenursing 31 Chronic 73.0(10.2) 40
(2023)/Japan [50]  system (COM- respiratory

PAS) failure
Soriano Tria: PROMETE 229 COPD 714(84) 196
(2018)/Spain[51] 11
Stamenova App: Cloud DX 81 COPD 724(9.3) 46.0
(2020)/Canada =~ Connected Health
[52] Kit

telephone call from the health
care team

Once a day, questions an-
swered by each participant
from alist of options; dataon
physical condition, including
vital signs, respiratory symp-
toms, food intake, excretion,
medication use, physical
symptoms other than respira-
tory symptoms, and questions
tothemedica staff sent tothe
server and collected; transmit-
ted data monitored remotely,
and nursing support deter-
mined based on the results of
each question item set in ad-
vanced consultation with the
physician in charge

A pulse oximeter, BP gauge,
spirometer, and respiratory
rate and oxygen therapy com-
pliance monitor connected to
amodem that uploaded read-
ings to secure servers—per-
formed daily for 12 months;
aerts automatically triggered
when measurementswere ex-
ceeding thresholds or missing

Cloud DX Connected Health
Kit: custom tablet computer,
Pulse wave wrist cuff monitor
(measured BP), oximeter,
welighing scale and thermome-
ter; datafrom all devices
transmitted to a database; 3-
armed study, including remote
patient monitoring group and
self-monitoring group:
oximetry and BP daily for 6
months; when readings fell
outside predetermined thresh-
olds, clinical project specidist
notified who took appropriate
action

Number of hospital- 3
izationsand length months
of hospital stay

Proportionhospital- 12
ized and length of  months
hospital stay

Number of hospital- 6
izations, hospital  months
length of stay, pro-

portion with outpa-

tient visits, and

number of emergen-

cy visits
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First author
(year)/country

Name of trial or
program (app)

Sample Diagnoses
size,n

Wom-
en, %

Age
(vears),
mean (SD)

Intervention

Follow-
up

Relevant outcomes

Temple-Oberle
(2023)/Cana-
da[53]

Tenning
(2020/2021)/Den-
mark [54]

Wagenaar
(2019)/Nether-
lands [55]

Walker (2018)/
Spain, United
Kingdom, Slove-
nia, Estonia, and
Sweden [56]

Wang
(2023/Hong
Kong [57]

Ware
(2022)/Cana-
da[58]

App: RecoverWell

Trial: RADMIS;
app: Monsenso
system

App/program:

EACP' including
“Heartfailuremat-
ters.org” website

Tridl:
CHROMED; app:
RESMON PRO
DIARY using
FOT, atouch-
screen comput-
er, and amobile
modem

App: telemedicine
app and system
(HealthCap)

App: Medly smart-
phone app

72 Cancer
(breast, be-
nign ovari-
an or uter-
ine mass,
endometri-
a, or cervi-
cal)

120 Unipolar
depressive

disorder

450 HF

312 COPD

49 Hyperten-

sion

96 T2DM, hy-
pertension,

or HF

54.90
(11.18)

100

439(14.2) 525

66.8(11.0) 25.8

71

59.9(84) 53

50.0 (12.6) 44.0

Datainput: drain outputs,
surgical site photographs, and
QOR15! and EORTCY scales;
computer used by trained and
designated portal monitor and
patient’s surgeon to accessthe
dataand monitor patients; any
red flags brought to the sur-
geon’sattention and prompted
action either via atelephone
call or an in-person appoint-
ment depending on the issue

Multimodal monitoring and
treatment based on a smart-
phone-based system (Monsen-
S0 system); patient monitoring
of mood, sleep, and activity
daily, and study nurse check-
ing the data 3 times weekly
and reacting according to the
data presented

3-armtrial: (1) EACP, (2),
website heartfailuremat-
ters.org, (3) usual care; EACP
group: use of the e-Vitaplat-
form with telemonitoring of
weight, BP, and HR and nurse
dertsif values were abnor-
mal; website group encour-
aged to use the website, infor-
mation leaflet, and areminder
to use the website

Monitoring platform used for
9 months; measurements of
within-breath respiratory me-
chanical impedance, BP, oxy-
gen saturation, HR, and body
temperature; contact with the
study nursetriggered by abnor-
mal values

BP readings reported by pa-
tients twice daily for aweek
beforetheir consultation, with
data sent to a secure comput-
er; review of resultsby physi-
cians prior to appointments;
and optimal 7-day average BP
and no issues, appointment
deferred for 3 months; subop-
timal readings or presence of
symptoms, consultation atten-
dance by patients mandatory,
and doctors able to adjust
medication according to
guidelines

Telemonitoring group: patient
measurements of symptoms;
dertsto the clinical team via
email and asecure web portal
when recorded values
(weight, BP, blood glucose)
exceeded target thresholds

Proportionswith 6 weeks
outpatient and

emergency visits

6 mon-
hts

Proportion hospita-
ized and length of
hospital stay

Proportionhospital- 12
ized months

Proportionhospital- 12
ized and length of  months
hospital stay

Proportionhospital- 6

ized and proportion months
or number with

outpatient visits

Proportion hospital- 6

ized, number of months
hospitalizations,

and proportions

and numbers of

emergency and

outpatient visits
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First author Name of trial or Sample Diagnoses Age Wom-  Intervention Relevant outcomes  Follow-
(year)/country program (app) size,n (years), en, % up
mean (SD)
Widmer NR 71 Acutecoro- 63.0(10.8) 18.6 Digital healthinterventionin- Proportion hospita- 3 and 6
(2017)/US[59] nary syn- volving reporting of dietary  izedand proportion months
drome and exercise habitsthrough-  with emergency

out cardiac rehabilitation and  visits

educational information for

patients’ healthy lifestyles;

patient-entered valuesin the

app for BP, lipids, glucose, or

weight that were out of nor-

mal range, patients asked to

consult their physician
Witt Udsen TeleCare North 1225 COPD 69.5(9.4) 517  Atabletathome;information Numberof hospita- 12
(2017)/Den- to participants about COPD izations, length of  months
mark [60] management and transmission  hospital stay, num-

by participants of dataon BP, bers of outpatient

pulse, blood oxygen satura-  and emergency

tion, and body weight to visits, and use of

health personnel home care services
Wood NR 60 Cysticfi- 31.0(9.0) 487 Smartphone app with 14 Proportionhospital- 12
(2020)/Aus- brosis questions about respiratory  ized, length of hos- months
tralia[61] symptoms and well-beingto  pital stay, and

be answered weekly or sooner number of outpa-

when worsening of symp- tient visits

toms; if symptoms worsened,
call from anurse
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First author Name of trial or Sample Diagnoses Age Wom-  Intervention Relevant outcomes  Follow-

(year)/country program (app) size,n (years), en, % up
mean (SD)

Yanicelli NR 30 HF 520 (NR) 20.0 Home telemonitoring system Proportionhhospital- 3

(2021)/Argentina consisting of anapp collecting  ized months

[62] weight, BP, and HR measure-

ments and symptoms (eg,
swelling in ankles, legs,
shortness of breath); app-
based alert to aphysician if
messurements are outside
normal ranges; also included
educational functionality

8\R: not reported.

PCOPD: chronic obstructive pulmonary disease.

°T2DM: type 2 diabetes mellitus.

9HF: heart failure.

®BP: blood pressure.

fASICA: Achieving Self-directed Integrated Cancer Aftercare.
9HR: heart rate.

NSSE: skin self - examination.

IECG: dlectrocardi ogram.

IMedian (range).

KINH: Interdisciplinary Network Heart Failure.

'HC: health coach.

Mel CE: early Intervention in Cystic Fibrosis Exacerbation.
"CFRSD: Cystic Fibrosis Respiratory Symptom Diary.
OFEV 1: forced expiratory volume in one second.

PGSM: Global System for Mobile Communications.

4TCC: TeleClinical Care.

'NSSMP: nurse-led smartphone-based self-management program.
SMedian (IQR).

'QoR15: quality of recovery gquestionnaire.

YEORTC: European Organisation for Research and Treatment of Cancer.
VEACP: eHealth adjusted care pathway.

Y“Median.

For one study by Abelsen et al [64], wewere unableto calculate
effect estimates. As aresult, the study was not included in the
meta-analyses, and we did not assess our confidence in the
results. The findings from this study are described narratively.
Table 2 shows the main characteristics of the included studies.
Some of the trials had specific names, and some utilized a
specific app, which are listed in the second column. The
interventions were mostly similar, but we provided a detailed
description of each. Although the trials had many outcomes,

https://mhealth,jmir.org/2025/1/e68464

RenderX

weincluded only those rel evant for thisreview. Follow-up times
ranged from 1 month to 60 months, with 37 studies having
follow-up times between 3 months and 12 months (Table 3).

Risk of Bias

Of 40 studies, 8 were assessed as having alow risk of bias, 16
had some concerns, and the remaining 16 were assessed as
having a high risk of bias. Figure 2 shows a summary of the
risk of bias assessments.
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Figure2. Summary risk of bias assessment.

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Smedslund et &

0%

Effects of Interventions

Proportion of Hospitalized Patients

Of the included studies, 30 reported the proportion of
hospitalized patients. The RR was 0.86 (95% CI 0.77 to 0.95;
low certainty; Figure 3, Multimedia Appendix 2). There was
significant  heterogeneity (1% 55%). Mixed effects
meta-regression analysisindicated that newer studieswere more
infavor of remote patient monitoring (coefficient for publication
year: —0.06, P=.008; meaning that, for every increase of 1
publication year, the RR decreased by 0.06.) Mean age did not
have asignificant effect on proportion hospitalized. When both

https://mhealth.jmir.org/2025/1/e68464

XSL-FO

RenderX
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. Low risk D Some concermns . High risk

explanatory variables were entered together (full model),
publication year was till significant (coefficient: —0.07, P=.006).
In the full model, I? was 46%. Therefore, there was still some
unexplained heterogeneity. The Egger test was not significant
(P=.07), not indicating publication bias. In the subgroup of
cardiovascular disease (16 studies), the RR was 0.76 (95% CI
0.65 to 0.88). We did not use GRADE for this subgroup result.
The only other diagnostic subgroup with more than 2 studies
was chronic obstructive pulmonary disease (COPD; 5 studies).
The RR was 0.81 (95% CI 0.66 to 1.00). For the other
subgroups, there were no important differences between remote
patient monitoring and usua care.
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Figure 3. Meta-analysis of the proportion of hospitalized patients in groups randomized to remote patient monitoring or usua care, with the risk of

bias assessments for the outcome shown on the right for each study.
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Laursen et a [45] reported the proportion with hospitalizations,
but it was only reported as <5. Therefore, this could not be
included in the meta-analysis. Jiang et al [43] stated that the
12-month risk of readmission was 34.3% in intervention group
compared with 56.0% in the control group, but these numbers
could not be included in the meta-analysis.
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Number of Hospitalizations

Patients receiving usual care had a mean number of 0.42
hospitalizations. A meta-analysis with 9 studies showed that
the group with remote patient monitoring had 0.13 fewer
hospitalizations (95% CI —0.29 to 0.03; low certainty; Figure
4, Multimedia Appendix 2). We did not perform mixed effects
meta-regression, subgroup, or test for publication bias for this
outcome.
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Figure 4. Meta-analysis of the number of hospitalizations in groups randomized to remote patient monitoring or usua care, with the risk of bias

assessments for the outcome shown on the right for each study.
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Abelsen et a [64] measured the number of unplanned hospital
admissions after 6 months and 12 months and reported no
difference between the groups after 6 months. However, they
found an increase in the number of admissions in the remote
patient monitoring group compared with the usual care group
after 12 months.

Farvours remate patien monionng Farsours usual care

Length of Hospital Stay

The mean hospital length of stay in the usual care group was
6.82 days. A meta-analysis with 12 studies showed that the
length of hospital stay was dightly shorter for the remote patient
monitoring group, at 0.84 days shorter (95% CI —1.61 to —0.06;
low certainty; Figure 5, Multimedia Appendix 2). None of the
explanatory variables had a significant effect on length of
hospital stay. The Egger test was not significant (P=.08).

Figure5. Meta-analysis of the length of hospital stay (in days) in groups randomized to remote patient monitoring or usual care, with the risk of bias

assessments for the outcome shown on the right for each study.
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Abelsen et al [63,64] measured the number of hospital bed days

for unplanned admissions after 6 months and 12 months and
reported no difference between the groups. Andersen et al [29]
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reported the median length of stay in the hospital for 0 months
through 6 months as 5 days in the telegroup and 7 days in the
control group. For a period of 0 months through 24 months,
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they reported 4 days in both groups. It was not possible to
compute an effect size. Broadbent et al [32] reported the total
number of days in hospital for respiratory problems in the
intervention and control groups. It was not possible to compute
an effect size. Garanin et a [37] reported that the intervention
group was hospitalized for a mean number of 7.5 days and the
usua care group was hospitalized for a mean of 10.2 days. It
was not possible to compute an effect size.

Smedslund et &

Proportion With Outpatient Visits

A meta-analysis with 6 studies showed almost no differencein
the proportion of patients with outpatient visits between the 2
groups (RR 0.94, 95% CI 0.87 to 1.02; moderate certainty;
Figure 6, Multimedia Appendix 2). We did not perform mixed
effects meta-regression, subgroup based on condition, or test
for publication bias for this outcome.

Figure 6. Meta-analysis of the proportion of outpatient visits in groups randomized to remote patient monitoring or usual care, with the risk of bias

assessments for the outcome shown on the right for each study.
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Mean Number of Outpatient Visits

The studies came from many different countries with diverse
health care systems. We decided not to distinguish between
private or public clinic visits, medical consultations, private
physicians, or general practitioners. Instead, we categorized all
these consultations as “ outpatient visits” The usual care group

0.2 0.5
Favours remote patisnt moniloring

F 5
Favours usual caneg

had a mean number of 8.13 outpatient visits. A meta-analysis
with 8 studies showed that the remote patient monitoring group
had slightly more outpatient visits (0.41 more), thus favoring
the usual care group, but the 95% CI crossed zero (95% ClI
—0.22 to 1.03; low certainty; Figure 7, Multimedia Appendix
2). We did not perform mixed effects meta-regression, subgroup
based on condition, or test for publication biasfor thisoutcome.

Figure7. Meta-analysis of the mean number of outpatient visitsin groups randomized to remote patient monitoring or usual care, with therisk of bias

assessments for the outcome shown on the right for each study.
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Abelsen et al [63,64] measured the number of outpatient visits
and number of contactswith general practitionersafter 6 months

https://mhealth.jmir.org/2025/1/e68464
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and 12 months. They found no difference in the number of
outpatient visits and atendency toward agreater increasein the
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number of general practitioner consultations in the remote 95% CI 0.79 to 1.05; low certainty; Figure 8, Multimedia
patient monitoring group compared with the usual care group  Appendix 2). Therewas no indication of publication bias (Egger
after 6 months and 12 months. test, P=.75). We did not perform mixed effects meta-regression
or subgroup analysis based on condition because the

Proportion With Emergency Visits heterogeneity was low.

A meta-analysis with 11 studies showed little or no difference
between the groups on proportion of emergency visits (RR 0.91,

Figure 8. Meta-analysis on the proportion of emergency visitsin groups randomized to remote patient monitoring or usual care, with the risk of bias
assessments for the outcome shown on the right for each study.
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Number of Emergency Visits 0.00, 95% CI -0.31 to 0.32; very low certainty; Figure 9,
Multimedia Appendix 2). We did not perform mixed effects

The usual care group had a mean number of 0.86 emergency  meta-regression, perform subgroup analysis based on condition,

visits. A meta-analysiswith 7 studies showed very low certainty  or test for publication bias.

evidence for the number of emergency visits (mean difference

Figure 9. Meta-analysis on the number of emergency visits in groups randomized to remote patient monitoring or usual care, with the risk of bias
assessments for the outcome shown on the right for each study.
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Abelsen et al [63,64] examined both the number of staysin  services after 6 months and 12 months. The study found no
municipal acute care and the number of contactswith emergency  differences between the groups for either measure.
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Home Care Services

Witt Udsen 2017 [60] measured the average hours spent on
health care services at home over a 12- month period, finding
that more hours were spent on home health care servicesin the
remote patient monitoring group compared with the usual care
group (mean difference 523.2, 95% Cl —152.6 t0 1199.0 hours).

Similarly, Abelsen et al [63,64] measured the average number
of home health care visits after 6 months and 12 months and
reported no differences between groups.

Institutional Stay

None of theincluded studiesreported oninstitutional stay, only
hospitalizations.

Smedslund et &

Absolute Effects

So far, we presented rel ative effects of remote patient monitoring
compared with usual care, reporting RRs and mean differences.
However, to fully grasp the impact and understand how many
individuals are actually affected, it isimportant to also consider
the absolute numbers. Table 4 shows the proportions of
hospitalizations, outpatient visits, and emergency visits for the
2 groups, and Table 5 shows the numbers of hospitalizations,
outpatient visits, and emergency visits and length of hospital
stay in days.

Table 4. Proportions with hospitalizations, outpatient visits, and emergency visitsin remote patient monitoring versus usual care.

Outcomes Usual care Remote patient monitoring
Proportion hospitalized 0.32 0.28
Proportion with outpatient visits 0.59 0.55
Proportion with emergency visits 0.29 0.26

Table5. Absolute numbers of hospitalizations, daysin hospital, outpatient visits, and emergency visits in remote patient monitoring versus usual care.

Outcomes Usua care Remote patient monitoring
Number of hospitalizations 0.42 0.29
Length of hospita stay 6.82 6.01
Number of outpatient visits 8.13 8.54
Number of emergency visits 0.86 0.86

Discussion

Principal Findings

Remote patient monitoring may slightly reduce the proportion
of hospital stays, but it may make little or no difference to the
number or length of hospital stays. It likely haslittle or no effect
on the proportion of patients with outpatient visits and may
resultinlittle or no differencein the mean number of outpatient
visits or the proportion with emergency visits. The evidence is
uncertain regarding the effect of remote patient monitoring on
the number of emergency visits.

Other systematic reviews have similar findings. Igbal and
colleagues [65], who examined clinical outcomes of digital
alerting systems in remote monitoring, also found reductions
in hospitalizations and length of stay for certain cohorts.
However, they found no important benefit on emergency
department or outpatient visits. Similarly, a review by Auener
et al [66] on telemonitoring for chronic heart failure patients
showed no clear differences in health care utilization between
the remote monitoring group and usual care, except for an
increase in nonemergency outpatient department visits for the
remote monitoring group. These findings suggest that closer
monitoring through remote patient monitoring may lead to more
frequent health care interactions in an outpatient setting.
Improved condition management through continuous monitoring
and timely intervention can potentially lower the incidence of
critical health episodes, reducing the demand for more costly

https://mhealth,jmir.org/2025/1/e68464

interventions like hospitalizations. Patients who are remotely
monitored may also fedl a greater sense of security or may be
more inclined to seek medical attention for minor symptoms or
concernsthat they might otherwise haveignored. Thisincreased
health care-seeking behavior could lead to higher health care
utilization rates of, for example, outpatient clinical visits and
potentially counteract savings from remote monitoring.

Hospitalizations are highly resource-intensive and costly [67].
Although our findings on the absolute reduction in the
proportion of hospitalized patients may seem small, with a
reduction from 32% to 28%, this modest reduction is expected
to result in significant cost savings. Fewer hospitalizations and
shorter hospital stays can lead to decreased health care costs
per patient and allow for more efficient use of hospital resources,
such as freeing up beds and reducing the burden on health care
staff. This, in turn, enables hospitals to accommodate more
patients and potentially reduces wait times for critical care.

Previous reviews have shown mixed results regarding the
cost-effectiveness of remote patient monitoring [68], and remote
patient monitoring systems sometimes lead to increased
utilization of health care services rather than the anticipated
reduction. The effectiveness of remote monitoring in reducing
health care resource utilization may vary depending on the
specific patient population, disease condition, and health care
setting [69]. Thomas et a [14] identified several factors
contributing to increased health care utilization. Theseincluded
recruiting high-risk populations, failure to integrate remote
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patient monitoring into workflows, and system measurement
errors. Specific issues such as slow responses to alerts and low
adherenceto the remotefollow-up by patientsor clinicianswere
significant contributorsto increased acute care use in the remote
patient monitoring group. To reduce hospitalizations, it iscrucia
that remote patient monitoring systems accurately predict disease
exacerbations by detecting changes in symptoms related to
disease worsening. This can be particularly challenging in
populations with unpredictable disease progression [ 14]. Patients
who are more proneto frequent hospitalizations may experience
agreater reduction in admissionswith timely interventions made
possible by remote monitoring. However, in practice, clinicians
may hesitate to rely on remote assessments for their most
vulnerableand critically ill patients[14]. The subgroup analysis
in our review indicated that remote patient monitoring may
reduce hospitalizations for patients with heart disease and
COPD, but among the other NCDs, there were little or no
differences. A systematic review of evaluations of noninvasive
remote patient monitoring for chronic diseases [69] found that
remote patient monitoring was highly cost-effective for
hypertension. However, for COPD and heart failure, the
cost-effectiveness varied depending on the severity of the
disease. These findings suggest that certain patient populations
may benefit more from remote monitoring than others and that
variations in outcomes are influenced by factors such as
diagnosis severity, health care setting, and the specific design
of the remote patient monitoring intervention. Consequently,
the impact on health care resource utilization may differ across
contexts.

Regarding organizational aspects, remote patient monitoring
can potentially streamline care, but it can aso introduce
complexities that may offset resource savings. For instance,
remote patient monitoring generates large volumes of health
data, which must be processed, cleaned, analyzed, and managed
beforeit can bereliably used for clinical decision support. This
not only requires robust data handling procedures but aso the
allocation of resources and adaptation of existing health care
infrastructure to effectively integrate these systemsinto routine
care [70,71]. Moreover, following up missing data due to lack
of patient adherence or problems with devices presents
additional, resource-intensive challenges that must be addressed
to ensure safe and equitable care [ 72]. Alignment and adaptation
of infrastructure, along with training and upskilling of staff,
seem crucial to meet the demands of remote monitoring,
ensuring continuity of patient care without creating gaps.
Substantial investmentsin technology, training, and support are
required to implement remote patient monitoring, and these
costs may not be immediately offset by savings [69]. Thereis
also a rapid advancement in digital solutions, and our results
show that newer studies suggest better results in terms of
resource utilization than older studies.

Strengths and Limitations

This systematic review’s selection of eligible studiesrelied on
aclearly defined and systematic search strategy. Althoughiitis
possible that we overlooked studies due to insufficient
descriptions of interventions or populations in the title or
abstract, we believe it is likely that we identified the most
relevant studies. We only included studies in which the

https://mhealth,jmir.org/2025/1/e68464
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intervention was conducted in 2013 or later. This may have
excluded valuable research from earlier periods. However, given
the significant advancementsin technology in recent years, we
prioritized newer studiesto provide moreredistic and up-to-date
results. We did not examine health care personnels' resource
userelated to remote follow-up, though previous studies suggest
that handling incoming data from patient-reported outcome
measures can be time-consuming for staff and may place a
significant burden on health care providersin terms of time and
resources[73].

Further, we assessed the risk of bias and certainty of the
evidence transparently and systematically. These assessments
allow readers to make their own judgments of the strength of
the evidence. However, in many of the studies, the settings,
interventions, and populations were poorly described, which
may introduce limitationswhen synthesi zing results from studies
with different populations and intervention types. We attempted
to account for thisin our GRADE assessments, but due to poor
reporting and alack of detailed information about the settings,
theremay till be challengesrelated to heterogeneity. Thiscould
affect the overall interpretation of the findings and reduce
confidence in the conclusions drawn. Moreover, regarding the
outcome of outpatient visits, it is somewhat unclear what
specific termslike“ outpatient clinic visits,” “ outpatient visits,”
“medical consultations,” and visits to “private physicians’ or
“general practitioners’ precisely mean in the studies we
reviewed. This inconsistency in terminology represents a
limitation and should be considered carefully when interpreting
this outcome, as it may affect the comparability of health care
utilization results across the studies.

The evidence base is heavily skewed toward studies conducted
in high-income countries, which limits the applicability of the
findings to low- and middle-income settings. Additionally,
considerable heterogeneity in patient populations and
interventions across studies complicates the ability to draw
broader, generalizable conclusions. The lack of economic
evaluations in this review also limits our ability to assess
cost-effectiveness, which isacritical factor for informing health
care policy and implementation decisions.

Implications for Future Research

Future research should explore waysto streamline the processing
of data from patient-reported outcomes measures through
automated tools and improved system integration to optimize
efficiency. Understanding the relationship between remote
monitoring and resource utilization—along with identifying
barriers and facilitators—is crucial to develop servicesthat can
maintain or improve current standards of care while being more
resource-efficient. There is also a need for systematic reviews
that examine more homogeneous patient groups and forms of
digital home follow-up to better understand which groups may
benefit from specific treatments. Additionally, a more
comprehensive health-economic analysisis needed, considering
resource use more holistically, including costs associated with
technology acquisition, maintenance, follow-up on incoming
data, service usage, and impacts on work absence, among other
factors.
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Conclusions monitoring and usual care. Remote patient monitoring had
possibly more outpatient visits compared with usual care. The
proportion with emergency visitswas possibly similar between
the groups. We are uncertain about the effect on number of
emergency visits. The results should be considered with caution
as the certainty of evidence was moderate to very low. We did
not find results regarding institutional stay.

This systematic review showed that remote patient monitoring
possibly led to lower proportions of patients being hospitalized,
fewer hospitalizations, and shorter hospital length of stay
compared with usual care. The proportion of patients with
outpatient visits was probably similar for remote patient
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