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Abstract

An integrated analysis of various Remote Patient Monitoring (RPM) studies is needed to evaluate the reduction rate of the risk of rehospitalization in COVID-
19 patients. This meta-analysis aimed to provide an overview of the effectiveness of RPM. A literature search through online databases (PubMed, Science
Direct, Scopus, ProQuest, and Embase) was conducted from 2019 to 2022. After using the Cochrane Collaboration's risk of bias tool, five studies on COVID-
19 were selected. Based on the data collected from 2,685 participants (intervention = 1,060, control = 1,625), the use of RPM was found to reduce
rehospitalization by 0.56 times compared to not using RPM (12=9%; n = 2,685; OR 0.56 [95% CI 0.39-0.82]; p-value = 0.003). According to the characteristics
analysis, sex, comorbidity of hypertension, heart failure, obesity, chronic lung, and chronic kidney disease had no significant effect on the risk being studied.
It was only the comorbidity of diabetes that showed a significant impact. Both RPM intervention duration and long-term monitoring effectively reduced
rehospitalization (>14 days). In brief, RPM may reduce hospitalizations in response to an impending epidemic. Future research should look into using RPM to
treat chronic post-hospitalization conditions.

Keywords: COVID-19, meta-analysis, rehospitalization, remote patient monitoring, telemedicine

Introduction

The worldwide effects of the COVID-19 pandemic are devastating.! The reports from the World Health Organization
(WHO) as of December 12, 2022, showed that the pandemic spread continues to spread, with a total of 645,084,824
confirmed cases globally and 6,633,118 deaths.? Any individuals who are severely affected by the disease require
hospitalization. Generally, about 20% of affected individuals need to be hospitalized, especially the elderly or those with
comorbidities.3 The COVID-19 virus typically causes pneumonia, acute respiratory distress syndrome, septic shock, and
cardiovascular complications.*

The advent of COVID-19 has increased the demand for advanced information technology solutions as well as basic
medical supplies and medicines.> In order to meet the needs of the masses on COVID-19 screening, diagnosis, and
monitoring at home, telemedicine has been ideally positioned to fulfill this role.6 The use of electronic information and
communication technologies for providers and patient contacts across geographic distances is known as telehealth,
remote patient monitoring (RPM), and telemedicine.” An easy-to-use e-health platform is important as it enables COVID-
19 patients to communicate and quickly find health-related information.8

Telemonitoring COVID-19 patients from their homes is a safe, practical, and widely recognized approach. When used
in high-risk but non-terminally sick patients, the approach allows for proper clinical surveillance, early disease
identification, proper arrangement of care during periods of high demand, and patient and family support. It also
contributes to maintaining "social distancing" by reducing the number of visits patients need to make to emergency rooms
and clinics.? Overall, RPM is the general name for any combination of medical devices, such as wearable devices
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or portable home health monitors, including information technology solutions that enable health data to be sent to
healthcare practitioners without physical touch.10

The RPM collects health information about individuals in one location and securely transmits that data electronically
to healthcare professionals in another location for evaluation and advice.!! This type of service allows providers to
continuously track healthcare data for patients after they are discharged to their homes or care facilities.!! The procedure
is important since it helps to improve patient safety and lower rehospitalization rates. Based on previous studies, patients
who transition to the program and enroll on the first post-discharge day are associated with a significantly lower risk of
combined emergency department outcomes or readmission to the hospital.12

The RPM activation programs are associated with lower hospitalizations, use of intensive care, and length of stay
among COVID-19 patients.!3 In fact, it is argued that hospitalization was far more common in patients who did not get
RPM than in those who did. For instance, a previous study determined that among the 187 patients (83%) initially treated
in an outpatient setting, hospitalization rates were higher in those without RPM.1* In another study, the rate of repeat
visits to the emergency department did not significantly differ statistically between the RPM group (8%) and the control
group (9.3%) (OR: 0.863; 95% CI: 0.413-1.803); p-value = 0.695)).15

To date, research on the application of RPM in COVID-19 patients has produced contradictory findings. Therefore,
this study used a meta-analysis to assess the efficacy of the RPM program in lowering the risk of readmission in the
COVID-19 patient population through a comprehensive statistical procedure. The specific aims were to compare the
effects of RPM programs and explore potential covariates as effects of RPM programs, including gender, hypertension,
diabetes, heart failure, obesity, chronic lung, and chronic kidney disease.

Method

In this meta-analysis, a comprehensive search using databases such as PubMed, Science Direct, Scopus, Proquest,
and Embase was conducted from December 2019 to December 2022 and updated on March 20, 2023. Overall, the
collected articles were found in English and Indonesian language. Additionally, this study included both free access and
paid articles (limited to subscribers by institutions). The protocol review was registered in PROSPERO (register number
CRD42022380056). The search was performed using the standard and related keywords, including "COVID-19,” “COVID-
19 patients,” “Remote Patient Monitoring,” “Remote Health Monitoring,” “Telemonitoring,” “Telemedicine,” “Digital
Health,” “Mobile Health,” “eHealth,” “mHealth,” “Telehealth,” “Rehospitalization,” “Rehospitalization,” and “Readmission,”
as well as their equivalent MeSH terms. Furthermore, the corresponding compounds were also searched in the
abovementioned databases using the (AND, OR) operators. The meta-analysis follows the steps of Preferred Reporting
Items for Systemic Review and Meta-Analyses (PRISMA).16

[tis vital to evaluate the data in each study closely and determine whether the studies that have been included satisfy
internal validity standards. In this analysis, critical assessments were performed using the JBI Critical Appraisal Checklist
for Randomized Controlled Trials.17 The risk of bias assessment was conducted using the Cochrane Collaboration tool.
The latest versions used were the Revised Cochrane Risk of Bias Tool for Randomized Trials (Rob 2) for randomized
controlled trials (RCTs) and the Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I) for non-RCT
studies.’®1? Both tools are licensed under Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License. The Robvis tool can be used to present the risk assessment results.20

Article inclusion criteria were COVID-19 patients aged at least 18 years who participated in RPM programs. The
study period was between December 1, 2019, and November 30, 2022, and was updated on March 20, 2023. Collected
articles were in English and Indonesian language and included both free access and paid articles (limited to being

»n o« »n o« » o«

subscribed by the institution). In contrast, the articles were excluded if the participant's age was below 18 years, grey
literature, policy brief, commentary, review, or RPM Programs unrelated to COVID-19.

The heterogeneity of the collected articles was assessed by calculating the 1 statistic. A high I value indicated
substantial heterogeneity, while a low I? value suggested homogeneity among the studies. Statistical analysis was
performed using Revman 5.4. The x-axis of the plot was used to represent the research effect estimates, and the y-axis
represented the study sample size or effect size variability (variance, standard deviation, or comparable measure). In
order to evaluate publication bias in this study, the collected articles were assessed using a funnel plot.
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Results

A thorough evaluation of the RPM in COVID-19 patients has been made in this study. From the PubMed electronic
database (n = 103), Science Direct (n = 143), Scopus (n = 335), ProQuest (n = 130), Embase (n = 117), and contributions
from other sources (n = 69), a total of 897 articles was found. The results of the literature search and the corresponding
queries are shown in Table 1.

Table 1. Literature Search Results
Database Query Total
PubMed ("covid 19"[MeSH Terms] OR "sars cov 2"[MeSH Terms] OR ("covid 19"[Title/Abstract] OR "sars 103
cov 2 coronavirus"[Title/Abstract] OR "severe acute respiratory syndrome
coronavirus”[Title/Abstract] OR "novel coronavirus disease"[Title/Abstract] OR "novel
coronavirus pneumonia"[Title/Abstract] OR "2019-novel CoV"[Title/Abstract] OR "2019
nCoV"[Title/Abstract])) AND ("Telemedicine"[MeSH Terms] OR ("Remote patient
monitoring”[Title/Abstract] OR "remote health monitoring"[Title/Abstract] OR
"telemonitoring"[Title/Abstract] OR "Telemedicine"[Title/Abstract] OR "digital
health"[Title/Abstract] OR "mobile health"[Title/Abstract] OR "eHealth"[Title/Abstract] OR
"mHealth"[Title/Abstract] OR "telehealth"[Title /Abstract])) AND ("Patient Readmission"[MeSH
Terms] OR ("Re-hospitalization"[Title/Abstract] OR "Readmission"[Title/Abstract] OR "hospital
discharge"[Title/Abstract] OR "continuity of patient care"[Title/Abstract] OR "patient
discharge"[Title/Abstract]))

Science (Covid-19 OR Sars-cov-2) AND (“Remote patient monitoring” OR telemonitoring OR telemedicine 143
Direct OR "mobile health") AND (Rehospitalization OR Rehospitalization OR Readmission)
Scopus ( TITLE-ABS-KEY ( covid-19 ) OR TITLE-ABS-KEY ( sars-cov-2 ) OR TITLE-ABS- 335

KEY ( coronavirus ) OR TITLE-ABS-KEY ( "severe acute respiratory syndrome

coronavirus" ) OR TITLE-ABS-KEY ( "novel coronavirus disease" ) OR TITLE-ABS-KEY ( "novel
coronavirus pneumonia” ) OR TITLE-ABS-KEY ( "2019-novel cov" ) OR TITLE-ABS-KEY ( "2019
ncov") ) AND ( TITLE-ABS-KEY ( "remote patient monitoring” ) OR TITLE-ABS-KEY ( "remote
health monitoring" ) OR TITLE-ABS-KEY ( telemonitoring ) OR TITLE-ABS-

KEY ( telemedicine ) OR TITLE-ABS-KEY ( "digital health") OR TITLE-ABS-KEY ( "mobile

health" ) OR TITLE-ABS-KEY ( ehealth ) OR TITLE-ABS-KEY ( mhealth ) OR TITLE-ABS-

KEY (telehealth ) ) AND ( TITLE-ABS-KEY ( re-hospitalization ) OR TITLE-ABS-

KEY ( readmission ) OR TITLE-ABS-KEY ( "hospital discharge" ) OR TITLE-ABS-KEY ( "continuity of
patient care" ) OR TITLE-ABS-KEY ( "patient discharge" ) )

Proquest (MAINSUBJECT.EXACT("COVID-19") OR abstract(Covid-19 OR Sars-cov-2 Coronavirus OR "severe 130
acute respiratory syndrome coronavirus" OR "novel coronavirus disease" OR "novel coronavirus
pneumonia” OR "2019-novel CoV" OR "2019 nCoV") OR title(Covid-19 OR Sars-cov-2 Coronavirus
OR "severe acute respiratory syndrome coronavirus” OR "novel coronavirus disease” OR "novel
coronavirus pneumonia” OR "2019-novel CoV" OR "2019 nCoV")) AND
(MAINSUBJECT.EXACT("Telemedicine") OR abstract("Remote patient monitoring” OR "remote
health monitoring" OR telemonitoring OR telemedicine OR "digital health" OR "mobile health" OR
eHealth OR mHealth OR telehealth) OR title("Remote patient monitoring" OR "remote health
monitoring” OR telemonitoring OR telemedicine OR "digital health" OR "mobile health” OR eHealth
OR mHealth OR telehealth)) AND (MAINSUBJECT.EXACT("Outpatient care facilities") OR
abstract(Rehospitalization OR Readmission OR "hospital discharge” OR "continuity of patient care"
OR "patient discharge") OR title(Rehospitalization OR Readmission OR "hospital discharge" OR
"continuity of patient care” OR "patient discharge"))

Embase Covid-19 OR Sars-cov-2 Coronavirus OR “severe acute respiratory syndrome coronavirus” OR 117
“novel coronavirus disease” OR “novel coronavirus pneumonia” OR “2019-novel CoV” OR “2019
nCoV” AND “Remote patient monitoring” OR “remote health monitoring” OR telemonitoring OR
telemedicine OR “digital health” OR “mobile health” OR eHealth OR mHealth OR telehealth AND
Rehospitalization OR
Readmission OR “hospital discharge”
OR “continuity of patient care” OR “patient discharge”

Other "remote patient monitoring” AND "COVID-19 patient” AND "rehospitalization” OR 69
sources "rehospitalization” OR "readmission”
(manual)

Grand Total 897

Out of 897 articles, 634 papers proceeded to title and abstract screening after removing duplicates (n = 263). The
authors estimated that about 608 of these items were not suitable for inclusion in further screening. Overall, six articles
were included in the study and proceeded to data extraction and qualitative synthesis. Only five studies were then
included in the meta-analysis after 26 papers underwent full-text eligibility assessment. The final results of the article
review are presented in the PRISMA flow diagram in Figure 1.
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Figure 1. PRISMA Study Flow Diagram

Table 2 provides an overview of the articles included in the systematic review. Both non-random corrected and
random corrected study designs were used in each analysis. A total of 2,683 participants from six studies included in the
systematic intake were enrolled (intervention = 1,097, control = 1,586), with 1,471 (53.4%) male and 1,282 (46.6%)
female. Three studies (50%) were conducted in the US, two (33%) in Spain, and one (16.7%) in the Netherlands. Across
the six studies, participants' ages ranged from 53 to 70 years (n=2683). There were four long-term follow-up studies (>2
weeks; 66.7%) and two short-term follow-up studies (2 weeks; 33.3%), ranging in length from 14 days to 90 days.

All six studies included in the systematic review consisted of four non-RCTs and two RCTs. Using the ROBINS-I tool,
all four non-RCTs (100%) were identified as having a moderate risk of bias.1® The two RCTs were assessed with the RoB
2 tool. In one RCT, participants were aware of the intervention, resulting in contamination of assessment results and a

high risk of bias.18 The other RCT was identified as having a low risk of bias.2!

Table 2. Summary of the Selected Articles

Average .
Intervention .
Authors Journal, Participant and Mean (n=1,097) Duration
! Year of Study Design p_ X Measurement Age (SD) of - of Results
Country o . Characteristics and Control
Publication the Therapy
L (n=1,586)
Participants
Suarez-Gil Journal of Retrospective COVID-19 e Temperature Average age: Intervention 90 days  Although
etal, Personalized Cohort patients from e Oxygen 1: 66.5 (SD (475) the
Spain3 Medicine ASLAM health saturation 16.1) Control (76) telemedicin
services e Respiratory C:70.8 (SD e-monitored
April 10, 2022 symptoms 16.7) group was
older, no
Sex: appreciable
1: 247 (52%) variations in
male the illness
C:39(51.3%) baseline
male were found.
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Average .
Journal, .. and Mean Intervention Duration
Authors, Year of Study Design ParthIpfm.t Measurement Age (SD) of (n=1,097) of Results
Country L. Characteristics and Control
Publication the Therapy
. (n=1,586)
Participants
On the other
hand, the
group that
was not
under
telemedicin
e
monitoring
had more
readmission
sand a
higher
death rate
ninety days
following
discharge.
Gordon et Applied Retrospective COVID-19 e Oxygen Average age Intervention 30 days Participants
al., USA12 Clinical Cohort patient saturation of admission: (225) in the RPM
Informatics discharged from o Temperature 55 (17%) Control program
hospital e Survey for (1,061) who were
November 25, symptoms of Sex: enrolled
2020 shortness of 63 (49%) successfully
breath, cough, male on the first
appetite, post-
weakness, and discharge
vomiting day were
linked to a
lower
chance of
the
composite
endpoint of
readmission
presentatio
n; however,
those who
were not
enrolled
successfully
were not
linked to a
lower
chance of
the
composite
endpoint.
Marquez- Journal of RCT COVID-19 e Temperature Average age: Intervention 14 days According
Algaba et Personalized patient after o Oxygen I: 53.5 (46- (n=74) to the
al., Spain2t Medicine being saturation 59) Control protocol
discharged from o Heart frequency C:53.5 (43.2- (n=76) analysis, the
January 1, hospital o Respiratory 63) control
2022 frequency group
o Patient- Sex: experienced
Reported I: 42 (56.8) considerabl
Outcomes male y more
Measurement C: 43 (56.6) readmission
Information male s to the
System emergency
(PROMIS) department
questionnaire due to
Hospital Anxiety COVID-19.
and Depression
Scale (HADS)
Kuo et al, JAMIA Retrospective Post-acute care e Patient's clinical Average age: Intervention 30 days For the
USA22 July 1,2022 Cohort COVID-19 symptoms, vital 1: 56 (51-68) (75) control and
pneumonia signs,  oxygen C: 59 (47-68) Control (150) RPM
patients saturation groups, 30-
day all-
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Average .
Journal, .. and Mean Intervention Duration
Authors, Year of Study Design ParthIpfm.t Measurement Age (SD) of (n=1,097) of Results
Country L. Characteristics and Control
Publication the Therapy
. (n=1,586)
Participants
e Health Index Sex: cause
score 1: 50 (67%) readmission
e 9-question male rates were
satisfaction C: 96 (64%) 9.3% (7/75)
survey male and 14.7%
(22/150),
respectively
Yeetal, The Journal of Case series Adult patients e New or Average age: Intervention 14 days Compared
USA23 General hospitalized worsening 1:56.7 £15.2 (217) with non-
Internal with COVID-19 symptoms of C:58.0+18.0 Control (192) referred
Medicine disease in an cough, new or patients,
out-of-home worsening Sex: patients
January 14, setting shortness of 1: 137 referred for
2021 breath with light (63.1%) male remote
activity, C:108 monitoring
subjective or (56.3%) male had fewer ED
objective fever, visits and
oxygen readmissions.
saturation, and
pulse (if the
device is
available)  via
Telehealth
Guides.
o Generalized
Anxiety
Disorder-2
(GAD-2) and the
Patient Health
Questionnaire-2
items (PHQ-2).
e Loneliness was
assessed using a
single item (“not
at all” to “almost
every day”).
e Patient
satisfaction, they
would
recommend the
program (0, not
at all likely; 10,
very likely).
Goor et al, Journal of RCT COVID-19 e Score for cough Average age: Intervention 30 days A total of 62
Netherland Clinical patient being o Shortness of I1: 55.1 (SD (n=31) patients were
s24 Medicine treated in breath and 7.5) Control randomized
hospital general well- C:55.4 (SD (n=31) 31
December 17, are in the being scores 13.2) intervention,
2021 recovery stage o Temperature 31 control).
of the disease o Oxygen Sex: The incidence
saturation I: 14 (45.1%) of readmission
female due to COVID-

C:13 (41.9%)
female

19 was 2 for
the
intervention
group (2/31)
and 1 for the
control group
(1/31). The
study showed
no statistically
significant
differences.

Notes: SD = standard deviation, ASLAM = the Area Sanitaria de Lugo, A Marifia, y Monforte de Lemos healthcare, I = intervention, C = control, RPM = remote patient
monitoring, ED = emergency department
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A meta-analysis of the findings from the five studies on the effectiveness of RPM interventions in keeping COVID-19
patients out of hospital revealed statistically significant differences between the intervention group and the control
group. The intervention group displayed a 0.56 times lower risk of rehospitalization (12 = 9%; n=2.685; OR 0.56 [95% CI
0.39-0.82]; p-value = 0.003) in low variation (homogeneous) studies. A technique that was used to identify potential
publication bias in meta-analyses was funnel plots. Based on the duration of the intervention, a reduction in the incidence
of hospitalization of 0.61 times was observed in the intervention group compared to the control group in two studies of
short-term RPM duration (2 weeks), albeit with no statistically significant difference (12 = 60%; n=553; OR 0.61 [95% CI
0.31-1.20]; p-value = 0.15). Three studies of long-term RPM training (over two weeks) found that the intervention group
experienced 0.54 times fewer readmissions than the control group, and this difference was statistically significant (12 =
0%; n=2,132; OR 0.54 [ 95% CI 0.34-0.86]; p-value = 0.009), as shown in Figure 2. The visual funnel plot used to illustrate
the likelihood that a COVID-19 patient will need to be readmitted to the hospital showed no publication bias. It was
funnel-shaped and symmetrical, as shown in Figure 3.

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
10.1.1 RPM Covid-19 vs Control (<= 2 weeks)
Marguez-Algaba, 2022 i 68 6 76 7.7% 0.08[000,143 ——————————
Yeet al, 201 15 M7 16 192 19.9% 0.82[0.39,1.70] T
Subtotal (95% CI) 285 268 27.6% 0.61[0.31, 1.20] ’l
Total events 15 22
Heterogeneity: Chi*= 251, di=1 (P=011); F=60%
Testfor overall effect =143 {F=015)
10.1.2 RPM Covid-19 vs Control (> 2 weeks)
Gordon et al., 2020 14 225 118 1131 450% 0.59[0.33,1.04] ——
Kuo et al, 2022 T 75 22 150 16.7% 0.60[0.24,1.47] T
Suarez-Gil et. al., 2022 ] 475 ] 76 10.6% 0.27 [0.09, 0.84] -
Subtotal (95% CI) 775 1357 72.4%  0.54[0.34, 0.86] S 2
Total events a0 142
Heterogeneity: GChi=1.54, df = 2 (P = 0.46); F= 0%
Test for overall effect Z=2.63 (P = 0.009)
Total (95% CI) 1060 1625 100.0% 0.56 [0.39, 0.82] ‘
Total events 45 164

i ChiE= - - . I ; : |
Heterogeneity: Chi*= 4,37, df=4 (P=036); F=9% T 01 10 o0

Testfor overall effect £=3.00 (F = 0.003)
Test for subgroup differences: Chi*=0.08, df=1 {P=07%, F=0%

Figure 2. Forest Plot of Effectiveness of Remote Patient Monitoring Intervention to Reduce Readmission Compared to Control (Fixed Effect Model)
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Figure 3. Funnel Plot of the Effectiveness of Remote Patient Monitoring Interventions to Lower Back Hospitalizations Compared to Controls

The authors then examined the data based on the pre-determined characteristics. It was found that males did not
affect the reduction rate of the rehospitalization of COVID-19 patients, with a combined effect value of Z = 0.58. This value
can be considered to be very small. Apart from that, there was no difference in overall OR, with an OR value of 1.06 and
a 95% CI of 0.88-1.28. The p-value of 0.56 was greater than <0.05, showing no statistically significant difference. The
degree of heterogeneity was low (p-value = 0.77), and the 12 was 0%. Females also did not substantially reduce the
rehospitalization rate of COVID-19 patients, with a combined effect value of Z = 0.77, an OR value of 0.93, and a 95% CI
of 0.77-1.12. The p-value of 0.44 was greater than <0.05, meaning there was no statistically significant difference.
Furthermore, the degree of heterogeneity was low (p-value = 0.81), and 12 was 0%.
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According to comorbidity of hypertension in three studies,32223 there were no significant differences in the effect of
using RPM, with a combined effect value of Z = 0.67, an OR value of 1.82, a 95% CI of 0.31-10.61, and a p-value of 0.50,
which is greater than <0.05. These results indicated no statistically significant difference. The degree of heterogeneity
was high (p-value <0.001), and 12 was 96%. For the COVID-19 patients with comorbidity of diabetes in these three
studies,32223 a significantly different effect of using RPM was observed, with a combined effect value of Z = 2.67. The
overall OR was 0.66 with a 95% CI of 0.49-0.90, a low degree of heterogeneity (p-value = 0.57), and an I? value of 0%.

Two studies323 showed no significant effect in patients with comorbidity of heart failure, with a combined effect
value of Z = 0.50 and an overall OR of 0.86 with a 95% CI of 0.48-1.54. The degree of heterogeneity (p-value = 0.77) was
low, and an 12 was 0%. In contrast, COVID-19 patients who had obesity in two studies322 showed no significant effect,
with a combined effect value of Z = 0.79. Overall, there was no difference in OR, where the value was 0.85, with a 95% CI
of 0.56-1.28, alow degree of heterogeneity (p-value = 0.43), and 12 of 0%.

Patients with chronic lung disease in three studies32223 displayed no significant effect, with a combined effect value
of Z=0.24 and an overall OR of 0.94 with a 95% CI of 0.60-1.50. There was a low degree of heterogeneity (p-value = 0.71)
and an I? value of 0%. Similarly, a meta-analysis of chronic kidney disease from two studies?223 showed no effect, with
an odds ratio of 0.67 and a 95% CI of 0.18-2.49. The test results for the overall effect were Z = 0.60, with a p-value of 0.55,
which is greater than <0.05, indicating no statistically significant difference. The heterogeneity for chronic kidney disease
was high, with an I? value of 75%.

Discussion

This meta-analysis used information from a global library of scientific literature to offer a thorough assessment of
RPM concerning COVID-19. Along with demonstrating RPM's effectiveness in lowering rehospitalization rates for COVID-
19 patients, the results also point to RPM's potential as a game-changing instrument in contemporary healthcare delivery.
As part of the systematic review procedure, 897 entries from five major databases and other sources were thoroughly
screened. Six articles were considered suitable for inclusion in the qualitative synthesis after duplicates and irrelevant
studies were eliminated, and only five articles, totaling 2,691 participants, contributed to the meta-analysis. A
concentrated evaluation of RPM's efficacy during the pandemic was ensured through this stringent selection procedure,
which also enhanced the validity of the findings. This meta-analysis showed that RPM dramatically lowers
rehospitalization rates among COVID-19 patients, with consistent findings across studies.

Three studies using a pulse oximeter, thermometer, and smartphone provide information on the RPM device used,
respectively.31223 Another study stated smartphone and video consultations were combined with the use of portable
oxygen.22 This combination was made due to the characteristics of COVID-19 patients with pneumonia-related
disorders.22 Using smartphones, video consultations, and pulse oximeters, Marquez-Algaba et al’s study?! was in line
with a systematic review of RPM from 272 studies showing that wireless devices or smartphone applications were the
most popular strategies (75.7%) in RPM.25 Two studies!223 provided once-daily data, whereas three studies reported
data twice a day.32122 Three studies3 1221 reported daily data starting at 8 am, while two studies did not mention the start
time of reporting daily data.22.23

It should be noted how simple RPM is to use. According to Delone & McLean's idea of the Information Success Model,
which looks at how users behave in using information systems, system quality, information quality, service quality, and
user happiness are aspects that influence a person's decision to use.2¢ The users express satisfaction with the remote
training experience, the ease of use of remote monitoring technology, the short learning curve for managing their health
condition with a program, the lack of privacy concerns when using the technology, and the increased sense of security
they receive from having a nurse that regularly checks on them.22 However, Suarez-Gil et al’s study makes no mention of
language use in applications.3 A study by Gordon et al. require participants to be released (with or without fellowship
services), able to activate a patient portal account, and capable of completing an English or Spanish survey on their own
or with a proxy.12

Being contactable by telephone was one of the inclusion criteria for Ye et al.’s study.23 Referrals are made by emailing
the contact information of the remote care coordinator who assigned the case to the Telehealth Guidance team to the
patient. One of the barriers to inclusion criteria of Marquez-Algaba et al.’s study was the accessibility of mobile devices,
such as smartphones or tablets with internet connectivity.2! Regarding the application used in this study, it was run by a
healthcare monitor (hcM) (a doctor or nurse certified in COVID-19), who was also responsible for servicing alarms and
responding to inquiries.2!
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The department receives and evaluates data on vital signs (temperature and oxygen saturation) as well as responses
to a breathing guide questionnaire every eight hours before deciding whether to refer the patient to hospitalization
again.22 The department team contacts the patient if any suspicious events occur, such as a change in the patient's
biometrics or clinical status, as determined by the questionnaire.!3 The RPM maintenance team monitors the platform
and contacts patients based on their Health Index score, the home absolute threshold for vitals measurements, or patient-
initiated requests for assistance. In the study, patient response questionnaires and biometric information were used to
construct Health Index scores.?2

Messages will be sent to the Electronic Health Report (HER) inbox if one of three conditions occurs: first, the patient
reports worsening symptoms in the questionnaire; second, Oz saturation recorded alone is less than 92%; or third, the
monitoring task assigned has not been completed within 24 hours.12 When the patient is unresponsive or when the
symptoms worsen, the EHR notifies the nursing staff, who then telephones the patient. The following criteria were used
to identify if the patients are at increased risk during distance training: new or worsening mild activity-related shortness
of breath; a new or intensifying cough; if a thermometer is not available; a new or intensifying fever.12 Vital signs include
a temperature of 100.4°F (if a thermometer is available), an oxygen saturation level of 95% (if a pulse oximeter is
available), and a pulse rate of 110 beats per minute.!2 Patients in the control group trial received routine follow-ups in
the primary care setting via telephone calls to track patients' symptoms.2!

The length of intervention in patients at risk for COVID-19 is deemed successful after long-term (>2 weeks) RPM
monitoring. The Health Resources and Services Administration (HRSA), a US Department of Health and Human Services
division, established the RPM recommendation that data from remote physical monitoring should be collected for at least
16 to 30 days.?” This recommendation fits these criteria and highlights the suitability of the approach. In addition, other
research noted that the average gap between the discharge of the first and second COVID-19 patients ranged from 6 to
27 days.?8

When discussing the issue of COVID-19, diabetes has always been associated with worse outcomes. In Wuhan City,
a study of 161 COVID-19 patients revealed that diabetic patients had a longer time to get rid of the virus. In addition,
diabetes predisposes to infection due to typical factors, such as impaired neutrophil chemotaxis and phagocytosis. In
general, several variables, such as increased expression of ACE-2, increased furin, decreased T-cell activity, and increased
interleukin-6 (IL-6), contribute to the increased likelihood and severity of SARS-CoV2 infection in patients with
diabetes.2?

This study revealed that RPM can be used more often by the government to manage, avoid, promote, and combat
the negative impacts of COVID-19. For healthcare administrators to provide high-quality treatment, they must also keep
up with current developments using personnel and equipment that track patient health. It is recommended that
additional research be done on the use of RPM in the treatment of chronic post-hospitalization conditions such as
diabetes, heart failure, hypertension, chronic kidney disease, and chronic obstructive pulmonary disease (COPD). This
study's limitations include the following: a) the number of studies examined is small; b) research studies are only
available in English and Indonesian; c) the results cannot be applied to the entire population because most COVID-19
patients are over 50; d) coronavirus mutations may impact the results; and e) access to paid articles is restricted.

Conclusion

The use of RPM during home treatment is effective in reducing the incidence of COVID-19 patient rehospitalization. Based
on the characteristics, effect variation is seen for patients with comorbidity of diabetes. The duration of RPM intervention
is more than two weeks, and patient compliance, as well as the expertise of doctors and nurses in monitoring, are very
important for the effectiveness of RPM. The best RPM in this study is a combination of monitoring tools, smartphones,
video consultations, and twice-daily monitoring. Implementing RPM can be useful in facing future pandemics or other
chronic diseases to reduce rehospitalization.

Abbreviations
RPM: remote patient monitoring; Rob 2: Revised Cochrane Risk of Bias Tool for Randomized Trials; RCTs: randomized controlled trials; ROBINS-I:
Risk of Bias in Non-randomized Studies of Interventions; CI: confidence interval; OR: odds ratio; EHR: electronic health report.
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