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Key messages

Remote patient monitoring (RPM) allows for the real-time trans-
mission of health data, evaluation of this data, and appropriate
follow-up. This allows providers to monitor the health status of
chronically ill patients and quickly adjust treatment regimes,
without requiring that patients continually visit providers’ of-
fices.

We summarized systematic reviews of a specific type of RPM that
the Norwegian Directorate of Health is most interested in: RPM
that is occurring in primary health services, in which provider
feedback is included, and not including technologies based on in-
ternet, mobile, or tablet applications.

We included 11 randomized controlled trials of patients with di-
abetes and/or hypertension, from four systematic reviews. Pa-
tients were on average in their 50s, 60s, or 70s, and roughly one
to two of every 20 patients had at least one additional multi-mor-
bidity.

Based on summaries of each outcome and our assessment of the
certainty of the evidence, we have drawn the following conclu-
sions:

e RPM probably makes little to no difference on HbA1lc in dia-
betic patients (types I and II) and on systolic blood pressure
in hypertensive patients.

e RPM probably has a small negative effect on the physical
component of health-related quality of life.

o RPM may make little to no difference to diastolic blood
pressure, cholesterol, number of patients needing
hospitalizations or emergency stays, and the mental health
component of health-related quality of life.

The specific type of RPM we examined in this review does not
appear commonly implemented among people with chronic
conditions other than diabetes or hypertension. Evidence of its
clinical and health care utilization effectiveness is weak.
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Executive summary (English)

Background

The proportion of Norwegians with chronic conditions is increasing, as is the
amount of years they will survive with these conditions. The health care system
must move away from a curative perspective and towards a chronic care model:
how best can it help patients manage daily life with one or more chronic condi-
tions? How can patients maintain optimal functioning and as good a quality of life
for as many years as possible?

Ideally, patient data could be collected unobtrusively and sent frequently to pro-
viders, to allow for continuous monitoring and the provision of care before pa-
tients’ conditions deteriorate. One technique is remote patient monitoring (RPM),
a broad term referring to the remote transmission and evaluation of patient data
that provides health personnel with real-time or frequently collected information
about a patient’s health condition. This broad term has been fine-tuned by the
Norwegian Directorate of Health for this review to refer to interventions occur-
ring within the primary health services and requiring the involvement of provid-
ers (as opposed to fully-automated processes).

Evidence of the efficacy of RPM and related strategies has increased significantly,
yet we do not know whether previous strategies describe the specific type of RPM
in which the Directorate is most interested. A systematic review that assesses
both the evidence and the types of strategies used is therefore needed.

Objective

This overview of systematic reviews sought to measure the effectiveness of RPM
on clinical and health care utilization outcomes among chronic disease patients.

Method

We conducted an overview of systematic reviews. We systematically searched the
literature for systematic reviews and overviews that conducted their own
searches in 2015 or more recently. Reviews of randomized controlled trials
(RCTs) that included adult patients with cardiovascular disease, diabetes, hyper-
tension, chronic lung diseases, cancer, mental disorders, chronic musculoskeletal
disorders, osteoporosis, or impaired vision/hearing were included if they exam-
ined the effectiveness of RPM according to our definition of RPM, and reported
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clinical or health utilization outcomes. Two researchers screened 3373 records at
the title and abstract level, and included reviews that contained at least one RCT
that met the inclusion criteria. As all systematic reviews included both RCT's that
were eligible for our review and RCTs that were ineligible, we included only eligi-
ble RCTs from the systematic reviews for further inclusion. We summarized re-
sults and displayed these in forest plots, but we conducted no meta-analyses, as
our overview of systematic reviews was not a comprehensive identification of all
existing RCTs. Our certainty in the primary outcomes was assessed using the
Grading of Recommendations Assessment, Development, and Evaluation ap-
proach (GRADE).

Results

We included four systematic reviews that together reported on 11 RCTs that met
our definition of RPM. Only patients with diabetes (types I and II) and/or hyper-
tension were captured by these RCTs, with average ages from 51 to 73 years.
Roughly one to two of every twenty patients had a multi-morbidity, among the
RCTs that reported these.

The RCTs lasted from 6 to 12 months, and while all met our definition of RPM,
they were heterogeneous with regards to how data was transmitted (from com-
mercial telehealth units to patients’ existing landlines) and who assessed it (pro-
viders, monitoring centers, or the devices themselves). In most cases, patients
were only followed up with if data values were of concern, so that patients with-
out an assessed need for further medical attention would not be contacted by pro-
viders. It was difficult to determine whether the follow-up they received was akin
to usual care or was more enhanced, because most RCTs scarcely described usual
care. In the most conservative interpretation, RPM patients received the same fol-
low-up as usual care patients but more often (if needed); in the most generous in-
terpretation, RPM patients received not only more contact with providers but also
enhanced treatment.

Among our eight primary outcomes, only three were affected by RPM. RPM proba-
bly makes little to no difference on HbA1lc levels in diabetic patients. Similarly,
RPM probably leads to a slight reduction in systolic blood pressure, with ques-
tionable clinical meaningfulness. RPM probably has a small negative effect on the
physical component of health-related quality of life; the clinical significance of this
reduction is again uncertain. We have low confidence in the findings that RPM
makes no difference to the remaining five primary outcomes: diastolic blood pres-
sure, cholesterol, number of patients needing hospitalizations or emergency stays,
the mental health component of health-related quality of life, and Hospital Anxiety
and Depression Scale scores. RPM also showed no effect in 22 of the remaining 23
outcomes.

Discussion

Many of our findings are consistent with reviews of other, broader definitions of
RPM. The clinically insignificant reduction to HbA1lc may be explained by our
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RCTs mainly utilizing single-component interventions instead of multi-compo-
nent interventions. However, if RPM itself is more of a mechanism to facilitate
contact with providers at the cusp of patient deterioration, it may be that in-
creased contact is insufficient. Patients with diabetes and/or hypertension may
need treatment that focuses on behavioral change in order to improve clinical
outcomes such as HbA1lc, blood pressure, and cholesterol, and increased contact
may not be enough to change behavior.

One identified gap in the research is an understanding of why RPM has a negative
effect on quality on life, a finding that has also been reported by previous reviews.
Qualitative methods are likely the best tools to explore this question. Other re-
search gaps include the effects of RPM on patients with both chronic physical con-
ditions and psychiatric conditions, who are most often excluded from clinical tri-
als, and the effects of RPM on patients with impaired vision/hearing. The inherent
innovative nature of technologies included in RPM, and particularly their ability to
be tailored to patients’ capacities and limitations, make RPM seem uniquely able
to address the needs of these patient groups - yet we found no RCTs including
these patients.

Conclusion

The type of RPM examined in this review is neither particularly commonly imple-
mented nor particularly effective for patients with diabetes and/or hypertension.
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Hovedbudskap

Medisinsk avstandsoppfglging muliggjér oversendelse av pasi-
entdata i sanntid, evaluering av data og tilpasset oppfglging. Med
denne typen oppfglging kan helsepersonell overvdke helsetil-
standen til pasienter med kroniske lidelser og justere behand-
lingen raskere, uten & mgte pasienten ansikt til ansikt.

Vi oppsummerte systematiske kunnskapsoversikter om en spe-
sifikk type avstandsoppfelging valgt av Helsedirektoratet. Av-
standsoppfglgingen skulle skje i primarhelsetjenesten, inklu-
dere oppfelging gitt av helsepersonell og kunne ikke inkludere
bruk av internett-, mobiltelefon- eller nettbrettapplikasjoner.

Vi inkluderte 11 randomiserte kontrollerte studier av pasienter
som hadde diabetes eller hgyt blodtrykk, fra fire systematiske
oversikter. De fleste av pasientene var i 50-, 60- eller 70-arene,
og omtrent 5-10 % av pasientene hadde ogsa andre sykdommer.

Basert pa var narrative oppsummering og vurdering av tillit til
resultatene, har vi konkludert med fglgende: Sammenlignet med
kontroll er det med medisinsk avstandsoppfglging

e trolig en liten bedring pa HbA1c og systolisk blodtrykk.

e trolig en liten reduksjon i den fysiske helsekomponenten av
helserelatert livskvalitet.

e muligens liten eller ingen forskjell nar det gjelder diastolisk
blodtrykk, kolesterol, antall pasienter som trenger sykehus-
innleggelse eller akuttopphold, og den psykiske helsekompo-
nenten av helserelatert livskvalitet.

Den typen medisinsk avstandsoppfglging som vi oppsummerer i
denne oversikten implementeres i liten grad blant personer med
kroniske lidelser, bortsett fra diabetes og hgyt blodtrykk. Doku-
mentasjonsgrunnlaget for effekten av slik avstandsoppfglging pa
kliniske utfall og bruk av helsetjenester er begrenset.
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Sammendrag

Innledning

Andelen nordmenn med kroniske lidelser gker, og samtidig gker antall pasienter som
lever med disse lidelsene. Helsevesenet ma bevege seg bort fra et kurativt perspektiv
og mot en mer helhetlig modell med behandling og omsorg: hvordan kan helsevesenet
best hjelpe pasienter a handtere dagliglivet med en eller flere kroniske lidelser? Hvor-
dan kan pasienters optimale funksjonsniva opprettholdes, og hvordan kan man oppna
sa god livskvalitet som mulig i s mange ar som mulig?

Ideelt sett kunne pasientdata diskret samles inn og hyppig oversendes til helseperso-
nell, for pa den maten a muliggjgre kontinuerlig overvaking og justering av behand-
lingen fgr pasientens tilstand forverres. En slik metode er medisinsk avstandsoppfgl-
ging (Engelsk: remote patient monitoring, «<RPM»). RPM er et bredt begrep som refere-
rer til overvaking og vurdering av pasientdata som skjer over avstand, og som gir helse-
personell sanntids- eller hyppig informasjon om pasientens symptomer og helsetil-
stand. Dette brede begrepet har for denne oversikten blitt spesifisert av Helsedirekto-
ratet til 4 referere til tiltak som skjer innen primaerhelsetjenesten og som inkluderer
helsepersonell (i motsetning til helautomatiske tiltak).

Det har veert en dramatisk gkning i forskning om RPM og lignende tiltak, men det er
uklart om tidligere tiltak har operert med den samme forstdelsen av RPM som Helsedi-
rektoratet er interessert i. Det er derfor ngdvendig med en systematisk oversikt som
vurderer bade effektene av RPM og hvilke typer RPM som brukes.

Hensikt

Hensikten med denne systematiske oversikten var a undersgke effektene av RPM pa
kliniske utfall og pa bruk av helsetjenester blant pasienter med kroniske lidelser.

Metode

Vi utfarte en oversikt over systematiske oversikter. Vi sgkte i flere litteraturdatabaser
etter systematiske oversikter og etter oversikter over oversikter. De kunne ikke ha lit-
teratursgk senere enn 2015. Oversiktene matte inkludere randomiserte kontrollerte
studier (RCTer) hvor pasientene var voksne med hjerte- og karsykdommer, diabetes,
hgyt blodtrykk, kroniske lungesykdommer, kreft, psykiske lidelser, kroniske muskel-
og skjelettplager, osteoporose eller nedsatt syn/hgrsel. De matte videre male effekten
av RPM slik vi definerte det og rapportere utfall som enten var kliniske eller som om-



handlet bruk av helsetjenester. To forskere vurderte 3373 titler og sammendrag fra lit-
teratursgkene. De inkluderte oversikter som hadde minst én RCT som undersgkte RPM
som definert ovenfor. Alle oversiktene inkluderte imidlertid bade RCTer som beskrev
RPM i henhold til var definisjon og RCTer som beskrev andre typer av RPM. Vi oppsum-
merte resultatene fra RCTene som undersgkte RPM i henhold til var definisjon narra-
tivt. Vi viste ogsa resultatene i forest plots, men vi utfgrte ingen metaanalyser, pga. at
var oversikt over systematiske oversikter ikke var en uttsmmende identifisering av alle
eksisterende RCTer. Vi vurderte tillit til resultatene ved bruk av Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE), for atte primeerutfall.

Resultater

Vi inkluderte fire systematiske oversikter som til sammen rapporterte resultatene fra
elleve RCTer som undersgkte RPM i henhold til var definisjon. Kun pasienter med dia-
betes og/eller hgyt blodtrykk var inkludert i disse RCTene. Gjennomsnittsalderen deres
var fra 51 til 73 ar. | RCTene som rapporterte om komorbiditet var omtrent 5-10 % av
pasienter multisyke.

RCTene hadde 6-12 maneders oppfalging, men selv om alle undersgkte RPM i henhold
til var definisjon, var de noksa heterogene med hensyn til hvordan data ble overfgrt
(fra kommersielle telemedisinenheter til pasienters vanlige telefoner) og hvem som
vurderte informasjonen (helsepersonell, telemedisinsenter eller selve enhetene). I de
fleste tilfellene ble pasientene fulgt opp kun hvis de hadde bekymringsfulle helsedata.
De fleste RCTene beskrev i liten grad hva vanlig oppfglging var. Det var derfor vanske-
lig 4 avgjgre hvorvidt oppfglgingen pasientene mottok var lik vanlig oppfelging eller
om den var mer omfattende eller forbedret. Med utgangspunkt i en konservativ tolk-
ning fikk RPM-pasientene den samme oppfglgingen som pasientene i kontrollgruppene,
men hyppigere (om ngdvendig); og med en rausere tolkning mottok RPM-pasienter
ikke bare hyppigere oppfglging, men ogsa forbedret behandling.

Resultatene viste at RPM hadde en effekt pa kun tre av atte primeerutfall. RPM utgjgr
sannsynligvis liten eller ingen forskjell pa HbA1c - en statistisk signifikant, men ingen
klinisk signifikant reduksjon ble rapportert av RPM-pasientene. Tilsvarende fgrer RPM
trolig til en svak reduksjon i systolisk blodtrykk, med tvilsom klinisk betydning. RPM
har trolig en liten negativ effekt pa den fysiske helsekomponenten av helserelatert livs-
kvalitet; den kliniske betydningen av denne negative effekten er ogsa usikker. Vi har lav
tillit til de resterende utfallene, nemlig at RPM har ingen effekt pa diastolisk blodtrykk,
kolesterol, antall pasienter som trenger sykehusinnleggelse eller akuttopphold, den
psykiske helsekomponenten av helserelatert livskvalitet og Hospital Anxiety and
Depression Scale skare. RPM viste heller ingen effekt nar det gjelder 22 av 23 andre ut-
fall, og en negativ effekt pa vekt.

Diskusjon

Mange av funnene vare stemmer overens med oversikter som har undersgkt andre el-
ler bredere typer RPM. Det er mulig at den klinisk ubetydelige reduksjonen pa HbAlc
kan forklares med at vare inkluderte RCTer hovedsakelig brukte kun én komponent
(f.eks. SMS) i stedet for flere komponenter (f.eks. nettbrett og SMS sammen). Hvis RPM
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forstds mer som en metode som gjgr det mulig & ha hyppigere kontakt med helseperso-
nell idet pasientens helse er i ferd med a forverres, sa kan det bety at hyppigere kontakt
er utilstrekkelig. Pasienter med diabetes eller hgyt blodtrykk kan ha behov for behand-
ling som fokuserer pa atferdsendring for a forbedre kliniske utfall som HbA1c, blod-
trykk og kolesterol, og hyppigere kontakt er kanskje ikke nok til & endre atferd.

Et identifisert behov for forskning er hvorfor RPM har en negativ pavirkning pa livskva-
litet. Dette er et funn som er rapportert av flere tidligere oversikter. Kvalitative meto-
der er sannsynligvis de beste verktgyene for a utforske dette spgrsmalet. Andre behov
for forskning inkluderer effekten av RPM pa pasienter med bade kroniske fysiske lidel-
ser og psykiske lidelser, som ofte er ekskluderte fra kliniske studier, og effekten av RPM
pa pasienter med nedsatt syn/hgrsel. De iboende innovative egenskapene til RPM, og
spesielt muligheten til & skreddersy teknologien til pasientenes kapasiteter og begrens-
ninger, gjor at RPM er unikt egnet til 3 imgtekomme behovene til disse pasientgrup-
pene - men vi fant likevel ingen RCTer som inkluderte disse pasientene.

Konklusjon

Vi konkluderer med at den typen RPM som vi undersgkte i denne oversikten hverken
er hyppig implementert eller effektiv for pasienter med diabetes eller hgyt blodtrykk.
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Preface

The Norwegian Directorate of Health commissioned a systematic review of overviews
of the effectiveness of remote patient monitoring on clinical and health utilization out-
comes of patients with chronic conditions.

We assisted the Directorate to develop a specific definition of remote patient monitor-
ing, one that captured only the types of interventions currently of interest in the Nor-
wegian primary health care system. This systematic review therefore provides the Di-
rectorate with evidence regarding the most relevant remote patient monitoring strate-
gies, and findings can be used to inform recommendations and further pilot tests of re-
mote patient monitoring in Norway.

The project group consisted of:
¢ Project coordinator: Ashley Elizabeth Muller (AEM), researcher, Norwegian Insti-
tute of Public Health
e Other members: Rigmor C Berg (RCB), Sari Susanna Ormstad (SSO), Patricia Sofia
Jacobsen Jardim (PS]]), Trine Bjerke Johansen (TB]J), Hong Lien Nguyen (HLN),
Tonje Lehne Refsdal (TLR), and Alexandra Pirnat (AP)

All authors and peer reviewers filled out a form to document potential conflicts of in-
terest, and none were declared.

The authors thank the three members of the reference group, Undine Knarvik (Norwe-
gian Centre for E-Health Research), Gustavo Toshiaki (Oslo Metropolitan University)
and Inger-Alice Naley As (Sgrlandet Hospital), for their conversations and feedback.
Their expertise regarding health technology uptake and the significance of population
ageing to health services, as well as their clinical perspectives on the implementation of
monitoring and mechanisms behind uptake, were instrumental in writing the discus-

sion.
Kare Birger Hagen Rigmor C Berg Ashley Elizabeth Muller
Research director Department director Project leader
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Introduction

Longevity continues to increase worldwide and in Norway, with Norwegians gaining
nearly two years in life expectancy between 2005 and 2015 alone (1). However, not all
of these years are healthy. The average sixty-year-old Norwegian can expect to live an-
other twenty-two years, but ten of those years will be burdened by morbidity from
chronic diseases (1). The health care system faces the challenge not of curing chronic
diseases as people age, but of managing them: preventing the impairment of function-
ing and helping people maintain as good a quality of life for as many years as possible
(2, 3).

Regular assessments of chronic diseases are crucial to monitor treatment progress,
prevent deterioration, and prevent the development of additional diseases, injuries,
and complications (4). Frequent assessments increase accuracy and allow for individu-
alization of treatment decisions. In the absence of real-time data, neither patients nor
providers may be aware of the need for additional health services until after patients’
deterioration.

At the same time, face-to-face meetings with health care providers can be burdensome
for both the patient and the provider, and are often not prioritized for lower risk pa-
tients, or not possible for patients in geographically remote areas, with mobility re-
strictions, or with low resources. The benefits of receiving real-time patient data must
be balanced with the burden of frequent assessments (5, 6).

The amount of preventable hospitalizations among chronically ill Norwegians in-
creased by 5% from 2014 to 2017 (7). Given this trend along with the increasing preva-
lence of chronic conditions in the Norwegian population, it is not feasible to expect that
specialist health care providers will be able to provide the type of frequent, preventa-
tive, and non-acute monitoring that many patients could benefit from. The Norwegian
Directorate of Health has suggested that proper follow-up of these patients by their
general practitioners could help prevent overuse of specialist health services (7).

One solution is for patients to be able to transmit health data without seeing providers,
and for this data to be sent and evaluated often enough to initiate interventions or
treatment adjustments before the patient's health status becomes acute. Strategies that
allow patients to remain at home while they transmit data and receive follow-up ser-
vices can be collectively referred to as remote patient monitoring (RPM).
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The Norwegian government has prioritized piloting RPM as well as other types of
chronic care and care coordination programs within the municipal health services (see
(8-10)). Anchoring RPM within municipal health services will enable the co-location of
patients and their care, namely, at home. Two parliamentary white papers, Tomorrow’s
care services (3) and Primary health care in the future (9), describe the logic behind
RPM: If patients are able to remain living at home with well-managed disabilities, un-
necessary and resource-intensive hospitalizations and specialist health care utilization
will be prevented (3). Allowing patients to remain living at home is also expected to
help allow them to be active participants in the social activities and networks they find
meaningful (3, 9). Finally, as the WHO has highlighted (11), engaging patients in collect-
ing and sending their own data - situating them and their knowledge at the center of
health services - should increase patient empowerment, and the empowerment of
chronically ill people is an explicit goal of Tomorrow’s care services (3).

What is remote patient monitoring?

No generally accepted definition of the term RPM exists, and the terms telemedicine,
telehealth, and eHealth are often used interchangeably. For example, three recent
Cochrane Reviews (considered the highest methodological quality systematic reviews)
use different terms for similar interventions: In Kew et al., remote monitoring refers to
interventions that allow patients to share data using information and communication
technologies and health care providers to respond, and is situated as “a form of ‘tele-
health’, otherwise referred to as 'telecare’, 'digital health’, ’'mHealth’ [mobile Health] or

”m

‘telemedicine™ (12). McLean et al. write that “telemedicine” implies health care is being
delivered, and instead uses telehealthcare to mean the electronic transfer of patient
data and the receipt of provider feedback (13). In Flodgren et al., interactive telemedi-
cine specifically means providers respond to patient data transmission in real time,
while remote monitoring services also include provider feedback, but not in real time
(14). Despite the difference in terms, these reviews focused on similar interventions
that aimed at replacing costly and burdensome face-to-face care, allowing patients to
remain at home, enabling early detection of condition exacerbation, and involving pa-

tients more in their own care.

Remote patient monitoring in a Norwegian context

As no generally accepted definition of RPM exists, for this commissioned review, the
Norwegian Directorate of Health has developed a specific definition of RPM that is most
relevant to the Norwegian context (15). This definition includes three steps, as dis-
played in Figure 1.
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Figure 1. Remote patient monitoring in three steps

Step 1) Data transmission Step 2) evaluation Step 3) follow-up
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The first step is data transmission. The patient either answers questions about their
own health condition using a digital device, and/or takes measurements of metabolic
data related to their diagnosis using digital devices. This health data is then transmitted
to a provider. In step two, data evaluation, the patient's data is received and evaluated
by the provider (alternative A). In alternative B, the assessment is automated (i.e. eval-
uated by a program), and the program forwards data it evaluates as high-risk to health
care providers for further follow-up. In the third and final step, follow-up, a provider
follows up with the patient if the patient’s health data indicates a concern.

Welfare technology such as RPM cannot preclude person-to-person care and closeness,
the parliamentary white paper Tomorrow’s care services (3) is careful to specify. Thus
in this definition, fully automatic interventions that exclude the possibility of health
personnel’s involvement in either data evaluation or follow-up are not of interest.

Previous research

There exist numerous overviews of systematic reviews of interventions defined so
broadly as to make their relevance to this review’s definition of RPM, and therefore to
Norway, unclear. For example, when defined as any method of patient data sent re-
motely, a recent overview of 19 systematic reviews of the effect on heart failure out-
comes concluded that remote monitoring devices reduce mortality; however, mobile
phone applications that did not involve providers - which fall outside of our definition
of RPM - were included (16). Another overview of four systematic reviews of telehealth
for monitoring patients with diabetes reported a modest effect on glycated hemoglobin
levels, but fully automated programs were again included, again not meeting our defini-
tion (17). Patients with chronic obstructive pulmonary disease (COPD) were the popu-
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lation of interest in Murphy et al.’s overview of overviews (18), and identified four sys-
tematic reviews of telemonitoring, telehealth, or telemedicine. This broad category in-
cluded health care and education provided remotely, and therefore the positive effects
on hospitalization, and unclear effects on quality of life, cannot be safely interpreted as
applicable to the RPM prioritized in Norway.

Why do we need this review?

As summarized above, RPM is of clear political and policy interest to Norway, yet
whether the particular types of RPM implemented in previous studies are relevant to
Norway is unclear. The Directorate of Health needs knowledge of the effectiveness and
cost utility of RPM, and particularly which patient group may benefit most.

Research question

What is the effectiveness of remote patient monitoring on chronically ill patients’ clini-
cal outcomes and health care utilization?
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Method

We conducted this overview of systematic reviews according to the methods described
in the handbook “Slik oppsummerer vi forskning”, prepared by the Norwegian
Knowledge Centre for the Health Services (19). A protocol reviewed and approved by
the project team and commissioner was published prior to beginning the review
(https://www.fhi.no/globalassets/dokumenterfiler/prosjekter/121-med-
avstandoppfolg-protokoll-v10-rb.pdf). Modifications that have been made during the

process are presented at the end of this chapter.

Inclusion criteria

We searched for and included reviews according to the inclusion criteria in Table 1.

Table 1 Inclusion criteria

Population: Persons who are 18 years or older; persons who have cardiovas-
cular disease, diabetes, hypertension, chronic lung diseases, can-
cer, mental disorders, chronic musculoskeletal disorders, osteo-
porosis, or impaired vision/hearing; and persons who are neither
in the very early nor very acute phase of these conditions.!

Intervention: RPM according to the Health Directorate’s definition, as defined
above; RPM provided in the primary health care services; RPM
involving phones, mobile phones, videos, and portable/implanta-
ble devices; data sent at least twice per year.

Comparison: Standard care that does not involve RPM; other type of RPM.

Outcome: Primary outcomes: mental health (symptoms or diagnoses); diag-
nosis-specific physical health; physical functioning level; quality
of life; consumption of health services (hospital admissions,
emergency care, number of bed-days, outpatient consultations,
nursing home stays, home care [both home nursing and practical
assistance], and general practitioner consultations); or health
services costs.

1 Target patients of this review are those falling in groups 3 and 4 according to the Scottish Centre for Tele-
health & Telecare’s report “A National Service Model for Home and Mobile Health Monitoring,” published
in Nov. 2016.
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Secondary outcomes: employment; education; social health (isola-
tion, loneliness); patient experiences; or health literacy. Other sec-
ondary outcomes were considered if they were similar to the
aforementioned secondary outcomes.

Language: No language exclusions a priori, but publications in languages
that neither the project staff nor colleagues at NIPH speak were
not included.

Years Search conducted in 2015 or more recently.

Study design Systematic reviews and overviews of systematic reviews.

Systematic reviews and overviews of systematic reviews were eligible if the search was
conducted latest 2015, while also assessed to be of high methodological quality. A sys-
tematic review shall contain:
e aclearly stated set of objectives with pre-defined eligibility criteria for studies;
¢ an explicit and reproducible methodology;
e asystematic search that attempts to identify all studies meeting the eligibility
criteria;
e an assessment of the validity of the included studies, for example through the
assessment of risk of bias;
e asystematic synthesis and presentation of the characteristics and findings of
the included studies (19).

Exclusion criteria

We excluded reviews if participants were reported to have reduced cognitive function,
as they may not be able to report their own health outcomes. Reviews utilizing inter-
net-based RPM or RPM executed through mobile applications on phones or tablets
were also excluded. Finally, reviews that explicitly excluded Norway or the part of the
world in which Norway is located, e.g. studies of low- and middle-income countries,
were also excluded.

Literature search

An information specialist (LN) developed and conducted systematic searches for litera-
ture in the following databases: MEDLINE, Embase, PsycINFO, Epistemonikos,
Cochrane Library: Cochrane Database of Systematic Reviews, and Web of Science.

Before the searches were conducted, the search strategies were peer reviewed by a sec-
ond information specialist (TLR) using the PRESS checklist (20). We employed both
subject headings (e.g. MeSH terms in MEDLINE) and free text terms characterizing the
intervention and population. The complete search strategies, information about data-
base versions and providers, search dates, and number of hits in each database, can be
found in the search strategy in Appendix 1. Search strategy.

18



Study selection

Two researchers (AEM/RCB/AP) independently assessed all titles and abstracts from
the systematic literature search for eligibility using Rayyan (21). Full-text publications
were retrieved when one or both researcher(s) judged the review to likely meet the in-
clusion criteria. Full-text publications were then read by two researchers inde-
pendently (AEM, RCB/AP/SSO/TB]/PS]]) using Covidence (22), with final inclusion
based on consensus by the two researchers. As anticipated in the protocol, few of the
overviews or systematic reviews read in full-text described interventions thoroughly
enough for us to determine eligibility. Therefore, when reading a systematic review, we
retrieved each included primary study and assessed its eligibility after reading in full-
text. This was a time consuming, but necessary step as our review’s RPM definition was
distinct. If a systematic review included at least one RCT that met our inclusion criteria,
the entire systematic review was included in our review (see below for further details).
When reading an overview of systematic reviews, we did not proceed to primary stud-
ies, but read the full-text of each included systematic review. If any single systematic re-
view met our criteria, we included the entire review. Appendix Table 2.1 contains a list
of reviews excluded after full-text review.

Assessment of included systematic reviews and their overlap

After a review was read in full-text and determined to meet our definition of RPM and
the other inclusion criteria, we assessed its methodological quality using the NIPH’s
checklist for systematic reviews (Appendix Table 3.2). Two authors (AEM, SSO/
TB]J/PS]]) independently assessed methodological quality and met to discuss conflicts.
Any disagreements were resolved through discussion. Only systematic reviews rated as
having high methodological quality were included in our review; in practice, this re-
quired that a review met all items on the checklist.

One author (AEM) then mapped all RCTs captured in each systematic review to deter-
mine overlap. We extracted data only from the RCTs that met inclusion criteria.

Assessing risk of bias in included RCTs

We extracted and presented systematic review authors’ own risk of bias assessments of
included RCTs. All the reviews with relevant RCTs used the Cochrane Risk of Bias Tool.
Bias was assessed as low, unclear or high in the following domains: random sequence
generation, allocation concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective reporting, and other bias. In
one of these systematic reviews (23), the authors modified this tool slightly by not re-
porting blinding of participants and personnel and other biases and instead reporting
funding as a separate (risk of bias) criterion. We chose to report systematic review au-
thors’ judgement on funding as part of the assessment of other biases, as presented in
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Figure 3. We used Review Manager 5.3 (24) to create a risk of bias assessment table
and graph for the included RCTs.

Data extraction

Two levels of data extraction occurred. From the systematic reviews, we extracted the
number of included RCTs that met our inclusion criteria as well as risk of bias of each
eligible RCT. We extracted most data from the RCTs themselves, as most systematic re-
views did not sufficiently report findings or characteristics. This data included country,
setting, information about participants (inclusion and exclusion criteria, number of par-
ticipants in each group, baseline characteristics), intervention characteristics, compara-
tor(s), and outcomes assessed. One author (AEM) extracted data and another author
(SSO) double-checked data extraction for accuracy and completeness. Covidence soft-
ware was used for data extraction (22).

Analyses

As neither entire overviews of systematic reviews nor systematic reviews met our in-
clusion criteria, it was necessary to summarize the data from the relevant RCT's the re-
views contained. Interventions lasted six months (four RCTs), nine months (three
RCTs), or twelve months (four RCTs). When an RCT measured an outcome at multiple
time points, the last measurement was used. In one RCT (25), data was collected three
months after the completion of the intervention; the remainder of the RCTs collected
outcome data at intervention completion. Data for one outcome, HbA1c, was only avail-
able as adjusted for baseline values in both Dario et al. (26) and Egede et al. (27), and
was presented alongside the remaining RCTs’ unadjusted outcomes.

We presented normally distributed results for each outcome in a forest plot and re-
ported raw mean differences, standardized mean differences, odds ratios, or rate ra-
tios; non-normally distributed outcomes were reported as medians. As this review is an
overview of systematic reviews, we summarized data from RCTs that were identified
within the systematic reviews we searched for — we did not search for RCTs directly. A
meta-analysis is therefore inappropriate, as it implies the synthesis of all relevant RCTs,
which our methodology does not guarantee. Accordingly, we did not produce the sum-
mary statistic within forest plots or report these summary statistics in the summary of
findings table. Studies were presented in forest plots in order of effect size, to aid inter-
pretation. Forest plots were created using Review Manager 5.3 (24).

One RCT (28) contained more than two arms: usual care, high-intensity RPM, and low-
intensity RPM. The high-intensity RPM differed only from the low-intensity arm in that
the former included automated messages that were more tailored to each patient, com-
pared to the latter. We analyzed only data from the high-intensity arm, as dividing this
RPM into two comparisons would have duplicated the usual care group’s data.
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Missing data

Several RCTs failed to report standard deviations. For the purposes of visualizing out-
comes in forest plots, we used standard deviations from RCTs with the most similar pa-
tient population. Wakefield et al.’s (28) missing systolic blood pressure standard devia-
tions were borrowed from Magid et al. (29), due to both patient populations coming
from the United States and having co-occurring hypertensive and diabetic patients.
Schillinger et al.’s (25) standard deviations were used for Carter et al.’s (30) blood pres-
sure and BMI outcomes, due to both patient groups being American, obese, urban, and
with ethnic minorities overrepresented.

Assessment of certainty of the evidence

We assessed the certainty of the evidence for each of the seven primary outcomes using
GRADE (Grading of Recommendations Assessment, Development, and Evaluation).
GRADE is a method for assessing the certainty of the evidence in systematic reviews,
and can be used even when meta-analytic pooled effect estimates are not available
(31). An assessment for each primary outcome is conducted using five criteria: i) sys-
tematic review authors’ assessment of RCT methodological quality (risk of bias), ii) de-
gree of inconsistency, iii) indirectness, iv) imprecision, and v) publication bias. We
specified in the protocol that we would use systematic review authors’ own GRADE as-
sessments, but as we included only individual RCTs from each systematic review, this
was not possible.

GRADE has four levels of certainty, as displayed in Table 2.

Table 2 Explanation of GRADE certainty levels

Certainty Symbol Interpretation

High certainty OODD Further research is very unlikely to change our confidence in
the estimate of effect

Moderate certainty @GO Further research is likely to have an important impact on
our confidence in the estimate of effect and may change the
estimate

Low certainty SEIe) Further research is very likely to have an important impact
on our confidence in the estimate of effect and is likely to
change the estimate

Very low certainty ©C30D We are very uncertain about the estimate

The GRADE assessments were conducted using the software GRADEpro (32).

Ethics

We did not assess ethical considerations in this systematic review.
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Modifications to the protocol

During our full-text review of RCTs, we decided to include patients with hypertension,
although they were not one of the eight original chronic condition groups specified in
the project plan. This was decided in cooperation with the commissioner due to the
overlap between diabetes and hypertension among many of the included RCTs’ pa-
tients, and because hypertension is a common comorbidity with many of the other
chronic conditions of interest. Thus, we did not exclude any systematic reviews based
on including hypertensive patients. The only practical consequence of this protocol

modification was to allow the inclusion of one RCT (29), which recruited hypertensive

patients, of whom nearly half also had either diabetes or renal disease.
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Results

Results of the literature search

The literature search resulted in 5947 records, as exhibited in Figure 2. After de-dupli-
cation, we screened 3373 records at the title and abstract level, and we read 155 publi-
cations in full-text. We excluded 151 publications after full-text review, most commonly
for not reporting on RPM as defined by the Directorate of Health, not meeting the crite-
ria for systematic reviews, or not being of high methodological quality. We included
four systematic reviews in this report: Bittner et al. (33), Faruque et al. (23), Kebede et
al. (34) and Posadzki et al. (35). Appendix Table 2.1 lists all publications excluded after
full-text review, with reasons for exclusion and chronic disease category.
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Figure 2 Flow chart of search results

Records identified through Additional records identified
database searching through other sources
(n=5947) (n=0)

Records after duplicates removed

(n=3373)
Records screened Records excluded
(n=3373) P> (n=3218)
1 Full-text publications
excluded, with reasons
Full-text publications (h=151)
assessed
for eligibility Not our RPM definition
(n=155) > (n=62)
Not a systematic review
(n=42)
Low/moderate quality
(n=29)
Included systematic reviews
) did not review RPM, or RPM
Included reviews described insufficiently
(n=4) (n=9)
Wrong outcome (n=4)
No effect sizes (n=2)
Search conducted before
2015 (n=2)
Language (n=1)

Description of the included systematic reviews (N=4)

The four included systematic reviews searched for randomized controlled studies
(RCTs), cluster RCTs, quasi-RCTs, controlled before-and-after studies, and interrupted
time series studies of different types of remote communication or health care delivery.
Every review defined their intervention of interest differently and with a slightly differ-
ent name, as displayed in Table 3. Bittner et al. (33) searched for telerehabilitation ser-
vices, explicitly including remote monitoring within this definition, for patients with
impaired vision. Faruque et al. (23) searched broadly for telemedicine interventions,
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defined as all electronic forms of communication, among diabetes patients. Kebede et

al. (34) focused on diabetes type 2 patients using digital interventions, meaning any

technology-based intervention. Posadzki et al. (35) searched for eHealth (electronic

health) interventions among patients with long-term conditions. Faruque et al. (23) ex-

cluded studies that involved patients with gestational diabetes, and Kebede et al. (34)

excluded studies with diabetes type 1 patients. Aside from this, there were no other

disease-related exclusion criteria specified by the systematic reviews.

Table 3 Description of included systematic reviews

Magid et al. (29)

and with high portability (such as
smartphone, computer and personal
digital assistance tools), or interven-
tions comprising self-care, self-man-
agement, self-care behavioral change
or education dissemination.

System- | Search | RCTs* Description of RPM, in the au- Chronic
atic re- date thors’ words / interventions of in- | disease
view terest
Bittner June 0 included in this Telerehabilitation: rehabilitation Low vi-
etal. 2015 review; 0 analyzed services delivered via information sion
(33) by the authors. and communication technologies,
and including monitoring and clini-
cal evaluation services.
Faruque | Nov. 7 included in this Telemedicine: all electronic forms of | Diabetes
etal. 2015 review, out of 111 communication between provider type 1 or
(23) analyzed by the au- | and patient (telephone, smartphone | 2
thors: application, email, text messaging,
Carter et al. (30), web portal, “smart” device or glu-
Nicolucci et al. (36), | cometer).
Rodriguez-Idigoraz
etal. (37),
Schilinger et al.
(25), Steventon et
al. (38), Stone et al.
(39), Wakefield et
al (28).
Kebede June 3 included in this Digital interventions: technology Diabetes
etal. 2017 review, out of 21 based, such as m-health interven- type 2
(34) analyzed by the au- | tions, web-based interventions, in-
thors: terventions delivered through the
Dario et al. (26), use of a personal digital assistant, a
Egede etal. (27), tablet, a computer, the Internet, tele-
Wild et al (40). medicine, videoconferencing, tele-
health, or other forms of e-health.
Posadzki | June 1 included in this eHealth interventions: interventions | Any
etal. 2015 review, out of 132 that use devices featuring interactive | long-
(35) analyzed by the au- | wireless communication capability, term
thors: operating web-based applications condition

* We included and extracted data only from the RCTs that met our inclusion criteria.
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Descriptions of the included RCTs from the reviews (n=11)

With the exception of Bittner, a review that found no relevant studies, these reviews’
interventions of interest were defined far more broadly than relevant for this overview,
and therefore the RCTs they analyzed also reported on a far wider array of interven-
tions. Altogether, only eleven RCTs implemented an intervention that met our defini-
tion of RPM (see Remote patient monitoring in a Norwegian context). None of these
RCTs occurred in more than one of the included reviews (Appendix Table 3.3). Seven
RCTs involved diabetes type 2 patients (25-27, 30, 37, 38, 40), one RCT included both
type 1 and 2 diabetes patients (39), two RCTs included patients with both hypertension
and diabetes (28, 36), and one RCT included only hypertensive patients (29).

Multi-morbidities

Six RCTs reported on participants’ co-/multi-morbidities in their descriptions, reveal-
ing an inadvertent overlap of morbidities between some of the participants in the RCTs.
For example, while two RCTs explicitly targeted patients with co-occurring diabetes
and hypertension (28, 36), a majority of one of the diabetes RCTs’ patients also had hy-
pertension (37), and nearly half of the hypertension RCT’s patients also had either dia-
betes or renal disease (29).

Other included RCTs reported similar prevalence of other multi-morbidities. About
four of ten patients in Rodriguez-Idigoras et al. (37) and Nicolucci et al. (36) reported
dyslipidemia. Chronic obstructive pulmonary disease was reported by 6.3-14.2% in Da-
rio et al. (26), Steventon et al. (38), and Stone et al. (39), and heart failure by 3.6-16.1%
in Steventon et al. (38), Stone et al. (39), and Nicolucci et al. (36). Stroke was reported
by 2.4-4.7% of the patients in Dario et al. (26) and Nicolucci et al. (36).

Given these similarities in multi-morbidities, all eleven RCTs could be grouped together
as involving “diabetes and/or hypertension” patients. Appendix Table 3.4 provides fur-
ther details of the patients included in each RCT, including multi-morbidities.

It is worth noting that psychiatric multi-morbidities were not reported by any of the
RCTs. They were exclusion factors of five RCTs in some manner, such as “reliance on
psychotropic medication” (30), “mental conditions, depression, or high anxiety;...
abuse of drugs or alcohol” (36), “alcohol or drug abuse/dependency, active psychosis
or acute mental disorder,” (27), “psychotic illness,” (25), and “psychosis” (28).

Descriptions of the various types of RPM used in the included RCTs

According to our definition, RPM referred to the three steps of digital data transmis-
sion, evaluation, and follow-up. There were a variety of devices used to transmit data,
three methods of data evaluation, and some variation in the method of follow-up re-
sponse given to patients, as summarized in Table 4. Each step is described below.
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Step 1: Data transmission

In all RCTs, patients collected and transmitted up to three biometric measurements:
blood glucose (23, 25-28, 30, 33-40), blood pressure (25, 27-30, 36, 38-40), and weight
(30, 36, 39, 40). Seven RCTs utilized telehealth devices that transmitted patient data
measured from standard instruments such as glucometers; three RCTs utilized tele-
phones, either patients’ existing phones or those provided to them (25, 29, 37); and one
RCT provided a laptop with peripheral equipment (30). Frequency of patient data
transmission varied from three times a day to twice a month, with two RCTs individual-
izing frequency according to clinical histories, and two not specifying frequencies.

Step 2: Data evaluation

Patient data was then evaluated either manually (five RCTs), automatically by a moni-
toring center (four RCTs), or automatically by the RPM device itself (two RCTs). A traf-
fic light system - in which data values in particular ranges were pre-programmed to be
expressed in colors, and particular colors would trigger particularly responses — was
specifically mentioned by one RCT using a monitoring center and one in which the de-
vice evaluated the data.

Step 3: Follow-up response

This step refers to how providers followed up with patients in response to the evalua-
tion of their data. Follow up was individualized medical care such as medication adjust-
ment, discussion of adherence, counselling on behavioral changes such as diet, smok-
ing, weight management, and physical activity, and support for other conditions. Care
was often described as focusing on helping patients self-manage their conditions. It was
difficult to determine whether the follow-up described in each RCT differed from the
care normally provided to patients - that is, whether RPM was providing patients with
enhanced care - or whether RPM was simply facilitating more frequent usual care.

In about half of the RCTs, patients were only followed up with by providers if their data
had been evaluated (manually or automatically) as concerning (26, 29, 37, 38, 40). In
one RCT, patients received scheduled follow-up regardless of data values (30). In other
RCTs, patients received both scheduled follow-up and follow-up indicated by concern-
ing data (36, 39). Finally, in some RCTs patients received automated responses if data
was not of concern, and personal follow-up if data was concerning (25, 28).

In two of the four RCTs using monitoring centers, concerning data was transmitted by
the centers to the patients’ health care providers; in the third RCT, the monitoring cen-
ter contacted the patient directly; and in the fourth RCT, the center contacted both pro-
viders and patients. In both of the RCTs in which data was evaluated by the RPM device
itself, the patient received an automated response even if the data was not of concern,
and the device alerted providers if data was concerning.
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Table 4. Description of RPM implemented in the included RCTs

Author Chronic Data transmission Data evaluation Follow-up response
disease
Carter etal. Diabetes Weight and blood pressure sent 1/week and blood glu- Manual review by Nurse discussed data and behavior change strategies with pa-
(30) type 2 cose sent 3/day; using a laptop that was equipped with telehealth nurse. tient over video conference during biweekly, 30-minute calls.
a wireless scale, a blood pressure cuff, and a glucome- Additional support/contact: health education videos and
ter online resources, and a social networking module that al-
lowed patients to contact each other.
Darioetal. Diabetes Blood glucose measured (frequency not reported) with Alerts automatically  If automatic alert was generated, eHealth staff contacted cli-
(26) type 2 a glucometer connected to a telecare device that sent  generated by eHealth nician. Clinician took subsequent action according to normal
data to an eHealth center center if data values  protocols and contacted patients by telephone or other un-
crossed pre-specified specified methods. If an emergency, eHealth center contacted
thresholds. next of kin and emergency department. Clinicians had access
to a portal with patient data.
Egede etal. Diabetes Blood glucose and blood pressure sent 1/day, usinga  Manual review by If necessary, nurse contacted patients by telephone to make
(27) type 2 commercial telehealth device that uploaded blood glu- nurse case manager  weekly or biweekly medication adjustments.
cose and blood pressure to a central server Additional contact: Nurse case managers made weekly re-
minder calls to upload data.
Magid etal. Hyperten- Blood pressure sent 1/week over the patient’s usual Manual review by If data values exceeded guideline-recommended treatment
(29) sion telephone, using an interactive voice response phone  pharmacist goals, pharmacists contacted patients to review medication
system adherence, adjust medications, and provide counselling on
healthy therapeutic lifestyle changes, using the interactive
voice response system or telephone. Pharmacists contacted
GP in the case of medication adjustments.
Nicolucci et Diabetes Blood glucose, blood pressure, and weight sent Alerts automatically  Telehealth center nurses forwarded alerts to GPs, who con-
al. (36) type2and  2/month, using a weight scale, glucometer, and a generated by tele- tacted patients. Alerts could also be sent to patients. GPs and
hyperten- health center if data  patients had access to all patient data collected by the tele-
sive values concerning health center.

28



(>130/80

sphygmomanometer, respectively, connected via Blue-

Additional support/contact: Telehealth nurses contacted pa-

mmHg) tooth to a device that transmitted data in real-time to a tients monthly to discuss results and barriers to compliance,
telehealth center. using text messages, e-mail, or telephone.
Rodriguez- Diabetes Blood glucose measured using a glucometer and sent ~ Alarms automatically Call center staff contacted GP and patient by telephone. Un-
Idigoraset type?2 via patient’s usual telephone to a call center; no re- generated by call cen- specified “standard protocols” were followed.
al. (37) quired frequency reported, but actual frequency was ter if data values out-
an average of 7/months side normal range.
Schillinger  Diabetes Blood glucose and blood pressure sent 1/week, using  Evaluated by an auto- The telephone system either immediately responded with a
etal. (25) type 2 telephone touchpads during an automated telephone  mated telephone sup- narrated health education message, or the system alerted a
call port system nurse, and the nurse contacted the patient.
Steventon et Diabetes Blood glucose and blood pressure sent up to 5/week,  Traffic light system:  If "red", monitoring center staff reviewed data 1/day and
al. (38) type 2 with the frequency adjusted according to participants’ automatic evaluation contacted the patient for further evaluation, to offer disease
individual clinical histories, using a freestanding tele-  at monitoring center management advice, or to give referrals. Contact was made
health unit or a television set top box that connected to using the telehealth unit or other unspecified methods.
a blood pressure monitor and glucometer or to weigh-
ing scales / pulse oximeters
Stone etal. Diabetes Blood glucose, blood pressure, and weight sent 1/day, Traffic light system: If "red", nurse contacted patients and adjusted medication,
(39) typelor 2 using a commercial home telemonitoring device that automatic evaluation over the telephone or using the home monitoring system.
transmitted measurements to a central server by the device Additional support: monthly calls to provide individualized
self-management counseling tailored to specific issues, based
on data values.
Wakefield et Diabetes Blood glucose and blood pressure sent 1/day, usinga  Manual review by Tailored, automated responses sent based on data. Nurses re-
al. (28) type 2and commercial home telehealth device that sent and re- nurse, 1/day viewed data daily and contacted the patients if necessary.
hyperten-  ceived data through the patient’s landline Additional support: daily prompts to enter data and educa-
sion tional content, sent through the telehealth device. Educa-

tional content was interactive, and patients received auto-
mated response that confirmed or corrected their answers.
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Wild et al.
(40)

Diabetes
type 2

Blood glucose sent at least 2 /week, and blood pres-
sure, and weight sent at least 1/week; using Bluetooth-
enabled blood pressure, blood glucose, and weight
monitors that transmitted data via a supplied modem

Manual review by pri- Provider changed treatment if necessary to comport with na-

mary care nurse or
family practice clini-
cian, recommended
1/week.

tional guidelines for diabetes and hypertension management

if necessary, and provided advice on lifestyle modification, in-
formation about medication effects; the method of communi-

cating back to the patient was not specified.
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Usual care as a comparator

In all RCTs, participants were recruited from existing general practitioner lists, healthcare networks,
or other patient pools, indicating that they had already some minimum amount of contact or usual
care with the primary health services.

However, the usual care described in nine RCTs appeared to be quite minimal, such as an educa-
tional pamphlet, encouragement to contact providers, or yearly review of health status (27-30, 36,
37, 40). This was also the case for the two RCTs that specified that they compared RPM adjunct to
usual care, with usual care alone (25, 38).

In the remaining two RCTs, usual care contained the same self-monitoring that the RPM group con-
ducted, but without the benefit of digital transmission of this data or guaranteed provider
knowledge of health status (26, 39). In Dario et al., patients in usual care were supposed to measure
HbA1c and bring paper logs to providers (26). In Stone et al., usual care patients were supposed to
measure HbAlc, blood pressure, and weight daily, and discuss these with diabetes nurse educators
over the phone once per month (39). Neither of these RCTs reported the actual frequency of self-
monitoring, making it difficult to conclude the extent to which usual care in these RCTs differs from
usual care in the remaining RCTs.

Self-monitoring may have been practiced by patients in usual care in Rodriguez-Idigoras et al. and
Schillinger et al. (25, 37). Six months’ self-monitoring was an inclusion criterion for Rodriguez-Idig-
oras et al., in order to recruit among patients already capable of complying with a monitoring re-
gime, although there was no mention of the usual care group being expected to continue. Schillinger
et al. specified that if usual care patients were already self-monitoring when enrolled in the RCT,
they were encouraged to continue doing so; no estimates were provided of how common this was.
In both cases, as in Dario et al. and Stone et al., any self-monitoring conducted by usual care patients
would not have been digitally transmitted or evaluated by providers.

Risk of bias in the RCTs

The review authors’ own judgment of each risk of bias domain is presented as percentages across all
11 included RCTs in Figure 3. The majority of the RCTs were assessed as having low risk of selection
bias. All studies reported adequate procedures for randomization, and most studies (75%) reported
adequate procedures for allocation concealment. The majority of the RCTs were assessed as having
unclear risk of performance bias. In many instances, this was due to non-reporting of blinding of
participants and personnel. The majority of studies also had a low risk of reporting bias (75%), at-
trition bias (60%), detection bias (55%), and other biases (55%).
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Figure 3 Risk of bias graph
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In Figure 4 we present the review authors’ judgements about each risk of bias domain for each in-
cluded RCT separately. Wild et al. (40) and Stone et al. (39)were rated with the lowest risks of bias
across all domains; Wild et al. with low risk in all domains, and Stone et al. with unclear risk regard-
ing blinding of participants and personnel. Most RCTs had low risk of bias in the majority of do-
mains. Only one - Dario et al. (26) - had three domains with high risk of bias; the remaining RCTs
had no more than one domain each at high risk.
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Figure 4 Risk of bias summary
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Effects of RPM on patients with diabetes and/or hypertension

In this section, each of the subsections include a narrative summary of the findings for an outcome,
as well as a presentation of the results by means of forest plots. In addition, we give results of the
GRADE assessment (our evaluation of the certainty of the evidence) for each outcome. Due to the
large number of included outcomes, eight outcomes considered the primary outcomes were as-
sessed with GRADE. These outcomes were selected in consultation with the commissioner. Table 5
provides an overview of the conducted GRADE assessments, and further details can be found in Ap-
pendix Table 4.5.

Table 5 Summary of findings table: RPM compared to usual care for chronic disease

Ne of par-| Certainty of the

Outcomes ticipants evidence
(studies) (GRADE)

Most studies showed a reduction, from 0.23% lower to 1.08% lower. How-
HbA1c [%] ever, only four exceeded the suggested minimum clinically importance dif-
ference of 20.5% 2. RPM probably slightly reduces Hba1C.

2235 1 1@)
(10RCTs) MODERATE a

Systolic blood pressure  No studies showed a statistically significant effect, but tended to benefit 1407 S 101@)
[mmHg] RPM. RPM probably leads to a slight reduction. (7RCTs) MODERATE @

Diastolic blood pres- No studies showed an effect. RPM may make no difference. 1207 ©000

sure [mmHg] (6 RCTs) LOW be
664
Total cholesterol No studies showed an effect. RPM may make no difference (3RCTs) Gla-EOBWOC dO
Patients with hospitali-
24
zations or ER visits, all- No effect. RPM may make no difference. R RgT) GBL%VCVD e?
cause
lity of life (SF-
?zug::y?’%) Inizin tal Two studies showed no effect, and one showed a small benefit to usual 698 1:100)
' care patients. RPM may make no difference. (3RCTs) LOW dg

health component

Quality of life (SF-
12/SF-36), physical

Usual care reported higher scores, with a small effect size. RPM probably 698 Yo11@)

harms this outcome. (3RCTs) MODERATE ¢
health component
Hospital Anxiety and
257
Depression Scale total No effect. RPM may make no difference. ®e00

(1RCT)  LOWfh
score

2 As suggested by the National Institute for Health and Care Excellence (2013) and the Dutch College of General Practic-
tioners (see Lenters-Westra et al,, 2014). See also Little and Rohlfing (2013) and Wilding et al. (2018).

34



Ne of par-| Certainty of the

Outcomes ticipants evidence
(studies) (GRADE)

a. In four RCTs, patients differed significantly from the Norwegian patient population (e.g. American war veterans, urban poor,
only men)

b. In two RCTs, patients differed significantly from the Norwegian patient population (e.g. American war veterans, urban poor,
only men)

c. Effect estimates favor both RPM and usual care.

d. Wide confidence intervals, with studies showing both a moderately negative effect and a moderately positive effect

e. Likely bias related to study funding

f. One study

g. Performance bias, detection bias, attrition bias, and other bias.

h. Wide confidence interval and small number of participants.

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of
the effect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate
of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different
from the estimate of effect

Forest plots in this section omit group sizes and raw data values, such as mean values for RPM and
usual care groups, for ease of reading. These numbers are instead displayed in extended forest plots
in Appendix 5, Figures 1-25. In every forest plot, the colored notch indicates the value of the statistic
measuring the difference between the RPM and usual care group per RCT, and the horizontal line
around that notch represents the 95% confidence interval. If a confidence interval crosses the verti-
cal line between Favors RPM and Favors usual care, we cannot be sure that the outcome was re-
ported or achieved significantly different by the RPM and the usual care groups. As all RCTs ran-
domized their participants, we assume that a difference between the groups by the end of the inter-
vention is due to RPM itself; if there is no difference, we conclude that RPM did not have an effect on
this outcome.

Outcome 1: HbA1c

HbA1c (glycated haemoglobin) is a diagnostic test that reflects average plasma glucoses over the
past eight to twelve weeks. No precise cut-off has been established, but values 27.0% are typically
considered indicative of diabetes (41). RCTs in this review included patients with HbAlc 27.0%,
27.5%, or 28.0%.

Among the ten RCTs that reported HbA1c, there appeared to be a small pooled reduction among the
RPM group by the end of interventions (Figure 5). With three exceptions that reported either no dif-
ference or a slight benefit to usual care patients (26, 28, 37), the RPM patients in the RCTs reported

an average of 0.23-1.08% lower HbA1c scores than the usual care groups. However, only in four
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studies was this reduction above the suggested threshold for clinical meaningfulness, 20.5% (see
(42-44)). Moreover, due to the high amount of heterogeneity among the studies and uncertainty
about the applicability of the findings (four RCTs were conducted in with patients significantly dif-
ferent from Norwegian patients, namely American patients who were veterans, African-Americans,
or utilizing “safety net” health clinics reserved for the lowest-income people), we have low confi-
dence in this finding. The true effect of RPM on HbA1c relative to usual care may be substantially
different from this estimate.

Figure 5 Forest plot of HbA1c
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Outcomes 2 and 3: Blood pressure

Systolic blood pressure was measured by seven studies, with no differences between the RPM and
usual care patients overall (Figure 6). Studies reported mean values both above and below NICE'’s
recommended target of 135/85 (45), and these values are shown in Appendix Figure 2. Due to the

consistency of each RCTs’ estimates, it is likely that the true effect of RPM on systolic blood pressure

is close to the estimates we see here, namely, a small reduction. The sole reason for uncertainty in
this finding is that the four RCTs from the U.S. reduce the direct applicability of the setting and pa-
tient population to Norway.
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Figure 6 Forest plot of systolic blood pressure
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Diastolic blood pressure was measured by six studies, again with no mean differences between the
RPM and usual care patients (Figure 7). In all studies, mean diastolic values were below NICE’s rec-
ommended target of 135/85 (45); see Appendix Figure 3 for values. We are not confident that the
true effect of RPM on diastolic blood pressure is close to the effect estimates we see here, both be-
cause of moderate heterogeneity and effect estimates spread widely and in directions that favor
both RPM and usual care.

Figure 7 Forest plot of diastolic blood pressure
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Outcome 4: Cholesterol

Total cholesterol was measured by three studies. None of the studies reported a mean difference
between the RPM and usual care patients (Figure 8). We have low confidence in this finding, given
large heterogeneity and individual effect estimates that show not only opposite findings, but find-
ings with almost no overlap with one another. RPM’s true effect on cholesterol is unlikely to be close
to the estimates we see here.
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Figure 8 Forest plot of cholesterol
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Outcome 5: Patients with hospitalizations or emergency stays

One study reported the amount of patients who had a hospitalization or an emergency room visit
during the course of the intervention, with no difference between the two groups. As this finding
drew from only one RCT, which was also judged to have a high risk of bias due to commercial fund-
ing, we are not confident that the true effect of RPM on this outcome is close to the estimate pre-
sented here.

Figure 9 Forest plot of patients with hospitalizations or emergency stays

Risk Ratio Risk Ratio
Study or Subgroup 1V, Random, 95% CI IV, Random, 95% CI
Micolucei 2014 0.93[0.44,1.97] —
002 01 10 500

Favours RPM  Favours Usual care

Outcomes 6 and 7: Health-related quality of life

Health-related quality of life (HRQOL) was one of the few patient-reported outcomes. HRQOL instru-
ments measure the impacts of health status on one’s subjective evaluation of their quality of life
(46). Generic HRQOL instruments produce scores that can be compared across disease groups and
to healthy populations. Overall quality of life and HRQOL have become established outcome
measures of chronic disease treatment, as enhancing and maintaining patients’ daily functioning
with a disease — which can only be assessed by patients themselves - have become central indica-
tors of clinical success.

The Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) and its abbreviated 12-
item version (SF-12) are some of the most commonly used generic HRQOL instruments (47, 48).
Both instruments produce two overall domains scores, referred to as mental and physical compo-
nent summaries, on the same scale (0-100). Neither of these scores have established minimum im-
portant differences for people with diabetes and/or hypertension, therefore effect sizes are pre-
sented as standardized mean differences, rather than mean differences.
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The standardized mean difference of HRQOL in the mental component summary of the SF-12 or SF-
36 was no different for the RPM or usual care patients in three studies (Figure 10). We have low cer-
tainty in this finding, primarily due to wide- and varying confidence intervals between the three
RCTs, and risks of bias identified by the systematic review authors. RPM may in fact have an effect
on this component, potentially negatively.

Figure 10 Forest plot of health-related quality of life (SF-12/36, mental component summary)
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In the physical component summary of the same instrument, the usual care group reported slightly
higher mean HRQOL than the RPM group (a small effect size), as displayed in Figure 11. In this com-
ponent, the three studies’ effect studies agreed more with one another, but our certainty was still
downgraded due to potential biases. We are moderately certain that this small effect size is similar
to the true effect of RPM on the physical health component of HRQOL; that is, that RPM has a small
negative impact on physical HRQOL.

Figure 11 Forest plot of health-related quality of life (SF-12/36, physical component summary)
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Outcome 8: Hospital Anxiety and Depression Scale total score

One study reported the total score from the Hospital Anxiety and Depression Scale (HADS), with no
difference between the RPM and usual care patients. Standardized mean differences are again re-
ported, due to a lack of an established minimum clinically important difference of the HADS in this
population (Figure 12). As only one RCT reported this outcome, with a relatively small number of
participants and therefore wide confidence intervals of the effect estimate, it is unlikely that this ef-
fect estimate mirrors the true effect of RPM on the HADS total score.

39



Figure 12 Forest plot of mental health symptoms (total HADS score)
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Twenty-two of 23 additional outcomes, reported by one to two RCTs each, showed no effect of RPM.

The following table displays their categorization into several biometric, patient-reported, health

care utilization groups. As with the primary outcomes, extended forest plots in Appendix 5, Figures

8-25 include group sizes and raw data columns. We did not assess the certainty of the evidence us-

ing a GRADE assessment of these additional outcomes.

Table 6 Categorization of additional outcomes

Biometric

achievement of normal blood pressure
achievement of target HbAlc

daytime ambulatory systolic blood pressure
daytime ambulatory diastolic blood pressure
weight

body mass index

Patient-reported

overall health-related quality of life
diabetes knowledge

Mental health symptoms

HADS anxiety subscale
HADS depression subscale

General practitioner utiliza-
tion

contact with general practitioner
practice nurse visits
primary care physician encounters with procedures

Emergency care utilization

amount of emergency department visits

Hospital services utilization

all-cause hospitalization

all-cause emergency hospitalization

bed days for all-cause hospitalization

bed days for diabetes-related hospitalized patients

Outpatient and specialist ser-
vices utilization

patients who visited a specialist
amount of outpatient visits

Home care services utilization

patients with home visits

Cost and cost-effectiveness

start-up, ongoing, and total costs
costs per quality-adjusted life year gained
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¢ Biometric
In addition to reporting on the effect of RPM on systolic and diastolic blood pressure, Magid et al.
(29) reported the amount of patients who achieved “normal” blood pressure, corresponding to
<140/90mmHg for those without co-morbid diabetes and/or renal disease, and <130/90mmHg for
those with one or both of these comorbidities. The odds ratio of achieving this dichotomous out-
come indicates no difference between the RPM and usual care group (Figure 13).

Figure 13 Forest plot of normal blood pressure achievement
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Similarly, the amounts of patients who achieved target HbA1c goals were reported by two RCTs (in
addition to both reporting effects on % HbA1c), although defined slightly differently. Nicolucci et
al.’s (36) target HbAlc was <7%, and measured at the end of the intervention. Steventon et al.’s
(38) target was <7.5%, and achieved at any point during the intervention. The trend in both RCTs
was for a larger proportion of the RPM group to achieve HbA1c targets, but these differences were
not statistically significant.

Wild et al. (40) reported daytime ambulatory systolic blood pressure, and found no difference be-
tween the two groups (Figure 14).

Figure 14 Forest plot of daytime ambulatory systolic blood pressure
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Neither was there a difference in this RCT in daytime ambulatory diastolic blood pressure (Figure
15).

Figure 15 Forest plot of daytime ambulatory diastolic blood pressure
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The usual care group weighed 5.40 kg less at the end of the intervention in Wild et al. (40), with a
range of 0.42 kg less to 10.38 kg less (Figure 16).

Figure 16 Forest plot of weight
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However, this finding was not replicated by two different RCTs that measured body mass index. Nei-
ther reported a mean difference between the RPM and usual care groups, although the trend in both

was for the RPM group to have a lower body mass index (Figure 17).

Figure 17 Forest plot of body mass index
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Triglyceride levels were reported by two studies, with no mean differences between the RPM and
usual care groups (Figure 18).

Figure 18 Forest plot of triglyceride levels
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¢ Patient-reported
Overall health-related quality of life was also measured by one RCT with the EQ-5D. Mean scores
were nearly identical between the RPM and usual care patients, with a standardized mean differ-

ence of 0 (Figure 19).
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Figure 19 Forest plot of health-related quality of life (EQ-5D)
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Wild et al. (40) also administered part of a diabetes knowledge test (49) after the intervention, and
found no difference in scores (Figure 20).

Figure 20 Forest plot of diabetes knowledge
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e Mental health symptoms
One RCT reported the anxiety subscale and the depression subscale of the HADS, instead of the total
score. There was no difference between the RPM and usual care patients on the anxiety subscale
(Figure 21).

Figure 21 Forest plot of mental health symptoms (HADS-anxiety)
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Neither was there a difference on the depression subscale (Figure 22).

Figure 22 Forest plot of mental health symptoms (HADS-depression)
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e General practitioner utilization
Contact with general practitioners was reported in three different ways by two RCTs, with no differ-
ences between the RPM and usual care groups.
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One RCT reported that the usual care group attended an average of 0.3 more visits than the RPM
group, but with confidence intervals extending to 0.6 fewer visits to 1.2 more visits (Figure 23).

Figure 23 Forest plot of general practitioner visits
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This RCT also reported no difference in the amount of patients with practice nurse visits between

RPM and usual care, which were low enough in both groups to correspond to less than 1 out of 1000

patients (Figure 24).

Figure 24 Forest plot of practice nurse visits
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A second RCT reported primary care physician encounters with procedures, with no difference be-
tween the groups (Figure 25).

Figure 25 Forest plot of primary care physician encounters with procedures
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e Emergency care utilization

Two RCTs reported the amount of emergency department visits per person, which were on average

less than one visit in both groups. In Dario et al. (26), the usual care group reported 0.24 more visits

(0.02 more to 0.48 more); Wild et al. (40) reported no difference between the two (Figure 26).
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Figure 26 Forest plot of emergency department visits per person
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¢ Hospital services utilization
Two studies reported all-cause hospitalization /hospital attendance. Neither reported a difference
between the RPM and usual care groups, although there was a trend towards fewer hospitalizations
in the RPM group (Figure 27).

Figure 27 Forest plot of all-cause hospitalization/hospital attendance
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The amount of all-cause emergency hospitalizations was additionally reported by one RCT, again
with no differences (Figure 28).

Figure 28 Forest plot of all-cause emergency hospitalizations
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Among the few patients hospitalized for all-cause reasons in Dario et al. (26), bed days were non-
normally distributed, with no difference between the median days in each group: 13 days in the
RPM group (interquartile range 1.5-23), and 9 days in the usual care group (interquartile range 2-
23.25). Median bed days for patients hospitalized for diabetes-related causes were also similar be-
tween the two groups: 14 days in the RPM group (interquartile range 9.25-35.75), and 9 days in the
usual care group (interquartile range 4-20).

¢ Outpatient and specialist services utilization
Two outpatient-related outcomes were reported in two RCTs. Nicolucci et al. (36) reported the
amount of patients who visited a specialist. 46.4% of patients receiving RPM attended a specialist
appointment during the course of the RCT, compared to 64.4% of usual care patients. This corre-
sponds to 180 per 1000 fewer RPM patients than usual care patients (from 377 fewer to 58 fewer).
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Dario et al. (26) reported no difference in the median amount of outpatient visits (rather than the
amount of patients with a visit) to a diabetologist with a procedure: 1 visit in the RPM group (inter-
quartile range 0-3), compared to the usual care group’s median of 3 (interquartile range 1-4).

e Home care services utilization
Nicolucci et al. (36) also reported on the patients who received a home visit during the RCT, with no
difference between the two groups (3 per 1000 more in RPM, with a range of 39 fewer to 109
more). Figure 29 shows the risk ratio for this outcome.

Figure 29 Forest plot of patients with home visits
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e Cost and cost-effectiveness
Cost effectiveness was reported by Schillinger et al. (25, 50). Start-up costs were 394 USD and ongo-
ing costs were 388 USD, for a total of 782 USD per RPM patient. RPM was associated with a gain of
0.012 quality-adjusted life years, relative to usual care. Accounting for the total cost per patient of
RPM, the cost of RPM was 65,167 USD per quality-adjusted life year gained.
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Discussion

Key findings summary

This overview of systematic reviews sought to assess the effectiveness of remote patient monitoring
(RPM) on chronically ill patients’ clinical outcomes and health care utilization. RPM of interest was
defined as a process beginning with a device that sent any biometric or other patient data remotely;
the evaluation of data; and a provider responding to the patient if necessary. Excluded therefore
were fully-automated processes that excluded provider evaluation or response, as were processes
occurring purely over the internet or on mobile or tablet applications. Data evaluation - the first
point of provider contact - must have also occurred with primary health services for an RPM inter-
vention to be included.

After assessment of 155 systematic reviews and their approximately 3,500 RCTs, only four high-
quality reviews met our criteria. And of these four reviews’ 176 included RCTs, only eleven reported
on interventions that met our definition of RPM. An immediate conclusion to draw from the eligibil-
ity determination process is that the type of RPM of interest to the Norwegian Directorate of Health
is not widely implemented.

Even comporting to our stringent definition of RPM, the RCTs reported a variety of practices. Data
was transmitted most often by telehealth devices, but also by patients simply using the keypads of
their landline telephones. Data was evaluated by staff at telemonitoring centers, by the device itself,
or by providers manually. In most cases, patients were only followed up with if their data was as-
sessed as concerning, usually by telephone. In addition to follow-up triggered by concerning data,
two RCTs provided automated follow-up between once per day and once per week, and one re-
ported scheduled follow-up once per month. Follow-up was often described as counselling to im-
prove self-management, but it was difficult to determine how different this follow-up was from pro-
viders’ usual care. The RPM conducted by these RCTs could therefore refer to more frequent moni-
toring and more frequent enhanced care, compared to usual care, or only to more frequent monitor-
ing and more frequent usual care.

Patients in these eleven RCTs were adults with diabetes and/or hypertension, with mean ages from
51 to 73. Additional multi-morbidities such as chronic obstructive pulmonary disease, heart failure,
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and stroke were reported by roughly one to two out of every twenty patients across the RCTs. Psy-
chiatric comorbidities were not measured by any RCT, and were often exclusion criteria.

We summarized results from 31 outcomes (8 primary and 23 secondary), and RPM appeared to ef-
fect only four of these 31 outcomes. Two effects were positive, and two were negative.

RPM probably benefited patients in only two primary outcomes, HbA1lc and systolic blood pressure,
but the benefits reported were not large enough to meet typical clinical goals. In another primary
outcome, usual care patients benefited more than RPM patients: the physical health component of
health-related quality of life. However, the effect that usual care patients reported was again small;
it is difficult to say with any certainty that RPM patients noticed or appreciated being “worse off”
than usual care patients.

Otherwise, RPM appeared to have no effect on the remaining five primary outcomes (diastolic blood
pressure, cholesterol, the mental health component of health-related quality of life, the number of
patients with a hospitalization or emergency room visit, and Hospital Anxiety and Depression Scale
scores), and no effect on 22 of 23 secondary outcomes. The one secondary outcome it did effect,
weight, showed RPM patients reported a mean weight gain of 5.4kg compared to usual care pa-
tients.

Quality of the evidence

Our eligibility requirement of high methodological quality for systematic reviews enables us to trust
the findings of our four included reviews. Specifically, we are confident that each review conducted
a sufficiently thorough search for RCTs, and therefore that their lists of included RCTs that we as-
sessed for further eligibility were comprehensive, and we are confident that their assessments of
each RCT’s risk of bias are correct.

Overall, these RCTs utilized adequate randomization and had no risks of selection bias. Most were
unable to blind participants or personnel, which is not unexpected, and likely does not impact the
measurement of biometric outcomes. The most concerning risks across the studies were the pres-
ence of attrition bias and other biases, typically related to being funded by commercial telehealth

actors.

We nevertheless had low confidence in most of our findings, after evaluating each outcome using
the GRADE methodology. This was often due to a combination of attrition bias (most studies did not
report on patients who had dropped out, and those who remained had quite positive outcomes),
heterogeneous effect estimates, and only indirect applicability of an RCT’s setting and patient popu-
lation to Norway. An example of indirectness is that four RCTs were conducted in the United States,
and with specific patient populations, such as veterans, African-Americans, only men, obese, and the

48



urban poor. The remaining studies in Italy, Spain, and the United Kingdom were evaluated as more
applicable to Norway.

This means that we are not certain that the “true” effect of RPM on five of our outcomes is, in fact, no
effect. The three exceptions are HbA1c (it is likely that RPM has a slight positive effect), systolic
blood pressure (it is likely that RPM has a slight positive effect), and the physical health component
of health-related quality of life (it is likely that the true effect of RPM is a small negative one). These
findings and others are discussed below in Consistency with other reviews.

Strengths and weaknesses

A strength of this overview is the definition of RPM developed in collaboration with the commis-
sioner. While the specificity of the definition required screening of approximately 3,500 RCTs in-
cluded in 155 systematic reviews, a time-consuming practice atypical of an overview of systematic
reviews, it has also ensured that the interventions summarized in this overview are highly relevant
to Norway. Even working within this specific definition, the interventions managed to involve a vari-
ety of actors, data transmission methods, data evaluation methods, and response options. Each of
these can be used as possible design options as the commissioner moves forward with national RPM
recommendations.

We utilized an exhaustive search strategy that allowed us to capture interventions that were not
called RPM but nevertheless met our definition. For example, the RCTs used terms such as tele-
health, home telehealth, teleassistance, telemonitoring, home telemonitoring, supported telemonitor-
ing, remote monitoring, home measurement reporting, self-management support, and provider-as-
sisted telehealth self-management. In describing these interventions and others, the four included
systematic reviews called these interventions telerehabilitation, telemedicine, digital interventions,
and eHealth interventions. With our exhaustive search strategy, it is unlikely that we failed to iden-
tify systematic reviews that had captured interventions of interest to us.

These RCTs are additionally relevant because of our use of time as an eligibility criterion. We in-
cluded only systematic reviews with a search conducted in 2015 or more recently, in order to ex-
clude the most outdated technologies. Nevertheless, any RCTs published after the most recent
search (June 2017 by Kebede et al. (34)) would not be captured by our included systematic reviews.
The decision to search for systematic reviews and not for RCTs was a pragmatic one, given the lim-
ited amount of time to complete this review and the vast amount of studies published each year, but
we recognize that the risk of not capturing the most recent RCTs is a limitation to our review.

Our inclusion of only high-quality systematic reviews was necessary in order to trust (among other

issues) their risk of bias evaluations of individual RCTs. While this resulted in discarding several
systematic reviews that may have included otherwise eligible RCTs, it was another necessary choice
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given the vast amount of studies and the limited amount of time to complete this review. If the com-
missioner is interested at a later time point in examining lower quality systematic reviews, Appen-
dix Table 2.1 indicates these.

We were analytically limited by the methodological choices of both the included systematic reviews
and RCTs. For example, two of the RCTs did not report standard deviations. We borrowed standard
deviations from the RCTs with the most common patient populations, and while this was only for
the purposes of displaying outcomes in forest plots, borrowing standard deviations may have made
confidence intervals appear artificially narrower, lending a false precision. One review (34) re-
ported HbA1c outcomes adjusted for baseline values, and unadjusted values were not reported by
the RCTs themselves (26, 27). There is conflicting evidence as to whether adjusting for baseline val-
ues appropriately reduces heterogeneity or contributes to confounding, that is, whether it inflates
or deflates effect sizes (see for example (51, 52)). This is less of a problem in this overview, as we
did not calculate summary effect sizes, but is worth keeping in mind when viewing the HbA1c forest
plot that eight of ten RCTs’ effect estimates were not adjusted for baseline values, and two were.

Despite our inclusion of only high-quality systematic reviews, we cannot exclude the possibility that
these reviews’ own limitations have influenced our findings. For example, it is possible that they
failed to identify relevant RCTs. This is unlikely, however, as all reviews utilized broad definitions of
RPM and several included more than one hundred studies. Another potential limitation of system-
atic reviews - incorrect data extraction - is unlikely to be replicated here, as we often extracted data
directly from the RCTs themselves.

Diversity in outcome reporting was unfortunately common, and prevented the pooling of many
health service utilization outcomes. For example, several RCTs reported overlapping outcomes: pa-
tients with hospitalization or emergency room stays, amount of emergency department visits, and
all-cause emergency hospitalization were reported as three distinct outcomes, but were likely a
phenomenon that could have been defined more narrowly and measured similarly. When possible,
the use of a standard, clearly defined set of outcome measures among RCTs in different settings will
clearly benefit future systematic reviews.

Generalizability of findings

Overall completeness and relevance of evidence from systematic review

The goal of this overview was to identify and synthesize types of RPM that were generalizable to
Norway, and by extension, to any other country or setting interested in the same type of RPM. Due
to the specificity of our definition of RPM, we are confident that that these eleven RCTs have imple-
mented interventions similar to what the commissioner was interested in.
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These interventions, however, were conducted in primary care settings that may be less generaliza-
ble to Norway. Our confidence in the applicability of the majority of the American RCTs was down-
graded due to the RCTs variously drawing patients from health clinics reserved for the lowest-in-
come residents (typically indicating unemployment or precarious employment), and/or including
only African-Americans or war veterans, with the latter two categories comprised of people with
poorer health and less access to care compared to Americans in general.

We did not down-grade either of the British RCTs, with the logic that the United Kingdom’s publicly
funded health care system provides similar primary care services as Norway. Neither did we down-
grade the remaining Spanish or Italian RCTs, although these settings were scarcely described.

The patients of the eleven included RCTs are unfortunately only a small sample of the patients in
whom the commissioner was interested. We cannot speak to whether RPM would result in the same
negative impact on health-related quality of life, for example, among patients with cardiovascular
disease, chronic lung diseases, cancer, mental disorders, chronic musculoskeletal disorders, osteo-
porosis, and/or impaired vision or hearing - all of which were populations for whom we searched.

Consistency with other reviews

There are no high-quality systematic reviews utilizing a similar definition of RPM with which to
compare our findings. We can only compare our findings to recent systematic reviews with meta-
analyses that included more broadly defined RPM interventions - such as those utilizing internet-
based technologies, fully automated programs without provider input, and interventions organized
in specialist health services — as well as to meta-analyses that were part of systematic reviews of
less than high methodological quality. Overall, our findings comported with previous reviews, such
as small benefits to HbA1lc, small harms to health-related quality of life, and no effect on remaining
clinical outcomes.

HbA1c

At first glance, the literature appears to show solid positive effects of RPM on diabetic patients’
HbAlc. (We use a 20.5% to indicate clinical meaningfulness, to aid interpretation of these meta-
analyses.) Faruque et al., using a broad definition of RPM that included any form of remote commu-
nication or data transmission between patients and providers, reported clinically meaningful reduc-
tions in HbAlc across 111 studies, -0.57% (23). So et al. used a similarly broad definition but looked
only at primary care settings, and reported a nearly identical reduction across seven studies, -0.61%
(53). However, both meta-analyses contained large amounts of unexplained heterogeneity.
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Looking then at reviews that parsed RPM into distinct sub-types, a technique to explore and explain
heterogeneity, the specifics of RPM appear to impact the effect it has on HbA1c. Reviews that oper-
ated with more specific definitions of RPM have tended to report more modest impacts of RPM, as
we see in this review. RPM that used automated telephone services resulted in a non-meaningful
reduction in HbAlc (35). Kebede et al. included diabetes type 1 patients and compared text-mes-
saged based RPM, RPM in which patients communicated with providers, and web-based RPM deliv-
ered through PDA, tablet, computer, or smartphones, and reported reductions in HbAlc only for the
latter category, around the threshold of being clinically meaningful, -0.41% (34). Shen et al. (diabe-
tes type 2) further differentiated website-only interventions from those that used only mobile tech-
nologies, and from those that used both mobile and website components. While their meta-analysis
found all three types had positive effects, only combined interventions exceeded the threshold for
clinically meaningful change, -0.77% (54). The authors further conducted a subgroup analysis of
interventions that provided manual feedback versus automated feedback, and found no difference
in effect size.

RPM using combination mobile-and-website components and RPM using online components were
more effective than other single-component technologies, such as text-messaging, automated tele-
phone, website, or mobile technologies. Our included RCTs might have been collectively less effec-
tive because they utilized single-component technologies.

Blood pressure

Our finding of little or no effect of RPM on blood pressure of patients with diabetes and/or hyper-
tension contributes to a mixed body of evidence. Posadzki et al. also found that RPM with automated
telephone services had no effect on hypertensive patients (35), and Lee et al. found that broadly-de-
fined telemedicine on diabetes type 1 patients of all ages also had no effect (55). However, Duan et
al. reported a positive effect of home blood pressure monitoring on hypertensive patients (56). Sim-
ilarly, Flodgren et al. found that interactive telemedicine and self-management reduced blood pres-
sure among diabetes types 1 and 2 patients of all ages (14), as did self-management among hyper-
tension patients in other reviews (57, 58).

Ma et al. speculate that RPM’s positive effect on blood pressure only arises if medications are ad-
justed appropriately, and if patients then adhere to new medication regimes (57). In this explana-
tion, RPM facilitates only one of three necessary steps, namely, provider knowledge of patient condi-
tion. The remaining two steps — provider adjustment of medication and patient adherence to medi-
cation - are required for effectiveness, but are not guaranteed by RPM itself. Duan et al. also argue
that medication adherence is the decisive factor behind RPM effectiveness, and suggest that addi-
tional support such as education or counselling will not increase effectiveness if a minimum level of
medication adherence does not exist (56). The reason for the lack of meaningful effect of RPM on
blood pressure in our review may therefore be due to insufficient patient behavior change, which is
not necessarily the goal of a monitoring program.
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Cholesterol

We found no effect of RPM on total cholesterol levels, as reported by other meta-analyses. Ma et al.’s
meta-analysis of three eHealth interventions among hypertensive patients, including self-manage-
ment and provider feedback, similarly reported no effect on cholesterol (57). Posadzki et al.,, looking
at patients with hypercholesterolaemia, reported no effect across two studies (35). Gandhi et al. also
pooled two studies of patients with cardiovascular disease and reported no effect (59). Interest-
ingly, none of these authors discussed this lack of efficacy. The medical counselling and support pro-
vided in RPM may be insufficient to effect total cholesterol levels, if they are insufficient in effecting
exercise, dietary, and smoking modifications, in addition to improving statin adherence. One large
study of statin adherence among more than 22,000 Australians found that not only was attrition
common - more than half discontinued in the first year of prescribing - but prescription by a gen-
eral practitioner instead a specialist and the presence of diabetes independently increased the risk
for attrition (60). The RPM interventions in this review, by including patients with diabetes and be-
ing treated within primary health services, may have captured a particular subgroup for which extra
support is needed.

Patients with hospitalizations or emergency room visits, all-cause

Meta-analyses of specific healthcare utilization outcomes are rare, likely due to the difficulties in
comparing these outcomes across settings, and there is little summarized evidence to which we can
compare our results.

Among other patient groups, recent systematic reviews have tended to use narrative syntheses, not
meta-analysis, and to conclude that evidence of efficacy regarding hospitalization is insufficient.
This has been reported, for example, among heart failure patients in Bashi et al.’s overview of sys-
tematic reviews (61), and among mixed patient groups in Kalenkesh et al. (62) and Vegesna et al.
(63). Sul et al. conducted a meta-analysis of hospitalizations and reported no difference among
COPD patients, but with a moderate amount of unexplained heterogeneity in the model that sug-
gests a meta-analysis was not appropriate until intervention differences had been further explored
(64).

Hospitalization and emergency room utilization among patients with diabetes and/or patients
would be triggered by a significant deterioration in health condition. The duration of our included
RCTs - from six to twelve months - is likely too short a period to allow for such deterioration, which
may explain why this outcome was only reported by one RCT.

Health-related quality of life

We found a small negative effect of RPM on the physical health component of health-related quality
of life, and no effect on the mental health component. Neither diabetes-specific quality of life nor
health-related quality of life have been found to be effected by RPM among patients with diabetes
(14, 23, 65) or hypertension (56, 57). If it is reasonable to expect that RPM will not improve quality
of life, but that it should at the very least not lower HRQOL when compared to usual care, that is,
face-to-face contact with health care providers, then this finding can be viewed positively.
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However, improving HRQOL is a goal of chronic disease treatment in general, not simply maintain-
ing HRQOL. Our findings are aligned with the literature, but are nevertheless disappointing. It is
concerning that HRQOL is consistently measured by RCTs despite a similarly consistent lack of ef-
fect, or as we found, even a slight negative effect. Several questions beg answers: are RPM interven-
tions being developed with quality of life in mind? Is quality of life an outcome taken seriously in
these trials, or is it being measured habitually, to check the box of patient-reported outcomes? As
HRQOL is by definition patient-reported, patient input in developing, modifying, and improving
RPM may be key to improving this outcome.

Depression

Depression is not a commonly measured outcome among RPM trials patients with diabetes and/or
hypertension. Posadzki et al.’s review reported a slight decrease in depressive symptoms among pa-
tients with hypertension as a result of automated telephone programs (35). More research has been
conducted among patients with comorbid depression and diabetes, with little effectiveness shown
(66). There is a clear need for effective strategies: a review of 20 studies concluded that not only do
diabetic patients have increased risks of depression and impaired quality of life, but their effects are
likely multiplicative, and contribute to worse functioning over time (67) .

Implication of results on practice

The type of RPM we analyzed does not appear particularly effective. Given that RPM defined more
broadly has been reported to have positive effects on HbA1lc and, in some cases, blood pressure
among people with diabetes and/or hypertension, it may be that our selection or definition of RPM
have captured the types that are least effective. The three characteristics of our definition were the
requirement that providers be involved (i.e. not fully automated), that the process occurs within pri-
mary health services, and that data transmission not occur via web, mobile, or tablet applications. If
the commissioner nonetheless considers this exact type of RPM to be most relevant to Norway, then
further development - rather than immediate implementation as is - would be advantageous. User
testing should be conducted and patient groups involved in implementation and evaluation, to max-
imize potential for modification and ultimately efficacy. Patients may have preferences as to the fre-
quency of feedback from providers, the content of such feedback, and even the method of contact.
Pekmezaris et al. provide one example of a participatory approach to designing an RPM program for
heart failure patients (68), while Ware et al. describe suggestions made by patients for program
modification after conclusion (69).

Monitoring itself, even including frequent feedback on health status, may not be sufficient to enact
the behavior change often needed in these two disease groups, such as medication, diet, and physi-
cal activity modification. RPM is perhaps better conceptualized as a data transmission and feedback
system, and additional, targeted support integrated within feedback - such as behavioral change
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counselling, review of barriers to medication compliance, dis/satisfaction with the intervention it-
self - may be needed to actually ensure behavior modifications. For conditions in which adhering to
provider feedback is acceptable and easy for patients, for example, instructions to adjust the dose of
a well-tolerated medication, or a new appointment with a specialist on a day that was already
planned to be spent at a hospital, feedback alone may be effective. For diabetes and/or hyperten-
sion, it appears that patients may need to be supported in adhering to provider feedback.

It is unsurprising that the impaired vision/hearing systematic review was an empty review, as this
was an exclusion criteria for many of our identified RCTs - despite the fact that impaired vision and
hearing are conditions that will only increase with age, along with other chronic diseases. In a longi-
tudinal Icelandic population study, 42% of adults over 67 had impaired vision and/or hearing,
which increased mortality risk even after adjusting for covariates such as age and other chronic dis-
eases (70). There is both potential and need to tailor RPM to people with impaired vision/hearing,
particularly if they have other chronic conditions, or conditions that limit mobility and utilization of
in-person health services. RPM technologies should be developed following universal design princi-
ples to be suitable for people with disabilities. Doing so many allow for the inclusion of other under-
represented populations, such as people with cognitive impairments (71), as well as older patients,
who may have the most to gain from attention in the design phase to vision, hearing, and cognitive
impairments (72, 73) .

Need for further research

While physical multi-morbidities were reported by many RCTs, most excluded based on psychiatric
multi-morbidity. Excluding patients on the basis of psychiatric multi-morbidities is, unfortunately,
standard practice in clinical trials; investigators often assume that these potential patients will
struggle more with treatment adherence than other patients. However, a recent systematic review
of technology-assisted interventions for people with severe mental illness reported “concerning”
levels of attrition (>20%) among less than 10% of trials (74) - while an earlier review of RCTs pub-
lished in four top medical journals reported that 18% of trials have attrition levels >20% (75). As-
suming that patients with mental health problems will not comply may be selling them short. Ex-
cluding patients who use any type of psychotropic medicine, or those with anxiety, depression, alco-
hol, and/or substance problems, belies the prevalence of these conditions among people with diabe-
tes and/or hypertension. A range of estimates point towards higher prevalence of depression (76)
and anxiety (77) among people with diabetes, while substance use disorders and other mental ill-
nesses increase the risk of both diabetes and hypertension (78, 79). We encourage the inclusion of
people with comorbid mental health problems in future trials of RPM for chronic physical condi-
tions, and the inclusion of people with other cognitive impairments.

Qualitative methods are an important tool to understand why patient-reported outcomes such as
health-related quality of life were not improved by RPM. Previous qualitative studies have reported
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conflicting experiences, such as patients who feel empowered and confident through handling their
own data, while others are made anxious by frequent measurements and discouraged that they will
be able to change their health status (80, 81). Future research can recruit among trial participants
and explore the experiences of participants receiving RPM compared to usual care, and potentially
identify particular groups who would benefit from additional or different support.

One such qualitative study was conducted among the patients and providers in Wild et al.’s RCT
(82). A key finding was that the burden of RPM was experienced quite differently between these two
groups. RPM was seen as convenient and sensible by patients, while providers felt RPM was an addi-
tional burden to their workload, and could not imagine RPM being a scalable intervention, given the
amount of time they were required to spend providing feedback to the data transmitted. The lack of
efficacy seen in our review may be in part explained by difficulties in implementation from the pro-
vider side, and such difficulties may best be explored through qualitative methods.

Potential topics for future commissioned systematic reviews

¢ RPM implemented within specialist health services, over the internet, or without provider
input (i.e. fully automated) - our list of excluded studies contains those that we identified
after full-text screening.

* RPM for patients with dementia, Alzheimers, or other neurodegenerative diseases.

* RPM for people in institutional settings that are not healthcare-related, such as prisons or
community living programs for people with developmental disabilities.

e Patient and provider experiences of RPM development, organization, or implementation.
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Conclusion

In this comprehensive overview of four systematic reviews, we aimed to assess the effectiveness of
a specific type of remote patient monitoring (RPM) on clinical and health care utilization outcomes
for chronic disease patients. This specific type of RPM was implemented in eleven randomized con-
trolled trials (RCTs) of patients with diabetes and/or hypertension, and it had little to no effective-
ness on the majority of outcomes compared to usual care. RPM patients experienced a small, clini-
cally non-meaningful reduction in HbA1c (we have moderate certainty in this finding), and likely a
similarly small reduction in systolic blood pressure (moderate certainty). Usual care patients re-
ported an improvement in the physical health component of health-related quality of life, but the
effect size was very small (moderate certainty). We have low certainty that RPM also did not impact
diastolic blood pressure, cholesterol, patients with hospitalizations or emergency stays, or the men-
tal health component of health-related quality of life. In the remaining 23 secondary outcomes in
which we did not assess our certainty in, RPM had no effect in 22 of them, and a negative effect in
one, weight.

The slight benefit of RPM to HbA1c and systolic blood pressure, and the negative effect of RPM on
one type of health-related quality of life, have both been reported in previous reviews utilizing dif-
ferent or broader definitions of RPM. These somewhat disappointing results may be because RPM
facilitates data transmission, analysis, and feedback, but does not necessarily assist patients in mak-
ing or sustaining the medication, diet, or physical activity change that are often necessary for these
conditions. RPM could be seen as a bridge to necessary further support, but not superior by itself to
usual care. More complex RPM interventions may be required to support such complicated behav-
ioral change, such as interventions combining multiple components, or perhaps involving specialists
from the beginning.

More complex interventions are on the horizon. With machine learning and artificial intelligence
(AI), the potential of RPM is unlimited. Such enhanced RPM strategies can collect and analyze mas-
sive amounts of real-time data, genomic information, and other risk factors, and they have the po-
tential to increase accuracy and speed of clinical decision-making and follow-up. While Al-aided
RPM strategies would likely not fall under our definition of RPM, this overview has, at the very least,
pointed to the patient groups and outcomes not currently being effectively served, and that could be
targets of RPM strategies of the future.
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Appendices

Appendix 1. Search strategy

Database: Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations
and Daily 1946 to May 21, 2019
Dato: 22.05.2019

Treff: 1352

# Searches Results

1 Telemedicine/ 19411

2 Telerehabilitation/ 245

3 Telenursing/ 199

4 Remote Consultation/ 4542

5 or/1-4 23509

6 exp Telecommunications/ 84877
7 (care or healthcare).hw. 1179219

8 6and7 14549

9 (telecare or telecheck* or teleconsult* or telefollow* or telehealth* or telehome* or telemanag*

or telemedicine or telemental* or telemonitor* or telenursing* or telepatient* or telepsych™* or tele-
rehab* or telereport* or telesupport*).ti,ab,kf. 16721

10 ((tele or telemedical* or tele medical*) adj (care or checkup* or check up* or consult* or fol-
lowup* or follow up* or health* or home* or manag* or medicine* or mental or monitor* or nurs-
ing* or patient* or psych* or rehab* or report* or support*)).ti,ab,kf. 837

11 (ecare or econsult* or ehealth or emedicine or emental* or enursing* or erehab* or mcare or
mconsult* or mhealth or mmedicine or mmental* or mnurs*).ti,ab,kf. 6002

12 ((e or m or mobile or digital) adj (care or consult* or health* or medicine* or mental* or nurs-
ing* or rehab*)).ti,ab,kf. 7806

13 (remote adj2 (care or checkup* or check up* or consult* or followup* or follow up* or health*
or home* or manag* or medicine* or mental or monitor* or nursing or patient* or psych* or rehab*
or self)).ti,ab,kf. 5456
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14 5or8or9orl10orl1lorl12ori13 46223

15 Meta-Analysis/ 101020

16 Meta-Analysis as Topic/ 16935

17 Systematic Reviews as Topic/ 2257

18 Systematic Review.pt. 106708

19 ((systematic* adj2 (overview or review* or search*)) or meta anal* or metaanal* or meta re-
gression* or meta review* or umbrella review™* or "overview of reviews" or "review of reviews" or
(evidence* adj2 synth*) or synthesis review*).ti,ab,kf. 256235

20 Review.pt. and (pubmed or medline).ab. 120264

21 or/15-20 325341

22 14 and21 2050
23 exp animals/ not humans.sh. 4581973
24 (news or editorial or comment).pt. 1300176

25 22not (23 or 24)2033
26  limit 25 to yr="2015-Current” 1354
27 remove duplicates from 26 1352

Database: (OVID) Embase 1974 to 2019 May 21
Dato: 22.05.2019
Treff: 713

Searches Results

*telemedicine/ 11894

*telehealth/ 2600

*teleconsultation/ 2826

*telepsychiatry/ 340

*telerehabilitation/ 316

*telenursing/ 151

or/1-6 17846

exp *telecommunication/ 29287

exp *health care delivery/ 624637

8and9 21385

11 (telecare or telecheck* or teleconsult* or telefollow™ or telehealth* or telehome* or telemanag*
or telemedicine or telemental* or telemonitor* or telenurs* or telepatient* or telepsych* or telere-

O© 0 3 O U1 > W N - FH

—_
o

hab* or telereport* or telesupport*).ti,ab,kw. 22356

12 ((tele or telemedical* or tele medical*) adj (care* or checkup* or check up* or consult* or fol-
lowup* or follow up* or health* or home* or manag* or medicine* or mental or monitor* or nurs* or
patient® or psych* or rehab* or report* or support*)).ti,ab,kw. 1545

13 (ecare or econsult* or ehealth or emedicine or emental* or enurs* or erehab* or mcare or
mconsult* or mhealth or mnurse or mcare or mnursing or mconsult* or mmedicine or mmental* or
mnurs*).ti,ab,kw. 5998
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14  ((e or m or mobile or digital) adj (care or consult* or health* or medicine* or mental* or nurs*
or rehab*)).ti,abkw. 9438

15 (remote adj2 (care* or checkup* or check up* or consult* or followup* or follow up* or health*
or home* or manag* or medicine* or mental or monitor* or nursing or patient* or psych* or rehab*
or self)).ti,abkw. 8446

16 7or10or1lor12or13or14or15 47982

17 Meta Analysis/ 162846

18 Systematic Review/ 204735

19 ((systematic* adj2 (overview or review* or search*)) or meta anal* or metaanal* or meta re-
gression* or meta review* or umbrella review* or "overview of reviews" or "review of reviews" or
(evidence* adj2 synth*) or synthesis review*).ti,ab,kw. 328748

20 (review and (pubmed or medline)).ti,ab. 158206

21 or/17-20 443237

22 16and 21 2228

23 (exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/
or animal cell/ or nonhuman/) not (human/ or normal human/ or human cell/) 6195378

24 (news or editorial or comment).pt. 601134

25 22 not (23 or24)2223

26  limit 25 to yr="2015-current” 1479

27 limit 26 to embase 719

28 remove duplicates from 27 713

Database: (OVID) PsycINFO 1806 to May Week 2 2019
Dato: 22.05.2019

Treff: 344

#  Searches Results

1 telemedicine/ 4751

2 exp internet/ 28372

3 exp TELECOMMUNICATIONS MEDIA/ 12461

4 2o0r3 40381

5 exp health care delivery/36915

6 4and5 1032

7 (telecare or telecheck* or teleconsult* or telefollow™* or telehealth* or telehome* or telemanag*

or telemedicine or telemental* or telemonitor* or telenurs* or telepatient* or telepsych* or telere-
hab* or telereport* or telesupport*).ti,ab,id. 3874

8 ((tele or telemedical* or tele medical*) adj (care* or checkup™ or check up* or consult* or fol-
lowup™* or follow up* or health* or home* or manag* or medicine* or mental or monitor* or nurs* or
patient™ or psych* or rehab* or report* or support*)).ti,ab,id. 192
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9 (ecare or econsult* or ehealth or emedicine or emental* or enurs* or erehab* or mcare or
mconsult* or mhealth or mnurse or mcare or mnursing or mconsult* or mmedicine or mmental* or
mnurs*).ti,ab,id. 1417

10 ((e or m or mobile or digital) adj (care or consult* or health* or medicine* or mental* or nurs*
or rehab*)).ti,ab,id. 2020

11 (remote adj2 (care* or checkup* or check up* or consult* or followup* or follow up* or health*
or home* or manag* or medicine* or mental or monitor* or nursing or patient* or psych* or rehab*
or self)).ti,ab,id. 761

12 lor6or7or8or9orl10orl1l 8541

13 Meta Analysis/ 4417

14 Systematic Review.md. 21348

15 ((systematic* adj2 (overview or review* or search*)) or meta anal* or metaanal* or meta re-
gression™ or meta review* or umbrella review* or "overview of reviews" or "review of reviews" or
(evidence* adj2 synth*) or synthesis review*).ti,ab,id. 57176

16 (review and (pubmed or medline)).ti,ab. 15784

17 or/13-16 65050

18 12and 17 541
19 limit 18 to yr="2015-current” 344
20 remove duplicates from 19 344

Database: Epistemonikos
Dato: 22.05.2019
Treff: 1418 (Broad synthesis 33, Structured summary 5, Systematic review 1380)

[Title/Abstract:] (telecare or telecheck* or teleconsult* or telefollow™ or telehealth* or telehome* or
telemanag* or telemedic* or telemental* or telemonitor* or telenursing* or telepatient® or
telepsych* or telerehab* or telereport* or telesupport* or tele-care or tele-check* or tele-consult* or
tele-follow™* or tele-health* or tele-home* or tele-manag* or tele-medic* or tele-mental* or tele-mon-
itor* or tele-nursing* or tele-patient™ or tele-psych* or tele-rehab* or tele-report* or tele-support*
or ecare or econsult* or ehealth or emedicine or emental* or enurs* or erehab* or mcare or mcon-
sult* or mhealth* or mmedicine or mmental* or mnursing* or e-care or e-consult* or e-health or e-
medicine or e-mental* or e-nurs* or e-rehab™ or m-care or m-consult* or m-health* or m-medicine
or m-mental* or m-nursing* or "mobile care" or "mobile consultation” or "mobile consultations" or
"mobile health" or "mobile healthcare" or "mobile medicine" or "mobile mental” or "mobile nursing"
or "mobile rehabilitation” or "mobile rehabilitations" or "digital care" or "digital consultation" or
"digital consultations" or "digital health" or "digital healthcare" or "digital medicine" or "digital
mental” or "digital nursing” or "digital rehabilitation" or "digital rehabilitations")

OR

[Title/Abstract:] (remote) AND (care* OR checkup* OR check-up* OR "check up" OR "check ups" OR
consult* OR followup* OR follow-up* OR "follow up"” OR "follow ups" OR health* OR home* OR
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manag* OR medicine* OR mental OR monitor* OR nursing OR patient* OR psych* OR rehab* OR self-
*)

Database: Cochrane Library (Wiley)
Dato: 22.05.2019
Treff: 681

ID Search Hits

#1 MeSH descriptor: [Telemedicine] this term only 1666
#2 MeSH descriptor: [Telerehabilitation] this term only 76

#3 MeSH descriptor: [Telenursing] this term only 28

#4 MeSH descriptor: [Remote Consultation] this term only 350

#5 {or #1-#4} 2083

#6 MeSH descriptor: [Telecommunications] explode all trees 5541

#7 MeSH descriptor: [Delivery of Health Care] explode all trees 42729

#8 #6 and #7 3336

#9 (telecare or telecheck* or teleconsult* or telefollow* or telehealth* or telehome* or telemanag*
or telemedicine or telemental* or telemonitor* or telenursing* or telepatient* or telepsych* or tele-
rehab* or telereport* or telesupport*):tiab 3163

#10 ((tele or telemedical* or tele-medical*) NEXT (care or checkup* or check-up* or consult* or
followup* or follow-up* or health* or home* or manag* or medicine* or mental or monitor* or nurs-
ing* or patient* or psych* or rehab* or report* or support*)):tiab 386

#11 (ecare or econsult* or ehealth or emedicine or emental* or enursing* or erehab* or mcare or
mconsult* or mhealth or mmedicine or mmental* or mnurs*):tiab 1445

#12 (e-care or e-consult® or e-health or e-medicine or e-mental* or e-nurs* or e-rehab* or m-care
or m-consult* or m-health* or m-medicine or m-mental* or m-nursing*):ti,ab2678

#13 (remote NEAR/2 (care* or checkup* or check-up* or consult* or followup* or follow-up* or
health* or home* or manag* or medicine* or mental or monitor* or nursing or patient™ or psych* or
rehab* or self)):ti,ab 920

#14 {or #5, #8-#13} with Cochrane Library publication date Between Jan 2015 and May 2019, in
Cochrane Reviews

Database: Web Of Science Core Collection [SCI-EXPANDED & SSCI] (Clarivate)
Dato: 22.05.2019
Treff: 681

#1 TOPIC: (telecare or telecheck* or teleconsult* or telefollow* or telehealth* or telehome* or te-

lemanag* or telemedicine or telemental* or telemonitor* or telenursing* or telepatient® or
telepsych* or telerehab* or telereport* or telesupport*) 19,466
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# 2 TOPIC: (((tele or telemedical* or tele-medical*) NEAR/O (care or checkup* or check-up* or
consult* or followup* or follow-up* or health* or home* or manag* or medicine* or mental or moni-
tor* or nursing* or patient* or psych* or rehab* or report* or support*))) 1,069

# 3 TOPIC: ((ecare or econsult* or ehealth or emedicine or emental* or enursing* or erehab* or
mcare or mconsult* or mhealth or mmedicine or mmental* or mnurs*)) 5,956

#4 TOPIC: (e-care or e-consult* or e-health or e-medicine or e-mental* or e-nurs* or e-rehab* or
m-care or m-consult* or m-health* or m-medicine or m-mental* or m-nursing*) 4,987

#5 TOPIC: ((remote NEAR/1 (care* or checkup* or check-up* or consult* or followup* or follow-
up* or health* or home* or manag* or medicine* or mental or monitor* or nursing or patient* or
psych* or rehab* or self))) 8,044

# 6 TOPIC: (((systematic* NEAR/2 (overview or review* or search*)) or meta-anal* or metaanal*
or meta-regression* or meta-review* or umbrella-review* or "overview of reviews" or "review of

reviews" or (evidence* NEAR/1 synth*) or synthesis-review*)) 449,422
#7 #50R#4OR#3O0R#2O0R#1 35408
#8 #7 AND #6 1,639 [Indexes=SCI-EXPANDED, SSCI, A&HCI, ESCI Timespan=2015-2019]

Appendix 2. Excluded reviews

Systematic reviews excluded after full-text assessment are listed alphabetically, along with the rea-
son for their exclusion and the chronic disease group of interest.

Appendix Table 2.1

Systematic review Reason for exclu- Chronic
sion disease

Adamson PB, Ginn G, Anker SD, Bourge RC, Abraham WT. Remote haemody- Not RPM (Specialist heart fail-

namic-guided care for patients with chronic heart failure: a meta-analysis of health services) ure

completed trials. Eur ] Heart Fail 2017;19(3):426-33.

Agboola SO, Ju W, Elfiky A, Kvedar ]JC, Jethwani K. The effect of technology-based | Not RPM (Interven- cancer

interventions on pain, depression, and quality of life in patients with cancer: a tions; or in specialist

systematic review of randomized controlled trials. ] Med Internet Res health services)

2015;17(3):e65.

Agostini M, Moja L, Banzi R, Pistotti V, Tonin P, Venneri A, et al. Telerehabilita- Not RPM (exercise multiple

tion and recovery of motor function: a systematic review and meta-analysis. | monitoring; internet-

Telemed Telecare 2015;21(4):202-13. based)

Aminov A, Rogers JM, Middleton S, Caeyenberghs K, Wilson PH. What do ran- Not RPM (exercise stroke

domized controlled trials say about virtual rehabilitation in stroke? A system- monitoring)

atic literature review and meta-analysis of upper-limb and cognitive outcomes.

Journal of NeuroEngineering and Rehabilitation 2018;15(1):1-24.
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Arambepola C, Ricci-Cabello I, Manikavasagam P, Roberts N, French DP, Farmer | Not RPM (No pro- diabetes

A. The impact of automated brief messages promoting lifestyle changes deliv- vider input in moni-

ered via mobile devices to people with type 2 diabetes: a systematic literature toring)

review and meta-analysis of controlled trials. ] Med Internet Res

2016;18(4):e86.

Aronow WS, Shamliyan TA. Comparative effectiveness of disease management Low/moderate meth- | chronic

with information communication technology for preventing hospitalization and | odological quality heart fail-

readmission in adults with chronic congestive heart failure. ] Am Med Dir Assoc ure

2018;19(6):472-9.

Bashi N, Karunanithi M, Fatehi F, Ding H, Walters D. Remote monitoring of pa- No included system- heart fail-

tients with heart failure: an overview of systematic reviews. ] Med Internet Res atic reviews meet our | ure

2017;19(1):e18. definition

Batsis JA, DiMilia PR, Seo LM, Fortuna KL, Kennedy MA, Blunt HB, et al. Effec- Not RPM (Interven- multiple

tiveness of ambulatory telemedicine care in older adults: a systematic review. ] tions)

Am Geriatr Soc 2019;67(8):1737-49.

Bauce K, Fahs DB, Batten ], Whittemore R. Videoconferencing for management Not systematic re- heart fail-

of heart failure an integrative review. ] Gerontol Nurs 2018; 44(4):45-52. view ure

Bhavnani S, Waalen ], Srivastava A, Heywood JT. Which patients? Which de- Not systematic re- heart fail-

vices? Mhealth monitoring with wearable and implantable devices in heart fail- | view ure

ure: meta analyses of randomized trails. ] Am Coll Cardiol 2015;65 (Supple-

ment):A1030.

Bush ML, Thompson R, Irungu C, Ayugi J. The role of telemedicine in auditory Not RPM (Specialist impaired

rehabilitation: a systematic review. Otol Neurotol 2016;37(10):1466-74. health services) hearing

Cajita MI, Gleason KT, Han HR. A systematic review of mHealth-based heart fail- | Low/moderate meth- | heart fail-

ure interventions. ] Cardiovasc Nurs 2016;31(3):E10-22. odological quality ure

Carbo A, Gupta M, Tamariz L, Palacio A, Levis S, Nemeth Z, et al. Mobile technol- Low/moderate meth- | heart fail-

ogies for managing heart failure: a systematic review and meta-analysis. Tele- odological quality ure

med ] E Health 2018;24(02):958-68.

Chan C, Yamabayashi C, Syed N, Kirkham A, Camp PG. Exercise telemonitoring Not RPM (exercise cardiovas-

and telerehabilitation compared with traditional cardiac and pulmonary reha- monitoring) cular dis-

bilitation: a systematic review and meta-analysis. Physiother Can ease,

2016;68(3):242-51. chronic ob-
structive
pulmonary
disease

Chandak A, Joshi A. Self-management of hypertension using technology enabled | Not systematic re- hyperten-

interventions in primary care settings. Technol Health Care 2015;23(2):119-28. | view sion

Chen ], Jin W, Zhang XX, Xu W, Liu XN, Ren CC. Telerehabilitation approaches for | Not RPM (exercise stroke

stroke patients: systematic review and meta-analysis of randomized controlled | monitoring)

trials. ] Stroke Cerebrovasc Dis 2015;24(12):2660-8.

Chen YY, Guan BS, Li ZK, Li XY. Effect of telehealth intervention on breast cancer | Not RPM (Interven- cancer

patients' quality of life and psychological outcomes: a meta-analysis. ] Telemed tions)

Telecare 2018;24(3):157-67.

Chongmelaxme B, Lee S, Dhippayom T, Saokaew S, Chaiyakunapruk N, Dilok- Low/moderate meth- | asthma

thornsakul P. The effects of telemedicine on asthma control and patients' qual- odological quality

ity of life in adults: a systematic review and meta-analysis. ] Allergy Clin Immu-

nol Pract 2019;7(1):199-16.

Clark RA. Telehealth in the elderly with chronic heart failure: what is the evi- Not systematic re- chronic

dence? Stud Health Technol Inform 2018;246(Jan):18-23. view heart fail-
ure
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Conway N, Webster C, Smith B, Wake D. eHealth and the use of individually tai- Not RPM (No pro- multiple
lored information: a systematic review. Health Inform ] 2017;23(3):218-33. vider input in moni-
toring)

Cottrell MA, Galea OA, O'Leary SP, Hill A], Russell TG. Real-time telerehabilita- Not RPM (exercise musculo-
tion for the treatment of musculoskeletal conditions is effective and comparable | monitoring) skeletal
to standard practice: a systematic review and meta-analysis. Clin Rehabil
2017;31(5):625-38.
Cristo Dd, Nascimento NPd, Dias AS, Sachetti A. Telerehabilitation for cardiac Not RPM (exercise cardiovas-
patients: systematic review. Int j cardiovasc sci (Impr) 2018;31(4):443-50. monitoring) cular dis-

ease
Cruz JPdS. Self-management in the rehabilitation of patients with chronic ob- Low/moderate meth- | chronic ob-
structive pulmonary disease: the role of telemonitoring and physical activity. odological quality structive
Dissertation Abstracts International Section C: Worldwide 2018;75(1-C):No pulmonary
Pagination Specified. disease
Da Silva RH, Moore SA, Price CI. Self-directed therapy programmes for arm re- Not RPM (exercise stroke
habilitation after stroke: a systematic review. Clin Rehabil 2018;32(10):1412-1. | monitoring)
de la Torre-Diez I, Lopez-Coronado M, Vaca C, Aguado ]S, de Castro C. Cost-util- Not systematic re- multiple
ity and cost-effectiveness studies of telemedicine, electronic, and mobile health view
systems in the literature: a systematic review. Telemed ] E Health
2015;21(2):81-5.
Delgoshaei B, Mobinizadeh M, Mojdekar R, Afzal E, Arabloo ], Mohamadi E. Tele- | Not systematic re- multiple
medicine: a systematic review of economic evaluations. Med ] Islam Repub Iran | view
2017;(20 Dec).
Devi R, Singh SJ], Powell ], Fulton EA, Igbinedion E, Rees K. Internet-based inter- Not RPM (Internet- coronary
ventions for the secondary prevention of coronary heart disease. Cochrane Da- based) heart dis-
tabase of Systematic Reviews 2015;(12):CD009386. ease
Diedrich L, Dockweiler C, Kupitz A, Hornberg C. Telemonitoring in heart failure: | Low/moderate meth- | heart fail-
update on health-related and economic implications. Herz 2018;43(4):298-09. odological quality ure
Dikoudi A, Sourtzi P. EkmaiSevutikeg mapepfaocelg pe tn xprion TnAciatpung oto | Language diabetes
Takyxapwndn Awafntn To-mov Il kal oL EMMTWOELS TOUG 0TO YAUKALUL-KO EAEY)O.
Nursing Care & Research / Nosileia kai Ereuna 2017;9(48):144-68 [in greek].
Dobson R, Whittaker R, Pfaeffli Dale L, Maddison R. The effectiveness of text Not RPM (No pro- diabetes
message-based self-management interventions for poorly-controlled diabetes: a | vider input in moni-
systematic review. Digit Health 2017;3(Nov):1-12. toring)
Duan Y, Xie Z, Dong F, Wu Z, Lin Z, Sun N, et al. Effectiveness of home blood Low/moderate meth- | hyperten-
pressure telemonitoring: a systematic review and meta-analysis of randomised | odological quality sion
controlled studies. ] Hum Hypertens 2017;31(7):427-37.
Duan YX, Xie ZQ. Effectiveness of home blodd presuure telemonitoring: a sys- Not systematic re- hyperten-
tematic review and meta-analysis of randomized controlled studies. ] Hypertens | view sion
2018;31(7):427-437.
Duke DC, Barry S, Wagner DV, Speight ], Choudhary P, Harris MA. Distal technol- | Not systematic re- diabetes
ogies and type 1 diabetes management. Lancet Diabetes Endocrinol view
2018;6(2):143-56.
Emtekaer Haesum LK, Ehlers L, Hejlesen O K. Influence of health literacy on out- | Wrong outcome multiple
comes using telehomecare technology: a systematic review. HEALTH EDUC ]
2016;75(1):72-83.
Escriva Boulley G, Leroy T, Bernetiere C, Paquienseguy F, Desfriches-Doria O, Not RPM (No pro- cancer

Preau M. Digital health interventions to help living with cancer: a systematic re-
view of participants' engagement and psychosocial effects. Psychooncology
2018;27(12):2677-86.

vider input in moni-
toring; specialist
health services)
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Flodgren G, Rachas A, Farmer AJ, Inzitari M, Shepperd S. Interactive telemedi- Search before 2015 multiple
cine: effects on professional practice and health care outcomes. Cochrane Data-
base of Systematic Reviews 2015;(9):CD002098.
Fridriksdottir N, Gunnarsdottir S, Zoega S, Ingadottir B, Hafsteinsdottir EJG. Ef- Not RPM (Specialist cancer
fects of web-based interventions on cancer patients' symptoms: review of ran- health services; or in-
domized trials. Support Care Cancer 2018;26(2):337-51. ternet-based)
Gandhi S, Chen S, Hong L, Sun K, Gong E, Li C, et al. Effect of mobile health inter- | Not RPM (Specialist cardiovas-
ventions on the secondary prevention of cardiovascular disease: systematic re- | health services; no cular dis-
view and meta-analysis. Can ] Cardiol 2017;33(2):219-31. provider input; mo- ease
bile applications; or
internet-based)
Garabedian LF, Ross-Degnan D, Wharam JF. Mobile phone and smartphone tech- | Not systematic re- diabetes
nologies for diabetes care and self-management. Curr Diabetes Rep view
2015;15(12):1009.
Gordon LAN. Assessment of smart watches for management of non-communica- | Not systematic re- multiple
ble diseases in the ageing population: a systematic review. Geriatr view
2018;3(3):56.
Gregersen TL, Green A, Frausing E, Ringbaek T, Brondum E, Suppli UC. Do tele- Not systematic re- chronic ob-
medical interventions improve quality of life in patients with COPD? A system- view structive
atic review. Int ] Chron Obstruct Pulmon Dis 2016;11(Apr):809-22. pulmonary
disease
Grona SL, Bath B, Busch A, Rotter T, Trask C, Harrison E. Use of videoconferenc- | Not RPM (exercise musculo-
ing for physical therapy in people with musculoskeletal conditions: a systematic | monitoring) skeletal
review. ] Telemed Telecare 2018;24(5):341-55.
Gu X, Zhu Y, Zhang Y, Sun L, Bao ZY, Shen JH, et al. Effect of telehealth interven- Low/moderate meth- | cardiovas-
tions on major cardiovascular outcomes: a metaanalysis of randomized con- odological quality cular dis-
trolled trials. ] Geriatr Cardiol. 2017;14(8):501-8. ease
Hall AK, Cole-Lewis H, Bernhardt JM. Mobile text messaging for health: a sys- Not RPM (Interven- multiple
tematic review of reviews. Annu Rev Public Health. 2015;18(36):393-415. tions)
Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth Not systematic re- multiple
chronic disease management on treatment adherence and patient outcomes: a view
systematic review. ] Med Internet Res 2015;17(2):e52.
Hanlon P, Daines L, Campbell C, McKinstry B, Weller D, Pinnock H. Telehealth in- | Included systematic multiple
terventions to support self-management of long-term conditions: a systematic reviews not described
metareview of diabetes, heart failure, asthma, chronic obstructive pulmonary enough to assess eli-
disease, and cancer. ] Med Internet Res 2017;19(5):e172. gibility
Harerimana B, Forchuk C, O'Regan T. The use of technology for mental Not RPM (Interven- psychiatric
healthcare delivery among older adults with depressive symptoms: a systematic | tions)
literature review. Int ] Ment Health Nurs 2019;28(3):657-70.
Health Quality Ontario. Remote monitoring of implantable cardioverter-defibril- | Not RPM (Specialist heart fail-
lators, cardiac resynchronization therapy and permanent pacemakers: a health health services) ure, abnor-
technology assessment. Ont Health Technol Assess Ser 2018;18(7):1-199. mal heart
rate or
rhythm
Heitkemper EM, Mamykina L, Travers ], Smaldone A. Do health information Low/moderate meth- | diabetes
technology self-management interventions improve glycemic control in medi- odological quality
cally underserved adults with diabetes? A systematic review and meta-analysis.
] Am Med Inform Assoc 2017;24(5):1024-35.
Honarvar B, Salehi F, Shaygani F, Hajebrahimi M, Homayounfar R, Dehghan S, et | Included systematic diabetes

al. Opportunities and threats of electronic health in management of diabetes

reviews not described
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mellitus: an umbrella review of systematic review and meta-analysis studies.
Shiraz E Medical Journal 2019;20(1).

enough to assess eli-
gibility

Hong Y, Lee SH. Effectiveness of tele-monitoring by patient severity and inter- Low/moderate meth- | chronic ob-
vention type in chronic obstructive pulmonary disease patients: a systematic re- | odological quality structive
view and meta-analysis. Int ] Nurs Stud 2019;92(apr):1-15. pulmonary
disease
HuY, Wen X, Wang F, Yang D, Liu S, Li P, et al. Effect of telemedicine interven- Low/moderate meth- | diabetes
tion on hypoglycaemia in diabetes patients: a systematic review and meta-anal- | odological quality
ysis of randomised controlled trials. ] Telemed Telecare 2019;25(7):402-13.
Huang JW, Lin YY, Wu NY. The effectiveness of telemedicine on body mass in- Low/moderate meth- | multiple
dex: a systematic review and meta-analysis. ] Telemed Telecare odological quality
2019;25(7):389-1.
Huang K, Liu W, He D, Huang B, Xiao D, Peng Y, et al. Telehealth interventions Not RPM (exercise coronary
versus center-based cardiac rehabilitation of coronary artery disease: A system- | monitoring) artery dis-
atic review and meta-analysis. Eur ] Prev Cardiolog 2015;22(8):959-71. ease
Huang Z, Tao H, Meng Q, Jing L. Effects of telecare intervention on glycemic con- | Search before 2015 diabetes
trol in type 2 diabetes: a systematic review and meta-analysis of randomized
controlled trials. Eur ] Endocrinol. 2015; 172(3):93-101.
Inglis SC, Clark RA, Dierckx R, Prieto-Merino D, Cleland ]JG. Structured telephone | Low/moderate meth- | heart fail-
support or non-invasive telemonitoring for patients with heart failure. odological quality ure
Cochrane Database Syst Rev. 2015;(10):CD007228.
Inglis SC, Conway A, Cleland JG, Clark RA. Is age a factor in the success or failure | Not systematic re- heart fail-
of remote monitoring in heart failure? Telemonitoring and structured telephone | view ure
support in elderly heart failure patients. Eur | Cardiovasc Nurs 2015;14(3):248-
55.
Jayakody A, Bryant ], Carey M, Hobden B, Dodd N, Sanson-Fisher R. Effective- Not RPM (Interven- multiple
ness of interventions utilising telephone follow up in reducing hospital readmis- | tions; or in specialist
sion within 30 days for individuals with chronic disease: a systematic review. health services)
BMC Health Serv Res 2016;16(1):403.
Jin K, Khonsari S, Gallagher R, Gallagher P, Clark AM, Freedman B, et al. Tele- Not RPM (Interven- coronary
health interventions for the secondary prevention of coronary heart disease: a tions; in specialist heart dis-
systematic review and meta-analysis. Eur ] Cardiovasc Nurs 2019;18(4):260-71. | health services; no ease
provider input; or in-
ternet-based)
Kalankesh LR, Pourasghar F, Nicholson L, Ahmadi S, Hosseini M. Effect of tele- Not systematic re- multiple
health interventions on hospitalization indicators: a systematic review. Per- view
spect 2016;13(Fall).
Kew KM, Cates CJ. Home telemonitoring and remote feedback between clinic Not RPM (Specialist asthma
visits for asthma. Cochrane Database of Systematic Reviews health services)
2016;(8):CD011714.
Kew KM, Cates CJ. Remote versus face-to-face check-ups for asthma. Cochrane Not RPM (Specialist asthma
Database of Systematic Reviews 2016;4:CD011715. health services; chil-
dren; internet-based)
Kidholm K, Dahl Kristensen MB. Review of high quality economic evaluations of | Not systematic re- multiple
telemedicine. International Journal of Integrated Care (IJIC) 2016;16(5 Supple- view
ment):1-2.
Kim Y, Park JE, Lee BW, Jung CH, Park DA. Comparative effectiveness of tele- Low/moderate meth- | diabetes

monitoring versus usual care for type 2 diabetes: a systematic review and meta-
analysis. ] Telemed Telecare 2018;25(10):587-1.

odological quality
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Kitsiou S, Pare G, Jaana M, Gerber B. Effectiveness of mHealth interventions for Included systematic diabetes
patients with diabetes: an overview of systematic reviews. PLoS ONE reviews not described
2017;12(3). enough to assess eli-
gibility
Kitsiou S, Pare G, Jaana M. Effects of home telemonitoring interventions on pa- No included system- diabetes
tients with chronic heart failure: an overview of systematic reviews. ] Med In- atic reviews meet our
ternet Res 2015;17(3). definition
Klersy C, Boriani G, De Silvestri A, Mairesse GH, Braunschweig F, Scotti V, et al. Not RPM (Specialist heart fail-
Effect of telemonitoring of cardiac implantable electronic devices on healthcare | health services) ure
utilization: a meta-analysis of randomized controlled trials in patients with
heart failure. Eur ] Heart Fail 2016;18(2):195-204.
Knox L, Rahman R], Beedie C. Quality of life in patients receiving telemedicine Low/moderate meth- | chronic
enhanced chronic heart failure disease management: A meta-analysis. ] Telemed | odological quality heart fail-
Telecare 2017;23(7):639-49. ure
Koblauch H, Reinhardt SM, Lissau W, Jensen PL. The effect of telepsychiatric mo- | Not systematic re- psychiatric
dalities on reduction of readmissions in psychiatric settings: a systematic re- view
view. ] Telemed Telecare 2018;24(1):31-6.
Kotb A, Cameron C, Hsieh S, Wells G. Comparative effectiveness of different No included system- heart fail-
forms of telemedicine for individuals with heart failure (HF): a systematic re- atic reviews meet our | ure
view and network meta-analysis. PLoS ONE 2015;10(2). definition
Kraft P, Hillmann S, Rucker V, Heuschmann PU. Telemedical strategies for the Not RPM (Interven- stroke
improvement of secondary prevention in patients with cerebrovascular events- | tions; specialist
A systematic review and meta-analysis. Intj 2017;12(6):597-605. health services; or in-
ternet-based)

Kruse C, Pesek B, Anderson M, Brennan K, Comfort H. Telemonitoring to man- Not systematic re- chronic ob-
age chronic obstructive pulmonary disease: systematic literature review. JMIR view structive
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Appendix 3. Characteristics of included systematic reviews and RCTs

We used NIPH'’s checklist of systematic reviews to evaluate the included review’ methodological
quality. One question (9) regarding the authors’ conclusions was not possible to answer, as review
authors did not discuss individual RCTs, leaving eight questions and a summary evaluation.

1. Do the authors clearly describe the methods they used to identify primary studies?

2. Was the literature search conducted satisfactory/thorough?

3. Do the authors describe which criteria they used to determine which studies to include

(study design, participants, intervention, outcome)?

4. Were attempts made to reduce systematic bias during the study selection phase (explicit in-

clusion/exclusion criteria, selection made by multiple independent persons)?

5. Were criteria to assess the internal validity of studies clearly described?

6. Was the validity of the studies evaluated (either during inclusion or analysis of primary
studies) using relevant criteria?
7. Are the methods used when the results were summarized clearly described?

8. Were the results of the studies properly summarized?

Appendix Table 3.2 Evaluation of the included reviews' methodological quality

Review 1 2 3 4 5 6 7 8 Summary
Bittner etal. 2015 | Yes | Yes | Yes | Yes | Yes | N/A | Yes | N/A | High
Faruque etal. 2017 | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | High
Kebede etal. 2018 | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | High
Posadzki etal. 2016 | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | High

Appendix Table 3.3 RCTs mapped to systematic reviews

Systematic review

RCT Bittner et | Faruque Kebede et al. Posadzki et al.

al. 2015 et al. 2018 2016
2017

Carter etal. 2011 X

Dario et al. 2017 X

Egede etal. 2017 X

Magid et al. 2011 X

Nicolucci et al. 2015 X

Rodriguez-Idigoras et al. X

2009

Schillinger et al. 2009 X

Steventon et al. 2014 X
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Stone et al. 2010

Wakefield et al. 2011

Wild et al. 2016

Total RCTs
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Appendix Table 3.4 Description of included RCTs
Carter etal. 2011

Methods

Randomized controlled trial

Participants

Description: N=74 African American adults (mean age 51), HbA1C 8.9%, average blood pressure 147/88. BMI 35.8,
64% female. Comorbidities not reported.

Inclusion criteria: Type 2 diabetes, 18 years or older, residing in the target area, having a primary care physician
willing to participate in the project or being willing to be assigned to a participating primary care physician in their
community, being African American, and having the ability to read at an eighth grade level or higher.

Exclusion criteria: Visually or hearing impaired; non-English-speaking; dialysis requiring (because their disease is
too far advanced for them to benefit from the proposed diabetes self-management program); and reliance on psycho-
tropic medication (because their mental illness could lead to behavioral issues relative to treatment adherence that
are beyond the scope of the proposed diabetes self-management program).

Context: An urban primary care practice in USA.

Intervention

Provider-assisted telehealth self-management, 9 months.

Comparison

Usual care: contact with providers.

Outcomes

HbA1c, BM], systolic blood pressure, diastolic blood pressure

Dario et al. 2017

Methods Randomized controlled trial

Participants N=299 adults (mean age 73). Comorbidities: 4.7% stroke, 6.3% COPD, 3.7% connective tissue disease, 8.3% renal
disease.
Inclusion criteria: Diabetes type II, HbAlc > 7%
Exclusion criteria: Severe comorbidities with life expectancy <12 months, pregnancy, being cognitively unable to
participate, and impossibility or inability to use the devices provided or to complete questionnaires in the native lan-
guage
Context: Local Health Authority in the Veneto Region of northern Italy.

Intervention Telemonitoring, 12 months.

Comparison Usual care: contact with providers, measured HbAlc using paper logbooks and shared these logs with providers dur-
ing visits (unspecified frequency). Telehealth device operators routinely called patients for an overall health check.

Outcomes Quality of life (SF-12/36), primary care physical visits with procedures, HbAlc, bed days for hospitalized patients

(all-cause), bed days for hospitalized patients (diabetes-related), emergency department visit, outpatient visit with
diabetologist, outpatient visit with procedures with diabetologist, HADS anxiety scale, HADS depression scale

Egede etal. 2017
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Methods

Randomized controlled trial

Participants

N=113 adults (mean age 54). Average duration of diabetes type 2: 12.2 years. BMI 35.6, 28.6% male. Comorbidities:
not reported.

Inclusion criteria: type 2 diabetes and HbA1lc 28%, 18 years of age or older, receiving care within a participating
health center.

Exclusion criteria: showed mental confusion on interview suggesting significant dementia, participating in other
diabetes clinical trials, alcohol or drug abuse/dependency, active psychosis or acute mental disorder, life expectancy
<6 months, pregnant and/or lactating females.

Context: rural United States, recruited from health centers for low-income people.

Intervention

Telehealth system monitoring, 6 months

Comparison

Usual care: contact with providers. Specifically, providers determined treatment parameters, changed treatment reg-
imens, or scheduled follow-up visits, in addition to three scheduled visits for data collection. Patients initiated con-
tact between scheduled visits. Nurses followed up patients with abnormal results.

Outcomes

HbAlc

Magid et al. 201

Methods Randomized controlled trial

Participants N=338 adults (mean age 66). 65% white, 65% male. Comorbidities: 46.4% diabetes or chronic renal disease.
Inclusion criteria: patients with hypertension who were taking < 4 antihypertensive medications and who had ele-
vations in 2 of the 3 most recent electronic blood pressure measurements (>140 mm Hg for systolic or >90 mm Hg
for diastolic; for patients with diabetes mellitus or chronic kidney disease, >130 mm Hg for systolic or >80 mm Hg
for diastolic).
Exclusion criteria: none reported.
Context: three healthcare systems in Denver, USA, including a large health maintenance organization, a Veterans
Affairs medical center, and a county hospital.

Intervention Home measurement reporting, 6 months

Comparison Usual care: patients received an educational pamphlet about hypertension and instructions to follow up with their
provider.

Outcomes systolic blood pressure, diastolic blood pressure, blood pressure normalization

Nicolucci et al. 2015

Methods

Randomized controlled trial

Participants

N=302 adults (mean age 58), diabetes type 2 for an average of 8.5 years. BMI 28.9. 62% male. Comorbidities: 75.9%
hypertension; 43.8% dyslipidemia; 6.8% coronary heart disease; 3.6% congestive heart failure; 2.4% stroke/TIA;
5.6% myocardial infarction.
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Inclusion criteria: Type 2 diabetes; HbAlc between 7.5% and 10%; age >45 years; in treatment with sulfonylureas,
alone or in association with other oral hypoglycemic agents, or treated with basal insulin, alone or in association
with oral hypoglycemic agents; able to perform blood glucose self-monitoring; blood pressure >130/80mm Hg re-
gardless of the presence of antihypertensive treatment.

Exclusion criteria: Diabetes mellitus treated only with lifestyle intervention, or with monotherapy with metformin,
glitazones, dipeptidyl peptidase-4 inhibitors, or glucagon-like peptide-1 analogs; multiple injections of insulin; men-
tal conditions, depression, or high anxiety such as to render the subject incapable of understanding the nature, pur-
pose, and possible consequences of the study; inability to use the telemedicine system; pregnancy; major cardiovas-
cular event in the last 6 months (heart attack, stroke, intervention of coronary, carotid, or peripheral vascular reper-
fusion/revascularization); any serious health condition that substantially reduces life expectancy; any disease or
condition, including abuse of drugs or alcohol, that in the opinion of the investigator could interfere with the comple-
tion of the study; non-adherence to the protocol (e.g., unreliability, inability to attend follow-up visits, and unlikely to
complete the study procedures).

Context: Two health districts in Italy.

Intervention Home telehealth, 12 months
Comparison Usual care: follow-up by provider.
Outcomes HbA1lc, achieved target HbA1lc, Systolic blood pressure, diastolic blood pressure, quality of life (SF-12/36), choles-

terol, participants with specialist visits, participants with hospitalizations or emergency room visits, participants
with home visits, triglycerides

Rodriquez-Idigoras et al. 2009

Methods Randomized controlled trial

Participants N=328 adults (mean age 64 years), diabetes type for an average of 10.7 years. 78.4% obese, 48% female. Comorbidi-
ties: 69.2% hypertension; 39.0% dyslipidemia.
Inclusion criteria: Type 2 diabetes, >30 years, on a self-monitoring plan for at least 6 months before the beginning
of the study.
Exclusion criteria: Patients with difficulties in using the system because of the number and severity of their compli-
cations and comorbidities of diabetes, as well as those who required a caregiver.
Context: one province in Spain.

Intervention Teleassistance and telemedicine, 12 months

Comparison Usual care: not described. Usual contact with provider is implied.

Outcomes HbAlc

Schillinger et al. 2009

Methods

| Randomized controlled trial




Participants N=226 adults (mean age 56) with diabetes type 2 for an average of 9.8 years. 57% female. Comorbidities: not re-
ported.
Inclusion criteria: Type 2 diabetes; HbA1lc 28.0%; >17 years; speaks English, Spanish, or Cantonese; at least 1 pri-
mary care visit in the preceding 12 months.
Exclusion criteria: Moderate to severe dementia, psychotic illness, end-stage renal disease, were not expected to
live through the year, anticipated travel of >3 months in upcoming year, too ill or unable to travel to a group medical
visit, no phone access, self-reported hearing impairment, visual acuity of >20/100, or inability to follow instructions
on a telephone keypad.
Context: four safety net clinics in San Francisco, USA.

Intervention Self-Management Support and usual care, 9 months (outcome data collected there months after completion)

Comparison Usual care: encouragement to visit providers.

Outcomes Systolic blood pressure, diastolic blood pressure, HbA1lc, BMI, cost-effectiveness

Steventon et al.

2014

Methods Cluster randomized controlled trial

Participants N=513 adults (mean age 65). BMI 31.1; 42% female. Comorbidities: Comorbidity: 14.2% COPD; 10.9% ischemic
heart disease; 12.9% heart failure.
Inclusion criteria: age 18 years or over, received pharmacological treatment for at least one year, diagnosis of dia-
betes type 2 as index condition. (This study analyzed a subset of a larger study that included patients with either dia-
betes type 1 or 2, heart failure, or chronic obstructive pulmonary disease).
Exclusion criteria: not understanding the instructions for the equipment provided in English, or living in a home
unsuitable for telehealth (for example, with inadequate telephone line connection). Patients with additional co-mor-
bidities were not excluded.
Context: three sites in England considered representative of the range of local health and social care systems (Corn-
wall, Kent, Newham in East London).

Intervention Telehealth and usual care, 12 months.

Comparison Usual care: contact with providers. May have included self-monitoring of HbA1c for some patients, but without the
telehealth system.

Outcomes HbA1lc, achieved target HbAlc

Stone et al. 2010

Methods

Randomized controlled trial

Participants

N=150 adults (median age 59). 52% white, 99% male. Comorbidities: 35.7% coronary artery disease; 16.1% conges-
tive heart failure, 7.3% COPD.
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Inclusion criteria: Diabetes type 2 for >12 months; HbAlc =7.5%; had at least one outpatient visit in a primary care
clinic between 1 June 2004 and 31 December 2005, were aged <80 years, received pharmacological treatment for
diabetes for 212 months, had no referrals to the local diabetes clinic in the preceding 18 months.

Exclusion criteria: life expectancy of <6 months, participating in another study, resided in an institutional setting, or
did not have a land-based, analog home telephone line as required for the home telemonitoring device used.

Context: Veterans Administration primary care clinics around Pittsburgh, USA.

Intervention Home telemonitoring, 6 months

Comparison Monthly telephone contact with a diabetes nurse educator: patients kept logs of daily measurements (no further de-
tails) and discussed measurements and compliance with nurses.

Outcomes HbAlc, systolic blood pressure, diastolic blood pressure, cholesterol, triglycerides

Wakefield et al. 2011

Methods Randomized controlled trial

Participants N=302 patients (mean age 68). BMI 33.5, 98% male and 96% white. Comorbidities: not reported.
Inclusion criteria: coexisting diabetes Il and hypertension, HbAlc >7%, a landline telephone in the home, receipt of
primary care from the veterans administration in the previous 12 months, and anticipation of receiving primary care
for the duration of study enrollment.
Exclusion criteria: legally blind, residing in a long-term care facility, diagnoses indicating dementia or psychosis.
Context: Veterans Administration medical center in Iowa City, USA, which provides care for 36,000 veterans.

Intervention Home telehealth and remote monitoring, 6 months

Comparison Usual care: scheduled follow-up appointments with the primary care clinic in the usual manner, and had access to
the study nurse.

Outcomes Systolic blood pressure, HbAlc

Wild et al. 2016

Methods

Randomized controlled trial

Participants

N=321 adults (mean age 61) with type 2 diabetes for an average of 7.2 years. BMI 32.9, 33% female. Comorbidities:
not reported.

Inclusion criteria: type 2 diabetes managed in family practice, >17 years, availability of a mobile telephone signal at
home, and poor glycemic control, defined as HbA1lc >58 mmol/mol (>7.5%).

Exclusion criteria: blood pressure >210/135 mmHg, hypertension or renal disease managed in secondary care,
treatment for a cardiac event or other life-threatening illness within the previous 6 months, major surgery within the
last 3 months, atrial fibrillation unless successfully treated or cardioverted, inability to use self-monitoring equip-
ment, pregnancy.

Context: Recruited from family practices in United Kingdom.
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Intervention

Supported telemonitoring, 9 months

Comparison Usual care: Usual diabetes care in family practice is financially incentivized in the UK with targets set on a sliding
scale of rewards for glycemic and blood pressure control. Well-controlled patients are reviewed at least once a year,
but more frequent reviews are performed for people who have poor glycemic or blood pressure control.

Outcomes

HbA1c, systolic blood pressure, cholesterol, total HADS score, EQ-5D, general practitioner attendance count, practice

nurse attendance count, emergency department visits, all-cause hospitalization, daytime ambulatory blood pressure,
diabetes knowledge
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Appendix 4. Assessing quality of documentation by GRADE

Appendix Table 4.5
Certainty assessment Ne of patients
. Indi-
Ne of | Study de- | Risk of Incon- rect Impre- | Other con-
studies sign bias sistency cision | siderations
ness
HbA1c 10 randomi- | notse- | notserious | serious | not se- none 1138 1054
sed trials rious a rious
Systolic blood pressure 7 randomi- | notse- | notserious | serious? | not se- none 689 718
sed trials rious rious
Diastolic blood pressure 6 randomi- | notse- | notserious | serious® | serious none 592 615
sed trials rious ¢
Cholesterol 3 randomi- | notse- | serious® [ notse- | serious none 323 341
sed trials | rious rious d
Participants with hospitaliza- 1 randomi- | serious | seriousf | notse- | not se- none 11114 14/135
tions or ER visits (all-cause) sed trials e rious rious (9.6%) (10.4%)
Quality of life (SF-12/SF-36) 3 random- | serious | notserious | not seri- | serious none 381 317
mental health component ised trials h ous
Quality of life (SF-12/SF-36) 3 randomi- | serious | notserious [ notse- | serious none 381 317
physical health component sed trials 9 rious d
Total HADS score 1 random- | notseri- | serious 9 | not seri- | serious none 130 127
ised trials ous ous
Explanations
a. In four RCTs, patients differed significantly from the Norwegian patient population (e.g. American war veterans, urban poor, only men)
b. In two RCTs, patients differed significantly from the Norwegian patient population (e.g. American war veterans, urban poor, only men)
c. Effect estimates favor both RPM and usual care.
d. Wide confidence intervals, with studies showing both a moderately negative effect and a moderately positive effect
e. Likely bias related to study funding
f. One study
g. Performance bias, detection bias, attrition bias, and other bias.
h. Wide confidence interval and small number of participants.
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Appendix 5. Further results

Forest plots displaying raw data values.

Appendix Figure 1 Forest plot of HbA1c [%]

RPM Usual care

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Total Total IV, Random, 95% CIl IV, Random, 95% CI
Carter 2011 -1.08 0.3878 26 21 -1.08[1.84,-0.32] —
Egede 2017 -0.9 0.3265 59 54 -0.80 [1.54,-0.26] —t
Stone 2010 -0.7 0.2137 G4 73 -070[1.12,-0.28] —
Wild 2016 -0.5 01599 146 139 -0.50[-0.81,-0.19] —+
Micolucei 2015 -0.34 01332 114 135 -0.34 [-0.60,-0.08] —
Schillinger 2009 -0.3 02876 1M 103 -0.30[-0.86, 0.26] — T
Steventon 2014 -0.23 01475 266 191 -0.23[-0.52, 0.08] —
Dario 2017 0 00818 168 73 0.00[-0.18,0.19] -+
Rodriguez Idigoras 2008 0.05 01574 146 151 0.05 [-0.26, 0.36] —]
Wakefield 2011 0.06 0.0411 a3 107 0.06[-0.02,0.14] o

, , ,

,
2 -1 a 1 2
Favors RPM Favors usual care

Appendix Figure 2 Forest plot of systolic blood pressure [mmHg]

RPM Usual care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% Cl IV, Random, 95% CI
Schillinger 2009 1368 204 107 1415 238 108 -460[10.54 1.34] I ——
Wakefield 2011 133.08 194 97 13634 17 103 -3.26 [-8.33,1.81]  —
Wild 2016 1342 143 143 1362 147 133 -2.00 [-5.43,1.43] —
Stone 2010 132 243 64 133 18 T3 -1.00 [-8.38, 6.28] —
Carter 2011 139 204 26 140 239 21 -1.00[-13.88, 11.88] 1
Micolucei 2015 1357 96 114 1359 124 135 -0.20 [-2.94, 2.54] —t—
Magid 2011 1374 184 138 1367 17 145 0.70 [3.56, 4.96] —

A0 5 0 & 10

Favors RPM

Favors usual care

Appendix Figure 3 Forest plot of diastolic blood pressure [mmHg]

RPM Usual care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% Cl
Stone 2010 724 148 64  Fa9 132 73 -380[819,119] I E——
Schillinger 2009 7ad4 123 107 784 185 108 =310 F7.30,1.10] —t
Wild 2016 79 96 143 806 102 133 -1.60 [3.94, 0.74] —t
Micolucci 2015 TAE T2 114 Faz T 135 0.40[1.37, 2.17] ——
Magid 2011 a249 1249 138 811 117 145 1.80 [-1.07, 4.67] T
Carter 2011 e 123 26 72 184 21 3.00F6.22,12.27] 1
A0 5 i 5 10
Fawors RPM Favors usual care

Appendix Figure 4 Forest plot of cholesterol [mg/dl]

RPM Usual care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% Cl IV, Random, 95% CI
Stone 2010 1482 402 G4 1891 372 T3 1090 [}23.83,213] —_—
Wild 2016 168885 348 145 16628 464 133 -FT73[17.44,138] e —
Micolucci 2015 184 40 114 179 35 135 500442 1447 I e —
20 -0 0 10 20
Favors RPM  Favors control
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Appendix Figure 5 Forest plot of health-related quality of life (SF-12/36, mental component
summary)

RPM Usunal care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% Cl IV, Random, 95% CI
Dario 2017 4776 307 166 478 348 77 -0.04 0,31, 0.23] —H
Schillinger 2008 67 258 101 G422 272 105 011 [0.17, 0.38] N
Micolucei 2015 A0 108 114 467 102 135 0.31 [0.06, 0.56] —_—

05 -025 0 025 05
Favours RPM  Fawvours Usual care

Appendix Figure 6 Forest plot of health-related quality of life (SF-12/36, physical component

summary)

RPM Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Schillinger 2009 g0.2 291 101 567 31.3 105 0.12 [-0.16, 0.39] e I —
Micolucei 2014 469 88 114 454 102 135 016 [-0.08, 0.41] [ L —
Dario 2017 45 941 166 43.44 6.08 77 0.28 [0.00, 0.55] . —

05 -025 0 025 05
Favours RPM  Favours sual care

Appendix Figure 7 Forest plot of mental health symptoms (HADS)

RPM Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Random, 95% Cl IV, Random, 95% Cl
Wild 2016 95 7.8 130 96 76 127  -0.01 [0.26,0.27]
A 05 0 0.5 1

Fawvours RPM Favours Usual care

Appendix Figure 8 Forest plot of normal blood pressure achievement

RPM Usual care Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total M-H, Random, 95% Cl M-H, Random, 95% CI
Magid 2011 a0 138 51 145 1.05 [0.64,1.70] —1—
0.01 0.1 10 100

Favors RPM  Favors control

Appendix Figure 9 Forest plot of HbA1c target achievement

RPM Usual care Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total IV, Random, 95% Cl IV, Random, 95% Cl
Steventan 2014 114 300 65 213 1.40[0.96, 2.03] H—
Micolucei 2015 32 114 24 134 1.80[0.99, 3.29] —t
0.01 0.1 10 100

Favors RPM  Favors Usual care

Appendix Figure 10 Forest plot of daytime ambulatory systolic blood pressure
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RPM Usual care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean 5D Total IV, Random, 95% Cl IV, Random, 95% Cl
Wild 2016 1337 113 121 1338 1058 108 -010[282 277

40 -5 0 5 10
Favours RPM  Favours Usual care

Appendix Figure 11 Forest plot of daytime ambulatory diastolic blood pressure

RPM Usual care Mean Difference Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Wild 2016 T6E2 BB 121 FT¥ 84 108 -1.80[3.74,074] —
A0 -5 0 3 10

Favours RPM  Favours Usual care

Appendix Figure 12 Forest plot of weight

RPM Usual care Mean Difference Mean Difference
Study or Subgroup  Mean [kg] SD[kg] Total Mean [kg] SD[kg] Total Weight IV, Random, 95% Cl [kg] IV, Random, 95% CI [kg]
Wild 2016 96.9 22 145 91.5 208 135 5.40[0.42,10.38]
20 1o 0 1m0 20

Favours RPM  Favours Usual care

Appendix Figure 13 Forest plot of body mass index

RPM Usual care Mean Difference Mean Difference
Study or Subgroup  Mean [kg/m2] SD [kgim2] Total Mean [kg/im2] SD[kg/m2] Total IV, Random, 95% Cl [kg/m2] IV, Random, 95% CI [kg/m2]
Carter 2011 238 6.9 26 26.5 8.5 21 -2.70 F7.20,1.80] — 71
Schillinger 2009 nz 6.9 104 314 8.5 108 -0.70 [-2.80, 1.40) —
\ \ , \
-1n -5 0 3 10

Favours RFM  Favours Usual care

Appendix Figure 14 Forest plot of triglyceride levels

RPM Usual care Mean Difference Mean Difference
Study or Subgroup  Mean [mgidl] SD [mgidl] Total Mean [mg/d]] SD [mg/dl]] Total IV, Random, 95% Cl[mg/dI] IV, Random, 95% CI [mg/dI]
MNicalueei 2015 1449 73 114 145 79 135 4.00 [-14.90, 22.50] —
Stone 2010 170 1154 73 1462 99.7 64 18.00F18.10,94.10] N —
o0 -50 0 50 100

Favors RPM  Favors usual care

Appendix Figure 15 Forest plot of health-related quality of life (EQ-5D)

RPM Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% CI
Wild 2016 08 03 136 08 03 130 0.00[-0.24, 0.24] —
-2 -1 0 1 2

Favors RPM Favors Usual care

Appendix Figure 16 Forest plot of diabetes knowledge

RPM Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% Cl
\Wild 2016 9 25 138 9 23 131 0.00[-0.24, 0.24] —

4 05 0 05 1
Favours RPM  Favours Usual care

Appendix Figure 17 Forest plot of mental health symptoms (HADS-anxiety)
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RPM Usual care
Study or Subgroup Mean SD Total Mean SD Total

Dario 2017 423 301 166 3.85% 263 7T

Std. Mean Difference

Std. Mean Difference
IV, Random, 95% Cl

IV, Random, 95% CI

0007, 0.37] 1t

4 08 0 05 1

Favours RPM  Favours Usual care

Appendix Figure 18 Forest plot of mental health symptoms (HADS-depression)
RPM

Usual care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Random, 95% Cl IV, Random, 95% Cl
Dario 2017 363 314 166 382 404 T

-0.05[-0.33,0.22]

100 -840 i a0
Favours RPM  Favours Usual care

Appendix Figure 19 Forest plot of general practitioner visits

100

RPM Usual care Mean Difference Mean Difference
Study or Subgroup  Mean [visits] SD [visits] Total Mean [visits] SD[visits] Total IV, Random, 95% Cl [visits] IV, Random, 95% CI [visits]
Wild 2018 g 4.3 156 4.7 a7 1481 0.30 [-0.60, 1.20]
A
Favors RFM  Favors usual care
Appendix Figure 20 Forest plot of practice nurse visits
RPM Usual care Rate Ratio Rate Ratio

Study or Subgroup log[Rate Ratio] SE Total Total IV, Random, 85% CI IV, Random, 95% CI

Wild 20186 016585 01 1456 141 118097, 1.44] Tt
ms 07 15 2

Favours [experimental] Favours [contral]

Appendix Figure 21 Forest plot of primary care physician encounters with procedures

RPM Usual care Mean Difference

Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Random, 95% Cl

IV, Random, 95% CI

Dario 2017 3052 1831 172 31.89 189.62 79 -1.37[6.43, 378

-50 -1§ 0 25
Favors REPM  Favaors Usual care

Appendix Figure 22 Forest plot of emergency department visits per person

RPM Usual care

Mean Difference Mean Difference
Study or Subgroup  Mean [visits] SD [visits] Total Mean [visits] SD [visits] Total IV, Random, 95% Cl [visits] IV, Random, 95% Cl [visits]
Dario 2017 0.53 1.06 172 0.29 0.68 T4 0.24 [0.02, 0.46] —t+—
Wild 2016 0.z 06 156 0.2 0a 141 0.00[0.12,013] —
\ \ \
R -0& 0 0&

i
Favors RPM  Favors usual care

Appendix Figure 23 Forest plot of all-cause hospitalization/hospital attendance
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87

Experimental Control Rate Ratio

Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Total Total IV, Random, 95% CI IV, Random, 95% CI
Dario 2017 -0.4005 0.2263 172 TH 0.67[0.43, 1.04] —t+
Wild 2016 -01744 0235 156 151 0.54[0.53,1.33] —t

102 0.5

=N

2 9

Favors RPM Favors usual care

Appendix Figure 24 Forest plot of all-cause emergency hospitalizations

RPM Usual care Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Total Total IV, Random, 95% Cl

Rate Ratio
IV, Random, 95% CI

}
10

Dario 2017 0.0296 03927 172 79 1.03[0.48, 2.27]

0.01

Appendix Figure 25 Forest plot of patients with home visits

0.1
Favors RPM

10 100
Favors usual care

RPM Usual care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total IV, Random, 95% Cl IV, Random, 95% Cl
Micolucci 2014 g 114 9 135 1.05[0.42, 2.64] —

0.1

02 05
Favours RPM

2 510
Favours Usual care
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