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Abstract

Background: Extensive literature support telehealth as a supplement or adjunct to in-person care for the management of chronic
conditions such as congestive heart failure (CHF) and type 2 diabetes mellitus (T2DM). Evidence is needed to support the use
of telehealth as an equivalent and equitable replacement for in-person care and to assess potential adverse effects.

Objective: We conducted a systematic review to address the following question: among adults, what is the effect of synchronous
telehealth (real-time response among individuals via phone or phone and video) compared with in-person care (or compared with
phone, if synchronous video care) for chronic management of CHF, chronic obstructive pulmonary disease, and T2DM on key
disease-specific clinical outcomes and health care use?
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Methods: We followed systematic review methodologies and searched two databases (MEDLINE and Embase). We included
randomized or quasi-experimental studies that evaluated the effect of synchronously delivered telehealth for relevant chronic
conditions that occurred over ≥2 encounters and in which some or all in-person care was supplanted by care delivered via phone
or video. We assessed the bias using the Cochrane Effective Practice and Organization of Care risk of bias (ROB) tool and the
certainty of evidence using the Grading of Recommendations Assessment, Development, and Evaluation. We described the
findings narratively and did not conduct meta-analysis owing to the small number of studies and the conceptual heterogeneity of
the identified interventions.

Results: We identified 8662 studies, and 129 (1.49%) were reviewed at the full-text stage. In total, 3.9% (5/129) of the articles
were retained for data extraction, all of which (5/5, 100%) were randomized controlled trials. The CHF study (1/5, 20%) was
found to have high ROB and randomized patients (n=210) to receive quarterly automated asynchronous web-based review and
follow-up of telemetry data versus synchronous personal follow-up (in-person vs phone-based) for 1 year. A 3-way comparison
across study arms found no significant differences in clinical outcomes. Overall, 80% (4/5) of the studies (n=466) evaluated
synchronous care for patients with T2DM (ROB was judged to be low for 2, 50% of studies and high for 2, 50% of studies). In
total, 20% (1/5) of the studies were adequately powered to assess the difference in glycosylated hemoglobin level between groups;
however, no significant difference was found. Intervention design varied greatly from remote monitoring of blood glucose
combined with video versus in-person visits to an endocrinology clinic to a brief, 3-week remote intervention to stabilize
uncontrolled diabetes. No articles were identified for chronic obstructive pulmonary disease.

Conclusions: This review found few studies with a variety of designs and interventions that used telehealth as a replacement
for in-person care. Future research should consider including observational studies and studies on additional highly prevalent
chronic diseases.

(J Med Internet Res 2022;24(8):e37100) doi: 10.2196/37100
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Introduction

Background
As a means to mitigate the risk of viral transmission for both
patients and clinicians during the COVID-19 pandemic, many
health systems have rapidly converted ≥70% of their outpatient
visits to telehealth via phone or video delivery [1-5]. To support
this shift, the Centers for Medicare and Medicaid Services in
the United States issued an emergency ruling to decrease
regulatory requirements for telehealth and created payment
parity between in-person care and telehealth delivered via phone
or video [6]. Increased telehealth use during the COVID-19
pandemic provided health systems, technology companies, and
health care providers experience with telehealth at scale and
raised the possibility that telehealth could become a standard
option in the postpandemic period. However, concerns remain
that care delivered via telehealth is potentially low in quality
of care, is difficult to incorporate into workflows, and can
exacerbate health disparities [7-10]. Specifically, evidence is
needed regarding the efficacy of telehealth as a replacement for
in-person care when treating patients.

Extensive literature supports telehealth as a supplement or
adjunct to in-person care for the management of chronic
conditions [11] such as congestive heart failure (CHF) and type
2 diabetes mellitus (T2DM) [12-14]. These 2 highly prevalent
chronic diseases are among the most common and costly
conditions affecting approximately 13.4% [15] and 10.5% [16]
of all adults in the US, respectively. In addition, CHF and T2DM
typically require physical assessment to establish disease status
and assess the presence and extent of exacerbations. However,
the effects of telehealth as a replacement for in-person health

care delivery for CHF, T2DM, and other chronic illnesses
remain uncertain [10,17,18] Before the COVID-19 pandemic,
many patients with chronic medical conditions, such as CHF,
chronic obstructive pulmonary disease (COPD), and T2DM,
uniformly received in-person evaluation. During the pandemic,
these patients often received telehealth to unknown effect.
Although telehealth can increase accessibility to health care by
lowering barriers to access [19-21], few studies exist to support
the use of telehealth as an equivalent and equitable replacement
for in-person care, and the potential adverse effects have not
been well defined [18]. Assuming that telehealth can readily
replace in-person care may be inappropriate, given the scarcity
of evidence examining telehealth applied in this way.

A first step to address the question of equivalence of
synchronous (real time) telehealth via phone or video as a
replacement for in-person care for chronic diseases is a review
focused specifically on evidence from the comparative literature.
If there is moderate to strong evidence that telehealth is
equivalent to in-person care for patients with chronic conditions,
its promise should be developed more fully and incorporated
as a standard option for delivering longitudinal care. Early
during the COVID-19 pandemic, there was the first complete
replacement of telehealth with in-person care [1-5]. However,
since then, we have started to see the routine substitution of
telehealth for in-person care visits across many specialties and
contexts. This substitution (meaning only video) is not usually
for all care, but rather can often be a replacement for part of
in-person care (some phone visits replaced by video). In
addition, currently, there are multiple commercial health care
providers who provide only telehealth (Teledoc and CallonDoc).
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It is within this context that we formulated the questions for
this review.

Objective
We conducted a systematic review to summarize and report the
use of telehealth as a replacement or substitute for in-person
care in the context of chronic management of CHF, COPD, and
T2DM. The questions guiding this review were the following:

1. Question 1a—Among adults, what is the effect of
synchronous (real time) telehealth (phone or phone and
video) compared with in-person care (or compared with
phone, if synchronous video care) for the chronic
management of CHF, COPD, and T2DM on key
disease-specific clinical outcomes and health care use (eg,
hospital admission, hospital readmission, and emergency
room visits)?

2. Question 1b—For each disease (CHF, COPD, and T2DM),
does this effect differ by race and ethnicity, gender, age,
and rural status?

3. Question 2—What are the adverse effects of synchronous
telehealth for the chronic management of CHF, COPD, and
T2DM as compared with in-person care (or compared with
phone, if synchronous video care) on patients?

Methods

Overview
This systematic review was conducted as part of a Veterans
Health Administration (VHA)–funded report [22] in response
to a topic proposed by the VHA Office of Rural Health. For
this review, similar to completed previous reviews and to meet
the goals of the VHA as a learning health care system [23], (1)
the partners from the Office of Rural Health were not involved
in conducting the review, but informed topic and question
development and provided contextual relevance for the study;
(2) the partners from the Office of Rural Health were not

involved in approving the final write-up of the report; and (3)
a technical expert panel guided the conduct of the review and
discussion of the findings. We developed and followed an a
priori protocol for this review, and there were no significant
deviations after registration (PROSPERO [International
Prospective Register of Systematic Reviews] registration number
CRD42021239756) [24]. Each step was pilot-tested to train and
calibrate the study investigators. We adhered to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [25].

Analytic Framework
We developed an analytic framework [26] (Figure 1) that
outlined the population, outcomes, mediation effect of the care
visit modality, moderation effect of patient characteristics, and
any adverse effects. First, we identified clinical activities
(medication management, symptom monitoring, and physical
examination) for longitudinal follow-up and the ability to
complete them via phone, video, or either of these for CHF,
COPD, and T2DM. We determined the relevant aspects that
should be abstracted from the eligible literature to obtain critical
evidence about conducting a telehealth visit in any clinic setting.
Then, with this foundation, we determined that the telehealth
modality (eg, telephone, video, and in person) mediates the
relationship between the clinical visit and prespecified
clinical-level and system-level outcomes. The telehealth
interventions matched with our operationalized definition of
telehealth and included important contextual elements such as
delivery mode (telephone, video, and in person), dose (duration
and frequency of contact), and clinical context of care provision.
In addition, we specified that care delivered via telehealth should
be for clinical activities provided by the prescribing clinician
such as for evaluation, diagnosis, or medication prescription
and not for the provision of self-management education or other
support provided adjunctively by a clinical team member other
than the prescribing clinician (eg, nurse care manager), because
such interventions have been previously evaluated [11].

Figure 1. Analytic framework to guide systematic review activities. CHF: congestive heart failure; COPD: chronic obstructive pulmonary disease;
HbA1c: glycosylated hemoglobin; T2DM: type 2 diabetes mellitus.

Search Strategy
In collaboration with an expert medical librarian, we conducted
a primary literature search from inception to February 7, 2021,
in 2 databases (MEDLINE [via Ovid] and Embase [via
Elsevier]). We used database-specific subject headings and
keywords to search for relevant titles and abstracts (Multimedia
Appendix 1). The search strategies were peer-reviewed by a
second expert medical librarian before execution using the Peer
Review of Electronic Search Strategies Checklist [27]. In

addition, we manually searched previous systematic reviews
conducted on this or a related topic for potential inclusion.

Study Selection
Studies identified through our primary search were classified
independently by 2 investigators from the study team for
relevance to the questions based on the title and abstract from
our a priori established eligibility criteria. Study eligibility
criteria were organized by population, intervention, comparator,
outcome, timing, and setting elements and other criteria such
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as study design, language, and publication type (Table 1). All
studies classified for inclusion by at least one investigator were
reviewed at the full-text level. The studies designated for
exclusion by one investigator at the title and abstract level were
screened by a second investigator. If both investigators agreed
on exclusion, the study was excluded. Full-text review included

2 independent reviewers. Conflicts were resolved via discussion.
All articles that met the eligibility criteria at the full-text level
were included for data abstraction. All results were tracked in
an electronic database (EndNote [Clarivate Analytics] for
referencing and DistillerSR [Evidence Partners Inc] for data
abstraction).
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Table 1. Study eligibility.

Exclusion criteriaInclusion criteriaStudy character-
istics

Population • Inpatient populations (eg, tele-ICUd)• Adults (aged ≥18 years) with the following chronic conditions:

CHFa• • Patients receiving care in an ERe or tele–urgent
care setting• COPDb

• T2DMc; at least 75% of the sample, if it is a mix of type 1 and type • Intervention limited only to the management of
complications of CHF, COPD, and T2DM such2
as stroke, retinopathy, neuropathy, and foot ul-

• Clinicians or clinics providing telehealth for chronic conditions, if rele-
vant to adverse effects associated with CHF, COPD, and T2DM

cers

Intervention • Supplemental nurse care management• Synchronous care delivered over ≥2 encounters for the long-term man-
agement of relevant chronic conditions in which some or all in-person • Telehealth interventions that do not involve

synchronous care delivered by a clinician to acare is supplanted by telehealth (phone or video) and which is delivered
remotely by an independently licensed clinician patient (eg, 1-way SMS text messages and re-

• May include asynchronous telehealth tools (eg, remote monitoring sys-
tems), if in both arms

minder systems)
• Telecardiac or telepulmonary rehabilitation

Comparator • No comparator• In-person care without any telehealth delivery or care delivered via
telephone, if compared with video

Outcome • Outcomes other than those listed in the inclusion
criteria

• Key clinical outcomes (eg, medication adherence, quality of life, and
depression) according to condition:
• CHF—for example, NYHAf functional classification
• COPD—for example, exercise tolerance and dyspnea
• T2DM—for example, HbA1c

g level

• Clinical use (hospitalization, hospital readmissions, and ER visits or
urgent care)

• Adverse effects (eg, hypoglycemic episodes, inappropriate treatment,
and clinician burnout)

Timing • N/Ah• No limit

Setting • Intervention delivered primarily in hospital in-
patient setting (including ER)

• Any outpatient setting (general medical or specialty care clinic)

Study design • Not a clinical study (eg, editorial and letter to
an editor)

• Studies that meet the EPOCi criteria and have prospective data collection,
such as the following:

• Uncontrolled clinical study
• Randomized controlled trials • Qualitative studies
• Nonrandomized trials • Prospective or retrospective observational

studies• Controlled before-after studies
• Interrupted time series studies or repeated measures studies • Clinical guidelines

• Measurement or validation studies
• Studies that focus on mixed chronic conditions

if results for specified conditions are not report-
ed separately

Countries • Non-OECD• OECDj

Publication
types

• Letters, editorials, reviews, dissertations, meet-
ing abstracts, and protocols without results

• Full publication in a peer-reviewed journal

aCHF: congestive heart failure.
bCOPD: chronic obstructive pulmonary disease.
cT2DM: type 2 diabetes mellitus.
dICU: intensive care unit.
eER: emergency room.
fNYHA: New York Heart Association.
gHbA1c: glycosylated hemoglobin.
hN/A: not applicable.
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iEPOC: Effective Practice and Organization of Care.
jOECD: Organisation for Economic Co-operation and Development includes Australia, Austria, Belgium, Canada, Chile, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Latvia, Luxembourg, Mexico, the Netherlands, New
Zealand, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States.

Data Extraction and Quality Assessment
Data from published reports were abstracted into a customized
DistillerSR database by one reviewer and overread by a second
reviewer. Disagreements were resolved by consensus or by
obtaining a third reviewer’s opinion. Data elements included
descriptors to assess applicability, quality elements, intervention
details, and outcomes including adverse events. Key
characteristics that were abstracted included participant
descriptors (eg, race and ethnicity, gender, age, and rural status),
intervention characteristics (eg, clinician type and telehealth
modality), comparator, and outcomes (eg, glycosylated
hemoglobin [HbA1c] level, hospital admission, emergency
department visits, and New York Heart Association functional
classification). We abstracted all outcomes that were used to
evaluate telehealth, but prioritized outcomes identified a priori
in collaboration with our partners from the Office of Rural
Health and technical expert panel for analysis. Multiple reports
from a single study were treated as a single data point,
prioritizing results based on the most complete and appropriately
analyzed data. When critical data were missing or unclear in
the published reports, we requested supplemental data from the
study authors. We emailed the authors of 1.6% (2/129) of the
studies to obtain additional information and did not receive a
reply from any of them. When we did not have sufficient
information, we left the field blank.

The investigators who participated in data extraction also
completed the quality assessment. Disagreements were resolved
by consensus between the 2 investigators or, when needed, by
arbitration by a third investigator. For randomized,
nonrandomized, and controlled before-after studies, we used
the criteria from the Cochrane Effective Practice and
Organization of Care (EPOC) risk of bias (ROB) tool [28]. We
assigned a summary ROB score (low, unclear, or high) to
individual studies. Among the investigators, no ROB
disagreements occurred owing to missing results in a synthesis.

The certainty of evidence for each question was assessed using
the approach described by Grading of Recommendations
Assessment, Development, and Evaluation [29]. We limited the
Grading of Recommendations Assessment, Development, and
Evaluation ratings to the questions that had at least two included
studies. In brief, this approach requires the assessment of four
domains: ROB, consistency, directness, and precision.
Additional domains to be used when appropriate are coherence,
dose-response association, impact of plausible residual
confounders, strength of association (magnitude of effect), and
publication bias. We considered these domains qualitatively
and assigned a summary rating as high, moderate, or low
strength of evidence after discussion by a subteam of 5
investigators. In some cases, high, moderate, or low ratings
were impossible or imprudent to be provided. In these situations,
a grade of insufficient was assigned.

Subgroups of Interest
The research questions guided our subgroup analysis.
Prespecified potential effect modifiers included study design
characteristics (eg, allocation concealment), disease context
(CHF, COPD, or T2DM), and intervention type (eg, telehealth
modality). Regarding patient-level characteristics of interest
(race and ethnicity, gender, age, and rural status), we looked
for analyses conducted within the primary literature that sought
to identify effect modifications (eg, subgroup analyses and
regression model explanatory variables). Manuscripts included
in this review did not specify descriptions of gender or sex. For
consistency, we use gender throughout the Results and
Discussion sections because the interventions examined are
more relevant to self-identity and not specific to one’s biology
at birth. However, we realize that this terminology may not
reflect patients who would not have self-identified as such.

Data Synthesis and Analysis
We summarized the primary literature using relevant data
abstracted from the eligible studies. Summary tables describe
the key characteristics of the primary studies: study design,
patient demographics, and details of the intervention and
comparator. Owing to conceptual heterogeneity related to the
structure, purpose, and delivery of telehealth visits, we did not
conduct a meta-analysis, but rather described findings
narratively, focusing on identifying patterns in the efficacy and
safety of the interventions across conditions and outcome
categories.

Continuous outcomes were summarized using the mean
patient-level difference (follow-up minus baseline) when the
outcome was reported using the same scale. For studies that did
not directly report the mean and SD of patient differences, we
used the difference in means between the follow-up and
baseline. For 20% (1/5) of the studies [30], we computed the
SD of the difference based on the reported P value for the
difference between the 2 arms, assuming the same correlation
between follow-up and baseline in each arm. When studies
reported only medians and ranges, we translated them into
means and SDs [31], and if a study reported only baseline SD,
we assumed the same SD at follow-up. Finally, in the absence
of other information, we assumed a conservative 0.5 correlation
between the follow-up and baseline measures.

Ad hoc Horizon Scan to Identify Relevant Studies in
Progress
Given the limited amount of existing literature we identified
that addressed our questions, we sought to assess the pool of
ongoing studies that would add relevant findings in the near
future. To conduct such a scan of the literature on the horizon,
we applied our previously developed search terms to the
Cochrane Central Register of Controlled Trials. Notably, we
did not apply the same rigor to this process as for our primary
search process. At least one reviewer screened the studies
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identified through the horizon scan at the title and abstract level,
and all the included studies were verified by a second reviewer.

Results

Overview
The search identified 11,245 studies from the 2 databases
(Figure 2). After deduplication, 77.03% (8662/11,245) of the
articles underwent the screening process. In total, 0.06%
(5/8662) of the studies met the inclusion criteria. Of those 5
studies, 4 (80%) focused on diabetes and 1 (20%) focused on
CHF. The details of the included studies are provided in Table

2. We have provided the details of study characteristics
(Multimedia Appendix 2), intervention characteristics
(Multimedia Appendix 3), all outcomes reported in the included
studies (Multimedia Appendix 4), and excluded studies and the
reason for exclusion (Multimedia Appendix 5). Common reasons
for excluding studies by intervention included telehealth that
supplemented rather than replaced in-person care, telehealth
interventions delivered by nonprescribing clinicians, and
telehealth delivered asynchronously only. In the following
sections, we describe the results by chronic disease (CHF,
COPD, and T2DM). The certainty of evidence for the included
studies is presented in (Table 3).

Figure 2. Literature flowchart. *Search results from MEDLINE (4713) and Embase (3949) were combined. CHF: congestive heart failure; N/A: not
applicable; OECD: Organisation for Economic Co-operation and Development.
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Table 2. Evidence profile of included studies.

Study informationCriteria

Region or location (N=5), n (%)

2 (40)United States

2 (40)Europe

1 (20)Asia

Disease in focus (N=5), n (%)

4 (80)T2DMa

1 (20)CHFb

0 (0)COPDc

Patient demographics (N=676)d

58Age (years), median

Gender, n (%)

168 (24.9)Women

508 (75.1)Men

Race (N=60), n (%)

52(87)Whitee

6 (10)Blacke

1 (2)Hispanice

1 (2)Othere

Intervention mode (N=5) , n (%)

1 (20)RMf and video

2 (40)Video

1 (20)RM and telephone

1 (20)Telephone

Comparisonsg (N=5), n (%)

2 (40)RM and in-person care

3 (60)Usual in-person care

Outcomes reported (N=5), n (%)

4 (80)HbA1c
h level

1 (20)NYHAi functional classification

3 (60)Hospitalization

2 (40)Emergency department visit

Risk of bias—objective (N=5), n (%)

2 (40)High

1 (20)Unclear

2 (40)Low

Risk of bias—reported by patient (N=5), n (%)

2 (40)High

1 (20)Unclear

1 (20)Low
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Study informationCriteria

1 (20)N/Aj

aT2DM: type 2 diabetes mellitus.
bCHF: congestive heart failure.
cCOPD: chronic obstructive pulmonary disease.
dOf the 5 studies, 1 (20%) study [32] reported 50% (338/676) of the participants.
eIn total, 80% (4/5) of the studies did not report this information.
fRM: remote monitoring.
gFor this criterion, ≥1 category is possible per study.
hHbA1c: glycosylated hemoglobin.
iNYHA: New York Heart Association.
jN/A: not applicable.

Table 3. Certainty of evidence for included studies of CHFa and T2DMb.

Certainty of evidence (ratio-
nale)

P valueRange of effectsPatients (N=676), n
(%)

Studies (randomized con-
trolled trials; N=5), n (%)

Outcomes

T2DM

Very low certainty that tele-
health has an effect on HbA1c

level (rated down for serious
risk of bias, indirectness, and
imprecision)

N/AdMean difference of
−0.15% to −1.30% in
the HbA1c level be-
tween the intervention
and comparator arms

339 (50.1)4 (80)HbA1c
c level

Very low certainty that tele-
health has an effect on hospi-
tal admissions (rated down for
serious risk of bias, indirect-
ness, and imprecision)

N/AIn total, 0 to 3 admis-
sions in the intervention
arm and 0 to 7 admis-
sions in the comparator
arm

285 (42.2)2 (40)Hospital admission

Very low certainty that tele-
health has an effect on emer-
gency department attendance
(rated down for serious risk
of bias, indirectness, and im-
precision)

N/AIn total, 0 emergency
department visits in the
intervention arm and 0
to 1 visit in the compara-
tor arm

285 (42.2)2 (40)Emergency depart-
ment visits

CHF

Very low certainty that tele-
health has an effect on NYHA
functional classification (rated
down for serious risk of bias,
inconsistency, indirectness,
and imprecision)

.97Between-group differ-
ence

219 (32.4)1 (20)NYHAe functional
classification

Very low certainty that tele-
health has an effect on hospi-
tal admission (rated down for
serious risk of bias, inconsis-
tency, indirectness, and impre-
cision)

.85RMf (9.8%), RM and
phone (11.3%), and in-
person visit (12.7%)

219 (32.4)1 (20)Hospital admission

aCHF: congestive heart failure.
bT2DM: type 2 diabetes mellitus.
cHbA1c: glycosylated hemoglobin.
dN/A: not applicable.
eNYHA: New York Heart Association.
fRM: remote monitoring.
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Question 1a (Effect of Telehealth) and 1b (Differences
by Special Population)

Findings for CHF

Question 1a: Effect of Telehealth

Overview

We identified only 20% (1/5) of studies that met the inclusion
criteria for synchronous telehealth for chronic CHF management
[33] and found it to have high ROB. The study was conducted
in Germany, enrolled 210 patients, and had a duration of 12
months. The study incorporated phone-based appointments and
follow-up in patients with CHF with recent placement of an
implanted cardioverter defibrillator or cardiac resynchronization
therapy defibrillator. Patients were randomized to receive
asynchronous web-based automated review and follow-up of
telemetry data alone every 3 months (n=102) or personal
physician contact every 3 months in addition to remote
monitoring. The personal contact group was further randomized
to personal contact via telephone calls (n=53) or personal contact
via in-person visits (n=55). In this study [33], the primary
outcome was the proportion of patients with worse Packer Heart
Failure Clinical Composite Response scores at 13 months
compared with scores at 1 month after device placement. The
Packer Heart Failure Clinical Composite Response score
provides stepwise assessment and incorporates CHF death or
hospitalization, change in New York Heart Association class,
and self-assessed health status. The secondary outcomes in this
study were all-cause mortality, CHF-related hospitalizations,
arrhythmias, and changes in reported quality of life. We present
the detailed results by outcome: (1) Packer Heart Failure Clinical
Composite Response Score, (2) hospitalizations, (3) emergency
department visits, and (4) number of contacts and use.

Packer Heart Failure Clinical Composite Response Score

The primary outcome of the study by Hansen et al [33] showed
no significant differences in Packer scores in a 3-way
comparison between the telemetry arm compared with the
personal contact subgroups (remote monitoring and phone call
vs remote monitoring and in-person visit; P=.97).

Hospitalizations

The authors found no significant differences between the
subgroups in any of the outcomes that were measured. Outcomes
between study arms included the following: mortality (P=.65),
CHF-related hospitalization (P=.85), detection of
supraventricular tachycardia (P=.22), detection of ventricular
tachycardia (P=.75), and reported change in quality of life
(P=.72).

Emergency Department Visits

The CHF study that was included did not report on emergency
department visits [33].

Number of Contacts and Use

The CHF study compared the number of unscheduled follow-up
visits conducted either via phone or in person among the
telemetry only group, telemetry and phone visit group, and
telemetry and in-person visit group [33]. In total, there were
219 unscheduled follow-ups among the 3 groups, involving 83

patients during the course of the study. However, there were no
significant differences in the unscheduled follow-up rates among
the 3 groups (P=.29).

Question 1b: Differences by Special Population

The 20% (1/5) studies that met the inclusion criteria [33]
described the age (overall mean 63.8 years, SD was not reported
by authors) and gender of their patient population (84.3% were
men); however, details regarding race and ethnicity and rural
status were not reported. Furthermore, the authors did not
perform any subgroup analyses to examine the effect of age or
gender on outcomes.

Findings for COPD
No studies that addressed the use of telehealth as a substitute
for in-person chronic management of COPD were identified.

Findings for T2DM

Question 1a: Effect of Telehealth

Overview

We identified 80% (4/5) of studies—all of which were
randomized controlled trials [30,32,34,35]—that evaluated the
provision of synchronous telehealth compared with in-person
care for the chronic management of T2DM. Of the 4 studies, 2
(50%) studies were conducted in the United States [30,35], 1
(25%) in South Korea [32], and 1 (25%) in Denmark [34].
Overall, 25% (1/4) of the studies were conducted with patients
in the military [35]. Intervention duration varied across studies,
from <8 weeks to 52 weeks. Intervention approach varied across
all the studies (4/4, 100%) regarding duration and mode of
incorporating telehealth into chronic diabetes management. Of
the 4 studies, 3 (75%) studies included ≤60 patients [30,34,35]
and 1 (25%) study included 338 patients [32]. Of the 4 studies,
3 (75%) studies used technology that facilitated synchronous
bidirectional communication between the patient and clinician
[32,34,35], and 1 (25%) study relied on telephone and email
[30]. In total, 50% (2/4) of the studies included remote
monitoring in addition to synchronous telehealth [32,35]. We
present the detailed results by outcome: (1) HbA1c level, (2)
hospitalizations, (3) emergency department visits, and (4)
number of contacts and use.

Change in Reduction of HbA1c Level

All the studies (4/4, 100%) compared the change in reduction
of HbA1c level from baseline to the end of the study between
synchronous telehealth and in-person study arms (Figure 3)
[30,32,34,35]. The first study, by Jeong et al [32], was a 24-week
3-arm trial that compared usual care, telemonitoring (remote
monitoring with automated clinical decision support with
in-person endocrine follow-up appointments), and telemedicine
(remote monitoring with automated clinical decision support
with video-based endocrine follow-up appointments). Notably,
that study was the largest study included and was rated as having
low ROB. They enrolled 338 patients, with a baseline mean age
of 53 years (SD was not reported by authors). No statistically
significant difference was seen at baseline for HbA1c level across
groups: usual care (mean 8.39%, SD 1.10%), telemonitoring
(mean 8.21%, SD 0.93%), and telemedicine (mean 8.39%, SD
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1.10%). Statistically significant difference was seen for
within-group reduction in HbA1c level from baseline to 24 weeks
for all groups, ranging from −0.66% to −0.81% (P<.001). No
statistically significant difference was noted for the extent of
HbA1c reduction across groups: usual care versus telemonitoring
groups (P=.61), usual care versus telemedicine groups (P=.16),
and telemonitoring versus telemedicine groups (P=.34).

The second study, led by Klingeman et al [30], was a 52-week,
2-arm trial consisting of usual endocrine care versus an
experimental endocrine clinic group that enrolled 60 patients
with T2DM. The setting for the study was an endocrinology
clinic at an academic medical center, where patient care was
provided by endocrinologists. Patients who were not in the
experimental arm received the usual care provided by the clinic’s
endocrinologists. The specialty clinic model in the experimental
group included an endocrinologist and nurse educator who
focused on patients with advanced diabetes; contact with the
patients in this arm was designed to be variable and

patient-specific. Preplanned contacts (via email and phone) were
determined at baseline and amended over time, and ad hoc
in-person visits occurred if clinically required. Contact was
individually tailored based on each patient’s outcomes, adverse
reactions, and changes in the disease state. The control arm
received the usual endocrine care, which included the ability
for the patients to contact (via email and phone) clinicians as
needed. HbA1c levels were compared between groups at baseline
for usual care (mean 8.9%, SD 0.8%) versus specialty clinic
model (mean 9.5%, SD 0.9%). In addition, high proportion of
patients who were White were enrolled in the intervention group
(96.6%) compared with the usual care group (76.8%). Analysis
of data at 52 weeks found great reduction in HbA1c level in the
specialty clinic model (−1.7%; from 9.6% to 7.9%) as compared
with the usual endocrine care (0.3%; from 8.9% to 8.6%), with
P=.004. Notably, sensitivity analysis was conducted that
dropped data from a patient who was an outlier in the usual care
group, with worsened HbA1c values (from 8.3% to 13.5%);
however, this did not change the results.

Figure 3. Change in glycosylated hemoglobin levels between intervention and comparator arms across type 2 diabetes mellitus studies. MD: mean
difference; ROB: risk of bias [30,32,34,35].

The third study, by Rasmussen et al [34], was a 2-arm trial
comparing 3 weeks of brief standard in-person endocrine care
versus telemedicine (video-based endocrine care) to stabilize
patients with poorly controlled T2DM. They enrolled 40 patients
with baseline HbA1c level of 8.1% (range 6.1%-10.7%) in
standard care group and 9% (range 7.6%-12%) in the
telemedicine group. At 6 months, the HbA1c level ranged from
8.1% to 7.2% in the standard care group and from 9.1% to 7.7%
in the telemedicine group. The patients in the telemedicine arm
experienced a larger decrease in HbA1c level (14.6%) than those
in the standard care arm (10.6%), which was statistically
significant (P=.02). Notably, although this study framed its
hypothesis as “the treatment by telemedicine at home was
similar to standard care,” the analysis methods did not use
noninferiority analytic approaches.

The fourth study, by Whitlock et al [35], which tested usual
care and telemonitoring visits with a case manager and
physician, enrolled 28 patients in a 36-week 2-arm trial
consisting of a standard of care control versus experimental
telemonitoring group. In this study, both groups were referred
for multidisciplinary diabetic education classes. The

experimental group received weekly telemonitoring via video
from a case manager and, then, monthly telemonitoring via
video from study physicians. Patients in the standard of care
group received routine in-person care from their primary care
clinician. Statistically significant within-group difference
(P=.05) was noted for the experimental telemonitoring arm,
from baseline HbA1c level of 9.5 (range 8.1-12.6) to week-36
HbA1c level of 8.2 (range 5.7-10.2). For the comparator, the
mean baseline HbA1c level was 9.5 (range 8.1-11.9) and week-36
HbA1c level was 8.6 (range 7.1-11.9), which was not statistically
significant.

Hospitalizations

In total, 50% (2/4) of the studies examined hospitalizations
[30,32]. In the study by Jeong et al [32], only 1 patient in the
telemonitoring arm experienced a diabetes complication–related
hospitalization, and none of the patients in the control or
telemedicine arms experienced diabetes-related hospitalizations.
In the second study, by Klingeman et al [30], 10% (3/30) of the
patients in the experimental arm and 23% (7/30) of the patients
in the control arm experienced diabetes-related hospital
admission.

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37100 | p. 11https://www.jmir.org/2022/8/e37100
(page number not for citation purposes)

Lewinski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Emergency Department Visits

Overall, 50% (2/4) of the studies examined emergency
department visits [30,32]. In the first study, by Jeong et al [32],
across the 3 study arms, none of the patients experienced
diabetes-related visits to the emergency department out of the
338 patients enrolled in the study. In the second study, by
Klingeman et al [30], none of the patients in the experimental
arm and 1 patient in the control arm experienced a
T2DM-related emergency department visit.

Number of Contacts and Use

In total, 75% (3/4) of the studies reported collecting data on
number of contacts and use [30,34,35] among patients receiving
in-person or telehealth. The study by Klingeman et al [30]
reported on (1) diabetes education referrals, (2) diabetes-related
visits, (3) use of modality, and (4) number of interactions and
HbA1c level. Klingeman et al [30] designed the experimental
arm for variable frequency of contact using a specialty clinic
model. Preplanned contacts (via email, phone call, or visit) were
determined at baseline and amended over time; contact was
tailored based on each patient’s outcomes, adverse reactions,
and changes in the disease state; and the control arm received
usual endocrine care. Klingeman et al [30] reported that when
diabetes education visits were combined with clinician’s
diabetes-related visits in the endocrinology clinic, the
experimental group had fewer overall visits than the control
group. Specifically, the experimental group had 1.5 (SD 0.7)
visits and the control group had 3.6 (SD 4) visits over 12 months
(P<.001). However, the experimental group had significantly
more email contacts (mean 11.1, SD 6.4) than the control group
with (mean 1.8, SD 3.5; P<.001; note that email communication
was a focus in the experimental group).

The study by Rasmussen et al [34], which tested standard care
and video consultation for home treatment of T2DM, reported
on (1) number of visits and missed visits and (2) consultation
time. The telemedicine group had an average of 4.1 visits, with
no missed visits; however, the usual care group had an average
of 3.8 visits, with 13% missed visits. Regarding consultation
time, the telemedicine group had an average of 18 minutes and
the usual care group had an average of 23 minutes. The study
by Whitlock et al [35] reported no results on the number of
contacts and use, despite describing collecting the number of
clinic visits before and during the study in their Methods section.

Question 1b: Differences by Special Population

Only 25% (1/4) of the included studies reported on subgroup
analysis [32] by patient characteristics. Jeong et al [32] analyzed
two subgroups of a priori interest: gender and age. No
statistically significant difference in reduction of HbA1c level
was found for men (mean −0.76%, SD 1.11% for telemonitoring
vs mean −0.89%, SD 1.12% for telemedicine; P=.88) or women
(mean −0.46%, SD 1.05% vs mean −0.63%, SD 0.87%; P=.16).
No statistically significant difference in reduction of HbA1c

level was seen among people aged <55 years (mean −0.63%,
SD 1.26% for telemonitoring vs mean −0.87%, SD 1.15% for
telemedicine; P=.21) or among those aged ≥55 years (mean
−0.68%, SD 0.88% for telemonitoring vs mean −0.73%, SD
0.93% for telemedicine; P=.83). Moreover, Jeong et al [32]

reported on additional subgroups of potential interest. Users
with high compliance (defined as users with >90% of number
of records or data transmitted compared with recommended
number of records) had no difference in reduction of HbA1c

level when compared with those with low compliance levels
across the study arms of interest (mean −0.93%, SD 0.99% for
telemonitoring vs mean −1.08%, SD 0.96% for telemedicine;
P=.47). Similarly, there was no significant difference in the
reduction of HbA1c level between patients who had a high school
education or less in the telemonitoring (mean −0.65%, SD
0.93%) and telemedicine (mean −0.94%, SD 1.1%) arms
(P=.26).

Question 2: Adverse Events
The 20% (1/5) of the studies of CHF, by Hansen et al [33], did
not report on adverse events. The 40% (2/5) of studies of T2DM
reported adverse events [30,32]. Jeong et al [32] described four
groups of adverse events: (1) general events, (2) diabetes-related
events, (3) serious events, and (4) biochemical events. Adverse
events were noted in the control (n=33 or 29.20%, in-person
appointments at 8, 16, and 24 weeks), telemonitoring (n=30 or
26.55%, in-person appointments at 8, 16, and 24 weeks, with
remote monitoring of blood glucose data), and telemedicine
(n=23 or 20.54%, video visits at 8 and 16 weeks, in-person visits
at 24 weeks) arms. Diabetes-related events were noted in the
control (n=7 or 6.19%), telemonitoring (n=7 or 6.19%), and
telemedicine (n=3 or 2.68%) arms. Serious reported adverse
events were noted in the control (n=2 or 1.7%), telemonitoring
(n=2 or 1.70%), and telemedicine (n=1 or 0.90%) arms, and it
included angina pectoris, rotator cuff syndrome, malignant
hepatic neoplasm, skin ulcer, and hematuria [32]. Biochemical
parameters for serum alanine aminotransferase (ALT), aspartate
aminotransferase, and creatinine levels were measured, and
samples were obtained at baseline and 24 weeks [32].
Comparing the relative percentage of patients with worsened
laboratory values, ALT was the only parameter that showed
significant worsening between the telemedicine and
telemonitoring groups. Specifically, none of the participants in
the telemonitoring arm and 7 participants in the telemedicine
arm (6.7%; P=.01) experienced worsening of ALT values.
Klingeman et al [30] described two types of adverse events: (1)
severe hypoglycemia and (2) foot ulcers. Severe hypoglycemia
was noted in the experimental (n=1 or 3.3%) arm, but not in the
control (n=0 or 0%) arm. Foot ulcer was noted in the
experimental (n=1 or 3.3%) and control (n=3 or 10%) arms.

Quality of Evidence for Included Studies
The 20% (1/5) of the studies of CHF [33] that met our inclusion
criteria was rated as having high ROB owing to low numbers
of patients enrolled, unclear method for patient randomization,
and poor description of both patient dropout and how primary
outcomes were assessed. Among the 80% (4/5) of randomized
T2DM studies, the ROB (Figure 4) for patient-reported
outcomes was judged to be low for 1 (25%) study, unclear for
1 (25%) study, and high for 1 (25%) study and 1 (25%) study
did not report this type of outcome [30,32,34,35]. For objective
outcomes, ROB was judged to be low for 50% (2/4) of the
studies [32,34] and high for 50% (2/4) of the studies [30,35].
Patterns that led to judgments of low ROB (Figure 5) included
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(1) noting randomization of study participants, (2) collecting
objective outcome data, and (3) generally limited expected
impact of bias from patient knowledge of the treatment arm.
Patterns that led to high ROB included (1) missing or unclear
data on randomization methods, data collection, and analysis;

(2) unblinded treatment arm; (3) absence of predetermined
intervention assessment patterns in the protocol; (4) unclear
primary outcomes; and (5) missing or unclear reporting of
patient-reported outcomes.

Figure 4. Risk of bias (ROB) assessment for included studies in congestive heart failure and type 2 diabetes mellitus [30,32-35].

Figure 5. Risk of bias (ROB) assessment across included studies on congestive heart failure and type 2 diabetes mellitus (N=5).

Ad hoc Horizon Scan to Identify Relevant Studies in
Progress
This search identified 1787 unique studies. We found only
0.17% (3/1787) of studies [36-38] in our horizon scan that
reported on studies without published results (Multimedia
Appendix 6) that may potentially meet the inclusion criteria of
our systematic review. All of these studies (3/3, 100%) are
randomized controlled trials that were designed before the
COVID-19 pandemic. Of the 3 studies, 2 (67%) studies focus
on T2DM [36,37], whereas the remaining 1 (33%) study is on
CHF [38]. Although the noninferiority study [37] will not meet
our inclusion criteria as it is conducted in Brazil (a
non–Organisation for Economic Co-operation and Development
[OECD] country) and the findings may not be applicable to the
US population or setting, we mention it here given the low

number of studies that otherwise met our inclusion criteria. The
other T2DM study [36] is specifically focused on reducing
emergency diabetes care for older (aged >50 years) African
Americans. The CHF study by Komkov et al [38] has very
limited detail available. Although using these registries to
identify trials has limitations and there are likely other relevant
studies, it appears that there are few trial-based studies currently
in the pipeline to inform our questions in this review.

Discussion

This review aimed to summarize and report the use of telehealth
as a replacement or substitute for all or a portion of in-person
care in the context of chronic management of CHF, COPD, and
T2DM.
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Principal Findings
We found scant evidence examining chronic disease
management delivered through synchronous telehealth compared
with in-person delivery for T2DM (4/5, 80%), COPD (0/5, 0%),
and CHF (1/5, 20%). This suggests that there is little evidence
to help guide practice on when to use telehealth instead of
traditional in-person visits while managing these chronic
diseases. Our review sought to include studies that used
telehealth to replace all or part of in-person care. In other words,
some specific in-person visits in the intervention arm were
replaced by telehealth visits, whereas the comparator arm
maintained all visits as in-person. Note that we consider this to
be different from using telehealth as a supplement or add-on to
the usual in-person care. However, we did not find any studies
that only partially substituted in-person visits. We did not
attempt to include studies that used telehealth as an add-on to
existing in-person care, as there are already existing
high-quality, peer-reviewed publications on this question
[11-13]. However, despite the paucity of evidence, telehealth
modalities such as video or telephone have increasingly been
used to replace in-person clinic visits for managing chronic
conditions, particularly during the COVID-19 pandemic [1-5].
Understanding the benefits and risks associated with shifting
in-person care to telehealth is critical in shaping how health
systems deliver care going forward. Although in-person visits
have since increased as more has become known about
COVID-19 transmission and prevention practices, telehealth
continues to play a much larger role in outpatient care than
before the pandemic [39,40].

Comparison With Previous Studies
Evidence indicates that telehealth can be used effectively as an
adjunctive or supplemental approach to in-person care. A recent
review by Albritton et al [18] examined the impact of video
teleconferencing visits on prevention and management of
chronic illness. Results from that review indicated that video
teleconferencing resulted in similar clinical effectiveness as
in-person care for certain diseases [18]. The results from our
review differ in indicating clinical effectiveness of telehealth
from those of Albritton et al [18] owing to several differences
in the review type (systematic vs rapid review), date limitations,
search strategies, databases searched, and operationalization of
telehealth. Our approach to identify relevant telehealth papers
was broad and more comprehensive, which resulted in a large
number of articles to review. Of the 7 papers included in the
review by Albritton et al [18], only 1 (14%) was not captured
in our search. Additional previous reviews have examined
various ways of using telehealth modalities in the context of
these conditions of interest, but none of them have focused on
replacing in-person care with telehealth visits [11]. Although
we found only 20% (1/5) of the studies on telehealth for chronic
management of heart failure as a substitute for in-person care,
previous reviews report mixed results for the impact of other
supplemental types of telehealth on heart failure outcomes
[41-43]. Several recent analyses on the impact of telehealth in
T2DM indicated that health outcomes did not worsen because
of switching to telehealth compared with those in-person clinic
care [14,40,44,45]. However, there is evidence that telehealth
as an adjunctive strategy to typical in-person care can be

associated with a decrease in HbA1c level in patients with both
type 1 and type 2 diabetes [46-49].

Importance of Context in Telehealth Implementation
The successful incorporation of telehealth into health care
delivery relies upon the fit between the telehealth modality, care
delivery context, and disease management approaches [9,19,50].
Presumably, not all areas of health care delivery lend themselves
equally well to telehealth, but management of certain chronic
diseases (CHF, COPD, and T2DM) may provide good
opportunity to replace routine in-person care with telehealth.
In our review, we sought to address a critical evidence gap by
examining the comparative literature on telehealth as a
replacement for in-person care in chronic disease management.
Interestingly, our findings came from studies that were
conducted in specialty settings, and aspects of the studied
telehealth interventions were often incompletely described.
However, much of the long-term management of these chronic
conditions occurs within the context of primary care settings.
As primary care settings likely have different pressures and
challenges with telehealth modalities, given the need to address
multiple comorbidities during the same visit, the results from
our review may not be directly applicable. Thus, we recommend
future reviews to examine and provide evidence-based guidance
about the effect of telehealth interventions to deliver high-quality
care using the right modality for the right patients with the right
clinical condition at the right time.

Additional Approaches to Examine Telehealth
A way to determine the effect telehealth is to use noninferiority
analytic approaches when hypotheses focus on whether
telehealth delivered care is equally effective to in-person care.
Our eligibility criteria focused on randomized controlled trials
and did not include observational study designs. Randomized
controlled trials are the gold standard; however, conducting
these trials is time-consuming and resource-intensive.
Importantly, findings from randomized controlled trials take
years to affect clinical practice, if they are implemented at all.
Randomized controlled trials should not be expected to fill all
the research gaps in the implementation and adoption of
telehealth for chronic disease management. Thus, given the
paucity of randomized controlled trials, we strongly recommend
that future reviews focused on telehealth include what are likely
to be rich and robust, but potentially biased; observational; and
alternatively designed studies that emerge during and after the
COVID-19 pandemic.

Future Directions
Overall, there are 5 key areas in which future studies on this
topic can fill the existing gaps and improve the approach. First,
and perhaps most critical, telehealth interventions should be
thoroughly described to maximize reproducibility and
generalizability in other clinical contexts. Guidance exists on
mobile and web-based interventions, which may provide indirect
suggestions about key characteristics for telehealth intervention
description. Second, there is a need to evaluate how best to
integrate telehealth as a replacement for in-person care.
Furthermore, there is a need to assess which clinical settings
are best suited to the telehealth environment (eg, primary care
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vs specialty care settings). Approaches to integrating telehealth
can be expected to vary across settings with different workflow
patterns, clinical resources, and competing clinical demands,
which emphasizes the need for solid evidence. Third, outcomes
varied across the included studies, and some important outcomes
were not addressed by any study (eg, impact on clinical
workflow, patient satisfaction with telehealth experience, and
subsequent use). Fourth, investigators should be encouraged to
consider a priori subgroup evaluations or make individual
patient-level data available, so that future reviews can identify
patient-level characteristics associated with better outcomes
with telehealth. Finally, future studies should also actively solicit
and report patient perspectives and feedback on telehealth
interventions to better inform intervention design. Such
information can guide clinics and health care systems to offer
optimal patient-centered telehealth delivery and support efforts
to ensure equitable benefits and access to telehealth.

Strengths and Limitations
Our review benefited from being protocol-driven, leveraging
input from an expert panel consisting of clinicians and telehealth
researchers, identifying disease-specific clinical outcomes, using
an analytic framework to guide the understanding of telehealth
modalities, and using a detailed approach to categorize and
define telehealth components in chronic disease
self-management. In addition, our review was based on a clear
definition and use of telehealth. Notably, we acknowledge that
individual patient characteristics (eg, race and ethnicity, gender,
age, and rural status) may moderate the relationship between
the modality in which the clinical visit occurs and any
clinical-level and system-level outcomes.

Despite these strengths, our approach had some limitations.
First, we included only the studies that met the EPOC criteria
in this review; however, observational studies may have findings
relevant to the provision of synchronous telehealth for chronic
illness management. However, we do not believe that this
limitation largely affected our findings. Second, we focused
this review on 3 of the most prevalent chronic diseases, but
there may be appropriately designed studies that targeted other
conditions that we did not include. Third, we only included
studies conducted in OECD countries, and thus, we may have
missed relevant studies conducted in other countries. Fourth,
given the small number of studies that we identified, statistical
methods to detect publication bias were not conducted. Although
it is possible that individual health systems or clinics have
conducted quality improvement studies evaluating differences

in experiences between synchronous and in-person
care—especially during the COVID-19 pandemic—we suspect
it to be unlikely that studies meeting EPOC criteria on this
intervention have not been published, given the recent emphasis
on the role of telehealth. Fifth, we identified few studies overall,
and most studies had <100 patients and were assessed as having
unclear or high ROB. Intervention core components, intervention
fidelity, and impact of intervention on clinical workflow were
not reported in any study. In addition, the interactions between
clinicians and patients during telehealth episodes were not
adequately or explicitly described, and most of our outcomes
of interest were not consistently reported across the studies.
These omissions limited the interpretation and replication of
the evaluated interventions. Sixth, the included telehealth
interventions used different telehealth modalities (email, phone,
and video) with different hardware, delivered via different
numbers of clinical interactions between patients and clinicians,
over a wide range of intervention durations, and within different
health care systems, which inherently make comparison between
them challenging. Finally, the studies included in our review
did not specify how they used or defined gender (man, woman,
or nonbinary) or sex (male, female, or intersex) in their
publications. Information on gender and sex is important to be
captured and described for telehealth studies and research.
Future studies should consider including observational studies;
studies on additional, highly prevalent chronic diseases; studies
conducted in non-OECD countries; and studies that do not meet
the EPOC criteria especially, as those conducted since the onset
of the COVID-19 pandemic may provide useful information.

Conclusions
The COVID-19 pandemic precipitated a rapid shift from
in-person to telehealth delivery, without a clear understanding
about the impacts of telehealth on important health outcomes.
Previous studies have found that telehealth modalities can
improve health outcomes through the supplementation of
in-person management of certain chronic diseases, particularly
with approaches such as remote monitoring and patient
education. However, we found that, currently, there is very little
evidence on the use of telehealth as a replacement for in-person
care for several chronic conditions and that the studies in this
area remain insufficient and methodologically inconsistent. In
conclusion, our review builds on this existing body of literature
by evaluating the comparative literature on the effectiveness of
telehealth visits delivered as a substitute for in-person visits for
chronic disease management and provides recommendations
for future studies in this area.

Acknowledgments
The authors gratefully acknowledge their operational partner, Carolyn Turvey, PhD, for her telehealth expertise and Liz Wing
and Sharon Thompson for editorial assistance. In addition, the authors would like to thank the following key partners and technical
expert panel members for their feedback during the development and execution of this project: Bryan Batch, MD; Hayden
Bosworth, PhD; Marla Clayman, PhD, Master of Public Health; Christopher Mosher, MD; and Scott Sherman, MD, Master of
Public Health. This project was funded by the Department of Veterans Affairs, Veterans Health Administration, Office of Research
and Development, and Quality Enhancement Research Initiative (grant ESP 09-010). This study also received support from the
Durham Center of Innovation to Accelerate Discovery and Practice Transformation (grant CIN 13-410) at the Durham Veterans
Affairs Health Care System, Veterans Affairs Health Services Research and Development (grant 18-234; AAL), and Veterans
Affairs Office of Academic Affiliations Program (grant AF-3Q-05-2019-C; CW). The content is solely the responsibility of the
authors and does not reflect the position or policy of the Duke University, US Department of Veterans Affairs, or US government.

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37100 | p. 15https://www.jmir.org/2022/8/e37100
(page number not for citation purposes)

Lewinski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


SR receives funding from the Health Resources and Services Administration Primary Care Training and Enhancement Program
(TOBHP29992), which is not related to this study.

Conflicts of Interest
AAL reports receiving funding from Otsuka and the PhRMA Foundation.

Multimedia Appendix 1
Subject headings and key words used in the search for relevant literature.
[DOCX File , 26 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Study characteristics.
[DOCX File , 28 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Intervention characteristics.
[DOCX File , 28 KB-Multimedia Appendix 3]

Multimedia Appendix 4
All outcomes reported in the included studies.
[DOCX File , 47 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Excluded studies and the reason for exclusion.
[DOCX File , 52 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Ad hoc horizon scan to identify relevant studies in progress.
[DOCX File , 15 KB-Multimedia Appendix 6]

References

1. Wosik J, Fudim M, Cameron B, Gellad ZF, Cho A, Phinney D, et al. Telehealth transformation: COVID-19 and the rise
of virtual care. J Am Med Inform Assoc 2020 Jun 01;27(6):957-962 [FREE Full text] [doi: 10.1093/jamia/ocaa067] [Medline:
32311034]

2. Heyworth L, Kirsh S, Zulman D, Ferguson JM, Kizer KW. Expanding access through virtual care: the VA’s early experience
with Covid-19. NEJM Catalyst. 2020 Jul 1. URL: https://catalyst.nejm.org/doi/full/10.1056/cat.20.0327 [accessed 2021-07-12]

3. Artandi M, Thomas S, Shah NR, Srinivasan M. Rapid system transformation to more than 75% primary care video visits
within three weeks at Stanford: response to public safety crisis during a pandemic. NEJM Catalyst. 2020 Apr 21. URL:
https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0100 [accessed 2021-07-12]

4. Baum A, Kaboli PJ, Schwartz MD. Reduced in-person and increased telehealth outpatient visits during the COVID-19
pandemic. Ann Intern Med 2021 Jan;174(1):129-131 [FREE Full text] [doi: 10.7326/M20-3026] [Medline: 32776780]

5. Mehrotra A, Ray K, Brockmeyer DM, Barnett ML, Bender JA. Rapidly Converting to “Virtual Practices”: Outpatient Care
in the Era of Covid-19. NEJM Catalyst. 2020 Apr 1. URL: https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0091 [accessed
2021-07-13]

6. Trump Administration Makes Sweeping Regulatory Changes to Help U.S. Healthcare System Address COVID-19 Patient
Surge. Centers for Medicare & Medicaid Services. 2020 Mar 30. URL: https://www.cms.gov/newsroom/press-releases/
trump-administration-makes-sweeping-regulatory-changes-help-us-healthcare-system-address-covid-19 [accessed 2021-07-12]

7. Litchfield I, Shukla D, Greenfield S. Impact of COVID-19 on the digital divide: a rapid review. BMJ Open 2021 Oct
12;11(10):e053440 [FREE Full text] [doi: 10.1136/bmjopen-2021-053440] [Medline: 34642200]

8. Eruchalu CN, Pichardo MS, Bharadwaj M, Rodriguez CB, Rodriguez JA, Bergmark RW, et al. The expanding digital
divide: digital health access inequities during the COVID-19 pandemic in New York city. J Urban Health 2021
Apr;98(2):183-186 [FREE Full text] [doi: 10.1007/s11524-020-00508-9] [Medline: 33471281]

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37100 | p. 16https://www.jmir.org/2022/8/e37100
(page number not for citation purposes)

Lewinski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app1.docx&filename=142c7f721d18022694bb0227512176a1.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app1.docx&filename=142c7f721d18022694bb0227512176a1.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app2.docx&filename=f6fcb08c864b1348f9f0e6e5ac749e9e.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app2.docx&filename=f6fcb08c864b1348f9f0e6e5ac749e9e.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app3.docx&filename=e334262f18e642efe534f17902ece9e0.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app3.docx&filename=e334262f18e642efe534f17902ece9e0.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app4.docx&filename=f9e9a2eecb64690683b7d6aef4104a9d.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app4.docx&filename=f9e9a2eecb64690683b7d6aef4104a9d.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app5.docx&filename=96ac186f617d00d8d9879a54d1659bb9.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app5.docx&filename=96ac186f617d00d8d9879a54d1659bb9.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app6.docx&filename=faf05b74476cf28aab990a2a6191098b.docx
https://jmir.org/api/download?alt_name=jmir_v24i8e37100_app6.docx&filename=faf05b74476cf28aab990a2a6191098b.docx
http://europepmc.org/abstract/MED/32311034
http://dx.doi.org/10.1093/jamia/ocaa067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32311034&dopt=Abstract
https://catalyst.nejm.org/doi/full/10.1056/cat.20.0327
https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0100
https://www.acpjournals.org/doi/abs/10.7326/M20-3026?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/M20-3026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32776780&dopt=Abstract
https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0091
https://www.cms.gov/newsroom/press-releases/trump-administration-makes-sweeping-regulatory-changes-help-us-healthcare-system-address-covid-19
https://www.cms.gov/newsroom/press-releases/trump-administration-makes-sweeping-regulatory-changes-help-us-healthcare-system-address-covid-19
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34642200
http://dx.doi.org/10.1136/bmjopen-2021-053440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34642200&dopt=Abstract
http://europepmc.org/abstract/MED/33471281
http://dx.doi.org/10.1007/s11524-020-00508-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33471281&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Mohammed HT, Hyseni L, Bui V, Gerritsen B, Fuller K, Sung J, et al. Exploring the use and challenges of implementing
virtual visits during COVID-19 in primary care and lessons for sustained use. PLoS One 2021 Jun 24;16(6):e0253665
[FREE Full text] [doi: 10.1371/journal.pone.0253665] [Medline: 34166441]

10. Srinivasan M, Asch S, Vilendrer S, Thomas SC, Bajra R, Barman L, et al. Qualitative assessment of rapid system
transformation to primary care video visits at an academic medical center. Ann Intern Med 2020 Oct 06;173(7):527-535
[FREE Full text] [doi: 10.7326/M20-1814] [Medline: 32628536]

11. Totten AM, Womack DM, Eden KB, McDonagh MS, Griffin JC, Grusing S, et al. Telehealth: Mapping the Evidence for
Patient Outcomes From Systematic Reviews. Rockville, MD, USA: Agency for Healthcare Research and Quality (US);
May 2016.

12. Faruque LI, Wiebe N, Ehteshami-Afshar A, Liu Y, Dianati-Maleki N, Hemmelgarn BR, Alberta Kidney Disease Network.
Effect of telemedicine on glycated hemoglobin in diabetes: a systematic review and meta-analysis of randomized trials.
CMAJ 2017 Mar 06;189(9):E341-E364 [FREE Full text] [doi: 10.1503/cmaj.150885] [Medline: 27799615]

13. Lin MH, Yuan WL, Huang TC, Zhang HF, Mai JT, Wang JF. Clinical effectiveness of telemedicine for chronic heart
failure: a systematic review and meta-analysis. J Investig Med 2017 Jun;65(5):899-911. [doi: 10.1136/jim-2016-000199]
[Medline: 28330835]

14. Lu AD, Gunzburger E, Glorioso TJ, Smith 2nd WB, Kenney RR, Whooley MA, et al. Impact of longitudinal virtual primary
care on diabetes quality of care. J Gen Intern Med 2021 Sep;36(9):2585-2592 [FREE Full text] [doi:
10.1007/s11606-020-06547-x] [Medline: 33483815]

15. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, American Heart Association Council on
Epidemiology and Prevention Statistics Committee and Stroke Statistics Subcommittee. Heart Disease and Stroke
Statistics-2020 update: a report from the American Heart Association. Circulation 2020 Mar 03;141(9):e139-e596 [FREE
Full text] [doi: 10.1161/CIR.0000000000000757] [Medline: 31992061]

16. National Diabetes Statistics Report 2020: Estimates of Diabetes and Its Burden in the United States. Centers for Disease
Control and Prevention. Atlanta, GA, USA: Department of Health and Human Services, Centers for Disease Control and
Prevention; 2020. URL: https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf [accessed
2022-07-09]

17. Kichloo A, Albosta M, Dettloff K, Wani F, El-Amir Z, Singh J, et al. Telemedicine, the current COVID-19 pandemic and
the future: a narrative review and perspectives moving forward in the USA. Fam Med Community Health 2020
Aug;8(3):e000530 [FREE Full text] [doi: 10.1136/fmch-2020-000530] [Medline: 32816942]

18. Albritton J, Ortiz A, Wines R, Booth G, DiBello M, Brown S, et al. Video teleconferencing for disease prevention, diagnosis,
and treatment : a rapid review. Ann Intern Med 2022 Feb;175(2):256-266. [doi: 10.7326/M21-3511] [Medline: 34871056]

19. Zachrison KS, Yan Z, Schwamm LH. Changes in virtual and in-person health care utilization in a large health system during
the COVID-19 pandemic. JAMA Netw Open 2021 Oct 01;4(10):e2129973 [FREE Full text] [doi:
10.1001/jamanetworkopen.2021.29973] [Medline: 34705016]

20. Moran B, Frazier T, Brown LS, Case M, Polineni S, Roy L. A review of the effectiveness of audio-only telemedicine for
chronic disease management. Telemed J E Health (forthcoming) 2022 Jan 12. [doi: 10.1089/tmj.2021.0285] [Medline:
35021882]

21. Breton M, Sullivan EE, Deville-Stoetzel N, McKinstry D, DePuccio M, Sriharan A, et al. Telehealth challenges during
COVID-19 as reported by primary healthcare physicians in Quebec and Massachusetts. BMC Fam Pract 2021 Sep
26;22(1):192. [doi: 10.1186/s12875-021-01543-4] [Medline: 34563113]

22. Walsh C, Lewinski AA, Rushton S, Soliman D, Carlson SM, Luedke MW, et al. Virtual Care for the Longitudinal
Management of Chronic Conditions: A Systematic Review. Health Services Research & Development. Washington, DC,
USA: U.S. Department of Veterans Affairs; 2021. URL: http://vaww.hsrd.research.va.gov/publications/esp/virtual-care.
cfm [accessed 2022-07-09]

23. Kilbourne AM, Elwy AR, Sales AE, Atkins D. Accelerating research impact in a learning health care system: VA's quality
enhancement research initiative in the choice act era. Med Care 2017 Jul;55 Suppl 7 Suppl 1:S4-12 [FREE Full text] [doi:
10.1097/MLR.0000000000000683] [Medline: 27997456]

24. Gordon AM, Goldstein KM, Walsh C, Lewinski AA, Tabriz AS, Shaw RJ, et al. Virtual Care for the Longitudinal
Management of Chronic Conditions. PROSPERO CRD42021239756. 2021. URL: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42021239756 [accessed 2022-07-05]

25. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. Updating guidance for reporting
systematic reviews: development of the PRISMA 2020 statement. J Clin Epidemiol 2021 Jun;134:103-112. [doi:
10.1016/j.jclinepi.2021.02.003] [Medline: 33577987]

26. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page M, et al. Cochrane Handbook for Systematic Reviews of
Interventions. 2nd Edition. Hoboken, NJ, USA: John Wiley and Sons; 2019.

27. McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS peer review of electronic search
strategies: 2015 guideline statement. J Clin Epidemiol 2016 Jul;75:40-46 [FREE Full text] [doi:
10.1016/j.jclinepi.2016.01.021] [Medline: 27005575]

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37100 | p. 17https://www.jmir.org/2022/8/e37100
(page number not for citation purposes)

Lewinski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://dx.plos.org/10.1371/journal.pone.0253665
http://dx.doi.org/10.1371/journal.pone.0253665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34166441&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/M20-1814?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/M20-1814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32628536&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=27799615
http://dx.doi.org/10.1503/cmaj.150885
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27799615&dopt=Abstract
http://dx.doi.org/10.1136/jim-2016-000199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28330835&dopt=Abstract
http://europepmc.org/abstract/MED/33483815
http://dx.doi.org/10.1007/s11606-020-06547-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33483815&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000000757?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.ahajournals.org/doi/abs/10.1161/CIR.0000000000000757?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/CIR.0000000000000757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31992061&dopt=Abstract
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://fmch.bmj.com/lookup/pmidlookup?view=long&pmid=32816942
http://dx.doi.org/10.1136/fmch-2020-000530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32816942&dopt=Abstract
http://dx.doi.org/10.7326/M21-3511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34871056&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2021.29973
http://dx.doi.org/10.1001/jamanetworkopen.2021.29973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34705016&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2021.0285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35021882&dopt=Abstract
http://dx.doi.org/10.1186/s12875-021-01543-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34563113&dopt=Abstract
http://vaww.hsrd.research.va.gov/publications/esp/virtual-care.cfm
http://vaww.hsrd.research.va.gov/publications/esp/virtual-care.cfm
http://europepmc.org/abstract/MED/27997456
http://dx.doi.org/10.1097/MLR.0000000000000683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27997456&dopt=Abstract
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021239756
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021239756
http://dx.doi.org/10.1016/j.jclinepi.2021.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33577987&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(16)00058-5
http://dx.doi.org/10.1016/j.jclinepi.2016.01.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27005575&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. EPOC resources for review authors. Cochrane Effective Practice and Organisation of Care. URL: https://epoc.cochrane.org/
resources/epoc-resources-review-authors [accessed 2020-05-12]

29. Hultcrantz M, Rind D, Akl EA, Treweek S, Mustafa RA, Iorio A, et al. The GRADE Working Group clarifies the construct
of certainty of evidence. J Clin Epidemiol 2017 Jul;87:4-13 [FREE Full text] [doi: 10.1016/j.jclinepi.2017.05.006] [Medline:
28529184]

30. Klingeman H, Funnell M, Jhand A, Lathkar-Pradhan S, Hodish I. Type 2 diabetes specialty clinic model for the accountable
care organization era. J Diabetes Complications 2017 Oct;31(10):1521-1526. [doi: 10.1016/j.jdiacomp.2017.05.011]
[Medline: 28793967]

31. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med Res Methodol 2014 Dec 19;14:135 [FREE Full text] [doi: 10.1186/1471-2288-14-135]
[Medline: 25524443]

32. Jeong JY, Jeon JH, Bae KH, Choi YK, Park KG, Kim JG, et al. Smart care based on telemonitoring and telemedicine for
type 2 diabetes care: multi-center randomized controlled trial. Telemed J E Health 2018 Aug;24(8):604-613. [doi:
10.1089/tmj.2017.0203] [Medline: 29341843]

33. Hansen C, Loges C, Seidl K, Eberhardt F, Tröster H, Petrov K, et al. INvestigation on Routine Follow-up in CONgestive
HearT FAilure patients with remotely monitored implanted Cardioverter Defibrillators SysTems (InContact). BMC
Cardiovasc Disord 2018 Jun 28;18(1):131 [FREE Full text] [doi: 10.1186/s12872-018-0864-7] [Medline: 29954340]

34. Rasmussen OW, Lauszus FF, Loekke M. Telemedicine compared with standard care in type 2 diabetes mellitus: a randomized
trial in an outpatient clinic. J Telemed Telecare 2016 Sep;22(6):363-368. [doi: 10.1177/1357633X15608984] [Medline:
26468213]

35. Whitlock WL, Brown A, Moore K, Pavliscsak H, Dingbaum A, Lacefield D, et al. Telemedicine improved diabetic
management. Mil Med 2000 Aug;165(8):579-584. [Medline: 10957848]

36. Rovner B. Reducing Emergency Diabetes Care for Older African Americans (PREVENT). Clinical Trials. 2018 Mar 15.
URL: https://clinicaltrials.gov/show/NCT03466866 [accessed 2022-07-09]

37. Rodrigues D. Teleconsultation study in diabetic patients. World Health Organization International Clinical Trials Registry
Platform. 2019 Dec 27. URL: https://trialsearch.who.int/Trial2.aspx?TrialID=RBR-8gpgyd [accessed 2022-07-09]

38. Komkov DS, Myasnikov RP, Fedotova NP, Boytsov SA. Effect of education and telephone monitoring on exercise tolerance
and health-related quality of life in patients with chronic heart failure: a prospective randomized controlled parallel-group
study. Eur J Prevent Cardiol 2015 Jun 14;22(1_suppl):S194. [doi: 10.1177/2047487315586749]

39. Mehrotra A, Chernew ME, Linetsky D, Hatch H, Cutler DA. The Impact of the COVID-19 Pandemic on Outpatient Visits:
Practices Are Adapting to the New Normal. The Commonwealth Fund. 2020 Jun 25. URL: https://www.
commonwealthfund.org/publications/2020/jun/impact-covid-19-pandemic-outpatient-visits-practices-adapting-new-normal
[accessed 2021-07-12]

40. Patel SY, Mehrotra A, Huskamp HA, Uscher-Pines L, Ganguli I, Barnett ML. Trends in outpatient care delivery and
telemedicine during the COVID-19 pandemic in the US. JAMA Intern Med 2021 Mar 01;181(3):388-391 [FREE Full text]
[doi: 10.1001/jamainternmed.2020.5928] [Medline: 33196765]

41. Yun JE, Park JE, Park HY, Lee HY, Park DA. Comparative effectiveness of telemonitoring versus usual care for heart
failure: a systematic review and meta-analysis. J Card Fail 2018 Jan;24(1):19-28. [doi: 10.1016/j.cardfail.2017.09.006]
[Medline: 28939459]

42. Bashi N, Karunanithi M, Fatehi F, Ding H, Walters D. Remote monitoring of patients with heart failure: an overview of
systematic reviews. J Med Internet Res 2017 Jan 20;19(1):e18 [FREE Full text] [doi: 10.2196/jmir.6571] [Medline:
28108430]

43. Cajita MI, Gleason KT, Han HR. A systematic review of mHealth-based heart failure interventions. J Cardiovasc Nurs
2016;31(3):E10-E22 [FREE Full text] [doi: 10.1097/JCN.0000000000000305] [Medline: 26544175]

44. Faleh AlMutairi M, Tourkmani AM, Alrasheedy AA, ALHarbi TJ, Bin Rsheed AM, ALjehani M, et al. Cost-effectiveness
of telemedicine care for patients with uncontrolled type 2 diabetes mellitus during the COVID-19 pandemic in Saudi Arabia.
Ther Adv Chronic Dis 2021 Sep 8;12:20406223211042542 [FREE Full text] [doi: 10.1177/20406223211042542] [Medline:
34729144]

45. Tourkmani AM, ALHarbi TJ, Rsheed AM, Alrasheedy AA, ALMadani W, ALJuraisi F, et al. The impact of telemedicine
on patients with uncontrolled type 2 diabetes mellitus during the COVID-19 pandemic in Saudi Arabia: findings and
implications. J Telemed Telecare (forthcoming) 2021 Feb 01:1357633X20985763. [doi: 10.1177/1357633X20985763]
[Medline: 33525952]

46. Hu Y, Wen X, Wang F, Yang D, Liu S, Li P, et al. Effect of telemedicine intervention on hypoglycaemia in diabetes patients:
a systematic review and meta-analysis of randomised controlled trials. J Telemed Telecare 2019 Aug;25(7):402-413. [doi:
10.1177/1357633X18776823] [Medline: 29909748]

47. Lee SW, Chan CK, Chua SS, Chaiyakunapruk N. Comparative effectiveness of telemedicine strategies on type 2 diabetes
management: a systematic review and network meta-analysis. Sci Rep 2017 Oct 04;7(1):12680 [FREE Full text] [doi:
10.1038/s41598-017-12987-z] [Medline: 28978949]

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37100 | p. 18https://www.jmir.org/2022/8/e37100
(page number not for citation purposes)

Lewinski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://epoc.cochrane.org/resources/epoc-resources-review-authors
https://epoc.cochrane.org/resources/epoc-resources-review-authors
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(16)30703-X
http://dx.doi.org/10.1016/j.jclinepi.2017.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28529184&dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2017.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28793967&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-14-135
http://dx.doi.org/10.1186/1471-2288-14-135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25524443&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2017.0203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29341843&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-018-0864-7
http://dx.doi.org/10.1186/s12872-018-0864-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29954340&dopt=Abstract
http://dx.doi.org/10.1177/1357633X15608984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26468213&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10957848&dopt=Abstract
https://clinicaltrials.gov/show/NCT03466866
https://trialsearch.who.int/Trial2.aspx?TrialID=RBR-8gpgyd
http://dx.doi.org/10.1177/2047487315586749
https://www.commonwealthfund.org/publications/2020/jun/impact-covid-19-pandemic-outpatient-visits-practices-adapting-new-normal
https://www.commonwealthfund.org/publications/2020/jun/impact-covid-19-pandemic-outpatient-visits-practices-adapting-new-normal
http://europepmc.org/abstract/MED/33196765
http://dx.doi.org/10.1001/jamainternmed.2020.5928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33196765&dopt=Abstract
http://dx.doi.org/10.1016/j.cardfail.2017.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28939459&dopt=Abstract
https://www.jmir.org/2017/1/e18/
http://dx.doi.org/10.2196/jmir.6571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28108430&dopt=Abstract
http://europepmc.org/abstract/MED/26544175
http://dx.doi.org/10.1097/JCN.0000000000000305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26544175&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20406223211042542?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/20406223211042542
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34729144&dopt=Abstract
http://dx.doi.org/10.1177/1357633X20985763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33525952&dopt=Abstract
http://dx.doi.org/10.1177/1357633X18776823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29909748&dopt=Abstract
https://doi.org/10.1038/s41598-017-12987-z
http://dx.doi.org/10.1038/s41598-017-12987-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28978949&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


48. Chakranon P, Lai YK, Tang YW, Choudhary P, Khunti K, Lee SW. Distal technology interventions in people with diabetes:
an umbrella review of multiple health outcomes. Diabet Med 2020 Dec;37(12):1966-1976. [doi: 10.1111/dme.14156]
[Medline: 31631398]

49. Polisena J, Tran K, Cimon K, Hutton B, McGill S, Palmer K. Home telehealth for diabetes management: a systematic
review and meta-analysis. Diabetes Obes Metab 2009 Oct;11(10):913-930. [doi: 10.1111/j.1463-1326.2009.01057.x]
[Medline: 19531058]

50. Lewinski AA, Sullivan C, Allen KD, Crowley MJ, Gierisch JM, Goldstein KM, et al. Accelerating implementation of
virtual care in an integrated health care system: future research and operations priorities. J Gen Intern Med 2021
Aug;36(8):2434-2442. [doi: 10.1007/s11606-020-06517-3] [Medline: 33496928]

Abbreviations
ALT: alanine aminotransferase
CHF: congestive heart failure
COPD: chronic obstructive pulmonary disease
EPOC: Effective Practice and Organization of Care
HbA1c: glycosylated hemoglobin
OECD: Organisation for Economic Co-operation and Development
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews
ROB: risk of bias
T2DM: type 2 diabetes mellitus
VHA: Veterans Health Administration

Edited by T Leung; submitted 12.02.22; peer-reviewed by V Stamenova, B Chaudhry; comments to author 26.05.22; revised version
received 05.07.22; accepted 08.07.22; published 26.08.22

Please cite as:
Lewinski AA, Walsh C, Rushton S, Soliman D, Carlson SM, Luedke MW, Halpern DJ, Crowley MJ, Shaw RJ, Sharpe JA, Alexopoulos
AS, Tabriz AA, Dietch JR, Uthappa DM, Hwang S, Ball Ricks KA, Cantrell S, Kosinski AS, Ear B, Gordon AM, Gierisch JM, Williams
Jr JW, Goldstein KM
Telehealth for the Longitudinal Management of Chronic Conditions: Systematic Review
J Med Internet Res 2022;24(8):e37100
URL: https://www.jmir.org/2022/8/e37100
doi: 10.2196/37100
PMID:

©Allison A Lewinski, Conor Walsh, Sharron Rushton, Diana Soliman, Scott M Carlson, Matthew W Luedke, David J Halpern,
Matthew J Crowley, Ryan J Shaw, Jason A Sharpe, Anastasia-Stefania Alexopoulos, Amir Alishahi Tabriz, Jessica R Dietch,
Diya M Uthappa, Soohyun Hwang, Katharine A Ball Ricks, Sarah Cantrell, Andrzej S Kosinski, Belinda Ear, Adelaide M Gordon,
Jennifer M Gierisch, John W Williams Jr, Karen M Goldstein. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 26.08.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 8 | e37100 | p. 19https://www.jmir.org/2022/8/e37100
(page number not for citation purposes)

Lewinski et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/dme.14156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31631398&dopt=Abstract
http://dx.doi.org/10.1111/j.1463-1326.2009.01057.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19531058&dopt=Abstract
http://dx.doi.org/10.1007/s11606-020-06517-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33496928&dopt=Abstract
https://www.jmir.org/2022/8/e37100
http://dx.doi.org/10.2196/37100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

