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Objectives: The aim of this study was to systematically investigate existing literature on the costs of home-based telemedicine programs, and to further summarize how the costs of
these telemedicine programs vary by equipment and services provided.

Methods: We undertook a systematic review of related literature by searching electronic bibliographic databases and identifying studies published from January 1, 2000, to
November 30, 2017. The search was restricted to studies published in English, results from adult patients, and evaluation of home telemedicine programs implemented in the United
States. Summarized telemedicine costs per unit of outcome measures were reported.

Results: Twelve studies were eligible for our review. The overall annual cost of providing home-based telemedicine varied substantially depending on specific chronic conditions,
ranging from USD1,352 for heart failure to USD206,718 for congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), and diabetes as a whole. The estimated
cost per-patient-visit ranged from USD24 for cancer to USD39 for CHF, COPD, or chronic wound care.

Conclusions: The costs of home-based telemedicine programs varied substantially by program components, disease type, equipment used, and services provided. All the selected
studies indicated that home telemedicine programs reduced care costs, although detailed cost data were either incomplete or not presented in detail. A comprehensive analysis of the
cost of home-based telemedicine programs and their determinants is still required before the cost efficiency of these programs can be better understood, which becomes crucial for

these programs to be more widely adopted and reimbursed.
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The American Telemedicine Association defines telemedicine
(or telehealth) as the use of medical information exchanged
from one site to another by means of electronic communica-
tions and to improve patient clinical health status (1). Over
the past 2 decades, telemedicine has been increasingly used
in disease control and management, and is associated with ben-
efits such as increased access to health services, cost-effective-
ness, more educational opportunities, improved health
outcomes, better quality of care, and enhanced social support
for patients (2). For example, telemedicine allows for better
quality of care by constantly monitoring patients’ vital condi-
tions, and provides for more efficient use of resources by redu-
cing travel time for health professionals and patients (3).
Studies have also shown that telemedicine service provided
in patients’ homes or community clinics improved health out-
comes through prompt consultation, guidance, and needed ser-
vices, and in turn reduced the risk of hospitalization and
emergency department use (4). Furthermore, consummate
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findings based on meta-analyses conducted to evaluate the
effectiveness of telemedicine across various disease types,
such as myocardial infarction (5), chronic obstructive pulmon-
ary disease (6), diabetes (7), heart failure (8§—11), mental health
(12), pain management (13), and audiology (14) suggested the
feasibility and prospect of using telemedicine to achieve better
outcomes and/or reduced healthcare costs.

Although various review studies have documented the
effectiveness of telemedicine in facilitating home-based
disease control and management compared with usual care
(15-18), few have assessed program costs. An important
reason is that program cost has rarely been reported in pub-
lished studies on telemedicine. Because by far third-party
payers (e.g., Medicare, or private insurers) do not cover or sub-
sidize the initial infrastructure costs of telemedicine or reim-
burse most services (19;20), program costs can be prohibiting
for many telemedicine programs to be initiated or sustained.

In this study, we seek to examine the cost of home-based
telemedicine services through a systematic review of the rele-
vant literature. The primary objectives of this study were to:
(1) understand the cost structure and components of home
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telemedicine based on a systematic review of studies with a
documentation of program costs; and (ii) summarize home tele-
medicine costs either on an annual or per-patient-visit basis.

METHODS

Data Sources and Literature Search

To identify studies reporting costs of home telemedicine pro-
grams, a systematic literature review was undertaken following
guidelines from the Cochrane Collaboration guidelines (21)
and the Preferred Reporting Items for Systematic Reviews
and Meta- Analyses (PRISMA) (22). The literature search
covered electronic bibliographic databases including PubMed,
Embase, CINAHL, and Cochrane from January 1, 2000, to
November 30, 2017. The search was limited to studies pub-
lished in English, those involving only adult patients and focus-
ing on home-based telemedicine programs implemented in the
United States. Our goal was to establish comparability due to
variability in care and healthcare systems across different
countries.

PubMed Auto Alerts was set up to provide weekly updates
of new literature until January 15, 2018. The search terms
(PubMed Mesh term) included: “Telemedicine,” ““Monitoring,
Physiologic,” “Signal Processing, Computer-Assisted,” “Blood
Pressure  Monitors,” “Monitoring, Ambulatory,” “Remote
Consultation,” “Diagnosis, Computer-Assisted,” “Therapy,
Computer-Assisted,” “Costs and Cost Analysis,” “Models,
Economic,” “Cost-Benefit Analysis,” “Home Care Services,”
“English,” and “All Adult.” The search strategy was presented
in Supplementary Table 1. The review protocol has been regis-
tered in an international prospective register of systematic
reviews (PROSPERO) (http:/www.crd.york.ac.uk/prospero/).

Study Selection

We defined the target patient population as 18 years of age and
older who have one or more chronic diseases according to the
World Health Organization definition (23). To be eligible,
studies had to: (i) involve the use of home telemedicine to
provide services; (ii) report information related to total costs
or the cost components (staffing, equipment and others) of tele-
medicine. We considered home telemedicine to be any form of
medical services that was conveyed through technology and
communicated between remotely located care providers and
patients at home (24).

Two investigators (J.Z. and M.A.M.) independently
reviewed titles and abstracts to identify studies meeting the
inclusion criteria. The same investigators performed full-text
screenings of all studies that any of the investigators identified
as relevant. Differences in screening decisions were resolved by
consultation with a third investigator (T.L.M.), and exclusion of
citations that underwent full-text screening was documented.

Costs of home-based telemedicine programs

Data Extraction, Synthesis, and Study Quality Assessment

Data were abstracted independently by two investigators
(J.Z. and M.A.M.) using prespecified abstraction tables
(Supplementary Tables 2 and 3). Discrepancy was resolved
by consensus (three of twelve studies included). The percentage
agreement was 75 percent. We provided a narrative synthesis of
the findings from included studies that was structured around
study characteristics such as technology type and vendor,
funding source, and cost composition of telemedicine, includ-
ing staffing, equipment, and others. We further provided
summary tables organized by these attributes.

We described the economic costs of telemedicine from the
perspective of telemedicine provider, which may include costs
as capital investment (e.g., equipment or technology), facilities
(e.g., office space and rental), maintenance and repair, adminis-
tration, training, wages for personnel, and so on (25). We
further categorized costs reported by each study into equip-
ment, staffing, and miscellaneous. We calculated telemedicine
program costs either on a per-patient-visit or per-year metric
to standardize the data across included studies. We further
adjusted all cost data to 2016 U.S. dollars, using the
Consumer Price Index (26) to compare costs across years.
For studies that did not report the years when cost data were
collected, we used the publication year of the study as a proxy.

Finally, because our inclusion criteria were not limited to
randomized clinical trials (RCTs), we evaluated the quality of
included studies using the element of study design, which is
part of the Grading of Recommendations Assessment,
Development, and Evaluation system (27). Studies with the
RCT design are rated as high-quality evidence, whereas obser-
vational studies are regarded as low-quality evidence of inter-
vention effects.

RESULTS

Study Identification

The literature identified a total of 1,299 titles and abstracts,
from which 1,213 were excluded based on title and abstract
review, and seventy-four were excluded on the basis of full-
text review. A total of twelve studies, representing a variety
of disease types, telemedicine equipment used, , and sample
sizes, were included in our review. Of the twelve studies
reviewed, nine of them included cost data about the staffing
and equipment of telemedicine programs. Figure 1 presents
the PRISMA flow diagram detailing the process of study selec-
tion. The results in each selected study were reviewed and sum-
marized qualitatively.

Study Characteristics

Table 1 provides selected characteristics for each included
study (more detailed characteristics of included studies are pre-
sented in Supplementary Table 2).

https://doi.org/10.1017/50266462318000454 Published online by Cambridge University Press

INT J TECHNOL ASSESS HEALTH CARE 34:4, 2018


http://www.crd.york.ac.uk/prospero/
http://www.crd.york.ac.uk/prospero/
https://doi.org/10.1017/S0266462318000454

Michaud et .

Studies identified from electronic
database:
s CINAHL, 360
§ The Cochrane Collaboration, 92
£ Embase, 641
é PubMed, 494

v

Studies retrieved (n=1,587)

Y

" Duplicate studies (n=288)

Title and abstract review (n=1,299)

oo
c
c
L0
1)
e
o
vy

Excluded reason (n=1,213):
Not home telehealth programs, 246

Not adult patients, 36
Not in the US setting, 486

Ad

Not chronic disease, 178
No program cost component, 266
Published before 2000, 1

Full-text article review (n=86)

Excluded reason (n=74):

-
=
8
&0
e

No program cost components, 42
No cost estimate reported, 3
Not in the US setting, 9

h 4

Not home telehealth program, 13
Same studies but with different
titles, 3

Review/conference paper, 4

PubMed Auto Alert after database

-
+

Included

A4

search was completed (n=0)

Article eligible for extraction (n=12)

Figure 1. Search flow diagram for included studies.

Study Objectives. Most studies (n = 7) compared home healthcare
delivered by telemedicine to home healthcare delivered by trad-
itional in-person visits. The other five studies evaluated the
effectiveness of home diagnosis and the treatment of obstruct-
ive sleep apnea (28), readability of gathering data from home
ventilator patients (29), cost-effectiveness of a portable coagul-
ometer for elderly patients taking warfarin (30), development of
a pilot telehealth program (31), and use of telepsychiatry con-
sultation services (32).

Study Design. Five studies used RCT design, four studies used case
study design; two studies used quasi-experimental design; and
one study used pilot feasibility study design. Most studies
(n = 7) were of lower methodological rigor, suggesting potential
risks to internal validity.

Disease Type. The majority of included studies (n = 7) focused on
a single disease (obstructive sleep apnea, diabetes, heart failure,
cancer, mental health, or hypertension), and the other five
studies targeted a variety of diseases.

Number of Subjects. The number of subjects monitored by telemedi-
cine in selected studies ranged from 4 to 171.

Equipmenty and Vendor. The equipment applied in each of the eligible
studies differed by study objectives and the disease type,
varying from a plain old telephone service system with a
camera and modem mounted on top of a television (29), to a
U.S. Food and Drug Administration Class II medical device
that collects key wvital signs (blood pressure, heart rate,
oxygen saturation, temperature) (33). Seven studies did not
report the vendor of the telemedicine equipment applied in
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Table 1. Summary of Selected Characteristics of Included Studies

First author,
year

Equipment; vendor

QOufcome measure

Sefting; location

Fletcher,
2000 (28)

Dansky,
2001 (48)

Smith,
2002 (29)

Benatar,
2003 (34)

Cheung,
2003 (30)

Bohnekamp,
2004 (36)

Noel,
2004 (35)

Walsh,
2005 (31)

Finkelstein,
2006 (37)

Hicks,
2009 (33)

No. of  Length of
Study design  Disease subjects  study (month)
Prospective case Obstructive sleep apnea 63 N/A
study
RCT Diabetes 171 18
Pilot feasibility ~ Obstructive sleep apnea 5 )
study
RCT Heart failure 216 12
Prospective case Prosthetic valve, atrial fibrillation, 35 24
study cardiomyopathy, stroke, MI,
and deep venous thrombosis or
pulmonary embolism (with the
use of warfarin)
(Quosiexperi-  Cancer 28 N/A
mental study
RCT CHF, COPD, and diabetes 104 6
Case study Heart disease and diabetes 4 N/A
RCT CHF, COPD, and chronic wound 53 36
care
Quasiexperi-  Surgical aftercare, cardiovascular 94 N/A

problems, lung problems,
cancer, diabetes, and infections

mental study

Unattended home monitoring along with auto-
matic fitrating confinuous positive airway pres-

sure; DeVilbiss

Camera with a close-up lens, medical sensors
(sphygmomanometer and stethoscope);

American Telecare, Inc

Included a camera and modem mounted on top The reliability of gathering data from
of a television (fransmitted by means of Plain
0ld Telephone Senvice [POTS]); N/A

Transtelephonic home monitoring devices pro-
grammed to measure blood pressure, heart
rate, arterial oxygen saturation, and weight;

AvidCare Corporation

Porfable coagulometer; Basel

A home health monitor and equipment for con-  Type of care, costs, patient satisfaction,
ostomy adjustment, and time to

necting fo a TV; N/A

Camera, a touch screen interface and FDA-
approved peripheral devices plug info the tele-

health unit; N/A

Blood pressure cuff, electronic stethoscope, video Costs, projected savings, and patient
camera, with magnifier, monitor, pulse oxim-
etry, digital scale and glucose monitor; N/A

A set-fop box connected to the subject’s television Mortality, morbidity, transfer to a differ-
set and telephone line and an eyeball camera
was placed on the box; 8 x 8 Inc. & Philips

Electronics

FDA Class Il medical device that collects key vital Additional costs and benefits associated
signs (blood pressure, heart rate, oxygen saf-
uration, temperature); N/A

Number of subjects able to be diagnosed
by unattended home monitoring

Costs associated with providing teleho-

mecare Services

home ventilator patients compared
with data recorded by a home health
nurse in the subject’s home

HF readmissions , length of stay, HF
hospifalization charges, and pre- and
postintervention quality-ofife

measurements

International Normalized Ratio of a drop

of whole blood

achieve ostomy self-care

Quality-ofife, health resource use, and

costs

safisfaction

ent level of care, costs, and satisfaction

with home telehealth monitoring, and
client and provider satisfaction

Academic; N/A
Academic &
Community; Urban

Academic; N/A

Academic; Urhan

Community; Urban

Academic; N/A

VA Healthcare System;
N/A
Community; N/A

Academic &
Community; Rural

Academic &
Community; Rural
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Community; N/A

Setting; location
Academic &
Academic; Urban

psychiatry vs. in-person care)
Direct and patient time costs

QOutcome measure

Electronic blood pressure measurement devices;

N/A

lorge-screen monitors; Polycom
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; HF, heart failure; FDA, Food and Drug Administration; MI, myocardial infarction, N/A, not applicable; RCT, randomized controlled frial.

Equipment; vendor
State-ofthe-urt videoconferencing equipment and  Potential cost and fime savings (tele-

Length of

subjects  study (month)
N/A
24

No. of
106

61

Disease
Mental health
Hypertension

Confinued
Study design
Case study
2010 (32)
RCT
2010 (38)

Reed,

First author,

year
Rabinowitz,

Table 1.
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their studies, which would make it difficult to infer about any
potential conflict of financial interest as a result of ties
between the study team and the vendors.

Study Setting. Most of the studies were conducted in an academic
setting (n = 5) or through an academic-community partnership
(n = 4), whereas the rest were either implemented by a commu-
nity organization or the Veteran Affairs healthcare system.

Location. Four studies were conducted in an urban area, and three
studies were in a rural area. Five studies did not specify the
location where the telehealth programs were carried out.

Key Personnel. Nurses, including advanced practice nurses, clinical
nurse specialists, and registered nurses, were the key personnel
in most of the included studies (n = 10), whereas physician was
reported as the key personnel in only one study. One study did
not specify its key personnel.

Funding Source. The majority of the studies (n = 7) were funded by
a government agency, including the Department of Commerce,
the National Institute of Health, the Agency for Healthcare
Research and Quality, and the Veteran’s Administration
Health Services Department of Research and Development.
Four studies did not specify the funding resource, and one
study was supported by an academic institution.

Cost Composition of Telemedicine

Measurement Metric. There was significant variation in the cost meas-
urement metrics reported by each individual study (Table 2).
Based on these studies, the estimated cost of implementing a
telemedicine program, including the costs of equipment, staff-
ing, and overhead, ranged from USD1,352 for heart failure
(34) to USD206,718 for congestive heart failure (CHF),
chronic obstructive pulmonary disease (COPD), and diabetes
as a whole (35) of 2016 U.S. dollars on an annual basis; or
from USD24 for cancer (36) (3.57 virtual visit) to USD39 for
CHF, COPD, and chronic wound care (37) (292 virtual visits)
per-patient-visit.

Cost Category. Similarly, we found a significant variation in the
cost categories reported in the individual studies
(Supplementary Table 3). We divided telemedicine costs into
equipment, staffing, and miscellaneous to accommodate differ-
ences. Two studies provided the most economic details of the
telemedicine programs. Finkelstein et al. (37) reported the
costs of the equipment, cost of travel (nurse and technician),
cost of personnel time, overhead costs, and Reed et al. (38)
reported startup costs, ongoing fixed costs (office space and
telephone service with voice mail), personnel costs, and vari-
able costs (toner, paper, postage stamps, and envelopes).
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Table 2. Summary of Cost Estimates of Included Studies

Estimate (inflated o U.S.

First author, year Disease Cost metrics 2016 dollars) Cost benefits
Flefcher, 2000 (28)  Obstructive sleep apnea Total home diagnosis and treatment  USD41,106 Reduced diagnostic and treatment costs by USD1,128 per patient
costs
Dansky, 2001 (48)  Diabetes Total costs of telehomecare per year USD26,634 Reduce home visit costs between USD319-USD697 per patient per
episode for patients who were in home care for 60 days
Smith, 2002 (29) Obstructive sleep apnea Total costs of telehealth (visits, ~ USD3,590 /year Reduced costs by USD41 per visit
materials, and travel for installo-
fion and pick-up) per 6-month
Benatar, 2003 (34)  Heart failure Total fractionated costs of telemoni- USD1,352 /year Reduced readmission charged by USD136,332 at a 1-year period
toring per day
Cheung, 2003 (30)  Prosthetic valve, atrial fibrillation, cardiomyopathy, Average costs per Intemational USD9/INR Reduced costs of INR measurement by USD10.45/INR
stroke, MI, and deep venous thrombosis or puk  Normalized Ratio
monary embolism (with the use of warfarin)
Bohnekamp, 2004 (36) Cancer Average costs of per telenursing visit USD24 /per visit Reduced costs by USD44.1 per telenursing visit
Noel, 2004 (35) CHF, COPD, and diabetes Total costs of telehealth unit per 6- USD206,718 /year Reduced healthcare costs, including transportation, RN home visits,
month bed-day-ofcare (admission and discharge days plus integral days as
inpatient), ER visit, specialty clinical, and primary care, by
USD2,648 per patients at a é-month period
Walsh, 2005 (31) Heart disease and diabetes Total costs of telehealth monitoring  USD24,716-USD27,296  Reduced costs of skilled nurse visits by USD3,432 at a 6-month period
Finkelstein, 2006 (37)  CHF, COPD, chronic wound care Average total costs per visit (virtual USD39 /visit; total cost of ~ Reduced average costs by USD15.16 per visit (tofal costs saving =
visits & moniforing) at a 6-month  USD22,816 /year USD41,361) compared with the actual visit group
period
Hicks, 2009 (33) Surgical aftercare, cardiovascular problems, lung  Tofal costs of telemedicine per 6~ USD64,810; 129,620/year Reduced hospitalization expenses by USD126,899
problems, cancer, diabetes, and infections month
Rabinowitz, 2010 (32) Mental health Total costs of telepsychiatry per year USD32,242 Psychiatric visit reduced potential patients-fo-physician travel (esti-
mated at USD20, USD30 and USD40/hour) and physician-to-
patient travel (estimated af USD100, USD200, and USD300/hour)
costs by USD13,060-USD46,798 and USD63,668-USD232,361,
respectively
Reed, 2010 (38) Hypertension Total costs of home blood pressure Fixed costs of USD59,844; Combined intervention reduced direct medical costs by USD627

moniforing & telephonic behav-
ioral infervention per year

variable costs per patient
of USD137

compared with usual care during 2 years; by the incremental 2-year
cost per 1-point reduction in systolic blood pressure was USD107 in
direct medical costs and USD297 when including patient time costs

MI, myocardial infarction; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; INR, international normalized ratio.
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Nine studies provided data on the equipment and staffing
costs. Most staffing costs (n = 8) resulted from nurse time
and were calculated per telemedicine visit or per year. Three
studies did not report staffing costs (30;32;35). Because the
cost of equipment is subject to the type of telemedicine equip-
ment installed at a given patient’s home, it varied from USD832
for patients with chronic heart failure (cellular telephone, bio-
technology, and home monitor) (34) to USD40,596 for patients
with surgical aftercare, cardiovascular problems, lung pro-
blems, cancer, diabetes, or infections (U.S. Food and Drug
Administration Class II medical device that collects key vital
signs) (33) on an annual basis.

DISCUSSION

We identified twelve studies which met the inclusion criteria for
the systematic review. Due to the substantial heterogeneity
among included studies in terms of the cost data reported, we
did not conduct quantitative synthesis or meta-analysis of the
selected studies. While our study was limited to programs in
the United States, many of the approaches taken could be
applied to programs in other countries and the wide range of
costs and types found in the United States may subsume exam-
ples elsewhere.

Despite significant variations in reported costs and several
studies failing to include details of critical cost components for
their telemedicine programs, our review found that telemedicine
costs ranged from USD1,352 to USD206,718 annually, or from
USD24 to USD39 for per-patient visit. In consideration of the
estimated cost by Burgiss and Dimmick (3) of approximately
USDG69 (inflated to 2016 U.S. dollars) for a nurse to travel to a
home, our pooled results (USD24 (36)-USD39 (37) per telenur-
sing visit) suggested that telemedicine can be cost-effective rela-
tive to medical care provided through in-person home visits.

Nevertheless, the lack of quantitative data of the costs of
telemedicine is one of the main challenges of evaluating its sus-
tainability and economic impact (25;39;40). Only 20 percent of
all published telemedicine studies contain quantitative cost data
or make reference to the costs of telemedicine, regardless of
setting (39), and even when they included such data in their
report, it was usually a rough estimate of total costs without
any break-down by cost category, which limits both the scope
and validity of the evaluation. Forty-two percent of acute care
hospitals across the country adopted telemedicine in their clin-
ical practices, based on data from the 2012 annual survey of the
Information Technology Supplement to the American Hospital
Association (41); however, very little economic evidence of
telemedicine was reported in the existing literature, pointing
to a major vacuum when it comes to sustaining these programs
over time based on their documented cost benefit or return on
investment for patients, care providers, or payers.

We must, therefore, conclude that the costs and benefits of
telemedicine intervention should be weighed before decisions

on implementation are made (42). Future studies with detailed,
itemized, and comparative economic data, either categorized as
was done in the present study, or categorized into fixed and
variable costs as proposed by Davalos et al. (25), would facili-
tate rigorous economic evaluation of such programs. This
would provide a more comprehensive understanding of the
cost benefits of telemedicine programs so that policy makers,
telemedicine care providers, program administrators, payers,
and other stakeholders can make informed decisions about
how and when to use telemedicine healthcare (25).

Lack of reimbursement for telemedicine service remains one
of the major barriers for the implementation of these programs
(20). Despite the reported cost-effectiveness of telemedicine in
chronic disease management (43), we did not find any documen-
ted reimbursement data that has been reported in the twelve
selected studies. All included studies were either funded by a
government agency or university, which does not augur well
for the sustainability of these programs in the long-term.

Self-sustainability is a key factor that drives the prolifer-
ation of telemedicine application. Financial support for the
infrastructure of telemedicine programs would facilitate its
expansion and adoption; for example, in the case of heart
failure, evidence indicated that, although telemonitoring
requires an initial financial investment, it will substantially
reduce costs in the long term by reducing hospital readmissions
and travel costs (42). Gaining advocacy and support for
telemedicine reimbursement from policy makers, payers, care
providers, and other stakeholders calls for comprehensive
evaluation of program costs by disease type, equipment used,
service package and dosage, and other aspects of telemedicine
delivery.

Although Medicare reimburses teleservice provided by
physicians, physician assistants, nurses, clinical social works,
dietitians, or nutrition professionals (19), nurses were the key
personnel in most of the included studies (ten of twelve).
This, to some extent, reflects the applicability and adoptability
of telemedicine programs in certain clinical fields. More
physicians’ or other professionals’ involvement in future tele-
medicine delivery might be needed if this can help improve
the quality of care in a cost-effective manner.

To our knowledge, our review is one of the few studies
seeking to assess the cost composition of home-based telemedi-
cine intervention despite insufficient cost information docu-
mented in published studies. Kumar et al. (44) conducted a
systematic review on tele-intensive care unit and provided
empirical evidence using data from Veterans Affairs hospitals.
They concluded that without further information, clinicians and
administrators should carefully consider the trade-off between
the clinical and economic benefits of these programs before
investing. Similarly, our findings highlight the paucity of cost
analysis for home telemedicine and the need of filling this
gap before telemedicine can be more widely adopted and
reimbursed.
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In addition to the paucity of cost data, the need for future
economic evaluation of telemedicine programs also arises
from inconsistency in documented cost-effectiveness of these
programs. For example, Kidholm and Kristensen (45) con-
ducted a scoping review of economic evaluations of home mon-
itoring program with study design restricted to RCTs and only
including studies with the information of program costs and
equipment costs. It was found that equipment costs constituted
16—73 percent of the total costs of programs and home monitor-
ing resulted in the increased average costs per patient compared
with usual care. By contrast, in our study, all included studies
showed that home-based telemedicine reduced costs compared
with usual care. The discrepancy may be resulted from potential
differences in how the component costs of telemedicine inter-
ventions were defined and measured across different studies,
given that less strict inclusion criteria were used in our study.

Limitations

Several limitations of this study should be noted. Although all
twelve studies we reviewed provided cost data for home tele-
medicine, our review is limited by the small number of included
studies and the observation that not all of them presented
detailed cost data categorized into staff, equipment, and other
categories. This, by itself, reinforces the lack of evidence for
telemedicine costs in the existing literature. Furthermore, the
lack of consistency and comparability in the types of telemedi-
cine and the cost information reported across the twelve studies
included in our analysis also made it difficult for us to aggregate
the pooled data in a meta-analysis.

We recognized that publication biases may have played a
part in our review, in that studies with cost-effective findings
of telemedicine programs would be more likely to be published
and that, furthermore, they would be more likely to report the
cost data of a program (46;47). Therefore, the data we extracted
from selected studies may not include those programs with
higher costs. Despite these limitations, our study, based on a
systematic review of the literature, represents a rare effort in
understanding common cost components of home telemedi-
cine, and reveals the urgent need to conduct economic analysis
of telemedicine programs with comprehensive cost data so as to
establish an empirical foundation for initiating and sustaining
home telemedicine programs.

CONCLUSION

In conclusion, the costs of home-based telemedicine programs
varied by the program component, disease type, equipment used,
and services provided. All the selected studies indicated that tele-
medicine programs reduced costs, although detailed costs data
were either incomplete or not presented in detail in these studies.
This omission and the lack of detailed data on program costs
have made it difficult for home-based telemedicine programs to
make a solid economic case to policy makers, care providers,

Costs of home-based telemedicine programs

administrators, payers, or other stakeholders when considering
reimbursement or investment in these programs.

SUPPLEMENTARY MATERIAL

The supplementary material for this article can be found at

https:/doi.org/10.1017/S0266462318000454.
Supplementary

Table 1: https:/doi.org/10.1017/S0266462318000454
Supplementary

Table 2: https:/doi.org/10.1017/S0266462318000454
Supplementary

Table 3: https:/doi.org/10.1017/S0266462318000454

CONFLICTS OF INTEREST

The authors have nothing to disclose.

REFERENCES

1. American Telemedicine Association. What is telemedicine. http:/www.
americantelemed.org/main/about/telehealth-fags- (accessed November
20, 2017).

. Jennett P, Hall LA, Hailey D, et al. The socio-economic impact of
telehealth: A systematic review. J Telemed Telecare. 2003;9:311-320.

. Burgiss S, Dimmick S. Telehealth in home health care. Care Manag J.
2003;4:110-116.

. Chen H-F, Kalish MC, Pagan JA. Telehealth and hospitalizations for
Medicare home healthcare patients. Am J Manag Care. 2011;17(Spec
No.):e224-e230.

. de Waure C, Cadeddu C, Gualano MR, Ricciardi W. Telemedicine for the
reduction of myocardial infarction mortality: A systematic review and a
meta-analysis of published studies. Telemed J E Health.2012;18:323-328.

. Polisena J, Tran K, Cimon K, et al. Home telehealth for chronic obstruct-
ive pulmonary disease: A systematic review and meta-analysis.
J Telemed Telecare. 2010;16:120-127.

. Polisena J, Tran K, Cimon K, et al. Home telehealth for diabetes manage-
ment: A systematic review and meta-analysis. Diabetes Obes Metab.
2009;11:913-930.

. Polisena J, Tran K, Cimon K, et al. Home telemonitoring for congestive
heart failure: A systematic review and meta-analysis. J Telemed Telecare.
2010;16:68-76.

. Louis AA, Turner T, Gretton M, Baksh A, Cleland JG. A systematic

review of telemonitoring for the management of heart failure. Eur J

Heart Fail. 2003;5:583-590.

Inglis SC, Clark RA, McAlister FA, Stewart S, Cleland JG. Which

components of heart failure programmes are effective? A systematic

review and meta-analysis of the outcomes of structured telephone
support or telemonitoring as the primary component of chronic heart
failure management in 8323 patients: Abridged Cochrane Review. Eur

J Heart Fail. 2011;13:1028-40.

. Clark RA, Inglis SC, McAlister FA, Cleland JG, Stewart S.
Telemonitoring or structured telephone support programmes for patients
with chronic heart failure: Systematic review and meta-analysis. BM.J.
2007;334:942.

. Backhaus A, Agha Z, Maglione ML, et al. Videoconferencing psycho-
therapy: A systematic review. Psychol Serv. 2012;9:111.

. McGeary DD, McGeary CA, Gatchel RJ. A comprehensive review of
telehealth for pain management: Where we are and the way ahead.
Pain Pract. 2012;12:570-577.

10.

https://doi.org/10.1017/50266462318000454 Published online by Cambridge University Press

7 INT J TECHNOL ASSESS HEALTH CARE 34:4, 2018


https://doi.org/10.1017/S0266462318000454
https://doi.org/10.1017/S0266462318000454
https://doi.org/10.1017/S0266462318000454
https://doi.org/10.1017/S0266462318000454
https://doi.org/10.1017/S0266462318000454
https://doi.org/10.1017/S0266462318000454
https://doi.org/10.1017/S0266462318000454
https://doi.org/10.1017/S0266462318000454
http://www.americantelemed.org/main/about/telehealth-faqs
http://www.americantelemed.org/main/about/telehealth-faqs
http://www.americantelemed.org/main/about/telehealth-faqs
https://doi.org/10.1017/S0266462318000454

Michaud et .

14.
15.
16.

17.

18.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

INT J TECHNOL ASSESS HEALTH CARE 34:4, 2018

. Centers for Medicare and Medicaid Services.

Swanepoel DW, Hall JW, III. A systematic review of telehealth applica-
tions in audiology. Telemed J E Health. 2010;16:181-200.

Paré G, Jaana M, Sicotte C. Systematic review of home telemonitoring
for chronic diseases: The evidence base. JAMA. 2007;14:269-277.
DelliFraine JL, Dansky KH. Home-based telehealth: A review and meta-
analysis. J Telemed Telecare. 2008;14:62-66.

Hersh WR, Helfand M, Wallace J, et al. Clinical outcomes resulting from
telemedicine interventions: A systematic review. BMC Med Inform Decis
Mak. 2001;1:5.

Thokala P, Baalbaki H, Brennan A, et al. Telemonitoring after discharge
from hospital with heart failure: Cost-effectiveness modelling of alterna-
tive service designs. BMJ Open. 2013;3:¢003250.

Telehealth Services.
Telehealth ~ Services.  https:/www.cms.gov/Outreach-and-Education/
Medicare-Learning-Network-MLN/MLNProducts/downloads/
TelehealthSrvesfctsht.pdf (accessed December 29, 2017).

Weinstein RS, Lopez AM, Joseph BA, et al. Telemedicine, telehealth,
and mobile health applications that work: Opportunities and barriers.
Am J Med. 2014;127:183-187.

Higgins JP, Green S. Cochrane handbook for systematic reviews of
interventions. http:/training.cochrane.org/handbook (accessed June 13,
2018).

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: The PRISMA statement. Ann
Intern Med. 2009;151:264-269.

WHO. Noncommunicable diseases. http:/www.who.int/topics/noncom-
municable_diseases/en/ (accessed December 13, 2015).

Demiris G. Home based e-health applications. Stud Health Technol
Inform. 2004;106:15-24.

Davalos ME, French MT, Burdick AE, Simmons SC. Economic evalu-
ation of telemedicine: Review of the literature and research guidelines
for benefit-cost analysis. Telemed J E Health. 2009;15:933-948.

Bureau of labor Statistics. Consumer price index-all urban consumers.
https:/beta.bls.gov/dataViewer/view/timeseries/ CUUROO00SAO (accessed
December 29, 2017).

Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1. Introduction
—GRADE evidence profiles and summary of findings tables. J Clin
Epidemiol. 2011,64:383-394.

Fletcher EC, Stich J, Yang KL. Unattended home diagnosis and treatment
of obstructive sleep apnea without polysomnography. Arch Fam Med.
2000;9:168.

Smith CE, Cha JJ, Kleinbeck SV, et al. Feasibility of in-home
telehealth for conducting nursing research. Clin Nurs Res. 2002;11:
220-233.

Cheung DS, Heizer D, Wilson J, Gage BF. Cost-savings analysis of using
a portable coagulometer for monitoring homebound elderly patients
taking warfarin. Am J Geriatr Cardiol. 2003;12:283-287.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

=
(-]

https://doi.org/10.1017/50266462318000454 Published online by Cambridge University Press

Walsh M, Coleman JR. Developing a pilot telehealth program: One
agency’s experience. Home Healthc Nurs. 2005;23:188-191.
Rabinowitz T, Murphy KM, Amour JL, et al. Benefits of a telepsychiatry
consultation service for rural nursing home residents. Telemed J E
Health. 2010;16:34-40.

Hicks LL, Fleming DA, Desaulnier A. The application of remote moni-
toring to improve health outcomes to a rural area. Telemed J E Health.
2009;15:664-671.

Benatar D, Bondmass M, Ghitelman J, Avitall B. Outcomes of chronic
heart failure. Arch Intern Med. 2003;163:347-352.

Noel HC, Vogel DC, Erdos JJ, Commwall D, Levin F. Home telehealth
reduces healthcare costs. Telemed J E Health. 2004;10:170-183.
Bohnenkamp SK, McDonald P, Lopez AM, Krupinski E, Blackett A,
editors. Traditional versus telenursing outpatient management of patients
with cancer with new ostomies. Oncology nursing forum; 2004.
Pittsburgh, PA: Oncology Nursing Society; 2004.

Finkelstein SM, Speedie SM, Potthoff S. Home telehealth improves clin-
ical outcomes at lower cost for home healthcare. Telemed J E Health.
2006;12:128-136.

Reed SD, Li Y, Oddone EZ, Neary AM, Orr MM, Grubber JM et al.
Economic evaluation of home blood pressure monitoring with or
without telephonic behavioral self-management in patients with hyper-
tension. Am J Hypertens. 2010;23:142-148.

Ruckdischel S, Reiher M, Rohrbacher R, Nagel E. The role of health
economics in telemedicine. Dis Manag Health Outcomes. 2006;14:3-7.
Kennedy CA. The challenges of economic evaluations of remote
technical health interventions. Clin Invest Med. 2005;28:71-74.
Adler-Milstein J, Kvedar J, Bates DW. Telehealth among US hospitals:
Several factors, including state reimbursement and licensure policies,
influence adoption. Health Aff (Millwood). 2014;33:207-215.

Seto E. Cost comparison between telemonitoring and usual care of heart
failure: A systematic review. Telemed J E Health. 2008;14:679-686.
Gaikwad R, Warren J. The role of home-based information and commu-
nications technology interventions in chronic disease management:
A systematic literature review. Health Inform J. 2009;15:122-146.
Kumar G, Falk DM, Bonello RS, et al. The costs of critical care telemedicine
programs: A systematic review and analysis. Chest J. 2013;143:19-29.
Kidholm K, Kristensen MBD. A scoping review of economic evaluations
alongside randomised controlled trials of home monitoring in chronic
disease management. Appl Health Econ Health Policy. 2018;16:273.
Egger M, Davey-Smith G, Altman D. Systematic reviews in health care:
Meta-analysis in context. New York: John Wiley & Sons; 2008.
Bensink M, Hailey D, Wootton R. A systematic review of successes and
failures in home telehealth: Preliminary results. J Telemed Telecare.
2006;12(Suppl 3):8-16.

Dansky KH, Palmer L, Shea D, Bowles KH. Cost analysis of telehome-
care. Telemed J E Health. 2001;7:225-232.


https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/downloads/TelehealthSrvcsfctsht.pdf
http://training.cochrane.org/handbook
http://training.cochrane.org/handbook
http://www.who.int/topics/noncommunicable_diseases/en/
http://www.who.int/topics/noncommunicable_diseases/en/
http://www.who.int/topics/noncommunicable_diseases/en/
https://beta.bls.gov/dataViewer/view/timeseries/CUUR0000SA0
https://beta.bls.gov/dataViewer/view/timeseries/CUUR0000SA0
https://doi.org/10.1017/S0266462318000454

	COSTS OF HOME-BASED TELEMEDICINE PROGRAMS: A SYSTEMATIC REVIEW
	METHODS
	Data Sources and Literature Search
	Study Selection
	Data Extraction, Synthesis, and Study Quality Assessment

	RESULTS
	Study Identification
	Study Characteristics
	Study Objectives
	Study Design
	Disease Type
	Number of Subjects
	Equipmenty and Vendor
	Study Setting
	Location
	Key Personnel
	Funding Source

	Cost Composition of Telemedicine
	Measurement Metric
	Cost Category


	DISCUSSION
	Limitations

	Conclusion
	SUPPLEMENTARY MATERIAL
	CONFLICTS OF INTEREST
	REFERENCES


