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Abstract

The objective of this study is to explore the current state of research concerning the cost-effectiveness of
wearable health technologies, excluding hearing aids, owing to extensive previous investigation. A sys-
tematic review was performed using PubMed, EMBASE/MEDLINE, Google Scholar, and Cumulated Index
to Nursing and Allied Health Literature to search studies evaluating the cost-effectiveness of wearable
health devices in terms of quality-adjusted life years and incremental cost-effectiveness ratio. The search
was conducted on March 28, 2023, and the date of publication did not limit the search. The search yielded
10 studies eligible for inclusion. These studies, published between 2012 and 2023, spanned various lo-
cations globally. The studies used data from hypothetical cohorts, existing research, randomized
controlled trials, and meta-analyses. They covered a diverse range of wearable technologies applied in
different health care settings, including respiratory rate monitors, pedometers, fall-prediction devices,
hospital-acquired pressure injury prevention monitors, seizure detection devices, heart rate monitors,
insulin therapy sensors, and wearable cardioverter defibrillators. The time horizons in the cost-
effectiveness analyses ranged from less than a year to a lifetime. The studies indicate that wearable
technologies can increase quality-adjusted life years and be cost-effective and potentially cost-saving.
However, the cost-effectiveness depends on various factors, such as the type of device, the health con-
dition being addressed, the specific perspective of the health economic analysis, local cost and payment
structure, and willingness-to-pay thresholds. The use of wearables in health care promises improving
outcomes and resource allocation. However, more research is needed to fully understand the long-term
benefits and to strengthen the evidence base for health care providers, policymakers, and patients.
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T he advent and proliferation of wear-
able technology in health care have
opened a plethora of opportunities

for continuous health monitoring, early dis-
ease detection, and personalized care deliv-
ery.1 These devices, often unobtrusive and
user-friendly, have made it possible to monitor
a range of health parameters, including vital
signs, physical activity, and sleep patterns in
real-time.2

The health care wearables market is vast
and diverse, including fitness trackers, smart-
watches, biosensors, and smart clothing.3e6

Although the potential benefits of these de-
vices in improving health outcomes could be
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substantial, they also represent an important
economic impact in terms of cost and resource
allocation.7 Consequently, a comprehensive
evaluation of the cost-benefit of using wear-
able devices in health care is crucial to inform
decision-making for health care providers,
policymakers, insurers, and patients.8

Quality-adjusted life years (QALYs) is a
recognized measure that quantifies the benefit
of a health intervention by considering both
the quantity and quality of life.8,9 Despite its
extensive use in health economics, there is a
dearth of comprehensive reviews exploring
the cost-benefit of wearables in health care
through a QALY lens.10,11 Moreover, the
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ARTICLE HIGHLIGHTS

d This article provides a systematic review of economic evalua-

tions of wearable health technologies in health care, highlighting

their variability in cost-effectiveness and impact across different

global settings and medical conditions.

d The findings illustrate that wearable technologies can signifi-

cantly improve health care outcomes, particularly in terms of

increasing quality-adjusted life years, across various patient de-

mographic characteristics and conditions.

d The study discusses the multiple factors influencing the cost-

effectiveness of wearables, including the type of technology,

targeted health conditions, economic perspectives, and local

cost structures.

d The authors emphasize the need for further comprehensive

research to solidify the evidence on the economic benefits of

wearables, suggesting future studies explore longer time hori-

zons and include a broader range of wearable technologies.

d The review advocates for the integration of wearable technol-

ogies into health policy and practice, underscoring the potential

for optimized resource allocation and improved patient out-

comes with adequate data privacy protection.
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current literature is dominated by economic
impact studies of hearing aids, necessitating a
more diverse focus.12e15

This systematic review aims to address this
gap in the literature by reviewing studies on
the cost-benefit analysis of wearable health
technologies, excluding hearing aids, and
focusing specifically on wearables that monitor
vital signs, hemodynamics, and other nonim-
plantable devices. The objective is to provide
a comprehensive review of the existing litera-
ture on the economic impact of the advent
of wearables as valuable tools for health care
professionals, which could also serve as a valu-
able resource for stakeholders interested in the
cost-effectiveness and health benefits of imple-
menting wearable technologies in health care.
PATIENTS AND METHODS

Eligibility Criteria
Population and Interventions. Our study
included journal articles evaluating the cost-
effectiveness of wearables devices undertaken
with any time horizon. Studies were eligible
Mayo Clin Proc Digital Health n September 2
for inclusion if they assessed the cost-
effectiveness as an outcome in terms of
QALYs. An additional inclusion criterion was
the report of incremental cost-effectiveness
ratio (ICER) when compared with a standard
of care, other interventions, or no interven-
tion. We did not limit our study’s inclusion
criteria per object population age, country, or
currency to the costs reported. We excluded
studies with insufficient data for analysis, cost-
analysis only on hearing aids, review articles,
and conference papers.

Information Sources and Search Strat-
egy. We used 4 electronic databases to run our
search: PubMed, EMBASE/MEDLINE, Google
Scholar, and Cumulated Index to Nursing and
Allied Health Literature, using Boolean expres-
sions to create a complex search strategy. The
search was performed on March 18, 2023, and
the date of publication did not limit the search.
The details of the search strategy can be found
in Appendix 1 (available online at https://www.
mcpdigitalhealth.org/). It must be highlighted
that only the first 10 pages from the Google
Scholar search were screened. We used the
Preferred Reporting Items for Systematic reviews
andMeta-Analyses 2020 statement as the basis of
our organization (Figure 1).16

Selection and Data Collection Process
The first 2 authors (G.D.S.V., S.B.) indepen-
dently conducted the initial literature search.
Any duplicate findings were detected and elimi-
nated using the EndNote tool fromClarivate An-
alytics. The full text of the pertinent articles was
obtained after a preliminary screening of the arti-
cles based on their titles and abstracts. These ar-
ticles underwent a detailed review, adhering to
the pre-established selection criteria. The deci-
sion of the third or fourth authors resolved any
disputes between the initial 2 authors.

For each study, the following information
was extracted and recorded: authors, year of
publication, country, study goals, population,
setting, eligibility criteria, duration of studies,
interventions, demographic characteristics,
type of wearable devices, control groups, total
costs per intervention arm, QALYs, ICERs,
cost-effectiveness thresholds or willingness-
to-pay, probability of being cost-effective, lim-
itation of the studies, funding, and conflicts of
interests.
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   Reason 2 (n=3)
   Reason 3 (n=2)
   Reason 4 (n=2)

ECONOMIC PERSPECTIVE OF WEARABLES
Risk of Bias of Individual Studies. Each
study was independently evaluated for bias
by the first 2 authors (G.D.S.V., S.B.) using
the Risk Of Bias In Non-randomised Studies-
I tool from the Cochrane Library for non-
randomized studies.17 The decision of the
third or fourth authors addressed conflicts
between the first 2 authors. Subsequently, a
summary and a graph were created using
RevMan 5.4 (Cochrane Collaboration),
enabling the stratification of bias in diverse
areas (Figures 2 and 3).

Synthesis of Results. After a comprehensive
review of the included studies, the most signif-
icant data from the methodologies, used de-
vices, outcomes, costs, and effectiveness were
tabulated using the Microsoft Excel spread-
sheet software to display the results of each
study (Tables 1 and 2). Finally, the narrative
synthesis was performed after tabulating the
results, describing the differences between
studies regarding their methodologies, in-
terventions, and aims.
FIGURE 1. Study selection process: process of study selection after the
PRISMA 2020 flow diagram for systematic reviews. PRISMA, Preferred
Reporting Items for Systematic reviews and Meta-Analyses.
RESULTS

Study Selection and Characteristics
The search provided 604 studies, yielding
577 after the removal of duplicates. After
that, 551 were excluded after initial screening
by titles and abstracts. Twenty-one full text
articles of the 26 articles were retrieved and
assessed, making 10 eligible for inclusion
(Figure 1). From the excluded studies, 4
did not analyze QALYs on the use of wear-
ables; 3 did not assess the total costs for
each group; 2 were review articles, and 2
were found irrelevant.

The 10 included studies were published
between 2012 and 2023, with 5 published
within the past 3 years.18e22 The geographical
distribution of the studies spanned the United
Kingdom, Netherlands, the United States,
Australia, Sweden, and China.

Four studies simulated cost-effectiveness
analyses on hypothetical cohorts,22e25

five
drew on data from existing research or ran-
domized controlled trials,18e21,26 and one
used data from a published meta-analysis.27

All studies were conducted on diverse
population groups. Nine studied patients
with specific medical conditions; notably, 4
Mayo Clin Proc Digital Health n September 2024;2(3):299-317 n h
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of these specifically focused on individuals
with cardiac conditions.18,23,24,26 Further-
more, 1 study focused on the general popula-
tion attending general practitioner
consultations.25 Two studies analyzed the
cost-effectiveness of their respective wearable
in pediatric patients19,23 while one study
focused on the elderly population.20

Concerning the time horizons used in
cost-effectiveness analyses, 5 studies opted
for less than a year,18,19,21,23,26 and 4 studies
with 5 years or more,20,22,24,27 with 2 among
them extending to a lifetime.22,27 Notably, 1
study25 did not provide explicit information
about its time horizon.

There was heterogeneity between the
studies in methodology, population, time of
data collected, tools and methodology for
cost analyses, and end points. The types of
wearables studied and the setting, even among
those with the same type of wearable varied
among studies. In general, the studies differed
in the way they assessed the total costs and
QALYs.
ttps://doi.org/10.1016/j.mcpdig.2024.05.003 301
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FIGURE 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as
percentages across all included studies.
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Risk of Bias in Studies
The overall risk of bias was considered low to
moderate, both within and across studies.
Figures 2 and 3 show specific findings in
each domain.
Results for Individual Studies
The specific results for each study are detailed
and organized in Tables 1 and 2. Javanbakht
et al22 compared the cost-effectiveness of auto-
matic respiratory rate monitoring with that of
RespiraSense to intermittent nurse-led moni-
toring in pneumonia patients. The analysis
used a decision tree followed by a Markov
model to assess a hypothetical patient cohort
and measure costs, length of stay, QALYs,
and mortality. The study calculated the
ICER and compared it with the UK
cost-effectiveness threshold (£20,000 per
QALY) to assess the economic value of auto-
matic respiratory rate monitoring with Respi-
raSense in pneumonia management.

Over et al25 compared the use of a pedom-
eter in insufficiently active patients with no
intervention. Participants in each stage of the
pedometer intervention were outlined. The
“Rijksinstituut voor Volksgezondheid en
Milieu (RIVM)” Chronic Disease Model was
used to calculate the effects of the pedometer
scenario on QALYs and health care costs.
The study conducted a probabilistic sensitivity
analysis to address parameter uncertainty.
Mayo Clin Proc Digital Health n September 2
Federici and Pecchia20 used the “Moni-
toring and Assessment Framework for the Eu-
ropean Innovation Partnership on Active and
Healthy Ageing (MAFEIP)” tool for early
health technology assessment in a case study
involving a wearable device for fall-prediction
in elderly patients. They used the MAFEIP
tool to estimate the device’s cost-effectiveness
and conducted sensitivity analyses to assess
its robustness.

Nherera et al21 used a Markov model to
assess the cost-effectiveness of a wearable pa-
tient sensor along with standard care for pre-
venting hospital-acquired pressure injuries
(HAPIs) in acutely ill patients. Data from a
randomized controlled trial, published litera-
ture, and existing cost-effectiveness publica-
tions were incorporated into the model, with
sensitivity analyses performed.

Engelgeer et al19 used data from the “Pro-
moting Implementation of Seizure Detection
Devices in Epilepsy Care (PROMISE)” trial
involving 60 children with nocturnal motor
seizures. It evaluated the economic impacts
from a societal perspective, considering health
care and productivity costs. The comparison
was made in a 2-month period without and
using the NightWatch seizure detection de-
vice. The assessment was based on caregiver
responses to questionnaires, gauging caregiver
stress, quality of life, medical consumption,
and productivity at the start and end of both
periods.
024;2(3):299-317 n https://doi.org/10.1016/j.mcpdig.2024.05.003
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TABLE 1. Summary of Included Studies

Reference, year Country Type of wearable Setting

Javanbakht et al,22 2022 United Kingdom RespiraSense (Respiratory rate
monitor)

Patients with pneumonia

Over et al.25 2012 Netherlands Pedometer Population with insufficient
physical activity

Federici and Pecchia,20 2021 United Kingdom Fall-prediction device Elderly patients with
orthostatic hypotension

Nherera et al,21 2021 United States LEAF Patient Monitoring
System (device for
prevention of HAPIs)

Acutely ill patients

Engelgeer et al,19 2022 Netherlands NightWatch (Seizure
detection device)

Pediatric patients with
refractory epilepsy living at
home

Brouwers et al,18 2021 Netherlands Wrist-worn heart rate monitor
and a hip-worn triaxial
accelerometer for cardiac
telerehabilitation

Outpatient CR for the
treatment of CAD

Sangster et al,26 2015 Australia Pedometer-based Coaching
Programs: healthy weight
and physical activity

Cardiac disease

Roze et al,27 2015 Sweden Sensor-augmented pump
insulin therapy

Type 1 diabetes

Jiang et al,24 2019 China WCD Interval between the removal
and reinsertion of the ICD

Evers et al,23 2020 United States WCD Pediatric patients with dilated
cardiomyopathy before ICD
placement

CAD, coronary artery disease; CR, cardiac rehabilitation; HAPI, hospital-acquired pressure injury; ICD, implantable cardioverter-defibrillator; WCD, wearable cardioverter-
defibrillator.

ECONOMIC PERSPECTIVE OF WEARABLES
The study by Brouwers et al18 was an eco-
nomic evaluation of a randomized clinical trial
involving 300 patients with coronary artery
disease, comparing traditional center-based
cardiac rehabilitation with cardiac telerehabili-
tation. The cardiac telerehabilitation group
used a web-based application along with a
heart rate monitor and a triaxial accelerometer
for home-based training after 6 supervised ses-
sions. The evaluation analyzed societal costs
over 1 year.

Sangster et al26 analyzed 2 interventions
based on social cognitive theory. The healthy
weight group received brochures, a calendar
for tracking goals, and a pedometer and partic-
ipated in several phone-coaching sessions.
Depending on their body mass index, they
were advised on diet and varying physical activ-
ity levels. The physical activity group, aimed at
cardiac patients, received a pedometer and step-
recording calendar, and participated in physical
Mayo Clin Proc Digital Health n September 2024;2(3):299-317 n h
www.mcpdigitalhealth.org
activity coaching calls. Both groups received
follow-up booster calls postintervention.

Roze et al27 used their “Center for Out-
comes Research (CORE)” Diabetes Model to
evaluate a sensor-augmented insulin pump
vs self-monitoring of plasma glucose plus
continuous subcutaneous insulin infusion in
type 1 diabetes patients. It considered clinical
benefits, cost-effectiveness, and health state
utilities based on a published meta-analysis.

Jiang et al24 analyzed the cost-effectiveness
of 3 strategies for patients needing implantable
cardioverter-defibrillator (ICD) reimplantation:
home without a wearable cardioverter-
defibrillator (WCD), home with a WCD, or
staying in the hospital. The outcomesmeasured
over 8 weeks and a subsequent 5 years were
mortality rates, medical costs, and QALYs.
The model started with an 8-week decision
tree followed by a 5-yearMarkovmodel to track
outcomes yearly after ICD reimplantation.
ttps://doi.org/10.1016/j.mcpdig.2024.05.003 303
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Engelgeer et al. (2022) [19]

Evers et al. (2019) [23]

Federici et al. (2021) [20]

Javanbakht et al. (2022) [22]

Jiang et al. (2019) [24]

Nherera et al. (2021) [21]

Roze et al. (2014) [27]

Over et al. (2012) [25]

Sangster et al. (2015) [26]

FIGURE 3. Risk of bias summary: review authors’ judgments about each
included article’s risk of bias in the different components of the analysis. Red
stands for high risk of bias, yellow stands for unclear risk, and green stands
for low risk of bias.
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Evers et al23 used a Markov model to study
3 strategies for pediatric dilated cardiomyopa-
thy patients with a low ejection fraction pre-
paring for ICD. Comparisons were made
between patients staying in a telemetry unit
or at home with or without WCD.

DISCUSSION
This systematic review revealed a diverse range
of wearable devices used across various health
care settings, demonstrating the broad applica-
bility of these technologies in health manage-
ment. The types of wearables encompassed in
the included studies were respiratory rate
Mayo Clin Proc Digital Health n September 2
monitors, pedometers, fall-prediction devices,
patient monitoring systems for pressure injuries,
seizure detection devices, cardiac monitoring
and rehabilitation devices, and insulin therapy
devices.

Differing methodologies in cost calculation
across the studies, encompassing various types
of expenses, could have influenced their out-
comes.28 This variation also poses a challenge
when attempting to conduct a meta-analysis.
In addition, their level of cost-effectiveness var-
ied significantly depending on the specific
health care context and the standard of care
against which they were compared. Some wear-
able devices, including pedometers and WCD,
were found to be more cost-effective in specific
populations or under certain conditions.24,26

The Advent of Wearable Technologies in
Health Care
Wearable technologies have ushered in a
broad spectrum of tools designed to address
various challenges in the health care sector.
Further discussed is an overview of the wear-
able devices that have been explored in the
studies encompassed by this systematic
review.

Respiratory Rate Monitors. The monitoring
of respiratory rate is critical for acutely ill
and hospitalized patients, as it has been
pointed out as the most accurate indicator of
clinical deterioration and cardiac arrest
risk.29e32 Wearable technology for respira-
tory rate monitoring offers a significant
advancement, enabling early detection of
adverse health events while allowing patient
mobility. This is particularly beneficial for in-
dividuals who are clinically stable yet at a high
risk of deterioration. Wearable respiratory rate
monitors use various technologies to accu-
rately capture breathing-related movements
and differentiate them from artifacts of
walking and talking through accelerometers
and detection algorithms.33 The integration of
wearable respiratory rate monitors into clinical
practice represents a shift toward proactive
recovery, providing real-time data for early
intervention, and potentially improving pa-
tient outcomes.34

Pedometers. Pedometers, simple wearable
devices designed to count the number of steps
024;2(3):299-317 n https://doi.org/10.1016/j.mcpdig.2024.05.003
www.mcpdigitalhealth.org
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TABLE 2. Cost-Effectiveness Analysis and Key Findings

Reference, year Type of wearable Control group QALYs Total costs ICER
Control groups’
cost and QALYs

Willing-
ness-to-pay

Probability of
being cost-
effective Key findings

Javanbakht
et al,22 2022

RespiraSense
(respiratory rate
monitor)

IM ARRM: 6.926 per
patient

ARRM: £4752.0
per patient

Incremental
difference:
£�221.4

ARRM was
dominant

QALY: IM: 6.917
Costs IM: £4973

per patient

£20,000
per
QALY

100% The ARRM
strategy using
RespiraSense
was less costly
and more
effective than IM.

Results imply that
combining IM
with ARRM is
likely a cost-
saving
intervention, as
opposed to IM
alone

Over et al,25

2012
Pedometer No intervention 5500 QALY gained Total costs: V61.2

million
V11,100 per

QALY gained
Not reported V20,000

per
QALY

66% The study
suggested that
the pedometer
scenario could
lead to
significant gains
in life years and
QALYs.
However, the
cost-
effectiveness
varied
depending on
the long-term
effect of
increased
walking and
comparisons
with other
interventions

Continued on next page
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TABLE 2. Continued

Reference, year Type of wearable Control group QALYs Total costs ICER
Control groups’
cost and QALYs

Willing-
ness-to-pay

Probability of
being cost-
effective Key findings

Federici and
Pecchia,20

2021

Fall-prediction
device

No intervention 0.035 QALYs per
patient

Incremental costs
of £518

£14,719 Not reported £20,000
per
QALY

Not reported The study
highlighted the
importance of
considering cost-
effectiveness in
the early stages
of wearable
device
development for
health care

Nherera et al,21

2021
Patient Monitoring
System for
prevention of
HAPIs

The international
guidelines on
pressure injury
prevention
(NPUAP/
EPUAP 2019)

15.49 QALY per
1000 patients

$39,579,924 per
1000 patients

Not explicitly
stated. The
intervention arm
was dominant
(less costly
[�$6,621,113]
and more
effective [þ0.95
QALYs])

Costs ¼
$46,201,037;
QALYs ¼ 14.54

$50,000
per
QALY

99% Wearable sensors
resulted in
improved
outcomes (77%
decrease in
HAPIs) and an
anticipated cost
savings of $6621
per patient over
a year

Engelgeer
et al,19 2022

NightWatch
(seizure
detection
device)

No seizure
detection device
used

Mean 0.90 QALY
per participant

V2463.03 per
participant

V846 per patient QALYs ¼ 0.9;
Costs ¼ V3238

V50,000
per
QALY

72% The study
determined that
NightWatch led
to cost savings
and was cost-
effective
compared with
no-use seizure
detection
devices.
Additionally, it
had similar
effectiveness in
improving
caregivers’
quality of life

Continued on next page
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TABLE 2. Continued

Reference, year Type of wearable Control group QALYs Total costs ICER
Control groups’
cost and QALYs

Willing-
ness-to-pay

Probability of
being cost-
effective Key findings

Brouwers
et al,18 2021

Wrist-worn heart
rate monitor
and a hip-worn
triaxial
accelerometer
for CTR

CB-CR Mean 0.841; P>.05
compared with
CB-CR

V20,495 per
participant per
year; P>.05
compared with
CB-CR

Comparable (CTR
probably cost-
effective
compared with.
CB-CR, but the
difference was
not significant)

QALY mean ¼
0.844; costs ¼
V24,381 per
participant

V20,000
per
QALY

84% CTR combined
with relapse
prevention is
probably cost-
effective
compared with
CB-CR, with
comparable
quality of life and
nonsignificantly
lower total costs

Sangster et al,26

2015
Pedometer-based
coaching
programs:
healthy weight
and physical
activity

Not compared
with the
standard of care

Healthy weight:
0.034 QALYs
per participant

Physical activity:
0.018 QALYs
per participant

Healthy weight:
$1260 per
participant

Physical activity:
$2112 per
participant

Healthy weight
intervention
dominant over
physical activity
intervention
(less costly,
more effective in
QALY)

Not Applicable $60,000
per
QALY

96% for
healthy
weight over
physical
activity

Healthy weight
intervention was
more cost-
effective,
resulting in
higher QALY
gains (0.016
difference) and
additional
adjusted QALYs
(0.007) after
adjusting for
baseline
differences.
Healthy weight
was more
effective and
cost-saving for
rural participants
and noncardiac
rehabilitation
attendees

Continued on next page
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TABLE 2. Continued

Reference, year Type of wearable Control group QALYs Total costs ICER
Control groups’
cost and QALYs

Willing-
ness-to-pay

Probability of
being cost-
effective Key findings

Roze et al,27

2015
Sensor-augmented
pump insulin
therapy

Self-monitoring of
plasma
glucose þ
continuous
subcutaneous
insulin infusion

13.05 QALYs per
participant
(P>.05
compared with
control)

2,872,525 SEK 367,571 SEK per
QALY

QALYs: 12.29
Total costs:

2,592,563 SEK

500,000
SEK per
QALY

>70% Sensor-augmented
pump use was
associated with a
decreased
incidence of
diabetes
complications
and an extended
life expectancy

Jiang et al,24

2019
WCD 1. Home group

with no WCD
2. Inpatient group

3.0990 QALYs $36.569 at a daily
WCD cost of
24$

At a daily WCD
cost of $24:

1) compared with
home-no WCD:
$22,540

2) compared with
the inpatient:
dominant

1) Home-no
WCD: 3.0132
QALYs; costs:
$34,635

2) Inpatient group:
3.0553 QALYs;
costs: $36,780

$57,315
per
QALY

Over 94% at a
daily cost of
<$48

The WCD was
likely cost-
effective when
its daily cost was
between $24
and $72. At the
daily cost of $96,
it exceeded the
cost-
effectiveness
threshold,
making hospital
stay the
preferred option

Evers et al,23

2020
WCD 1. Home group

with no WCD
2. Inpatient group

42.58 $569,757 $20,103 per QALY
compared with
the home group
with no WCD

1. Home-no
WCD: QALYs:
40.63; costs:
$530,599

2. Inpatient QALYs:
42.99; costs:
$676,957

$50,000
per
QALY

Not reported Despite predicting
higher QALYs,
the inpatient
strategy was not
cost-effective
compared with
home-no WCD,
with an ICER of
$255,652

ARRM, automated respiratory rate monitoring; CB-CR, center-based cardiac rehabilitation; CTR, cardiac telerehabilitation; EPUAP, European Pressure Ulcer Advisory Panel; HAPI, hospital-acquired pressure injury; ICER, in-
cremental cost-effectiveness ratio; IM, intermittent nurse-led respiratory rate monitoring; NPUAP, National Pressure Ulcer Advisory Panel; QALY, quality-adjusted life year; SEK, Swedish krona; WCD, wearable cardioverter-
defibrillator.
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ECONOMIC PERSPECTIVE OF WEARABLES
taken by the wearer, have been extensively
studied for their role in promoting physical ac-
tivity and improving health outcomes. These
devices operate by detecting motion, typically
through a mechanical or electronic motion
sensor, to estimate the distance walked or
run. Despite its simplicity, the steps count as
a parameter has been largely studied and re-
ported its association with patient mortality.35

Research has also shown that interventions
based on pedometer use can lead to significant
health benefits, including increases in physical
activity, reductions in body mass index, and
decreased systolic blood pressure.36,37 With
technological advancements, modern pedom-
eters now offer features such as distance esti-
mation, calorie tracking, and integration with
smartphone applications, enhancing their
utility and accuracy in monitoring physical
activity.38 This evidence highlights the
importance of pedometers in health promo-
tion and the evolving capabilities of wearable
technology to support active lifestyles.

Fall-Prediction Devices. Wearable fall-
prediction systems leverage sensors and ma-
chine learning algorithms to assess the risk of
falls in real-time. These devices, which can be
worn on the wrist, waist, or as part of clothing,
monitor users’ movements, gait patterns, and
balance, providing alerts and data that can be
used to prevent falls, especially in elderly
populations and individuals with mobility
impairments.

Recent studies have highlighted the effec-
tiveness and technological advancements in
wearable fall-prediction devices. For instance,
a 2021 study by García-Villamil et al39 found
the accuracy of a new wearable sensor system
in detecting gait patterns that precede falls in
older adults. Further research has explored
the integration of artificial intelligence with
wearable devices to predict fall risk with
greater precision.40,41

Patient Monitoring Systems for Pressure
Injuries. Pressure injuries pose a significant
financial burden in the United States, with es-
timates exceeding $20 billion annually.42 A
key strategy for preventing HAPIs is the
implementation of patient repositioning pro-
tocols; however, adherence to these protocols
remains a challenge.43 In response, monitoring
Mayo Clin Proc Digital Health n September 2024;2(3):299-317 n h
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technologies have been developed to mitigate
the health care burden of HAPIs. A notable
example included in this study is the LEAF
system (SmithþNephew), which monitors the
orientation and activity of patients susceptible
to pressure injuries. This system features a
wearable sensor placed on the chest that
monitors patient positioning and is connected
to a device that both records and alerts health
care staff about necessary repositioning
movements. This system has been reported to
increase adherence with turning protocols and
to decrease the risk of HAPIs compared with
traditional turn reminders and practices.44,45

Seizure Detection Devices. Wearable seizure
detection devices represent a significant
advancement in the real-time monitoring of
individuals with epilepsy, providing crucial
alerts to caregivers and medical professionals
about seizure events. Their importance is
further underscored by the fact that the
absence of continuous supervision is linked to
an increased risk of sudden unexpected death
in epilepsy.46

Research has shown the sensitivity of these
devices in detecting generalized tonic-clonic
seizures, underscoring their potential to
enhance epilepsy management.47,48 One
notable example is the NightWatch system,
which uses a combination of photoplethys-
mography and accelerometry. This system is
designed to alert caregivers through alarms
triggered by significant heart rate changes or
continuous rhythmic movements, indicative
of seizure activity.48

It is important to note that while these
technologies are particularly recommended
for the detection of generalized tonic-clonic
seizures and focal-to-bilateral tonic-clonic sei-
zures, there is a lack of evidence supporting
their effectiveness in detecting other types of
seizures.49

Cardiac Monitoring and Rehabilitation Devi-
ces. Wearable cardioverter-defibrillators are
devices particularly valuable for patients who are
at temporary high risk of sudden cardiac arrest
but are not immediate candidates for an ICD due
to various reasons, such as awaiting ICD im-
plantation or undergoing medical treatment that
might reverse their risk. Wearable cardioverter-
defibrillators consist of a wearable garment
ttps://doi.org/10.1016/j.mcpdig.2024.05.003 309
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with integrated sensing and defibrillation elec-
trodes and a battery-powered monitor-defibril-
lator that records ECGs and detects arrhythmias,
worn on a belt or strap.

Wearable cardioverter-defibrillators contin-
uously monitor heart rhythm and can automat-
ically deliver a defibrillation shock if a
life-threatening heart rhythm is detected,
thereby providing a critical bridge to more per-
manent interventions or during periods of tran-
sient risk.50 The clinical benefit of WCDs has
been found, a meta-analysis reported that
WCDs terminated ventricular tachycardia and
ventricular fibrillation in >95% of patients
requiring defibrillation.51

Cardiac telerehabilitation transforms tradi-
tional cardiac rehab by delivering it directly to
patients’ homes through wearable devices and
digital communication. This approach can
boost participation and completion rates by
overcoming common barriers, with wearables
enabling continuous health monitoring and
personalized care from a distance.52

Insulin Therapy Devices. Wearable insulin
therapy devices, such as continuous glucose
monitors and insulin pumps, have emerged as
promising tools to revolutionize the manage-
ment of diabetes. Continuous glucose monitors
provide continuous tracking of glucose levels
through a sensor placed under the skin, offering
real-time data and alerts for significant fluctua-
tions. Insulin pumps administer insulin through
a subcutaneous catheter, allowing for tailored
dosing based on current needs, often using data
from continuous glucose monitors. Together,
these devices create an artificial pancreas system,
automating insulin delivery based on glucose
levels.53 Research highlights their effectiveness
in improving glycemic control and reducing
risks associated with glucose level fluctua-
tions.54,55 Furthermore, wearable artificial
pancreas systems have shown superiority when
compared with the use of insulin pumps
alone.56,57

Summary of Findings
Key Findings Overview. The data analyzed in
multiple studies show that wearable technolo-
gies can be cost-effective across various health
care scenarios.18e27

The effectiveness of wearables, often
measured in QALYs, generally appears
Mayo Clin Proc Digital Health n September 2
favorable, with many interventions leading to
improvements in QALYs compared with stan-
dard care. This pattern has been previously
shown with other digital health interventions,
such as telehealth interventions and virtual re-
ality cognitive behavioral therapy.58,59

It is worth mentioning that certain studies
observed lower QALYs among wearables user
groups. However, despite this finding, the
ICER remained higher owing to reduced
health care expenses.18,19,23

The cost of wearable health care technolo-
gies varied significantly depending on the
context. Some studies found that wearable de-
vices led to overall cost savings,19,21,22

whereas others indicated cost increments but
were still deemed cost-effective owing to their
high impact on health outcomes.20,23,25,27

It was also observed in a case that cost-
effectiveness was not easily achieved. Jiang
et al24 reported that, compared with hospital
stay, the use of WCD at home in patients
requiring ICD reimplantation was deemed
cost-saving at a daily cost of $72. However,
at a higher daily cost of $96, WCD usage
lost its cost-effectiveness.24 This underscores
the need for careful economic evaluation
before introducing wearables into routine
care, factoring in local costs and willingness-
to-pay thresholds.

Trends and Patterns. Notably, some wear-
able interventions such as RespiraSense22 and
LEAF Patient Monitoring System21 were found
to be overall dominant strategies, being both
more effective and less costly than the alter-
natives. Regarding cost-effectiveness thresh-
olds or willingness-to-pay, there was a notable
variance across different countries, which
impacted the evaluation of interventions. The
differences in these thresholds can signifi-
cantly influence the perceived value of a health
care intervention and its likelihood of being
adopted.60,61 Certain countries explicitly state
cost-effectiveness thresholds, such as United
Kingdom’s National Institute for Health and
Care Excellence, which sets a range of
£20,000e30,000 for appraising technologies.
Conversely, this threshold is implicitly deter-
mined in other countries through negotiations
between technology providers and payers.62

Another pattern observed is that wearable
technology appears to have a moderate to
024;2(3):299-317 n https://doi.org/10.1016/j.mcpdig.2024.05.003
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high probability of being cost-effective in
many scenarios, ranging from 66% to 100%
in the studies examined, suggesting a strong
potential for implementing such technology
in health care. Others did not report this
parameter,20,23 underscoring a gap in current
reporting practices that future studies could
aim to address.

Although our systematic review did
encompass studies with varying time horizons,
economic perspectives, and cost-effectiveness
ratios, directly comparing these studies was
challenging owing to the diversity of the inter-
ventions analyzed. Moreover, it is worth citing
Kim et al,63 who reported that the choice of
time horizon in cost-effectiveness analyses
significantly influenced the perceived value
of medical interventions. Using a 5-year cutoff
for short and long-term horizons, they
observed that longer time horizons generally
yielded more favorable ICERs. This highlights
the importance of choosing adequate time ho-
rizons to capture all potential consequences of
interventions.63

Health Care Policy and Resource Allocation
The studies in this review presented compel-
ling evidence of cost-effectiveness in wearable
technology, indicating the potential for sub-
stantial savings or outcomes improvement in
health care expenditure, supporting invest-
ments in such technology to optimize resource
allocation.

Furthermore, Roze et al27 reported that
sensor-augmented pump insulin therapy
could reduce diabetes-related complications
and increase life expectancy. This implies the
necessity for policies supporting technologies
that enhance patient outcomes, potentially
reducing the burden on health services in
the long-term.

On the contrary, although wearable de-
vices offer health care advancements, they
can also inadvertently increase anxiety and un-
necessary medical interventions in patients
susceptible to excessive symptom monitoring,
such as those with intermittent atrial fibrilla-
tion.64 This can negatively impact their psy-
chological well-being and lead to overusing
health care resources.

Considering the ubiquity of wearable tech-
nologies in health care, the policy should un-
derscore the importance of robust data
Mayo Clin Proc Digital Health n September 2024;2(3):299-317 n h
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privacy standards. These regulations must
guarantee the safe use and protection of per-
sonal health data, preventing unauthorized ac-
cess or misuse while remaining adaptable to
the continuously evolving wearable technol-
ogy landscape.65e67

Clinical Practice Adaptations
Continuous monitoring in hospital inpatient
care has been standard for years using tradi-
tional patient vital signs monitors.68 However,
monitoring nonbedridden patients presents
challenges owing to the bulky nature of tradi-
tional devices.69,70 The advent of wireless
wearable sensors, capable of tracking vital
signs and additional parameters such as move-
ment and sleep quality, offers enhanced pa-
tient monitoring in clinical settings,
improving patient comfort and mobility.71,72

The evidence presented suggests several
potential adaptations to clinical practices. Jav-
anbakht et al22 highlighted the utility of auto-
matic respiratory rate monitoring in
pneumonia patients over intermittent nurse-
led monitoring, suggesting a re-evaluation of
monitoring strategies in hospitals.22

The integration of smartwatches into
health care holds promise for early detection,
prevention, and improved management of
diverse medical conditions.73 For example,
smartwatches currently have the capability to
track sleep patterns. These data could poten-
tially be used to predict the onset or exacerba-
tion of schizophrenia symptoms, thereby
aiding in the prevention of relapses.74 More-
over, smartwatches can provide continuous
objective measures for conditions like Parkin-
son disease, including arm swing, tremor
duration, and finger tapping.75

Current smartwatches with single-lead
ECG functionality can effectively identify car-
diac dysfunction. In a study by Attia et al,76

an artificial intelligence algorithm analyzed
smartwatch ECGs with a high accuracy level,
achieving an area under the curve of 0.885
for detecting low ejection fraction.76

These applications represent just a few ex-
amples of the potential of wearables in health
care, although the full range of possibilities is
broad and continually expanding.67,77 For
successful integration of wearable advance-
ments, meticulous planning and professional
training are required (Figure 4). Health care
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ECONOMIC PERSPECTIVE OF WEARABLES
providers must be proficient in using and
interpreting data from these devices while
effectively using their diverse applications.78

Limitations
Limitations of Included Studies. The studies
presented highlight several common limita-
tions. The lack of robust clinical evidence
informing their analyses was a common
concern, as highlighted by some authors.20e22

This highlights a need for more comprehen-
sive clinical trials within their respective fields.

Another recurrent theme across studies is
methodological constraints. Authors like
Over et al25 and Nherera et al21 point out
that their models made use of simplifying as-
sumptions, which might not adequately cap-
ture real-world complexities. Jiang et al24

also echo this sentiment, mentioning their
study’s simplified model design.

Cost-effectiveness analyses by some au-
thors were conducted over a relatively short
duration.18,19,23 These condensed timeframes
might not capture the full extent of long-
term effects, potentially skewing the results.
Moreover, several authors recognized that
their models do not include indirect costs or
broader societal impacts, which could under-
value the estimated costs or cost-effectiveness
of the interventions under study.22,24,25

The limited generalizability of results is
also a concern across studies owing to specific
study settings and population demographic
characteristics. This concern is explicitly stated
in a few studies. In addition, potential bias
from self-reported questionnaires in the
studies of Sangster et al26 and Brouwers
et al18 could distort the actual consumption
of health care resources.67

Finally, some studies, like Sangster et al,26

lacked a nonwearable group comparator, mak-
ing it challenging to interpret the relative value
of the interventions.26 Furthermore, Jiang
et al24 raised the issue of language bias, with
non-English literature being ignored, with
the consequent lack of generalizable results
for China.24
FIGURE 4. Integration of wearable health devices in he
monitors to insulin sensors, and their interconnection
transmitted to central systems, allowing real-time mon
savings, improved patient monitoring, and better healt
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Conflicts of Interests. Conflicts of Interest
varied across the studies in our systematic re-
view. Four studies19,21,22,27 reported an
explicit conflict of interest; moreover, their
findings were favorable toward the specific
wearable technologies being studied.
Conversely, 5 studies reported no conflicts of
interest.18,20,24e26 The significant presence of
conflicts of interest among the included
studies on the cost-effectiveness of wearable
devices emphasizes the need for careful inter-
pretation, as such conflicts can introduce
biases and undermine the credibility of
research findings.79

On the contrary, Evers et al23 did not pro-
vide any information on conflicts of interest,
introducing a degree of uncertainty. Future
research should maintain transparency in
declaring conflicts of interest to foster credi-
bility and reliability in results.

Limitations of This Review. This systematic
review has a few potential limitations. First,
our search scope was limited to certain data-
bases and specific keywords, potentially omit-
ting relevant studies. Second, we included
only English-language publications, dis-
regarding potentially pertinent research in
other languages. Finally, records with vague
details, such as conference abstracts, were
disregarded, potentially skewing the results.

Implications for Future Research
In light of the findings from our systematic re-
view, several areas warrant further investiga-
tion. Primarily, our review underscores a
need for expanded research on the cost-
effectiveness of wearable devices in health
care. Although our search strategy yielded
studies on various health conditions and wear-
able types, more research is required to
broaden the knowledge base, particularly for
less-studied conditions and emerging wearable
technologies.

Moreover, the cost-effectiveness of wear-
ables varies across different health care set-
tings.26 Hence, future studies could explore
alth care systems: the utilization of various wearable health devices, from heart
with digital platforms for data analysis. Data gathered from these devices are
itoring and immediate medical response. This integration offers potential cost
h outcomes.
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this aspect more comprehensively. The in-
sights generated would assist in tailoring the
deployment of wearable devices, ensuring
they are used optimally within different health
care contexts.80

In addition, we observed significant varia-
tions in the cost-effectiveness thresholds
across different countries, underscoring the
need for more research on context-specific
cost-effectiveness thresholds. Such thresholds,
although accommodating the socioeconomic
conditions of each country, would make it
easier to compare cost-effectiveness studies
across different jurisdictions and foster inter-
national collaboration.81,82

It is also essential to underscore the poten-
tial value of research into the long-term cost-
effectiveness of wearable devices in health
care. In cost-effectiveness studies, careful se-
lection of the time horizon for assessing out-
comes is crucial. It should be sufficient to
account for the intended and unintended ef-
fects of the interventions; however, in some
cases, longer time horizons can add unneces-
sary cost and complexity.83

CONCLUSION
The cost-effectiveness of wearable technologies
is context-specific and dependent on several fac-
tors, including the type of wearable, the health
condition being managed, local cost structures,
willingness-to-pay thresholds, and several
others. These aspects must be thoroughly evalu-
ated to make informed decisions about incorpo-
rating wearable technology in health care.

The future research agenda should aim
further to illuminate the cost-effectiveness
landscape of wearable devices in health care
in order to strengthen the evidence base
needed by health care providers, policy-
makers, and patients to make informed deci-
sions. Finally, although wearable technology
shows promise in delivering cost-effective
health care, more research is necessary to un-
derstand the long-term benefits and potential
risks associated with these devices.
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