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Abstract

The increasing of chronic diseases and related health management are the main clinical and public health challenges. The
long-term nature and the need for continuous monitoring in chronic disease management gave rise to early technological
innovations (mobile Health) to improve care management plans, therapeutic adherence, and psychological support to the
patient. This review aimed to map the literature on the impact of the use of wearable device on quality of life in patients
with chronic diseases. We performed a systematic search of MEDLINE through PubMed, Web of Science, and Scopus of all
scientific literature published until January 2022. Based on inclusion and exclusion criteria, a total of 10 papers were
included. This review pointed out the relevant focus on the use of wearable device in chronic disease patients highlighting
the wearable device impact on several domains including quality of life, Self-Efficacy, Self-Management, and feelings on
patients with chronic diseases. The available scientific literature related to the impact of the use of wearable device on qual-
ity of life and psychological features in patients with chronic diseases, general underline a need to develop professional
healthcare guidelines and tailored intervention on patients with a chronic condition, using mobile Health solutions and trying
to fill the lack of knowledge about the topic.
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Introduction Personalized medicine based on multidisciplinary and
integrated approach improved healthcare effectiveness
toward to efficient medical prompts to maximize the adher-
ence and compliance of the patient to the medical long-term
treatments. Taking into account that, digital health is part of
the personalized medicine process: it can be defined as the

The increasing of chronic diseases (CDs) is one of the main
clinical and public health challenges. According to the
World Health Organization (WHO), CDs are the leading
cause of mortality globally, representing 63% of all
death." The prevalence and incidence of CDs led contem-
porary healthcare systems to face increasingly complex
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use of digital technologies to improve patient outcomes and
enable better care delivery.* Among innovative solutions,
mobile Health (m-Health) is becoming a relevant instru-
ment. m-Health has been defined by the Global
Observatory for e-Health of the WHO as medical and
public health practice supported by mobile devices, such
as mobile phones, patient monitoring devices, personal
digital assistants, and other wireless devices.! Among all
of them, smart wearable technology not only helps people
pursue a healthier lifestyle but also provides a continuous
flow of physiological data for disease management by actively
recording parameters and tracking the metabolic state.’
m-Health has enormous potential to impact the CD manage-
ment though the acceptance, availability and technological
usability features; taking into account to that, m-Health
devices could improve service delivery and impact patient out-
comes drawing the continuous health monitoring.’

Among m-Health innovations, wearable devices (WD) fea-
tured as autonomous and non-intrusive solutions to promote
surveillance, monitoring, or support for biofeedback monitor-
ing in a trustable and comfortable way.® Wearable means that
adevice is supported on the human body or in a piece of cloth-
ing, suitable for prolonged use as a wearable accessory, allow-
ing individuals to closely monitor changes in their vital signs
and provide feedback to help maintain an optimal health-
status.” Wearable systems for continuous health monitoring
are the key technology in helping the transition to more pro-
active and affordable healthcare,7 reducing the high costs of
conventional care.

In this context, adherence is critical to achieving improved
health outcomes, QoL, and efficacy of health care for inte-
grated CD management.® While the growing popularity of
m-Health is evident, its impact on the QoL and mental
health of subjects with CDs has not yet been fully explored.
Research generally focused on the development of these
devices or on the feasibility of using mobile technology in
healthcare, concentrating more on medical and technical para-
meters of professionals than on psychological dimensions of
patients (e.g., emotions and cognitions). The present study
aimed to elaborate the systematic review for emerging scien-
tific literature on m-Health and the use of WD for integrated
therapeutical solutions to improve CD patients’ QoL. Scope
of the study was to propose oriented research perspective for
integrated approach for innovative technology into persona-
lized medicine for CD management, as well the exploitation
of research topic toward to advanced medicine joining clinical
and technological solutions.

Methods

Study design

We conducted a descriptive analysis of the characteristics of
the included literature to examine the effects of m-Health
and the use of WD in patients with CDs. We performed

this review in according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
Guidelines.’

Search strategy

To identify potentially relevant studies for inclusion, we per-
formed a systematic search of MEDLINE through PubMed,
Web of Science, and Scopus in January 2022. Key search
terms were: ‘chronic disease’, ‘wearable device’ and ‘quality
of life’.

Inclusion and exclusion criteria

To be considered eligible, titles and abstracts of retrieved
studies had to refer to patients with CDs and the use of
WD for QoL. To be included, studies had to (a be published
in the English language; (b) be available in full text; (c) be
published in scientific peer-reviewed journals; (d) include
psychological measures. In addition, we excluded all
reviews on the topic.

Article selection and data extraction

The PICO model defined the research question (patient/
population, intervention, comparison, and outcomes); “In
CDs applied the WD (P), what were the effect for psycho-
logical dimensions (I) compared to the effect on the out-
comes in control groups (C) on QoL (O). Two reviewers
independently screened all titles, abstracts, and full texts
and resolved disagreements by consensus or consultation
with a third reviewer. The following data were extracted
from each paper: (a) general information: authors, publication
year, country, and involved institution (e.g., University,
Medical Centre); (b) study characteristics: study design,
sample size, monitoring period, CD diagnosis, WD type
used; (c) physiological and psychological measures used; (d)
data related to the research question of the review: study
aim, a summary of outcomes.

Data synthesis

General information, study characteristics, physiological and
psychological measures used, and data related to the research
question of the review were descriptively synthesized. To
explore the impact of the use of WD in patients with CDs,
results were summarized referring to outcomes on QoL, self-
efficacy, self-management, anxiety and depression.

Results

Search results

The literature search of PubMed, Web of Science, and
Scopus electronic databases provided a total of 236
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publications. After removing duplicates, 170 references
were identified for screening. Based on the inclusion/exclu-
sion criteria, two reviewers screened for eligibility all titles
and abstracts and successfully resolved disagreements by
consensus. The full text of the remaining 36 papers poten-
tially worthy of inclusion, were examined comprehen-
sively. To maximize the finding of potentially relevant
manuscripts, an additional 10 studies, which met criteria
for inclusion were identified by checking citations of eli-
gible articles for supplementary references that were
missed in the initial search. Out of a total of 46 articles
assessed for eligibility, 36 were excluded and reasons for
exclusion were reported. Figure 1 shows all details about
the study’s search and selection process. Finally, ten
studies'®"® were included.

Characteristics of the included studies

Table 1 summarizes the main characteristics of the included
studies. We identified from each included study: (a)
authors, (b) study design, (c) chronic disease, (d), sample
size (e) WD type, and (f) monitoring period.

All studies focused on patients with CDs and concerned
the use of different types of WD. Regarding CDs, included
studies involving patients with several specific chronic con-
ditions as well as chronic obstructive pulmonary disease
(COPD),“’17 fibromyalgia syndrome (FMS),12 sarcoid-
osis,'® chronic heart failure (CHF),'™'® chronic kidney
disease (CKD),"* metabolic syndrome (MetS),"® diabetes
mellitus (DM),'>!'? and Hypertension.'® Only one study'®
considered general chronic conditions. Among WDs,
almost all the included studies'®'>'+101819 yced wrist-
worn activity tracker (n=38; 80%) (e.g., Fitbit, Apple
Watch, Garmin Vivofit), except one'” that used a pedom-
eter attached to the waist. Only one study'® did not
mention the WD used.

The 10 selected studies differed in their study design and
methods and included research carried out using a quantita-
tive design,'?'*172%22 3 qualitative design,'® or mixed-
methods approach incorporating both qualitative and quan-
titative methods.'"'® Overall, selected studies involved
1399 patients with CDs, and the monitoring period lasted
from 2 days to 12 months.

Source of articles

Table 2 summarizes general information about the pub-
lisher of the included studies. We identified for each
included paper: (a) source title; (b) subject area; (c) first
author’s country; (d) first author’s institution; and (e) pub-
lication year. All papers were published in peer-reviewed
journals from 2018 to 2022. Concerning publication year,
we noted a growing emerging interest in the recent years
showing the general intention to transform healthcare provi-
sion in the coming decades, through mobile health software

solutions, which can help professionals to early intervene in
CD, facilitating real-time monitoring of patients’ vital signs,
remotely. Even if the number of identified studies is very
limited, we observed the increasing over the time the inter-
est in the use of WDs in patients with CDs and their impact
on quality of life. Although these studies involved Korean,
Danish, Netherlands, Spanish, Taiwanese, and British
researchers, the majority of publications (n=3; 30%)
were undertaken in America.

Type of articles

Table 3 highlights the details on measures used and out-
comes of the included studies. We extracted from each
included paper: (a) authors; (b) physiological and medical
measures; (c) psychological measures; (d), general mea-
sures; and (e) outcomes. All the papers focus on the use
of WD in CDs, while outcome tools mainly referred to
physiological/medical measures (e.g., disease diagnosis,
laboratory data, physical activity tracking, body compos-
ition measurement) and psychological measures (e.g.,
quality of life, self-efficacy, self-management, anxiety,
and depression).

Overview on the use of m-health for CDs

First, this review aimed to investigate the impact of the use
of WD on QoL and psychological features in patients with
chronic conditions. Second, we observed the lack of exten-
sive scientific literature on this topic, underlining the need
to go beyond acceptability and feasibility studies, to
conduct more detailed analyses of the interaction between
personal health data from WD and its impact on patients’
psychological wellbeing and quality of life.

Outcomes of the included studies showed that the use of
WD impact on QoL,''""7 self-management,'*!" self-
efficacy,> 1581 anxiety,'®'"'¢ and depression'''>16:1°
in patients with chronic conditions. An analysis of the
impact of m-Health on quality of life and psychological fea-
tures in patients with CDs is proposed below.

Quality of life indicator for WDs

Almost all of the included studies focused on the impact of
QoL related to the use of WD''™'7 using St George’s
Respiratory Questionnaire (SGRQ),” EuroQoL 5D-5L,**
Kidney Disease Quality of Life survey (KDQOL-SF),»
General Health Short Form 12 (SF-12),° WHO Quality
of Life-BREF (WHOQOL-BREF).'

Overall, the findings we reviewed revealed conflicting
results including some pointing out the fundamental role of
m-Health interventions, using health apps and WD in improv-
ing QoL and healthy lifestyle respect to patients assigned to
usual chronic care,1 L1417 and some which found no significant
differences among these interventions.'>'®
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of the studies selection process for the

review.

Varas study'’ demonstrated that a community-based
programme of exercise training through walking and
increased physical activity level, using pedometers as feed-
back, improved exercise capacity, and QoL in COPD
patients. Moreover, participants who withdrew (due to dif-
ficulties in using technology) from a study on the use of an
activity tracker to promote physical activity in the manage-
ment of COPD had worse QoL baseline scores compared
with those who completed the intervention'’

However, as observed by Lee et al.'? evaluating the effi-
cacy of a real-time pain monitoring system using a WD,
referred to as the Pain Assessment and Analysis System
(PAAS), in patients with fibromyalgia, the health-related

QoL endpoint was not achieved although the reduction of
pain in patients who used the proposed real-time monitoring
system was significantly greater than those in the control
group. One explanation may be that the pain reduction
with PAAS usage was not sufficient to impact more
complex outcomes. Lee’s study'® implemented the
e-Motivate4Change programme with an experimental
group to increase knowledge about MetS and promote
health-related activities through the use of a WD, and the
finding showed no significant differences in QoL among
patients who wore WD compared to those in the control
group who received the usual chronic care. Also, Moor
study® revealed no significant differences in QoL of
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Table 1. Main characteristics of the included studies.

Quantitative study design Varas et al., COPD
2018
|. Lee et al., FMS
2019
Moor et al., Sarcoidosis
2019
J.-S. Lee et al.,  MetS
2020
Li et al., 2020 CKD
Lukkahatai DM
et al., 2021
Z. Xie et al., DM
2021 HTN
CHF
Qualitative study design Andersen et al., CHF
2020
Mixed-method approach Waulfovich et al., CDs
(qualitative and quantitative) 2019 (general)
Bentley et al., COPD
2020

n=33 OMRON Walking Style X Pocket 12 months
HJ-320e digital pedometer

n=2 Painmeter (bracelet for reporting the 3 months
severity of pain)

n=10 Fitbit Flex 2 4 weeks

n=>59 S 12 weeks

n==49 Hearth Rate Smart Wristband 90 days

n=114 Garmin Vivofit 2 days

n=853 Fitbit, Apple Watch, Garmin Vivofit -

n=27 Fitbit Alta HR 4-49 weeks

n=200 Fitbit, Apple Watch, iFit, JawboneUP, & weeks
Garmin, Samsung Gear, Nike +

n=30 Fitbit 8 weeks

COPD: chronic obstructive pulmonary disease; FMS: fibromyalgia syndrome; CKD: chronic kidney disease; MetS: metabolic syndrome; DM: diabetes mellitus;

HTN: hypertension; CHF: chronic heart failure; CDs: chronic diseases.

patients with sarcoidosis (at baseline compared to month
one), through the use of WD and an e-Health application
in which patients keep track of their health-related data.
One potential explanation of the outcomes of studies that
found no significant differences in QoL among patients
involved with the use of WD and patients assigned to
usual care could be due to the inclusion of a limited
number of patients and to the period of the study which
may have been too short to impact participants’ QoL.

Self-management and self-efficacy

Several of the included studies evaluated self-management
and self-efficacy’> '8! using  Self-Efficacy Scale,”’
Diabetes  Self-efficacy Scale,”® Ecological Momentary
Assessment,29 Summary of Diabetes Self-Care Activities,30
or Self-Efficacy and Self-Management questionnaire.

With regard to the self-efficacy index, five studies'?”
142131 found that specific m-Health interventions, using
health apps and WD, significantly increased Self-Efficacy

and healthy lifestyle in the experimental groups compared
to those who received no treatments and were assigned to
usual chronic care. Moreover, a study found that the use
of WD with a health management platform and social
media support not only strengthened Self-Efficacy, but
also Self-Management in the intervention group and
slowed the estimated glomerular filtration rate decline in
patients with CKD, promoting healthy lifestyle behaviours.
Only Lukkahatai’s study'® did not find significant differ-
ences but only slightly higher self-management behaviours
and self-efficacy among patients who wore WD than those
in the control group but this could be due to the short dur-
ation (2 days) of the WD use.

Anxiety and depression

Included studies assessed anxiety and depression symp-
toms'®'>!¢1? ysing Beck Depression Inventory,®* Hospital
Anxiety and Depression Scale (HADS),” Patient Health
Questionnaire-9 (PHQ-9)** or interview on emotional
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Table 2. Publishers of papers included in the present review.

Publication year

Source title

Subject Area (SJR Ranking) *

First author’s country

First author’s institution

* https:/www.scimagojr.com.

2018

2019

2020

2021

Journal of Medical Internet Research
Asian Pacific Island Nursing Journal
Frontiers in Psychology

Health and Technology

International Journal of Rheumatic Disease
JMIR mHealth and uHealth

Journal of Personalized Medicine
Physiotherapy Research International
Medicine - Health Informatics
Medicine

Engineering - Biomedical Engineering
Health Professions - Physical Therapy, Sports Therapy and Rehabilitation
Nursing

Psychology

United States

Korea

Denmark

Netherlands

Spain

Taiwan

United Kingdom

University

Research Medical Centre

Department of Internal Medicine
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feelings. Diagnosis of CD often introduces negative feelings
into patients’ lives.

With regard to depression, the included studies
found no significant difference in WD use; differently,
Xie et al.*! observed that being depressed showed a signifi-
cant association with a lower likelihood to have complete
confidence in health management when compared to
those without depression. Additionally, participants who
withdrew from a study on the use of an activity tracker to
promote physical activity in the management of COPD
had worse depression baseline scores compared with
those who completed it,11 and this could be due to lower
self-confidence in the management of CD as reported in
the study mentioned above.'®

Regarding anxiety, as observed by Pedersen et al.>> CHF
patients are known to be at an increased risk of being diag-
nosed with depression and anxiety. In research based on
interviews conducted by Andersen et al.'” patients experi-
enced different levels of anxiety and used their Fitbit to
reassure themselves about their health and decreased
anxiety levels, also helping them engage more in physical
activity. However, the affective dimension of self-tracking
when living with a chronic heart disease emerged as
loaded with ambivalence: Fitbit data may provide numer-
ical reassurance, which can relieve acute anxiety related
to unclear bodily sensations but at the same time heightened
attention to these data can also introduce new uncertainties
and anxiety.'”

12,16,19

Discussion

The health management of chronic conditions is a key chal-
lenge, and new mobile technologies could offer good solu-
tions.*® Consumer health information technologies such as
wearable activity trackers are increasingly being considered
to improve chronic care management.>’** Smartphones and
WD are technologies predicted to transform healthcare pro-
vision in the future. Technology not only helps people
pursue a healthier lifestyle but also provides a continuous
flow of health data for diagnosis and treatment by actively
recording physiological parameters and monitoring the
metabolic state.’ These clinically integrated data-producing
devices affect self-care activities as they enable managing
symptoms, taking medicine, dealing with the emotional
impact, and tackling lifestyle changes.> '

Despite recent developments and the growing popularity
of m-Health, knowledge about the impact on QoL and
mental health of patients with CDs is currently underdevel-
oped. During the screening process of the emerging scien-
tific literature on the use of WD in CD and its impact on
patient’s quality of life, we observed that research generally
focused on the development of new WD or on the feasibil-
ity of using mobile technology in healthcare, concentrating
more on medical and technical parameters than on psycho-
logical outcomes.

In contrast, the included studies showed that m-Health
impacts on several domains including QoL, self-efficacy,
self-management, and feelings of patients with CDs.

Generally, the findings we reviewed revealed conflicting
results about QoL, including some pointing out the central
role of m-Health solutions (using health apps and WD) in
improving QoL and healthy lifestyle with respect to patients
assigned to usual chronic care,“’m’17 and some which
found no significant differences among these interven-
tions.'>'® The benefits for chronic patients include an
enhancement of their quality of life by reducing the hospi-
talization time and the patient’s cost, and improving their
life expectancy by generating fast response alarms.*?
However, not finding significant differences could be due
to the inclusion of a limited number of patients and the
short study period which may not have captured the
impact of the WD on QoL.

The included studies, also found that m-Health interven-
tions not only strengthened self-efficacy'*'>'®!° but also self-
management.'*** The use of WD can motivate individuals to
achieve high self-efficacy to commit to self-management of
their health. Self-efficacy is the self-belief in the ability to
manage one’s daily life and put in the effort to get the
desired behavioural and health outcomes.** General, it
involves attitudes and self-beliefs to cope with a variety of dif-
ficult situations in daily life. Self-efficacy significantly contri-
butes to the long-term health status of patients** and is highly
related to the patient’s Self-Management efforts and their
health outcomes.*’ Self-management of health implies man-
agement of activities contributing to health including physical
activity, diet, medication intake, and management of symp-
toms.*® It can be defined in terms of learning and practicing
the necessary skills to lead an active and emotionally satisfy-
ing life in face of a chronic condition that often requires
changes that affect different aspects of daily life.
Self-Management has been shown to play a crucial role in
the reduction of disease exacerbations in chronic patients
and improve adherence to rehabilitation. The higher the self-
efficacy in health management, the higher the health-related
goal will be set and a stronger commitment to achieve the
goal will be made.*® So, self-efficacy and self-management
play a key role in health behaviour change in health-promoting
interventions for chronic patients.

Regarding emotional feelings, although the included
studies found no significant differences between WD use
and depression,'>'®!? probably due to the short period of
the study, the limited number of patients, and the need for
a more comprehensive psychological assessment, being
depressed can be considered a predictor of a lower self-
efficacy for managing health. Moreover, about anxiety, par-
ticipants felt that having a system to constantly monitor
their condition would ease their mind and provide a
feeling of security, but at the same time heightened atten-
tion to these data could also introduce new uncertainties
and anxiety. These findings could be due to the need to
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introduce psychoeducational interventions in the treatment
and management process of CDs and a more detailed psy-
chological assessment for patients.

We, generally, observed the lack of extensive scientific
literature on this topic, underlining the need to go beyond
acceptability and feasibility studies, to conduct more
detailed analyses of the interaction between personal
health data from WD and its impact on patients’ psycho-
logical wellbeing and quality of life. However, the available
scientific literature related to the impact of the use of WD on
quality of life and psychological features in patients with
CDs, general underline a need to develop professional
healthcare guidelines and tailored intervention on patients
with a chronic condition, using m-Health solutions and
trying to fill the lack of knowledge about the topic.

Conclusion

Long-term chronic condition management requires a high
level of patient involvement. m-Health (using health apps
and WD) might have high potential influence for Qol, self-
efficacy, self-management, and psychological aspects such
as anxiety and depression. Specifically, they enable more
convenient delivery of services for patients’ education, self-
monitoring, and strengthening of a healthy lifestyle.
However, the implementation of m-Health in the healthcare
system is still preliminary phase: in our opinion some key
points should be exploited to draw effective integrated
and personalized medicine joining pharmacological and
technological treatments for better life of CD patients: (1)
the lack of robust wearable-to-disease focused data on the
efficacy of intervention that might motivate sustained use
of WD; (2) incomplete healthcare guidelines; (3) the need
of more comprehensive psychological assessment for
patients with CDs; (4) the need to create more resources
for mental health within-programme.

The present review highlighted the relevance of strategic
actions on physiological and psychological interventions to
deal with the Quality of Life of CD patients applying
m-Health solutions. The efforts of research including clin-
ical and technical professionals should be towards conduct-
ing planned research protocol based on the efficacy of
integration of technological and medical solutions for
advanced clinical treatments; more the need to prioritize
the m-Health interventions tailored to patient needs that
allow reaching even individuals who do not easily adopt
the technology. Moreover, psychology and medicine
should work together to address clinical challenge for
chronic care management through the implementation of
m-Health as an instrument to reduce the healthcare
burden while improving patients’ QoL in survivorship.
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