Review

Technology applications to improve health
outcomes and self-management in patients
with arthritis

Mobile technologies are proliferating rapidly in medicine and provide opportunities
for patient education and behavior change interventions. Technology-based
interventions have the potential to overcome barriers to adherence, are accessible
and entertaining thereby increasing interest in participation. This article provides an
overview of new technology-based educational and behavioral interventions used to
manage arthritis symptoms and promote healthy behaviors such as online education
and self-management programs, mobile applications, and virtual reality-based
rehabilitation. We also highlight a new area for technology applications in arthritis,
exergaming, based on evidence from other chronic illnesses. Given the limited
controlled studies in this area, data will be summarized by topic area highlighting the
effectiveness of various interventions, their challenges, opportunities and areas for

future research.
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Background

Behavioral health interventions are designed
to change health-related behaviors. Behav-
ioral health interventions may target indi-
viduals at high risk for a particular health
outcome by targeting healthy lifestyle
behaviors such as exercise, diet or medica-
tion adherence. They may also impact the
environment by improving access to gyms,
healthy meal choices in restaurants, health
screenings, and/or public policy (e.g., smok-
ing bans and taxes on liquor, among others)
(Figure 1). Unfortunately, lifestyle health
behaviors are difficult to change because
they require active and conscious engage-
ment of the individual, as well as motiva-
tion to change familiar habits and practices.
Behavior change also requires deferring grat-
ification of the effort involved as the benefits
of behavior change may take months or even
years to occur. Regardless of the target of the
health behavior intervention, interventions
that are grounded in theory are most effec-
tive [1]. Table 1 describes some of the more
commonly used behavioral theories and

models, many of which have strong evidence
for effectiveness.

This article provides an overview of the
current literature on technology-based behav-
ioral interventions for arthritis management.
Given the recent proliferation of technol-
ogy in arthritis-based self-management and
rehabilitation interventions, the literature on
specific topics is limited with many articles
focused on the design and development
of these interventions versus clinical trials
of efficacy. Therefore, this article aims to
present the array of new technology-based
interventions from internet-based self-man-
agement programs to virtual reality (VR)
infused rehabilitation to exergaming (gam-
ing for exercise) and describe the current data
on their effectiveness, challenges and oppor-
tunities. When possible, information will be
summarized in a systematic manner.

Methods
For this review, Medline, PubMed,
EMBASE, CINAHL, AMED, DPsychlnfo

and the Cochrane Library were searched
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Figure 1. External influences on technology and health.

from 2006 and up to December 2013 using the key
terms ‘patient education’, ¢ self-management °, ‘tech-
nology’ and arthritis’. Search terms were expanded
to ‘internet, ‘theum$’, ‘rehabilitation’, ‘self- manage-
ment’, ‘self care’, ‘gaming’ ‘telemedicine’, physical
activity’ and ‘arthritis’. Topic areas covered reflect
current advances in technology-based behavioral and
rehabilitation interventions to promote health and
independence. Given the limited number of clinical
trials, all articles addressing self-management inter-
ventions, patient education, VR, physical activity,
telemedicine and gaming/exergaming were included
regardless of article type (descriptive, developmental/
technology paper, cohort, and so on) if they were in
published in English. Articles are described and sum-
marized under specific subheadings to present a gen-
eral overview of what is known in each area. Given
there were no arthritis-related exergaming programs
for children this literature review covers exergaming
for children with chronic illness.

Internet-based education & self-
management programs in arthritis

Definition of self-management intervention

& benefits of traditional self-management
interventions in arthritis

Literature on traditional face-to-face arthritis edu-
cational and self-management interventions yield

Economic factors
affecting healthcare
delivery

positive health benefits such as better symptom con-
trol and improved quality of life [11,12]. Educational
programs provide patients with information about
arthritis, as well as publicly available resources (e.g.,
Arthritis Foundation). Self-management programs are
designed to help individuals manage their symptoms,
treatments, physical, psychosocial and lifestyle conse-
quences related to living with a chronic condition [11].
Self-management interventions extend beyond merely
the provision of information to promote active patient
engagement to enhance health and to manage symp-
toms of arthritis. Iversen er al. reported [11] successful
self-management interventions (SMIs) delivered face-
to-face include the following characteristics: use of a
group format grounded in behavioral theory (most
commonly social cognitive theory [9] and cognitive
behavioral theory [2]); individually tailored programs,
standardized patient materials, and weekly super-
vised exercise sessions. Data indicate SMIs provide
short-term benefits of up to 9 months following the
intervention [11].

Technology & SMis

Technology-based SMIs provide the promise of more
efficient, broad reaching, and potentially motivating
strategies [13,14]. Current technologies for SMIs include
online interventions, mobile applications (i.e., text
messaging, video messaging, voice calling, social media
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such as Facebook and Twitter and mobile monitoring),
as well as gaming and technologically—based rehabili-
tation interventions and monitoring systems (13,14]. The
2013 Pew Internet and American Life Project’s Online
Health Survey [15] reports more than half of all Ameri-
cans searched the internet for health information and
greater than a third of respondents reported using the
internet for self-diagnosis. The internet provides access
to countless sources of health information (e.g., web-
sites such as WebMD, MDadvice, MedicineNet and
NetDoctor), most focused on diagnoses, diet, physi-
cal activity, alcohol use, and smoking. However, some
websites provide inaccurate or misleading information,
so the choice of sites should be monitored.

Kohl ezt al. 116, summarized data from 41 studies and
reported the use of internet to elicit behavior change is
small, variable and not sustainable. Additionally, the
authors noted that most users of internet-based data
are female, well educated, Caucasian and living in high
income countries. The recent 2013 Pew Internet Sur-
vey of internet use and users [15] supports Kohl ez al.’s
findings. Clearly, the typical user of internet data is in
a privileged position relative to healthcare, and still has
difficulty with adherence. As technology continues
to be adopted worldwide, these limitations should be
noted and addressed in the design of future interven-
tions and research to ensure better comprehensibility,
usability and access to all. Ossebaard and colleagues
(17] examined the usability and impact of a national
internet portal to promote health among adults with
chronic illness and their caregivers. The team con-
ducted semi-structured interviews and focus groups
recruiting patients with arthritis, asthma and diabe-
tes and their caregivers to ascertain how they used
the portal for information-seeking, self-management,

and decision-making regarding their or their signifi-
cant others’ health condition. Information gleaned
from this study highlighted the need to develop better
navigation support and to provide more disease-spe-
cific information. While patients and families found
the portal useful for providing information it was less
effective for self-management and decision-making.
Data from this study was used to modify the design of
the national portal (e.g., better navigation through the
site and more tailored disease information).

To ascertain what patients wanted and needed from
a self-management website, Tradeau and colleagues
(18] recruited 32 patients with arthritis and 12 arthri-
tis practitioners. Participants engaged in 1-h telephone
interviews to discuss the content of online materials.
Patients and practitioners categorized and rated 88
unique statements about the self-management website.
From these 88 statements, six themes emerged includ-
ing: tools to manage pain; future of arthritis pain-
related research; disease and pain education; physi-
cal activity; daily living/what can be done to modify
pain; and communication/support such as emailing
questions to practitioners. The data suggested patient
and providers agreed on content for online arthritis
education and self-management. However, patients
desired more information about disease progression,
while practitioners felt patients needed more infor-
mation on medication adherence. van ser Vaart ez al.
(19] employed a cross-sectional study of 484 randomly
selected patients from a large hospital-based rheumatol-
ogy clinic to examine current content of internet-based
materials for adults with arthritis and factors associ-
ated with online support services. Approximately half
(47%) of patients completed the survey that contained
items about intentions to use internet to obtain disease-

Table 1. Description of select behavioral theories and models commonly used in behavioral health

interventions.

Behavioral Interventions Description Ref.

Cognitive behavioral therapy Based on Cognitive Model of Emotional Response — a concept,  [2]
which states that our thoughts cause our feelings and
behaviors, not external things

Behavior reinforcement Stimulus—response, reinforcement of desirable behaviors 3]
(i.e., Weight Watchers)

Health belief model Patient beliefs drive change [4)

Mindfulness Meditation-based; focus attention/awareness [5]

Transtheoretical model Conceptualizes intentional behavior change - series of stages [6]
with strategies

Theory of planned behavior Links beliefs, attitudes and behavioral intention (7,8]

Social cognitive theory Knowledge acquisition directly related to observing others [9]
within social contexts

Data taken from [10].
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related information, care and support services, e-con-
sultation, symptom monitoring, and electronic medical
records (EMRs). Most patients (82%) used the inter-
net to search for arthritis information and to access
their medical records. Many reported they intended to
use the additional online support services. However, no
significant differences existed between demographic
features of patients and use of online resources. These
two studies [18,19] demonstrate that patients with arthri-
tis use internet resources to learn about their arthritis
and to access personal information.

In a systematic review of 11 randomized controlled
trials, McDermott et al. 14] reported a lack of evidence
to substantiate the superiority of internet-based SMIs
over traditional SMIs. The authors noted that internet-
based SMIs provided positive health outcomes com-
pared with no intervention. However, this systematic
review included only one study involving patients with
arthritis. Table 2 provides a description of the studies of
internet-based SMIs designed for adults with arthritis
and their corresponding outcomes [20-23]. These stud-
ies varied with respect to sample sizes, duration and
intensity of intervention. All studies compared the
intervention to usual care or wait list control. Whet-
stone et al. [20] found the use of a brief online educa-
tional and behavioral program led to greater use of
joint protection techniques, an improved outlook on
life and hopefulness about the prognosis of rheuma-
toid arthritis (RA). Lorig ez al. [21) and Shigaki ez al.
(23] used a randomized controlled design and demon-
strated significant and substantial improvements in a
variety of outcomes. Both studies reported long-term
increases in self-efficacy and quality of life or global
health. While the evidence for internet-based SMls is
limited, preliminary studies suggest acceptance and
utility of internet-based SMIs for adults with arthritis.
More research is needed to compare the effectiveness
of traditional SMIs to internet-based SMIs on health
outcomes, and to identify subgroups of patients who
can benefit from these interventions.

Internet-based interventions to improve
physical activity in adults with arthritis

There are limited studies of internet-based physical
activity interventions in adults with archritis [24-29].
Among the published literature there is a focus on
assessing the usability and feasibility of this mode
of SMI among healthy individuals and those with
chronic illnesses. Factors found to affect engagement
in physical activity using an internet-based program
include: ease of navigation through the site, trust in the
program, dependability and functionality of the site,
social support and perceived support from the team
who developed the online intervention [1324,26-27].

Barriers to success included: medically complex health
conditions, increased age, perceived lack of guidance
with the program, poor motivation and/or depressed
mood and increased value placed on human interac-
tion [25]. In a recent focus group study reporting patient
perceptions regarding physical activity monitoring in
adules with RA, Tierney ez al. (28] reported the use of
monitoring devices was acceptable to patients.

Four studies [24.26-29] examined health outcomes of
internet-based physical activity interventions in arthri-
tis using a mix of study designs, duration and subjects.
Bossen and colleagues [25] enrolled 199 patients with
hip or knee osteoarthritis (OA; aged 50—75 years) who
were allocated to the intervention group in a large ran-
domized controlled nonblinded trial of a self-paced
9-week internet physical activity program (Join2move)
versus wait list control. The intervention was based in
the behavior graded activity theory. At 3 months the
intervention group improved in physical function (dif-
ference: 6.5 points; 95% CI: 1.8—11.2) and positive self-
perceived effect (odds ratio: 10.7, 95% Cl: 4.3-26.4).
There was no difference in physical activity scores. At
12 months, there were no effects for function and self-
perceived effect but the intervention group reported
engaging in more physical activity.

Another randomized controlled trial examined the
effectiveness of two internet-based physical activity pro-
grams for adults with RA 24). Van Den Berg ez al. [24)
enrolled 116 adults with RA who were physically inac-
tive and randomly allocated them to one of two groups.
One group was an individually guided internet-based
physical activity program (IT) combined with bicycle
ergometer and group contacts. The other group was an
internet-based physical activity program, which included
only general information on exercises and physical activ-
ity (GT). Patients in the IT program submitted weekly
reports on physical activity and their program was
modified accordingly. Assessments were made at 6, 9
and 12 months. At follow-up, the proportion of adults
with RA who were physically active was significantly
greater for the IT group at 6 months (Rx: 38 vs 33%)
and 9 months (35 vs 11%; p = 0.05). Patients in the
IT group also demonstrated higher rates of exercise at
moderate intensity (30 min per session, 5x/week) than
those in the general program at 6 months (35 vs 13%)
and 9 months (40 vs 14%; p < 0.001). At 12 months,
differences between groups regarding moderate inten-
sity exercises persisted (34 vs 10%; p = 0.005). Thus,
self-reported physical activity engagement appeared to
be significantly impacted by an individually tailored
and monitored program versus general information on
physical activity. There were no differences with respect
to disease activity, quality of life, or physical activity as
measured by the activity monitors.
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Krein and colleagues [27] recruited 229 veterans with
chronic low back pain from Veterans Administrations
Clinics and employed a randomized controlled trial
to ascertain whether an internet-based program com-
bined with pedometer assessment of walking could
reduce chronic low back pain-related disability. Sub-
jects were randomized to either an uploading pedome-
ter and internet-based program that integrated periodic
feedback, goals reinforcement, motivational messages,
and social support via an e-community or usual care.
Patients in the usual care also received an uploading
pedometer but no feedback or access to the program
website. Assessments were made at 6 and 12 months.
A complete case and all-case analysis were conducted
using linear mixed effects models to assess differences
between study groups at both time points. At 6 months,
the intervention group reported better function (aver-
age Roland Disability Questionnaire scores) compared
with the control group. Post-hoc analysis indicated
even larger statistically significant adjusted differences
between groups at 6 months among patients with base-
line Roland Disability Questionnaire scores greater
than or equal to 4, but this difference disappeared by
12 months. These data demonstrate an online auto-
mated physical activity intervention was effective in
reducing low back disability in the short-term.

These trials of internet-based physical activity inter-
ventions suggest internet programs are well accepted
and yield short-term benefits for physical activity
engagement in adults with arthritis. Two studies used
behavioral theories to inform their intervention (note,
while Krein did not specifically report using social cog-
nitive theory, elements of the program such as social
support, represent aspects of this theory) and yielded
promising results.

Exergaming to promote heath outcomes in
adults

Definition of exergaming & applications in
chronic illnesses

As opposed to video games that are performed for
enjoyment, exergaming refers to video games played
on a television, computer or projector that captures
motion and serves as a form of exercise to increase
energy expenditure. Exergaming is considered a venue
to augment rehabilitation, and can be incorporated
into rehabilitation interventions to encourage move-
ment or to promote physical activity (3031]. Exergaming
provides an opportunity for greater access to care by
reducing physical barriers (transportation issues) and
medical costs, potentially enhancing patient adherence
through entertaining activities and enables individuals
to monitor their progress via online documentation of
exercise [31].

Gaming platforms include VR systems, comput-
ers mounted on exercise equipment and commercially
available home video game consoles (e.g., Nintendo
WiiFit, Sony PlayStation, Kinect and so on). Motion-
monitoring systems allow control of onscreen activity
and include hand-held accelerometers and gyroscopes,
haptic and video-capture technology. There are both
commercially available games as well as games devel-
oped specifically for health and rehabilitation [30-33].
Games may be immersive, or nonimmersive. Games
are generally designed using an iterative process, which
includes five stages: contextual inquiry, value specifi-
cation, testing of design prototypes, operationalizing
and, finally, summative system evaluation [30]. A well-
tailored system can be developed through this iterative
process and will ideally use input from an interprofes-
sional team with individuals from the target patient
population. [32]

The majority of exergaming studies for adults with
chronic conditions include individuals who have suf-
fered a stroke (34]. Plow and colleagues [34] reviewed 25
studies (either published or in press) using a standard-
ized methodology. Studies were published between
1980 and July 2011 for adults with disabling condi-
tions. The majority of studies examined the acceptabil-
ity and functionality of the exergames but only four
were randomized controlled trials. They concluded
that research on exergaming is still in its infancy.
More recent studies have examined the effectiveness of
exergaming in healthy adults (both young and old) to
improve balance [35-37), to ascertain metabolic equiva-
lents of games [38] and to improve overall fitness and
engagement in physical activity. [39) Miyachi and col-
leagues [38] recruited 12 adults to identified the energy
expenditure associated with a commercially available
exergaming system (WiiFit). Adults played a series of
games including (golf, bowling, tennis, baseball, box-
ing) and WiiFit Plus activities such as yoga). In total,
67% of games were classified as light intensity (<3 met-
abolic equivalents) and 23% were classified as moder-
ate intensity (3—6 metabolic equivalents). These data
can be used to help consumers and patients accurately
report physical activity levels and select appropriate
games to meet their personal goals.

To date, only a handful of systems have been devel-
oped for adults with arthritis [32-33,40-41] and one
study [41] has examined the use of exergames. Yuen [41]
recruited 15 women with systemic lupus erythematosis
and used a simple prepost design to examine the effec-
tiveness of WiiFit on reducing fatigue and weight. Sub-
jects were asked to use the exergame system 30 min per
session, three times per week for 10 weeks. At the end
of the trial, statistically significant improvements were
noted for fatigue (10-point decrease on fatigue severity
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scale; p = 0.002) and weight loss (decrease of 2 kg).
Srikesavan ez al. [40] are examining the acceptability
and effectiveness of a task-oriented exergaming system
for adults with RA or OA using a single-blinded ran-
domized controlled trial. Thirty adults with RA or OA
affecting the hand will be randomly allocated to either:
task-oriented training or conventional hand exercise.
This trial is underway. Metsis and colleagues [32] are
conducting a proof of concept trial to test the efficacy
of a multifaceted exergaming system (RPLAY), com-
bining elements of individual feedback with e-com-
munity. This theory-based cyberphysical system (uses
components of social cognitive theory) is intended to
preserve functional range-of-motion and cardiovas-
cular health in persons with RA through promotion
of physical activity. Breugelmans er a/. [33] are assess-
ing the use of a biosensor-based video game in adults
with RA using modifications to the gaming interface
to address common issues such as wrist and finger
pain and synovitis, poor joint function, weak prehen-
sion and high prevalence of carpal tunnel syndrome.
The system combines an eye tracking device with
cyber glove technology. The gaming activities repli-
cate common activities of daily living to allow users to
develop strength and dexterity during an engaging and
challenging game.

Exergaming for adults with chronic conditions
appears to provide beneficial health outcomes and
is acceptable to patients. Within the field of arthri-
tis, exergame development is underway but only one
study has formally assessed outcomes in a small pilot
group. This area of research is expected to expand con-
siderably in the next few years and provides promise
for greater access to exercise and behavioral therapy
to those currently limited by environmental barriers
(access to transportation and so on).

Gaming interventions to promote
self-management in children

Research demonstrates that video games are helpful
therapeutic and educational techniques for children
with chronic illness. There are no published studies
or game systems reported for children with arthritis.
Thus, this section will describe what is known about
gaming for children with chronic illnesses and relate
these findings to potential benefits for children with
arthritis.

Ten studies [42-51] were identified that described 16
different video games for children with chronic condi-
tions such as Type 1 diabetes, asthma, sickle-cell ane-
mia, cancer, cerebral palsy, and cystic fibrosis [42-51].
These video games were specifically designed for each
chronic illness and addressed their unique education,
self-management, self-efficacy, entertainment, com-

munication and social application needs. The majority
of the games were designed for younger children (75%
for ages of 7-14 years). Six studies measured changes
in disease knowledge; five measured changes in self-
management (self-care behaviors and adherence); four
changes in self-efficacy and two measured changes in
communication/social applications. In addition, five
studies measured the level of enjoyment and enter-
tainment for children during play. Specifics regarding
game content, game design, theory, statistics, and out-
comes for each game can be found in Table 3. Four
games were particularly unique. These games dem-
onstrated improvements in education/knowledge of
disease, self-management, self-efficacy, entertainment,
or communication and social skills. For example, the
‘Egg Breeder’ game [42], designed for children newly
diagnosed with Type 1 diabetes aims to improve
understanding and management of diabetes.

Throughout the game, players breed and nurture a
diabetic egg through provision of correct food types,
exercise, and insulin doses, based on plasma glucose
levels. The goal is to hatch a healthy chick. Depend-
ing on how well the player has maintained plasma glu-
cose levels during the breeding period, varying degrees
of healthy to unhealthy eggs will hatch. Researchers
tested the game for entertainment, usability, and clini-
cal usefulness. Data indicated that 25.9% of children
strongly agreed the game was entertaining. A total of
60% found the game clinically useful. Results dem-
onstrate the potential value and benefit of using enter-
taining video games to educate children with chronic
illness about their disease [42].

Another study examined commercially available
exergames (e.g., Wii tennis, Wii bowling, Wii boxing,
Disney Grooves Dance Dance Revolution [DDR]) to
assess whether active video games are useful in pro-
moting physical activity and rehabilitation therapies
for children with cerebral palsy [46]. Children used a
Wii remote in their dominant hand to simulate ten-
nis and bowling movements. In Wii boxing, children
used both upper extremities, with a Wii remote and
nunchuk. For DDR, the children had a dance mat, a
Wii remote and nunchuk, requiring the use all four
extremities. Energy expenditure, perceived exertion,
and self-reported enjoyment were measured. Energy
measures were lower at baseline levels prior to play-
ing, than during any of the games (p < 0.002). Games
involving both the lower body and upper body (DDR)
or which had high frequency movements of both arms
(Wii boxing) demonstrated significantly higher energy
measures than games requiring the use of one arm (Wii
bowling). The median score for enjoyment was 4.5 out
of 5, which suggests that the children enjoyed play-
ing the games. Moderate physical activity levels were
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found in 15% of children playing Wii bowling, 23% in
Wii tennis, 62% in DDR, and 54% in Wii boxing. A
total of 8% of children reached vigorous levels of phys-
ical activity using Wii boxing. This study illustrated
that active video games can promote moderate physi-
cal activity for children with mild cerebral palsy [46].
Whether similar outcomes are possible for children
with arthritis is unknown but appears promising.

Most studies of exergaming examine enjoyment of
game, adherence to medical treatment, self-efficacy
and knowledge. In total, 60% of studies used pre-/post-
tests to measure knowledge, self-management, and
medical measurements (e.g., spirometry and chemo-
therapy blood levels). Some studies restricted the time
children were able to play during treatment sessions.
Among studies that reported length of play, the time
varied from 15 to 60 min at a time, with an average of
26 min. Each game used different techniques to engage
children in play: 31.2% used an avatar, 25% used an
animal figure, 18.8% used quizzes, 12.5% used physi-
cal activity feedback, and 12.5% used controlling a
race car or airplane. Games that used animals (75%)
tended to report the highest level of improved out-
comes whereas, among games using avatars improve-
ments were noted 40% of the time. Most games (75%)
incorporated motivational tactics such as passing levels
to move on, keeping the avatar or animal healthy and
alive, and physically seeing improvement with changes
in your avatar’s play.

Video gaming as a therapeutic treatment for chil-
dren with chronic illness is fairly new. Most games
address self-management, knowledge and self-efficacy
and appear to be effective in improving these out-
comes. Game designs varied with respect to computer
interfaces, computer representations (avatar vs animal)
motivational tactics, and length of play. The efficacy
of exergaming for children with arthritis is unknown.
However, design elements evident in games for chil-
dren with other chronic conditions may prove infor-
mative for the development of exergames for children
with arthritis.

mHealth & arthritis management

Technologic advances and the proliferation of smart-
phones have led to easy access of information and
new developments in mHealth. Approximately, 1
billion smartphones and tablets are in use globally;
some sources estimate that this will reach 2 billion by
2014 [52]. Nearly two-thirds of cell phone owners use
their phone to go online [15]. Mobile health applica-
tions or mHealth are defined as “medical and public
health practice supported by mobile devices” [s3] such
as mobile phones, patient-monitoring devices (e.g.,
accelerometers), personal digital assistants, and other

wireless devices, which may involve the use of voice-
mail, short messaging service (SMS) or use more com-
plex functionality such as global positioning systems.
Smartphone technology allows applications to locate
the nearest park to promote physical activity, and to
connect through social media such as Facebook or
crowd sourcing [54]. The immediate feedback, ability to
connect with social networks and observe others activi-
ties (through pictures and online monitoring) provides
the social reinforcement, cues to action and social
modeling evident in the social cognitive theory [9].

Despite the staggering proliferation of healthcare
applications, (estimated at over 40,000) [15], there is
limited data on the role of mobile health applications
to improve health outcomes. A recent report from the
IMS Institute for Healthcare Informatics provides an
overview and analysis of 40,000+ healthcare applica-
tions available for download. This enormous under-
taking provides some guidance for healthcare provid-
ers and consumers regarding the content, validity, and
functionality of these applications. In this section,
studies using mHealth interventions for persons with
arthritis are reviewed [15].

Cole-Lewis et al. 55] and Fjeldsoe and colleagues
[56) evaluated the impact of mobile text messaging to
promote behavior change and disease management. In
their systematic review, Cole-Lewis ez al. 55], summa-
rized data from 12 randomized or quasi-experimental
controlled trials published prior to June 2009 that used
text messaging as the primary intervention. Five stud-
ies used text messaging for disease prevention and seven
for disease management. Various message frequencies
and intervention periods were used but studies did not
examine long-term outcomes. Of nine studies deemed
sufficiently powered, eight supported the use of text
messaging to promote behavior change. Fjeldsoe ez al.
(56) conducted a systematic review of studies pub-
lished between January 1990 and March 2008 using
SMS as the primary intervention to promote health
behavior change. Fourteen studies met the inclusion
criteria. Four studies focused on changing a lifestyle
behavior such as smoking cessation and ten on disease
self-management. The authors found significant posi-
tive short-term effects on behaviors in 13 of 14 studies.
Aspects of SMS interventions which influenced behav-
iors included: tailoring of content, who initiated the
SMS, and amount of interaction with the study team.

Behavioral interventions to improve physical activ-
ity are effective in managing arthritis. Most of these
used counseling, group exercise and behavioral rein-
forcement [57]. An emerging area of research is the use
of accelerometers, which are devices used to capture
body movement via gyroscopes. Data can be used to
ascertain metabolic equivalents to categorize amount

Review

future science group

www.futuremedicine.com

499



Review

Ilversen, Connors, Menapace, Samson & Tessitore

of physical activity/sedentary behavior for individu-
als with arthritis. Studies have examined the validity
of self-reported physical activity questionnaire using
these devices [58,59] developed protocols to more accu-
rately measure physical activity in persons with arthri-
tis [59] and to objectively measure change in physical
activity over time and after interventions [60]. This is a
fertile area of research in arthritis and other conditions
which rely on activity for disease prevention and/or
management.

VR, active assistant technology

& telemedicine

VR technology creates controllable, interactive, mul-
tisensory environments that allow measurement of
human behavior and provide motivation for participa-
tion. There are two formats for VR: nonimmersive and
immersive. Nonimmersive VR uses modern computer
and console games systems providing a 3D graphic
environment either on a flat screen monitor, a projec-
tion system or T'V. This system allows the user to navi-
gate through the VR environment and interact with
the environment. Whereas, Immersion VR “combines
computers, head-mounted displays, body tracking sen-
sors, specialized interface devices and real-time graph-
ics to fully immerse the user in a computer-generated
simulated world that changes in a natural way with
head and body motion” [61,62]. Applications of VR in
healthcare include: medication adherence, patient
counseling, rehabilitation and physical activity promo-
tion. Studies examining the use of rehabilitation-based
VR systems focus primarily on adults and children
with neuromuscular conditions and note that games
that incorporate strong design elements (e.g., patient
input into design components) are the most effective
[62,63]. Three studies have been published using VR in
arthritis [64,65]; one is still underway [66]. Alhalabi [64]
examined the use of VR to employ imagery therapy for
adults with RA. In his paper, he describes the devel-
opment of the system and outcomes of the VR pilot
testing. Patients were allocated to one of two groups:
control (usual care) or VR (usual care plus VR imag-
ery). Data suggested patients in the VR group reported
reduced stress, better sleep and mood state [64]. Botella
et al. (es) describe the use of a VR-based program for
adults with fibromyalgia. Six women with fibromyalgia
were recruited and participated in ten group sessions
of cognitive behavioral therapy using a virtual environ-
ment. At 6 months, patients reported improved affect
and use of coping strategies, as well as reduced pain
and mood. In a systematic review of nonimmersive VR
for rehabilitation, Smith ez al. [63] analyzed the results
of 16 randomized controlled trials including patients
with stroke, cardiopulmonary conditions, cerebral

palsy, OA, and balance disorders. Most studies did not
include patients with arthritis. The authors concluded
that nonimmersive VR is a useful adjunct to rehabilita-
tion but there is no evidence to suggest nonimmersive
therapy alone is effective.

Automated & active assistive technology for
health behaviors

Beyond internet self-management programs, there is
a vast array of technologies available to address medi-
cation adherence [67). Automated medication tracking
systems, known as technology assistant systems, are
available as mechanisms to prompt for and record medi-
cation use with embedded sensors (withdrawal of pills
from containers) [68]. These devices are used in many
venues including hospitals, nursing facilities and homes
[69-71]. Newer wireless interfaces advance this technol-
ogy and serve as local intelligence. Personal computers
can be updated with instructions for the client, medical
staff can use the internet to retrieve and access data,
computers can provide daily reminders and monitor
whether instructions are followed. Thus, technology
can target the individual, environment and provider.
Patient interfaces can include prompts for behaviors,
allow for recording of symptoms, provide a forum
for discussion with the provider and correlate activity
related to medication adherence.

Kennedy ez al. [69] analyzed the results of 41 stud-
ies to determine how active assistive technology (AAT)
influences health behaviors. Active assistance technol-
ogy was defined as any technology involving automated
processing of health or behavior change information
that is ongoing as the user interacts with the technology.
The authors found most research focused on dynamic
adaptive systems to tailor health messages, embodied
conversational agents to promote education, and sys-
tems to monitor and recognize behaviors. Many studies
addressed physical activity promotion. Empathy and
relational behavior were predominant research themes
in systems for behavior change and few studies focused
on interactive education and self-monitoring. They
concluded more work is needed to examine the capa-
bilities of technology to promote behavior change and
incorporate interdisciplinary teams to best identify and
develop successful systems.

Within hospital systems, a new technology cur-
rently being examined is the virtual discharge nurse
and patient self-management system [71]. This system
reviews discharge instructions with the patient using
synthetic speech, allowing for acquisition of informa-
tion with electronic medical records. It uses an avatar
that portrays attributes of patients to walk patients
through the discharge instructions and to promote
learning and self-management [71].
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Telerheumatology uses, strengths

& challenges

Telehealth/telemedicine is defined as remote access to
medical professionals and has the potential to increase
access to rheumatologists for patients with arthritis.
This technology has been used successfully in cardiol-
ogy but is still novel in rheumatology. A recent report
(72] on the application of telemedicine in rheumatology
identifies three major strengths. These are: improved
patient access to theumatology care, reduced costs and
travel time (for patient and provider) and ability to
promote communication among the interprofessional
team. Challenges evident with the use of telerheu-
matology include: ensuring provision of quality care,
maintaining patient satisfaction (due to decreased per-
sonal contact) and financial impact to provider (how
to bill for services). Other challenges are medicolegal
issues associated with transmission of medical data
across technology, the need for secure lines to protect
confidentiality, and training for technical staff. Despite
the challenges, telemedicine holds promise regarding
greater access to skilled rheumatologic care.

Conclusion
Multiple factors are driving integration of technology
into health. Today, consumers use their smartphones to
access online health information and most have at least
ten applications downloaded on their phones. With
over 40,000 health applications available [15] and little
control over the quality, usability and applicability of
mobile applications, consumers can get overwhelmed
and confused by data, some of which might be inac-
curate. Most published studies in arthritis examine the
use of web-based interventions to promote self-man-
agement and physical activity. Results suggest internet-
based education and self-management programs are
more effective than no intervention but appear to be
similar in impact to person-to-person SMIs.

mHealth includes a multitude of interventions from
text messaging, voice messaging, global local systems,
and personal monitoring devices. mHealth messaging
via texting appears to be compatible with theories of
health promotion such as the theory of planned behav-
ior [7.8] and social cognitive theory [9], as they integrate
social support (crowd sourcing and so on), cues to
action, and incorporate patient beliefs and attitudes.
The majority of studies of mHealth applications have
been conducted in persons with diabetes. Among stud-
ies in arthritis, some text messaging programs exist and
newer studies are incorporating the use of accelerom-
eters to objectively assess physical activity. These inter-
ventions should not be considered stand alone inter-
ventions, rather they are best suited to augment current
care. Studies also indicate that regardless of the tech-

nology used, theory-based technological interventions
are the most successful at promoting and maintaining
health behaviors and self-management.

Health-related games are most often studied in per-
sons with neuromuscular disorders. Limited studies
address the use of gaming for persons with arthritis,
though novel games are currently being tested. Games
allow for the integration of social support/social net-
works, as well as ecological models through the use of
e-communities and social feedback. While exergaming
for children has been studied in various chronic condi-
tions, these have not been evaluated for children with
arthritis. However, information from these studies can
be gleaned from the literature regarding successful
design elements and approaches to motivating chil-
dren to engage in play. VR systems can simultaneously
provide motivation and ability to simulate daily activi-
ties but these studies are in the early stages so conclu-
sions about their effectiveness for promoting behavior
change and self-management in persons with arthri-
tis are limited. AATs are used to monitor, inform and
enhance patient adherence to medical treatment and
exercise. A vast arrange of AATs exist. AATs have the
potential to address barriers to care and provide new
learning opportunities for patients. The use of avatars
with the virtual discharge systems may help facilitate
communication between patients and providers, as the
system has the capacity to create avatars that resemble
patient attributes (e.g., race, age and gender). They
may also be used to address issues of health and func-
tional literacy. AATs may enhance provider-patient
communication by allowing more time for providers to
discuss patient questions. Studies of their effectiveness
are needed.

Telemedicine/telehealth holds the promise of greater
patient access to theumatologic care. Telemedicine also
presents unique challenges and strengths and studies
are warranted to test the feasibility and effectiveness
in the myriad of health settings. Despite the mode of
delivery of technology-based health interventions it is
paramount to garner the expertise of an interprofes-
sional team (mix of providers, engineers and consum-
ers) to develop the most patient-centric, useful, feasible
and modifiable systems.

Future perspective

Given the expanding market in health applications,
more formal and standardized methods to ascertain the
quality of mHealth applications are warranted. Future
studies should address the development of a universal
assessment rubric that is consumer friendly to help
patients navigate the mobile applications minefield.
Telemedicine and AATs studies in rheumatology will
help to identify strategies to address barriers to their
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use and give patients and providers more options for
routine monitoring of health status, physical activity
and adherence. Individuals with expertise in outcome
assessment and behavioral science need to become
more engaged in design and implementation of tech-
nology-based interventions to determine the impact of
these programs as well as to identify which subgroups
of individuals who will benefit from technology-based
interventions to promote health.
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Executive summary

how to navigate through them.

effective for persons with arthritis.

these claims.

activity than for other conditions or interventions.

¢ Health and technology applications are on the rise and consumers need guidance on which ones to use and
¢ In-person self-management interventions (SMls) and physical activity promotion programs have been

¢ Internet-based SMIs and physical activity promotion programs are more effective than no interventions and
appear to be equivalent to in-person programs. They provide an added benefit of creating more access,
convenience and potentially greater cost—effectiveness. However more studies are needed to substantiate

e Regardless of the technology, technologically-based interventions are more likely to be adopted when they
have greater versatility, are based in behavioral theory and engage an interdisciplinary team in their design.
e Fewer studies on the use of games and virtual reality systems exist for arthritis self-management and physical

e Active assistive technology and telemedicine are relatively new technologies in the field of rheumatology and
offer the promise of greater access, and the ability to reduce barriers to care.
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