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Abstract

Background: The prevalence of knee osteoarthritis (KOA) in the adult population is high and patients profit from individualized
therapy approaches. Just-in-time adaptive interventions (J TAls) are upcoming digital interventions for behavior change.

Objective: Thissystematic review summarizesthe features and effectiveness of existing JI TAlsregarding important physiological
health outcomes and derives the most promising features for the use case of KOA.

Methods: The electronic databases PubMed, Web of Science, Scopus, and EBSCO were searched using keywords related to
JTAIls, physical activity (PA), sedentary behavior (SB), physical function, quality of life, pain, and stiffness. JITAls for adults
that focused on the effectiveness of at least 1 of the selected outcomes were included and synthesized qualitatively. Study quality
was assessed with the Quality Assessment Tool Effective Public Health Practice Project.

Results: A total of 45 studies with mainly weak overall quality were included in this review. The studies were mostly focused
on PA and SB and no study examined stiffness. The design of JITAls varied, with a frequency of decision points from a minute
to aday, device-based measured and self-reported tailoring variables, intervention optionsincluding audible or vibration prompts
and tail ored feedback, and decision rulesfrom simpleif-then conditions based on 1 variable to more complex algorithmsincluding
contextua variables.

Conclusions; The use of frequent decision points, device-based measured tailoring variables accompanied by user input,
intervention optionstailored to user preferences, and simple decision rules showed the most promising resultsin previous studies.
This can be transferred to a J TAI for the use case of KOA by using target variables that include bresks in SB and an optimum
of PA considering individual knee load for the health benefits of patients.

(J Med Internet Res 2024;26:€54119) doi: 10.2196/54119
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function, which in turn diminishes quality of life (QoL) [1,2].
The most commonly affected weight-bearing joints are the
knees, followed by the hips [3]. In 2019, about 344 million
people worldwide were living with an osteoarthritis severity
level that could benefit from effective therapy, and this number
will grow over the next few years[4]. Appropriate mechanical

Introduction

Background

Osteoarthritis is one of the most common chronic joint
conditions and leads to pain, stiffness, and reduced physical
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stimuli, including physical activity (PA), are joint health
protecting factors [5]. Furthermore, an adequate level of PA
and reduced sedentary behavior (SB) results in reduced pain
and improves physical function and stiffness in patients with
knee osteoarthritis (KOA) [6-10]. Thereby, the QoL of people
that are affected can also be improved [11]. Treating pain and
overcoming functional limitations are essential for preventing
a downward spira of reduced PA and declining QoL [12].
Inadeguate PA can lead to excess bodyweight, which increases
mechanical joint loading, for example, during locomotion, and
acceleratesthe degenerative process of KOA [13]. Furthermore,
individualswith KOA are more proneto cardiovascul ar disease,
asfactors, such asreduced PA, are also correl ated with elevated
cardiovascular diseaserisk [14]. Consequently, PA and exercise
arerecommended for preventing such disease[14]. Additionaly,
PA and exercise have been shown to be beneficial in terms of
aleviating KOA symptoms such as pain and stiffness [15].
Previous research has highlighted the importance of new
strategies to encourage patients with KOA to participate in
greater levels of PA [13,16]. However, KOA is a highly
heterogeneous and multifactorial diseasethat affectsindividuals
differently with variations in disease progression, severity, and
response to treatments [13]. Consequently, an individualized
therapy approach is suggested to effectively manage the
symptoms, slow down the progression of the disease, and
promote a healthy lifestyle specifically tailored to each person
[17]. While this is dso possible for interventions that are
delivered in person, mobile health (mHealth) interventions are
upcoming methods with the opportunity to deliver such highly
individualized interventions at a larger scae. mHealth
interventions are defined as medical and public health practices
supported by mobile devices, such as mobile phones, patient
monitoring devices, PDAS, and other wireless devices [18].
These interventions profit from the fast development of
accompanying sensors such as accelerometers and heart rate
monitors [19], which allow for ecologically valid rea-time
interventions. Previous studies show promising results for PA
promotion and the reduction of SB if atheoretical foundation
and behavior change techniques (BCTs) were used for the
intervention [20]. In the context of KOA, reviews point to good
usability and the potential for effective interventions, but the
researchisinan early stage[21,22]. A review including mHesalth
interventions for KOA points out that most available apps lack
scientific studies backing their effectiveness, but those evaluated
by RCTs show promising results concerning pain, physical
function, and PA [23]. The main features of these appsincluded
exercise prescription and the tracking of symptoms. A special
case of mHealth interventions of which patients with KOA
could greatly benefit are the highly individualized just-in-time
adaptive interventions (JITAIS) or ecologica momentary
interventions (from here on only theterm J TAI isused). These
aim to generate real-time or near—ea-time feedback by
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leveraging prior knowledge of individuals and previously
collected data. With this compiled, dynamic knowledge, tailored
interventions and nudges can be delivered when needed through
mobile technologies, aligned with the individual’s context and
requirements [24]. These nudges can then change proximal
outcomes such as step count to achieve the ultimate distal goals
of the JITAI, such as better joint health and QoL [25]. An
intervention is defined as a JITAI if it corresponds to rea-time
needs, adapts to input data, and istriggered by the system with
the aim to deliver the intervention at a state of vulnerability,
opportunity and receptivity of participants[25-28]. In the context
of designing J TAls, decision points represent the specific points
in time when the JITAI can be triggered, while decision rules
arethe criteriathat are applied at a decision point to determine
if the JITAI should be triggered and which intervention option
should be used. Intervention optionsrefer to the possible actions
that the JITAI can take at a decision point, while tailoring
variables denote the sensor or user input that is used for
adaptation [26]. A previousreview on JITAlsfor PA promotion
by Hardeman et a [28] and a meta-analysis for device-based
measured health outcomes by Xu and Smit [29] point to the
feasibility and preliminary effectivity of JITAlsto promote PA
and reduce SB. However, further variables (ie, physical function,
stiffness, pain, and QoL ) areimportant to KOA [8-11] that were
not considered in previousworks. Additionally, previousreviews
did not aim to clearly depict decision points, tailoring variables,
intervention options, and decision rulesfrom the literature. This,
however, is important to build a foundation for future JTAI
designs. Finally, J TAlsare an upcoming field, with new studies
getting published frequently warranting frequent updates of the
literature.

Objective

This review aimed to systematically summarize the literature
regarding the features of JITAls of important physiological
health outcomes and proxies (ie, PA, SB, physical function,
QoL, pain, and stiffness). The second aim was to extract the
most promising features that should be considered by future
JTAlsin the treatment of KOA.

Methods

Design

This systematic review was registered on the Open Science
Framework [30] on March 7, 2022. It was carried out based on
the PRISMA (Preferred Reporting Itemsfor Systematic Reviews
and Meta-Analyses) expanded checklist [31].

Inclusion Criteria

Inclusion and exclusion criteria were formulated according to
PICOS (Population, Intervention, Comparison, Outcomes,
Study) and are presented in Textbox 1.
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Textbox 1. Inclusion and exclusion criteria.

1. Population: Participantsin the studies must be aged >18 years, regardless of sex and gender. Thus, the only exclusion criterion relates to studies
that only included participants aged <18 years of age. Studies were included if <50% of participants were aged >18 years.

2. Intervention: All studiesthat use a digital physiological treatment that can be defined as aJITAI are included in this review. If studies use other
types of interventions in addition to JTAIls, they are still included, and only the JTAI parts were considered. Furthermore, there were no
restrictions regarding the duration of the intervention, the number of intervention sessions, or the technical device for the intervention.

3. Comparator: There was no restriction regarding control. We included active control (eg, other physiological treatments or interventions), passive
control (no intervention or trestment), and studies with no control group (CG).

4. Outcome: Studies were included whenever they evaluated the effectiveness of a JITAI regarding one of the parameters PA, SB, pain, QoL,
physical function, or stiffnessasamain outcome. Thisaso included all parametersthat are synonyms or components of the previously mentioned
parameters.

5. Study design: Weincluded all study types, except reviews or meta-analysis. The only important thing was that the study reported on the effectiveness
of the intervention.

rendering of the study content, reference was made to the stud
Search Strategy g y y

The electronic databases PubM ed, Web of Science, Scopus, and
EBSCO were used to identify relevant studies. Because search
strategies exclusively relying on databases have been shown to
be nonexhaustive [32], the reference list of all selected articles
was checked for further relevant studies. Initial searches were
conducted on October 26, 2022, and the search was rerun on
April 9, 2024. We combined different search terms related to
the intervention type, the area of mHealth, and the outcome
parameters. Further details are available in Multimedia
Appendix 1.

Paper Selection

All identified studieswere exported to areference management
tool (EndNote [Clarivate] or Citavi [Swiss Academic Software
GmbH]). Thereference management toolswere used to remove
al duplicates. Then, all titles were checked for eligibility by
MRB and JFindependently. Second, the abstractswere screened,
and third, the full texts of al remaining papers were screened,
and the reasons for exclusion were noted by the 2 authors. Any
disagreements at one of the screening steps were resolved by
discussion until consensus was found.

Study Quality Assessment

The Quality Assessment Tool Effective Public Health Practice
Project was used for the evaluation of the study quality. Itisa
specifically designed tool to test and support findingsin public
health research and refers to articles related to a broad number
of hedth-related topics, including chronic diseases [33]. By
evaluating 6 different criteria, a global rating was assessed at
the end for each study. Every criterion could be rated weak
(red), moderate (yellow), or strong (green), which finally
influencesthe global rating. Oneweak rating leadsto amoderate
global rating, and 2 or more weak ratings result in aweak global
rating. Only studies without aweak rating can achieve a strong
global rating [33].

Data Extraction

All important information of the selected studies has been
reproduced in tabular form in the Results section. The
preparation of the tables and their contents were developed by
MRB and JF in consultation with BS. For the most accurate
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characteristics, including study design, sample size, population,
and setting, as well as characteristics of the participants. To
provide starting points for future JITAls, the features and
delivery of the JITAIs, including decision points, tailoring
variables, intervention options, and decision rules based on the
JTAI framework [27], and the duration of the interventions
were also extracted from the existing studies. To display
effectiveness and theoretical foundation, all data regarding
retention, measurement, and the significant within- or
between-group differences of the intervention and the use of
BCTsdtratified by control and intervention group (1G) according
to Michie et a [34], and the theoretical foundation of the
interventions are displayed in the Results section.

Results

Study Selection

A total of 4340 papers were exported to Endnote (MRB) and
Citavi (JF) and screened (Figure 1). Initialy, 571 (13.16%)
duplicates were excluded by the reference management tools,
and another 279 (6.43%) duplicates were removed manually.
The remaining 3490 (80.41%) papers were screened for their
titles, and 3133 (72.19%) were excluded by the authors. Thus,
357 (8.23%) abstractswereread, and 213 (4.91%) more papers
were excluded at this step. The updated search yielded 1215
(28%) additional papers, including 145 (3.34%) duplicates. The
1070 (24.65%) unique papers were screened for title and
abstract, and the remaining 88 (2.03%) papersfor full texts. The
main reasons for exclusion were that it was no intervention
study, the intervention did not qualify as a JITAI, the outcome
did not fit the inclusion criteria, it was a systematic review or
meta-analysis, or al participants were <18 years old. Full texts
of theremaining 144 (3.32%) studieswere screened, and finally
18 (0.41%) papers were included in the review, supplemented
by additional 14 (0.32%) papers from the updated search. During
the screening process, 13 more studieswere added. Nine studies
were adopted from the systematic review by Hardeman et a
[28], and 4 additional paperswere found during data extraction
by checking references of the included studies. Finaly, 45
studiesare presented and summarized in Table 1 and Multimedia
Appendices 2 [30-74] and 3 [35-79].
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Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. J TAI: just-in-time adaptive intervention.
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Author and country of

study

Study design

Population and activity profile

Analyzed sample size

Participant characteristics
(age, gender, and ethnicity)

Allicock et al [36],
United States

Baumann et al [37],
Germany

Bond et al [38], and
Thomasand Bond [39],
United States

Bort-Roig et a [40],
Spain

Brakenridge et a
[41,42], Austraia

Carlozzi et a [43],
United Statesand Wang
et al [44], United States

Feasibility study or pilot
evaluation
Randomized controlled trial

Multiarm, parallel-group,
randomized controlled trial

Feasibility study or pilot
evaluation

Randomized within-person
study

The participants were ran-
domized each week to one
of the 3 different conditions

Randomized controlled trial

Cluster-randomized work-
placetria
Mixed methods eval uation

Carlozzi et a: feasibility
study or pilot evaluation
Randomized controlled tri-
al.

Wang et a: pilot evaluation.
2-arm microrandomized
controlled trial.

«  Female African American
breast cancer survivors.

«  Healthy enough to engage
in moderate to vigorous-in-

tensity PA2,

«  Health care professionals
(nursing staff and office
workers) aged 18 years and
older

o Adultswho are overweight
or obese

o No exclusion based on PA
level

«  Desk-based employees at-
work and away from work

« Low activity level outside
work

« Nophysica or health prob-
lemsthat limited their abili-
ty to stand for bouts of at
least 10 minutes

«  Desk-based office employ-
ees
«  Not reported

«  Carepartnerswho are aged
18 years and are caring for
anindividual aged 18 years
or older.

© N=22(IG°=13,
59%; and CG®=9,
21%)

« N=170(IG 1=21,
12.4%; |G 2=23,
13.5%; 1G 3=7,
4.1%; 1G 4=34,
20%); |G 5=16,
9.4%; and CG=69;
40.6%)

. N=30

o N=141 (1G=90,
63.8%; and
CG=51, 36.2%)

«  Follow-up: N=64
(1G=42, 66%; and
CG=22, 34%)

« N=153 (1G=66,
43.1%; and
CG=87, 56.9%)

o  OnlyI|Gdatawere
used for 2018 re-
sults.

o Carlozzieta
N=70 (1G=36;
51%; and CG=34,
49%)

« Wangeta N=36
(IG of Carlozzi et
al [43])

« Age mean (SD)=52.2
(9.2) years

o Nomale participants.

o 100% (22/22) African
American.

« Age mean (SD)=41.1
(10.9) years.

e  39% (66/170) mae
participants

« Age mean (SD)=47.5

(13.5) years.

o 17%/(5/30) maepartic-
ipants.

o  67% (20/30) White,
13% (4/30) African

American, 3% (1/30)
American Indian or
Alaskan Native, 3%
(1/30) Asian, and 13%
(4/30) other

« Age mean (SD)=45
(9) years

o 18%(25/141) mae
participants

« IGage mean
(SD)=37.6 (7.8) years

o 47% (31/66) mae par-
ticipants

« CGage mean(SD)=40
(8) years.

o« 60% (52/87) mae par-
ticipants

o |G age mean
(SD)=54.4(13.1) years

o 22%/(8/36) maepartic-
ipants

o 81% (29/36) Cau-
casian, 3% (1/36)
African American, and
8% (3/36) Asian

« CGage mean
(SD)=56.1(14.5) years

o 35% (12/34) mae par-
ticipants.

o 97%/(33/34) Caucasian
and 3% (1/34) African
American
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Author and country of

study

Study design

Population and activity profile

Analyzed sample size

Participant characteristics
(age, gender, and ethnicity)

Compernolleet al [45],
Belgium

Conroy et a [46], Unit-
ed States

Ding et al [47], United
States

Direito et a [48], New
Zealand

Fiedler et a [49], Ger-
many

Finkelstein et a [50],
United States

Freeneet a [51], Aus-
tralia

Fundoiano-Hershcovitz
et al [52], Israel

Garland et a [53],
United States

Golbuset a [54], Unit-
ed States

Single-group pre-post de-
sign

Pilot evaluation
Secondary dataanalysisus-
ing awithin-person design

Feasibility study or pi-
lot evaluation
Randomized controlled trial

Feasibility study or pilot
evauation

Single-group pre-post de-
sign

Cluster-randomized con-
trolled trial

Secondary dataanalysisus-
ing awithin-person design
for the IG

Feasibility study or pilot
evaluation

Randomized controlled
crossover study

Feasibility study or pilot
evauation

Single-group pre-post de-
sign

Retrospective cohort study

Feasibility study or pilot
evaluation
Randomized controlled trial

Randomized clinical trial

Age >60 years
Abletowalk 100 mwithout
difficulties

Insufficiently active young
adults aged between 18 and
29 years

College students.
Participantswho werein the
contemplation and prepara-
tion stage based on the
transtheoretical model.

Adults who did not meet
PA recommendations or
who did meet recommenda-
tions but intended to de-
crease sedentary time.

Families (at least 1 parent
and 1 child)
Not reported

Sedentary, overweight
women
Daily inactivity >3 h

Adults with a stable coro-
nary heart disease

Ableto perform asubmaxi-
mal walking test

Adultswith high painlevels
and >6 weekly training
hours (userswith <6 weekly
training hourswere used for
the sensitivity analysis).

Adult patients who are opi-
oid-treated for chronic pain

Low to moderate risk pa-
tients aged between 18 and
74 yearsin cardiac rehabili-
tation

N=26

N=58

N=16 (1G=9, 56%;
and CG=7, 44%)

N=69

N=80

N=20

N=981

N=63

N=223 (1G=112,
50.2%; and
CG=111, 49.8%)

« Age mean (SD)=64.4
(3.8) years

o 50% (13/26) mae par-
ticipants

«  100% (26/26) Flemish

« Age mean (SD)=24.6
(3.1) years

o 31%(18/58) mae par-
ticipants.

o  69% (40/58) Whiteand
31% (18/58) other

« Age 18-25years

e 63% (10/16) mae par-
ticipants.

o  Other characteristics
were not reported.

« Age mean (SD)=34.5
(11.8) years

o 22% (15/69) mae par-
ticipants

o 54% (37/69) New
Zealand European, and
46% (32/69) other

«  59% (47/80) adults
o 53% (42/80) mae par-
ticipants

« Age mean (SD)=52
(12) years

« Nomale participants

o 47%/(14/30) Whiteand
47% (14/30) African
American

« Age mean (SD)=54
(13) years.

o 85% (17/20) mae par-
ticipants

e 61%(12/20) Australian

« Age mean (SD)=39.2
(29) years

. 39% (383/981) mae
participants

« Age mean (SD)=53.6

(12.8) years

o 59% (37/63) mae par-
ticipants

o 92% (58/63) Whiteand
8% (5/63) other
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Author and country of

study

Study design

Population and activity profile

Analyzed sample size

Participant characteristics
(age, gender, and ethnicity)

Hermens et a [55],
and Tabak [56], the
Netherlands

Hietbrink et a [57], the
Netherlands

Hiremath et a [58],
United States

Ismail and Al Thani
[59], Qatar

Klasnjaet al [60], Unit-
ed States

Li et al [61], United
States

Low et a [62], United
States

Low et a [63], United
States

Feasibility study or pilot
evauation
Quasi-experimental study
Single-group pre-post de-
sign

Mixed methods|ongitudinal
study

Nonrandomized pilot evalu-
aion

Single-group pre-post de-
sign

Experimental study (be-
tween-group design)
Controlled tria

Feasibility study or pilot
evauation

Single-group pre-post de-
sign

2x2 factorial experiment
Within-person microran-
domized tria

Feasibility study or pilot
evauation

Single-group pre-post de-
sign

Usability and feasibility
study

Single-group pre-post de-
sign

Feasibility study or pilot
evauation
Randomized controlled trial

People living with COPDY

who had completed alung

rehabilitation program 3 mo
before the study

Adults with type 2 diabetes

Individuals with SCI®
Use amanual wheelchair
and self-propel them

No active pelvic or thigh

wounds, CVD', or pregnan-
cy

Adultswith apredominant-
ly sedentary job
Abletowalk

Adults who are obese after
bariatric surgery

No prior diagnosis of cogni-
tive impairment or demen-
tia, sedentary lifestyle (self-
reported >6 hours of sitting
activities per day), poor
sleep quality (insomnia
severity index 28), and no
diagnosis of sleep apnea

Adultswith abdominal can-
cer postsurgery

Ableto stand and walk
unassisted

Adults scheduled for surgi-
cal treatment of metastatic
gastrointestinal or peri-
toneal cancer and able to
stand and walk unassisted

. N=8

. N=20

«  N=15(PA mod-
ule)

«  N=5 (nutritional
module)

« N=20

. N=58(1G=29;
50%; and CG=29,
50%)

. N=45
. N=8
. N=15

. N=26 (IG=13,
50%; and CG=13;
50%)

« Age mean (SD)=59.6
(10.6) years

o 69% (154/223) male
participants

o 84% (187/223) White
and 16% (36/223) oth-
ers

o Aged between 49 and
64 years

«  60% (5/8) malepartici-
pants

« Age mean (SD)=68
(8) years.

o 70% (14/20) mae par-
ticipants

« Age mean (SD)=39.4

(12.8) years

«  80% (16/20) mae par-
ticipants

« 12.4(125)yearssince
injury

«  Aged between 23 and
39 years

o 34% (10/29) male par-
ticipants (IG) and 41%
(12/29) male partici-
pants (CG)

« Age mean (SD)=45
(11.9) years

o 16%(7/45) mdepartic-
ipants

«  80% (36/45) White,
7% (3/45) Black, 2%
(1/45) other, and 7%

(3/45) mixed

« Age mean (SD)=74
(5.42) years

o 25% (2/8) malepartici-
pants

. 50% (4/8) White and
50% (4/8) Black

o Age mean=49.7 years

o 20%(3/15) maepartic-
ipants

o  87%/(13/15) Whiteand
13% (2/15) Black
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Author and country of  Study design Population and activity profile  Analyzed samplesize  Participant characteristics

study (age, gender, and ethnicity)
« Age mean (SD)=56.2
(10.5) years
o 58% (15/26) mae par-
ticipants

o 929% (24/26) White,
4% (1/26) Black, and
4% (1/26) more than
one

Martinet al [64], Unit- «  Randomized clinical trial

Outpatients of an academic «  N=48(unblind,no « Age: mean (SD)=58

ed States cardiac vascular disease texts=16, 33%; (8) years.
prevention center unblind, texts=16, «  54% (26/48) male par-
«  Self-reported moderate or 33%; and ticipants
vigorous leisure-time = 30 blind=16, 33%). «  79% (38/48) White
min/day at <3 days/week
McEntee et a [65], «  Randomized trial « Adultswhoareinactiveand «  N=512 (n=128, « Age mean (SD)=45.5
United States healthy 25% per study (9.1) years
group) o 36% (184/512) male
participants
o 19% (97/512) Hispan-
ic, 6% (31/512)
African American, 2%
(10/512) Asian, and
849% (430/512) White
Nurmi et a [66], Fin- «  Pilot evaluation General population >18 « Age mean (SD)=42.3

land .

Pellegrini et al [67], .
United States

Rabbi et al [68], United
States

Rabbi et al [69], United
States

Rabbi et al [70], United
States

N-of-1 randomized con-
trolled trial

Feasibility study or pilot
evaluation
Quasi-experimental study
Single-group prepost design

Feasibility study or pi-

lot evaluation, within-sub-
ject

Randomized controlled trial

Feasibility study or pi-
lot evaluation
Quasi-experimental study
Controlled within-person
trial

Feasibility study or pi-

lot evaluation
Single-blinded, controlled
within-person trial

years No contraindications
to engaging in PA, no use
of any PA trackers or PA
appsin the previous 6
months, no participation in
other trials or behavior
change programsin the
previous 6 monthsor during
thetrial, below 150 MV-

PA9/week

People living with type 2
diabetes

Sedentary occupation or
spend =75% of the day sit-
ting

Volunteers, including stu-
dents and professionas
Not reported

Employees of Cornell Uni-
versity
Not reported

Adults with chronic back
pain (>6 monthsin dura-
tion)

Abletowalk without mobil-
ity aids

(9.8) years
e 27%/(4/15) maepartic-
ipants

« Age mean (SD)=53.1
(20.7) years

o 23%(2/9) maepartici-
pants

e 23% (2/9) Whiteand
77% (7/9) Black

« Age mean (SD)=28.3
(6.96) years, 18-49
years

o 53%(9/17) maepartic-
ipants

« Age 18-29years; 25%
(4/16), 30-39 years:
38% (6/16), 40-49
years: 19% (3/16), and
>50years: 19% (3/16).

o 44%(7/16) maepartic-
ipants

« Age 31-60 years
o 30% (3/10) maepartic-
ipants
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Author and country of  Study design Population and activity profile  Analyzed samplesize  Participant characteristics
study (age, gender, and ethnicity)
Radhakrishnan et a «  Feasibility study or pilot o Adultswith heart failure o N=38(1G=19; o Age: 55yearsor older
[71], United States evauation « Abletowak 50%; and CG=19; . 53% (20/38) male par-
«  Randomized controlled trial 50%) ticipants
e 76% (29/38) White,
16% (6/38) African

American, 3% (1/38)
Native American, and

5% (2/38) other
Robertson et al [35], «  Feasibility study or pilot «  Adult cancer survivors o N=78(1G=39, o« Age 18-34 years. 5%
United States evauation «  Did not meet the recom- 50%; and CG=39; (4/78), 35-49 years:
«  Randomized controlled trial mended activity levels 50%) 26% (20/78), 50-64

years. 33% (26/78), 65-
74 years. 33%
(26/78), and >74 years.
3% (2/78)

o 9%/(7/78) maepartici-
pants

o 1% (1/78) American
Indian or Alaska na-
tive, 17% (13/78)
Black or African
American, 79% (62/78)
White, and 1% (1/78)

other
Sporrel eta [72],the  «  Feasibility study or pilot o Adultsbetween18and55 «  N=20 (Smart « Age mean(SD)=30.65
Netherlands evauation years PAULi=11, 55%: (8.4) years
«  Randomizedcontrolledtrid «  pid not meet WHO" PA and Basic o 15%(3/20) malepartic-
design with single-group guidelines and no medical PAUL =9, 45%) ipants
pre-post evaluation condition that madeit un-
safe to engage in unsuper-
vised PA

Stuber et a [73], the o  Pardlé cluster-randomized . 30to80y oldadults, regu- « N=361(1G=162, . |G age: mean

Netherlands controlled trial lar shoppers at a participat- 44.9%; and (SD)=58.9(11.5) years
ing supermarket (self-report- CG=199,55.1%) « 29% (105/361) mae
ed to purchase >50% week- participants
ly groceries at a participat- « CG age mean
ing supermarket) (SD)=57.2(10.2) years

o 26% (94/361) mae
participants

Tabak et al [74,75],the «  Randomized controlled pi- «  Patientswith COPD « N=30(1G=14, « |G age: mean

Netherlands lot trial « Aclinical diagnosis of 47%; and CG=16, (SD)=65.2 (9) years

«  Secondary dataanaysisus- COPD, noinfection or exac- 53%) o 57%/(8/14) maepartic-
ing awithin-person design erbationinthe4 wk prior to ipants.
for the IG start of the study, and a cur- « CG age mean
rent or former smoker (SD)=67.9 (5.7) years
o 69% (11/16) mae par-
ticipants

Valeeta [76,77], « Randomized controlledtrial « 18to39yearsold patients « N=280(1G=140, « Age mean (SD)=33.4

United States with acancer diagnosisin 50%; and (4.8) years
the previous 10 years CG=140; 50%) o 18% (50/280) male

« engagingin <150 min/week participants
of MVPA o 23% (64/280) racia

and ethnic minorities

van Dantzigetd [78], « Feasbility study or pilot o Study 1: N=8
the Netherlands evauation o  Study 2: N=86
«  Study 1: qualitative study (1G=40, 47%; and
«  Study 2: randomized con- CG=46, 53%)
trolled trial
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Author and country of ~ Study design

Population and activity profile

Analyzed samplesize  Participant characteristics

study (age, gender, and ethnicity)
o  Study 1: office workers o Study 1 age: not report-
«  Study 2: healthy office ed
workers o 50% (4/8) malepartici-
«  Study 1: not reported pants
«  Study 2: sedentary job, no o Study 2
known physical handicap or . |G age: mean
other condition that makes (SD)=44.5(7.9); 30-57
PA (walking) impossible, years
older than 30 years, not o 58% (23/40) mae par-
participating in another PA ticipants.
intervention « CG age: mean
(SD)=44.3 (8); 32-63
years
o 63% (29/46) mae par-
ticipants
van Dantzigeta [79], «  Substantive evaluation « Desk workerswithregular «  N=70 « Age 18-65years
the Netherlands «  Randomized controlled trial (daytime) workinghours « IGandCGnotre- «  73% (51/70) male par-
«  Not reported ported ticipants (based on

N=70 recruited)

8PA: physical activity.

B1G: intervention group.

¢CG: control group.

dcoPD: chronic obstructive pulmonary disease.
€SClI: individuals with spinal cord injury.
fcvD: cardiovascular disease,

9MV PA: moderate to vigorous physical activity.
PWHO: World Health Organization.

iPAUL: The Playful Active Urban Living app.

Description of the Included Studies

A total of 25 (56%) studieswere conducted inthe United States,
9 (20%) in the Netherlands, 2 (4%) in Australia, 2 (4%) in
Germany, and the othersin New Zealand, China, Qatar, Finland,
Israel, Spain, and Belgium. Most of them (26/45, 58%) were
designed asfeasihility study or pilot evaluations, and they were
mainly randomized controlled trials (23/45, 51%). In total, 9 of
45 (20%) were conducted in a single-group pre-post design, 3
(7%) as a secondary analysis using a within-person design for
the IG, 2 as a controlled within-person trial, 2 (4%) as a
mixed-method evaluation, and all other studies were either a
retrospective cohort study, a randomized within-person study,
or combined different study designs. The minimum number of
participants was 8 (3 studies), and the maximum was 981
participants with an average of 99 (SD 175) participants. Two
studies focused exclusively on women, and overall, 62%
(2434/3960) of all participants were women and 38%
(1516/3950) were men. The mean age in 19 studies was >50
years, and they focused mainly on a specific population such
as sedentary people, patients with chronic diseases (eg, chronic
obstructive pulmonary disease and coronary heart disease), or
survivors of cancer. Retention in 3 studies was <50%, 4 studies
were below 80%, 21 were 280% and <100%, and the remaining
12 studies had full retention. PA was the most common outcome
(39 studies), followed by 19 studies that used parameters of SB
asan outcome, of which 18 studies considered both PA and SB.
In total, 9 studies examined the impact on QoL, 4 used

https://www.jmir.org/2024/1/e54119

synonyms of physical function, and 3 studies used pain as an
outcome. None of the included articles referred to stiffness.
Detailed results are displayed in Multimedia Appendix 3. An
average of 8 BCTs (SD 7) wereincluded for the IG and 4 (SD
5) for the CG. The number of BCTsin the |G ranged from 2 to
47, compared with 1 to 27 in the CG. Theintervention duration
ranged from 1 day to a maximum of 12 months, with atypical
duration of 3 to 6 weeks. One study had no time restriction but
astep count of 166.000 as a cutoff for the intervention duration
[35]. Detailson BCTsand theoretical foundations can befound
in Multimedia Appendix 4 [35-79].

Key Featuresof JITAls

Detailed key features of the included JITAls are displayed in
Multimedia Appendix 2.

Most decision points at which a J'TAI could potentially be
triggered were set to short time intervals, which were either
specified to one decision point each minute (n=11) or not clearly
specified but indicating short timeintervals (n=21). Furthermore,
5 studies set decision pointsto time frames of 10 minutesup to
2 hours, and 11 were set to multiple times per day up to daily.

Tailoring variables used for JTAI adaptation were mainly
device-based measured by accelerometer, smartphone, or
smartwatch and concerned PA and SB outcomes supplemented
with variables such as time, weather, or location. A total of 10
studies used self-reported tail oring variabl esthrough abaseline
guestionnaire [64], through ecological momentary assessment
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(EMA) [36,43,44,57], or through nonspecified methodsto assess
pain and fatigue [62,63], to enable nonspecified user input [53],
or to supplement PA data if the device has not been worn
[68-70].

Intervention options at decision points included mainly the
delivery of an audible or vibration prompt to participants
accompanied by tailored feedback, information about health
behavior, and suggestionsfor behavioral aternatives. One study
explicitly explained in the prompt why the prompt occurred
[47]. The alternatives based on the decision rules were mainly
not to send the prompt for the decision points with short time
frames, while those with longer timeframes had different
intervention options depending on the tailoring variables.

Decision rules defining opportune moments were mainly based
on if-then conditions. This means that an opportune moment
was defined if a certain threshold —for example, 20 minutes
of SB [67], <100 steps in 1 hour [49], a bout (=3 min) of
moderate to vigorous physical activity (or higher) PA was
performed [58], lumbar posture [41,42], time, location, or
weather-based thresholds [78] were met. Most decision rules
were based on one if-then condition, while some used if-then
decision trees. More complex models applied multiarmed bandit
algorithms (sequential decision-making algorithm [80]) [68-70],
pareto-frontier algorithm (taking user preferences into account
[81]) [69], prelearned reinforcement learning models (models
that make use of historical dataand of dataduring thetrial [82])
[72], k-nearest neighbor classifier (one of the most fundamental
and simple classification methods[83]), and real-time prediction
and self-learning by a support vector machine (a classical
machine learning technique [84]) [55,56]. If the conditions for
an opportune moment were met, intervention options were
delivered, which included both fixed responses and
microrandomized suggestions (eg, Klasnja et a [60]) for
behavior change.

https://www.jmir.org/2024/1/e54119
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Effectiveness

Detailed results for intervention effectiveness are displayed in
Multimedia Appendix 3. For RCTs, 5 studies indicated
effectiveness compared with a CG for PA [35,37,64,65,68], 3
studies for SB [37,63,79], and 1 study for pain [53]. For
pre-post—designed and within-person studies, 8 studiesindicated
effectiveness in most outcome variables of the study for PA
[38,39,46,49,57,61,67,69], 5 for SB [38,39,52,61,67], 1 study
for pain [52], and 1 study for QoL [51]. Regarding the
opportune-moment identification, decision points, and rules,
most interventionsthat indicated effectiveness had near real-time
decision points on aminute-to-minute basis, and simple decision
rules depicting opportune moments when athreshold of 20 to
120 minutes of inactivity, SB, or computer activity was reached.
Of these, the studies of Rabbi et al [68,69] were the only ones
that used more complex algorithms. Effectiveness was also
found for longer decision point periods: 2 times per hour [35],
2 to 3 times per day [57,64], and daily [51]. Effective
interventions had an intervention duration between 3 weeksand
12 months, where the mgjority of studies had an intervention
length between 3 and 8 weeks. The other included studies that
indicated no or limited effectiveness and reported heterogeneous
features regarding decision points, decision rules,
opportune-moment identifications, and the complexity of
algorithms as well.

Study Quality

The quality assessment showed that 4 studies achieved a
“strong” global rating (Figure 2 [35-79]). Overall, 15 studies
were rated “moderate,” and all the other studies were judged
with 2 or more“weak” ratings. The most common weak ratings
in 38 and 17 out of 45 were related to the context of blinding
and data collection methods, respectively.
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Figure 2. Study quality of included studies based on the Quality Assessment Tool Effective Public Health Practice Project. Green indicates a strong
rating, yellow a moderate rating, and red aweak rating of the respective category.

Author (year) Selection bias | Study design

Allicock et al [36]
Baumann et al [37]
Bond et al [38]
Bort-Roig et al [40]
Brakenridge et al [42]
Brakenridge et al [41]
Carlozzi et al . [43]

Compernolle et al [45]

Conroy et al [46]
Ding et al [47]
Direito et al [48]
Fiedler et al [49]
Finkelstein et al [50]
Freene et al [51]

Fundoiano-Hershcovitz et al
[52]

Garland et al [53]
Golbus et al [54]
Hermens et al [55]
Hietbrink et al [57]
Hiremath et al [58]
Ismail and Al Thani [59]
Klasnja et al [60]

Li et al [61]

Low et al [62]

Low et al [63]

Martin et al [64]
McEntee et al [65]
Nurmi et al [66]
Pellegrini et al [67]
Rabbi et al [68]

Rabbi et al [69]

Rabbi et al [70]
Radhakrishnan et al [71]
Robertson et al [35]
Sporrel et al [72]
Stuber et al [73]

Tabak [56]

Tabak et al [74]

Tabak et al [75]
Thomas and Bond [39]
Valle et al [76]

Valle et al [77]

van Dantzig et al [79]
van Dantzig et al [78]
Wang et al [44]

Discussion

Overview

The objective of thisstudy wasto provide asystematic overview
of the concept of JITAls and to explore important parameters
in KOA management. In total, 45 studies with 38 different
JTAIs focusing on the outcomes PA, SB, pain, QoL, physical
function, and stiffness were analyzed in this review. The
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and dropouts

majority of studies investigated PA and SB, while physica
function, pain, and QoL were addressed by few studies, and the
parameter “stiffness’ was not included in any study, indicating
aresearch gap. Reporting and use of the key facets of JTAIs
[27], dong with the methodology and aspects of study design
of theincluded studies, were heterogeneous. The best evidence
for effective JTAls exists for device-based measurements of
PA and SB using frequent decision points and simple algorithms
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to deliver prompts after a period of physical inactivity or SB.
This can betranglated to the use case of KOA and accompanied
by a specific kneeload management to improve KOA treatments
with JITAlsin the future.

JITAlsin the Context of PA, SB, Pain, Stiffness,
Physical Function, and QoL

Overdll intervention effectiveness is hard to pinpoint and not
comparable between studies due to heterogeneous study design,
outcome measures, number of statistical comparisons, time
windows, sample size, and focus on within- or between-person
effects. Stratifying the results by study design, 5 out of 14 RCTs
found the intervention to effectively increase PA and 3 studies
had a positive effect on SB, and 1 study improved the pain level
of participants. Pre-post study designs as well as the
within-person studies found an increase in PA in 8 studies, a
reduction of SB in 5 studies, areduction of painin 1 study, and
1 study positively influenced QoL . No evidence of effectiveness
in studies for physical function outcomes was found. To obtain
more results about causation under consideration of time-varying
effects, it is important to increase the number of
microrandomized trialsin the future [60] and focus on the state
of receptivity of participants. This will also provide more
information about what worksin which situation and for whom,
and it will help to provide valuable information to advance the
field of JTAI research.

Although the studies showed a high degree of heterogeneity,
some patterns can be observed. For example, decision points
with ashorter period (eg, minute-to-minute) and an intervention
duration of 3 to 8 weeks have shown good evidence for
intervention effectiveness. Here, it is important to add that
intervention duration and timing of decision points have to be
viewed together to avoid overburdening participants and to keep
the content engaging. Otherwise, JTAIs run at a high risk of
disengagement [85] that can hinder behavior change. The
optimal dose for these parameters has yet to be completely
explored. Conroy et a [46] point out that self-monitoring
prompts, but not behavioral feedback, show signs of a
dose-response association with PA volume in JITAls. Thisis
an important finding that should be followed up by further
studies. The included studies provide limited information
regarding the long-term effectivity of JTAls for behavior
change. Of the 15 studies that included a follow-up
measurement, 3 studies showed significant benefits of the
intervention for QoL [51,55,56] and 2 studies for PA [76,77].
Thisisnot surprising, as J TAlsare an upcoming topic and still
focus mainly on the opportune-moment identification,
feasibility, usability, and technological challenges of the
intervention [27]. In addition, decision rules that represent
opportune moments when a threshold of 20 to 120 minutes of
inactivity, SB, or computer activity has been reached resulted
in behavior change. Here, shorter timeframes might be more
useful to break SB, as Thomas and Bond [39] have shown that
opportune moments after 30 minutes of being sedentary are
more effective than longer decision points of 60 and 120
minutes.

PA or SB was monitored in al significant studies by the
smartphone app or by an accelerometer. In addition, prompts
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were used by each study as an intervention option to interrupt
SB, send encouraging messages, give suggestions to increase
PA, or send useful and interesting links and information. For
example, Freene et al [51] sent prompts in the form of do'sto
help change behavior and learn a new behavior. The unique
feature of this JTAI was that the do's were sent based on a
variety of tailoring variables, namely if participants showed a
low scorein PA, social opportunity, and variety on 3 consecutive
days. Although it was not possible to positively influence PA
or SB, the parameter QoL could be increased in 4 different
domains, both after 6 and after 16 weeks. Thisresult could mean
that variety and social opportunity can be more easily influenced
by do’'s than PA. Another reason could be that shorter decision
points are more effective for PA while for QoL longer decision
points such as days are sufficient.

Importantly, Ding et a [47] highlighted that 43% of the
supposed “just-in-time messages’ were not perceived as
just-in-time by the participants. Thisis problematic, as sending
prompts at moments when participants do not have the
opportunity to changetheir behavior will not lead to the desired
effect and might even lead to disengagement with the
intervention [26]. The importance of adequate
opportune-moment identification has aso been highlighted by
previous research [25,27] and should be assessed by future
JTAI studies. Thiscan be done by arepeated short EMA, which
then can also inform and adapt the timing of the intervention
and improve adherence and thus behavior change. One example
is the study of Rabbi et a [70], who included participants
preferences into the opportune-moment identification, which
allowed their algorithm to, for example, adapt |earned opportune
moments that were no longer valid.

Shortcomings of the included studies include the overall weak
study quality and the mainly simple intervention design that is
not optimized for opportune-moment identification as it
seldomly includes the state of receptivity of participants but
focuses on the vulnerahility. This should be the focus of future
studies that consider participants to, for example, not initiate a
JITAI trigger when the tailoring variables (eg, calendar or user
preferences) indicate that the participant is not receptive [86].
In this context, the role of contextual factors assessed by GPS
or EMA [87] are important aspects that are included in a few
studies [36,51,54-57,59,60,68-70,72,78,79] and point to the
feasibility of such interventions. If interventions including
context variables are more effective than those that do not, this
cannot be answered by thisreview as no clear pattern emerges.
The additional information provided by these studies is
nonetheless very helpful for future interventions and should be
explored further, including EMA studies on thistopic [88]. The
blinding of participants was the main issue for the quality
assessment. Whileit isdifficult to blind participantsin mHealth
research, microrandomization makesthis process easier and has
alot of additional benefits, as discussed before. Furthermore,
theincluded studies scored weak to moderate for selection bias.
Here, more diverse samples and nonconvenient samples are
required in future research to strengthen the evidence base and
the generalization of JITAI study results. Additionally, future
studies should test different sets of decision points, tailoring
variables, decision rules, and intervention options within one
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study to improvethe current literature on what worksfor whom
and how. Thiswould improve the evidence base for future JITAI
interventions in different populations and settings.

Specific Considerationsfor the Transfer of theFinding
to the Use Case of KOA

As a recommendation, the World Health Organization [17]
states that a healthy lifestyle should be cultivated and that
maintaining a normal body weight plays an important role in
preventing osteoarthritis and control the disease progression.
Here, PA and SB are behaviora variables that influence pain,
physical function, stiffness, and QoL of patients with KOA
[6-10]. Consequently, PA and SB can be used to acertain extent
as proxy variables to target the distal outcomes pain, physical
function, stiffness, and QoL . However, even though appropriate
mechanical stimuli are needed for promoting optimal joint
function [5], more PA is not necessarily better for patientswith
KOA [89] and can even support the development of the disease
[62]. It isrecommended to reduce overuse of joints by refraining
from PA that contain start-stop movements, rapid changes in
direction, intense jumps, and landings [90].

To design a JITAI for KOA, specific tailoring variables have
to be considered. On the basis of our findings, starting points
for intervention studies could include device-based measured
PA and SB variables in addition to time, location, and pain
scores assessed as user input through amix of event-based and
random sampling using EMAs[68] to tailor the intervention to
participants needs. From a theoretical perspective, additional
JTAIs for stiffness would be very helpful to provide an
evidence base for the creation of a JITAI for KOA. A further
important tailoring variable that has not been found by this
review is the knee load. Here, body-worn measurement
technologies such as orthopedic shoe insoles or knee braces
with built-in sensors to measure the forces exerted on the knee
joint are promising developments for interventions that can
adapt the minimum and maximum load limit to each participant
and situation [91-94]. Wearable joint monitoring technologies
may also help indirectly assess varying levels of joint stiffness.

For example, by quantifying the joint range of motion [95] or
assessing relationships between gait biomechanics and
fluctuations in KOA symptoms, valuable data can be gained
[96]. Additionally, EMA could be used for atargeted assessment
of specific symptoms, such as morning stiffness. Pain can also
be assessed as user input through a mix of event-based and
random sampling using EMASs[68]. Thiswould allow to tailor
the JITAI to, for example, a user specific self-reported amount
of pain, or knee load under consideration of certain conditions
and allow for a highly individualized approach.

A further important intervention method found by this review
are educational prompts. These prompts could contain
informative facts to educate the user on how to move and
exercise appropriately [17] tailored to, for example, their PA,
SB, pain, and stiffness. While conventional JITAls mainly aim
to increase PA through classical exercise, JITAls that focuson
the therapy of specific diseases, such as KOA, could use
therapeutic exercises and tasks to promote health behavior. For
example, it has already been shown that acombination of muscle
strengthening and range-of-motion exercises resulted in a
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significant improvement in osteoarthritis symptomsin thelong
term [3,97]. Moreover, muscle strengthening was associated
with reduced pain and increased function in patients with KOA
[98]. These exercises could be encouraged in appropriate
moments through the use of a JTAI. In the deployment of
digital interventions and JITAIs, it isimperative to account for
the technological prerequisites and potential barriers for
participants and practitioners. This consideration becomes
especially significant when theintended audience includes ol der
patients, exemplified by those with KOA, as underscored in the
research conducted by Hinman et al [23].

Designing a JITAI for the Use Case of KOA

Several important decisions need to be made to design a JITAI
for KOA. First, the outcome parameters need to be selected.
Second, the device for JITAl delivery and assessment of
tailoring variables needsto be chosen. Third, tailoring variables,
decision points, intervention options, and decision rules need
to be defined.

Derived from previous research and the results of this review,
theaim of apromising JITAI istotarget the proximal outcomes
PA and SB in accordance with the recommendations of KOA
therapy [17]. This should result in positive developmentsin the
distal outcomes of pain, physical function, stiffness, and QoL.
Here, smartphones, accelerometers, or KOA-specific
measurement technol ogies can be used for the intervention and
the evaluation of effectiveness. In addition to device-based
measured PA and SB, EMAs can be used to gather information
through user input about loads of previous activities or provide
inferences about parameters such as pain and stiffness. The
potential of EMAs for understanding individual behavior is
indispensable [99,100] and 2 studies including EMA showed
significant pain reduction in participants [52,53]. In addition,
the use of sensors for load management would be very useful
to provide device-based feedback of knee load and adapt the
intervention accordingly to prevent an overloading of the knee
joint [93,94]. Further approaches could al so include smartphone
data about the weather, calendar, or the user’'s location to
improve the opportune-moment identification [27].

The time span in which the decision points are to be made
should be of shorter duration, as emerged from the results.
Decision points every minute proved to be useful and offer
quick adaptation to changing situations. That is especialy
important to avoid too high knee load in near real time and to
break up SB. Promptsto boost overall PA and deliver knowledge
could use longer decision points to avoid overburdening the
participants [26].

The best evidence regarding intervention options exists for
prompts to break prolonged SB or physical inactivity. That is
also arelevant parameter for KOA [9] and could be linked with
positive reinforcement messages or booster messages, which
showed success in the study by Martin et al [64]. Additional
intervention options include maintaining an optimal amount of
PA while avoiding overloading of the osteoarthritis-affected
knee. This could be achieved by continuously tracking and
displaying the estimated knee load (eg, using knee-specific
feedback technology [94,101]) on the smartphone and prompting
participantsin near real timeif the knee load reaches a critical
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individual level. To avoid insufficient PA of participants, daily
PA goals could be used. Here, daily prompts with positive
reinforcement messages could prompt participants in the
morning if they failed to achieve the PA goal of the previous
day.

In the next step, the decision rules can be formulated. On the
basis of the study by Thomas and Bond [39], interrupting SB
after 30 minutesis promising, which isalso linked to improved
metabolic health [102]. Here, it isimportant to consider that the
prompt really appears in an opportune moment [103] to avoid
overburdening participants, especialy if such ashort timeframe
is chosen. One option to solve thisis to alow users to choose
time frames when such triggers occur, enable them to mute the
triggers for a certain period, or use more complex
decision-making agorithms based on machine learning
principles that implement the availability of the user (eg,
including calendar). Rules for accompanying positive
reinforcement messages and educational information about why
PA isuseful in the topic of KOA should be formulated to have
a maximum number of messages per day. There is aso the
possibility of including movement recommendations to go for
awalk in the nearest park or to explore new places. Decision
rules for the optimal amount of PA should only send prompts
if participants are closing in on their critical knee load level or
if inappropriate kinds of PA such as reoccurring jumps are
detected to avoid making participants hesitant about PA. These
prompts should always be followed by an explanation for the
prompt and recommendations for the future. As these prompts
are very hard to define, users should have the option to adapt
the prompt in correspondence with a health professional until
the prompt is appropriately defined.

Finally, an important consideration for the design of aJI'TAl in
the context of KOA is co-designing of the intervention. Mrklas
et a [104] describe afrequently occurring problem within the
topic of mHealth apps. Users, in this case people with KOA,
are usually not involved in the development of the J TAI-app.
That can lead to interventions that are not a good fit for the
target population. For better individualization, it is crucia to
include the opinions and experiences of those affected. Thiscan
help to positively influence the user engagement, which has an
impact on the effectiveness of a JTAI, as highlighted by
previousresearch [105-107]. Theframework by Choi et al [103]
addresses this issue and could be used for a higher
user-friendliness and thus a higher engagement in the design of
JTAIs.

Data Availability

Fiedler et &

Limitationsand Strengths

Strengths of this review include the detailed search, which has
a high number of results within the 4 databases. Furthermore,
the chance of finding al relevant articles was increased by
examining useful articles for further studies, and thus we were
abletoinclude 45 relevant papers. The examination of multiple
outcome variablesrelevant for patientswith KOA yieldsagood
fit for a specia use case while also providing an overview of
JTAlsfor health behavior changein general becauseit was not
focused on a specific group of participants.

Limitations of this review include that the terminology and
structure of a JTAI have not yet been defined based on a
common definition, which hinders screening of eligiblearticles.
A uniform framework for future JITAlIs would be of great
advantage and would increase comparability [28]. Therefore,
this review is oriented and structured based on a JITAI
framework [27]. In general, most of the included JITAls have
shown avery high heterogeneity, alow number of participants,
and include preliminary studies, which makesit difficult to draw
inferences. In addition, either no studies or only very few studies
were found that refer to the parameters physical function,
stiffness, pain, and a so QoL which limitsthe explanatory power
regarding these parameters. In order to make evidence-based
statements, further outcome-specific and high-quality JITAI
studies are needed. Finally, body weight and the associated |oad
on the joints are decisive factors in KOA [108], which has not
been addressed by this review to maintain a concise focus.

Conclusions

In summary, avariety of JTAlscan beidentified that represent
interesting and promising results for behavior change in
physiological health outcomes. Although a high degree of
heterogeneity in the results was found, patterns have been
identified that are associated with intervention effectiveness.
Using frequent decision points, device-based measurements of
tailored variables accompanied by user input, intervention
options tailored to user preferences, and simple decision rules
showed the most promising results in previous studies.
Transferring this knowledge to the use case of KOA can result
in a JTAI to break SB, increase PA, and maintain an optimal
knee load for the health benefits of patients. Future JTAIs
should be oriented toward a uniform structure and terminol ogy,
use microrandomized interventions to be able to draw better
inferences, integrate new technol ogical aspects such as sensors
for the assessment of knee load, and explore optimal
dose-response mechanisms and contextual factorsthat arelinked
to intervention effectiveness.

All data generated or analyzed during this study are included in this published article (and its supplementary information files).
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