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Abstract
Background: Osteoporosis is the fourth most common chronic disease worldwide. The adoption of preventative measures and
effective self-management interventions can help improve bone health. Mobile health (mHealth) technologies can play a key role
in the care and self-management of patients with osteoporosis.
Objective: This study presents a systematic review and meta-analysis of the currently available mHealth apps targeting
osteoporosis self-management, aiming to determine the current status, gaps, and challenges that future research could address,
as well as propose appropriate recommendations.
Methods: A systematic review of all English articles was conducted, in addition to a survey of all apps available in iOS and
Android app stores as of May 2021. A comprehensive literature search (2010 to May 2021) of PubMed, Scopus, EBSCO, Web
of Science, and IEEE Xplore was conducted. Articles were included if they described apps dedicated to or useful for osteoporosis
(targeting self-management, nutrition, physical activity, and risk assessment) delivered on smartphone devices for adults aged
≥18 years. Of the 32 articles, a random effects meta-analysis was performed on 13 (41%) studies of randomized controlled trials,
whereas the 19 (59%) remaining studies were only included in the narrative synthesis as they did not provide enough data.
Results: In total, 3906 unique articles were identified. Of these 3906 articles, 32 (0.81%) articles met the inclusion criteria and
were reviewed in depth. The 32 studies comprised 14,235 participants, of whom, on average, 69.5% (n=9893) were female, with
a mean age of 49.8 (SD 17.8) years. The app search identified 23 relevant apps for osteoporosis self-management. The meta-analysis
revealed that mHealth-supported interventions resulted in a significant reduction in pain (Hedges g −1.09, 95% CI −1.68 to −0.45)
and disability (Hedges g −0.77, 95% CI −1.59 to 0.05). The posttreatment effect of the digital intervention was significant for
physical function (Hedges g 2.54, 95% CI −4.08 to 4.08) but nonsignificant for well-being (Hedges g 0.17, 95% CI −1.84 to
2.17), physical activity (Hedges g 0.09, 95% CI −0.59 to 0.50), anxiety (Hedges g −0.29, 95% CI −6.11 to 5.53), fatigue (Hedges
g −0.34, 95% CI −5.84 to 5.16), calcium (Hedges g −0.05, 95% CI −0.59 to 0.50), vitamin D intake (Hedges g 0.10, 95% CI
−4.05 to 4.26), and trabecular score (Hedges g 0.06, 95% CI −1.00 to 1.12).
Conclusions: Osteoporosis apps have the potential to support and improve the management of the disease and its symptoms;
they also appear to be valuable tools for patients and health professionals. However, most of the apps that are currently available
lack clinically validated evidence of their efficacy and focus on a limited number of symptoms. A more holistic and personalized
approach within a cocreation design ecosystem is needed.
Trial Registration: PROSPERO 2021 CRD42021269399; https://tinyurl.com/2sw454a9
(JMIR Mhealth Uhealth 2022;10(4):e32557) doi: 10.2196/32557
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Introduction
Background
Osteoporosis, or porous bone, is a serious chronic disease in
which the density of bones is silently and progressively reduced,
resulting in a more porous and fragile structure [1]. This disease
takes a huge personal and economic toll on the world [2]. The
disabilities caused by osteoporosis outweigh those caused by
cancer and many other chronic diseases. Both men and women
can develop osteoporosis; however, women are more susceptible
to this disease [3]. This silent killer is estimated to affect 200
million women worldwide—approximately one-tenth of women
aged 60 years, one-fifth of women aged 70 years, two-fifths of
women aged 80 years, and two-thirds of women aged 90 years
[4]. By 2050, the worldwide incidence of hip fractures in both
men and women is projected to increase significantly compared
with the current number of cases [5]. Moreover, it is suggested
that most individuals at high risk of osteoporosis are not properly
diagnosed and are neither identified nor treated. It is also noted
that >40% of patients with osteoporosis drop out from exercise
therapies [6], and between 40% and 70% of patients adhere to
drug therapies [7], which is not the case in patients with cancer
or cardiovascular diseases. Therefore, it is important to identify
and treat patients at risk of fracture, not only by prescribing
effective medications but also by equipping them with the
information they need to take appropriate behavior to prevent
the consequences of the disease. This will substantially reduce
the long-term burden of osteoporosis. Reducing the risk of the
first fracture from 8% to 2% can reduce the 5-year fracture
incidence from approximately 34% to 10% [2,5].
The current landscape of a rapidly aging population,
accompanied by multiple chronic conditions, presents numerous
challenges to optimally supporting the complex needs of this
group. Therefore, it is essential to find better and affordable
alternatives to hospital and institutional care that can support
older adults in their homes rather than moving them to health
care providers. The use of health-related mobile apps, or mobile
health (mHealth), has emerged as an important and useful tool
for improving health outcomes in chronic disease
self-management [8]. Self-management is a very effective factor
that can enhance overall health; it encompasses tasks, such as
goal
setting,
active
motivation,
self-monitoring,
decision-making, problem solving, planning for and engaging
in specific behaviors, self-evaluation, stress management and
emotional regulation, coping with lapses and setbacks, and
assertive communication [9]. These mHealth apps allow for
effective communication between patients and physicians, better
clinical decision-making, and improved patient outcomes.
Moreover, mHealth apps can support people to manage their
own health, promote healthy living, and have access to the
necessary information when and where they need it. They also
have a groundbreaking impact on the pharmaceutical and health
care industry because of their faster, better, and cheaper health
management benefits [10,11].
https://mhealth.jmir.org/2022/4/e32557
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The number of apps available on the planet exceeds 8 million,
of which 60% are available on both Android and iOS app stores
[12]. As of 2017, there are 325,000 mHealth apps with an annual
download of >3.7 billion [13]. This increase in demand has
resulted mainly from the growing penetration of smartphones
and the emergence of advanced technologies in the health care
sector. Moreover, the adoption of mHealth is likely to increase
further, especially because of COVID-19 [14] and in remote
areas that lack hospitals and clinics [15,16]. Despite the
increasing number of mHealth apps, a limited number have
been dedicated to patients with osteoporosis, although it is a
major worldwide health challenge. In addition, a few studies
have focused on long-term self-management of osteoporosis,
which extends throughout the patient’s life. Even with the
availability of cost-effective and well-tolerated treatments for
osteoporosis, there is still no appropriate self-management of
the disease to prevent fractures [17]. The individual
responsibility for health and self-management of chronic
diseases has been a concept with growing interest during the
past decades [18], and mHealth can be useful for this purpose.

Objective
The motivation behind this systematic review stems from the
fact that, to the best of our knowledge, there is no other review
so far that explores mHealth apps dedicated to osteoporosis
self-management available in both the web-based app market
and in the research field. The present systematic review and
meta-analysis were undertaken to come up with the
identification of the current status of osteoporosis-related
mHealth solutions, reveal any lack of functionalities, identify
challenges and barriers, and propose recommendations for more
personalized and effective remote health care monitoring and
interventions. In this way, efforts toward the development and
testing of a holistic mobile app to support patients at risk of or
with osteoporosis are better informed. Osteoporosis
self-management apps with a holistic approach should comprise
a wide variety of features, including nutrition, physical exercise,
medication, and performance monitoring, in addition to
involving a wide spectrum of stakeholders, from rheumatologists
to other health care professionals, and requiring patients to be
well-informed and to take an active role in their own car, while
providing an incentive for physicians to trust, integrate, and
implement mHealth apps into their medical practice.

Methods
Data Sources and Searches
For this systematic review, published sources were identified
by searching PubMed, Scopus, Web of Science, IEEE Xplore,
and EBSCO databases. A comprehensive combination of
keywords was used to have the maximum possible coverage:
Osteoporosis AND Technology OR mHealth OR eHealth OR
Remote Care OR Digital health technologies OR smartphone
OR mobile phone OR Mobile applications OR app or
Self-Management OR Disease management OR Bone health.
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 2
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The titles and abstracts of all records were examined, whereas
the full text was screened only for the potentially relevant studies
for final inclusion; any duplicates were removed. Table S1 in
Multimedia Appendix 1 shows the search terms and results
yielded from the different databases in detail.

Study Selections
The inclusion criteria were original studies or research papers,
including people (both male and female) aged ≥18 years with
no mental health conditions. The selected studies evaluated
digital health technology, primarily designed to support targeted
patient communication, education, diagnosis, real-time
monitoring, and empowerment in the form of mobile phone
apps supported by other audiovisual technologies. Moreover,
we considered studies that use intelligent wireless sensors to
capture any critical vital signs to support patients with
osteoporosis in the long-term self-management of the disease.
We also included studies that proposed a design or framework
for mHealth apps targeting patients with osteoporosis. As no
mHealth apps dedicated to osteoporosis self-management were
found before 2010, only full-text studies published in
peer-reviewed journals and in English from January 2010 to
May 2021 were included.
Studies with participants who had mental disorders were
excluded. In addition to studies that did not have full text
available, we eliminated reviews, posters, letters, and expert
opinion publications. We also did not consider studies with
technological interventions not targeting or not useful for
osteoporosis self-management, those that had no clear
relationship with osteoporosis, those related to other
musculoskeletal conditions, or those not useful for osteoporosis.
Articles that did not use mobile apps were excluded, in addition
to studies that examined social network platforms and services
(such as Telegram, Skype, WhatsApp, or Facebook), emails,
and the web. In the same context, we excluded studies that did
not use any mobile app or use mobile technologies as an
auxiliary tool, namely, by sending SMS text messages to engage
patients in certain activities or behaviors.

mHealth App Selection
We searched for osteoporosis, bone health, and fracture in
different web-based app stores, including Google Play Store,
Apple Store (iTunes), Amazon App store, Samsung Galaxy
store, and GetJar. We found 72 apps, among which we selected
only apps that were in English, targeted patients with
osteoporosis, and focused on health, fitness, nutrition, and health
categories. We excluded apps that were in the games and
entertainment categories, apps that only recorded users’ data
without any feedback, and apps that provided access to magazine
conferences or journals. The remaining apps were categorized
according to the main features they provide, such as educational
content, prediction and assessment tools, and users’ tracking of
osteoporosis-related pain and symptoms or both.

Data Extraction and Quality Assessment
The following information was abstracted from each study:
sample size, sample age range, app name, app purpose, app
operating platform, study design, intervention period, and major
outcome indices. Publication bias of randomized controlled trial
https://mhealth.jmir.org/2022/4/e32557
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(RCT) studies was evaluated using the Cochrane risk of bias
(ROB; version 2.0) tool [19], whereas the bias of the
nonrandomized comparative studies was assessed using the
ROB In Nonrandomized Studies of Interventions tool [20]. The
latter comprises 7 domains to assess bias because of confounding
factors, selection of participants, classification of interventions,
deviation from intended interventions, missing data,
measurement of outcomes, and selection of reported results.
The ROB adjudications are categorized with their corresponding
color schemes as follows: low risk (green), moderate risk
(yellow), serious risk (orange), critical risk (red), or no
information (gray).
The selection, screening, data abstraction, and quality appraisals
were performed by 2 reviewers (GA and LH). Any
disagreements between the reviewers were resolved through
discussion.

Data Synthesis and Statistical Analysis (Meta-analysis)
Data from 41% (13/32) of studies were pooled in a statistical
meta-analysis using meta-essential [21]. A random effects model
was performed for 10 outcomes to compare before and after
mHealth app use; that is, calcium intake (mg per day), vitamin
D intake (µg per day), bone mineral density (BMD) levels,
physical activity (hours per week), pain intensity, disability,
physical functioning, well-being, fatigue, and anxiety. For each
included outcome, the Hedges adjusted g [22] effect size was
calculated and reported with 95% CIs. Heterogeneity was
statistically assessed using Cochrane Q [23] and I2 tests, with
high values (I2>50%) indicating high heterogeneity [24]. A
2-tailed P<.05 was considered significant in all the analyses.
Statistical analyses were performed using random effects
models. Moreover, statistical findings from the remaining 59%
(19/32) of studies included in the review were narratively
interpreted.
On the basis of the features provided by the apps, a scoring
system was created for each app from the web-based market
and those included from the research field. The selection of the
scoring features stemmed from a combination of related theories.
In particular, we followed the Technology Acceptance Model
[25], which emphasizes the key factors that predict technology
adoption by an individual based on the perceived usefulness
and ease of use of the related technology, in our case, mHealth
apps. Consequently, features that reflect the usefulness and ease
of the proposed osteoporosis-related apps were considered.
Moreover, features such as aesthetics and minimalistic design,
recognition rather than recall, and error prevention were selected
based on the 10 usability heuristics for user interface design of
Nielsen [26,27], which were considered to be among the most
frequent defects in mobile apps. Furthermore, many mHealth
apps are used for consumption of a healthy diet, disease
diagnosis, tracking physical activities, calculating calories, and
monitoring sleep quality [28,29]. As these categories have
already been accepted as interesting features in mHealth apps
and are considered useful, we included them in the proposed
analysis. Other features, such as notifications and reminders,
create a sense of emotional bonding between users and the
mHealth app, allowing them to keep self-managing their disease
and, therefore, apply better monitoring of its symptoms and
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 3
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current health status [28]. Data sharing with designated
individuals is another important feature that users consider
important in any mHealth app [30]. In this way, a holistic
perspective of the necessary features that could benefit the
usefulness, easiness, user engagement, and plan adherence was
followed. Apparently, as the selected features were spread across
the different apps and were evaluated by different end users, no
weighting process was applied. This allowed for an objective
basis of scoring analysis across all studies toward the
maximization of the integration and competence of the apps’
features. A feature weighting process would be useful if the
focus of the analysis was placed on specific app functionalities
or if an app could accommodate all features in an integrated
way and be evaluated by end users, providing a rating of each
feature’s significance.
Table 1 provides an overview of the selected features and how
they relate to self-management. For the web-based apps, 13
features were considered. These features were (1) diagnosis,

(2) diet, (3) medication, (4) fractures, (5) error prevention
(helping users recognize, diagnose, and recover from errors),
(6) exercise, (7) visual aids, (8) data sharing, (9) social network,
(10) reminders, (11) health warnings, (12) aesthetic and
minimalistic design (avoid providing irrelevant or rarely required
information), and (13) recognition rather than recall (remember
user’s choices and visible and easily retrievable instructions of
use). Similarly, 13 features were evaluated for the research apps.
These were (1) diet, (2) exercise, (3) diagnosis, (4) medication,
(5) data sharing or export, (6) planning, (7) notifications, (8)
chatbot, (9) visual aids, (10) progress tracking, (11) feedback,
(12) communication, and (13) artificial intelligence (AI). The
presence of each feature added 1 point to the total accumulated
score for each app. The accumulated score (out of 13) was
converted to a score out of 5. Finally, these scores were ranked
in decreasing order (holistic osteoporosis management apps to
atomistic apps). The raw cutoff for the selection of the selected
studies or app was determined based on the mean score versus
studies cumulative plot (Figures 1 and 2).

Table 1. Self-management features for both research and web-based apps.
Self-management facet

Web-based market app feature

Research app features

Socialization

•
•

Networking capabilities
Data sharing

•
•

Data sharing or export
Communication

Scheduling

•
•
•
•

Reminders
Medication plan
Diet programs
Exercises

•
•
•
•

Planning
Medication plan
Diet programs
Exercises

Warnings

•
•

Fractures
Health warnings

•

Notifications

User acceptability and usability

•
•
•
•

Visual aids
Aesthetic and minimalistic designa
Recognition rather than recalla

•

Visual aids

Error preventiona

Personalization or adaptation to change

N/Ab

•
•

Chatbot
Artificial intelligence

Performance monitoring

N/A

•
•

Feedback
Progress tracking

Self-care

•

•

Diagnosis

Diagnosis

a

These features were selected based on the 10 usability heuristics for user interface design of Nielsen and Mack [26], which were considered to be
among the most frequent defects in mobile apps. It was not possible to evaluate some usability features in the research apps as they were not publicly
available in app stores.
b

N/A: not applicable.
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Figure 1. Scoring for research apps: (A) Mean score per app available in the literature, with a raw cutoff score of 2.7; apps above the threshold provide
a more holistic self-management plan. (B) Selected features with their mean score representing how often they were present in the apps. Features with
the highest scores were available in a larger number of apps; features with the lowest scores (ie, chatbot and artificial intelligence) were present in only
1 app [31-59].
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Figure 2. Web-based apps scores: (A) Mean score per app available in the web-based markets, with a raw cutoff score of 2.7; apps above the threshold
provide a more holistic self-management plan. (B) Selected features with their mean score representing how often they were present in the apps. Features
with the highest scores were available in more apps, whereas the features with the lowest scores were present in only 2 to 3 apps.

This systematic review was performed based on the
recommendations of the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) statement [60].
The PRISMA checklist is provided in Multimedia Appendix 1,
Table S2. The methods of analysis and the inclusion criteria
were specified in advance.

Results
Literature Search Results
The literature search yielded 4185 articles, of which 3906
(93.33%) were screened. After removing duplicates and
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excluding studies on the basis of their titles and abstracts, 3.02%
(118/3906) full texts were assessed for eligibility. In the final
stage, 74.6% (88/118) of full-text citations did not meet the
inclusion criteria. After completely reviewing the corresponding
full-text articles, of the 88 articles, the total number of accepted
articles was reduced to 32 (36%), of which 13 (41%) were
selected for the meta-analysis. A PRISMA flowchart [60] for
the article selection and exclusion process is provided in Figure
3A. We conducted an in-depth review of each of the included
articles to classify them according to their research findings and
determine their current state of knowledge. The data extracted
from the selected papers are shown in Table 2.
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Figure 3. Flow diagrams for the selection of (A) studies and (B) apps.
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Table 2. Research app characteristics.
Author

App name

Sample size
(age)

Daly et al [38] PhysiApp20 (>65 years)
patient portal

Experiment
(participant
sample size)

Platforma (private or public)

App purpose (direct
or indirect)

App (20)

Android (public)

Remotely delivers and 8 weeks
monitors an individually tailored, homebased multicomponent
exercise program (in-

Intervention
period

directb)
Bhatia et al
[44]

Manage My
Pain

246 (mean age
57, SD 15
years)

Cairo et al
[59]

Vida app

92-183 days

Feasibility, usability,
physical activity enjoyment, changes in lower
extremity function, and
level of physical activity

Android and
iOS (public)

Measures and monitors pain, function,
and medication use
(indirect)

127 (>18 years) App (66); no
app (61)

Android and
iOS (public)

Improves wellness
6 months
outcomes for survivors of breast cancer
(indirect)

Physical activity, diary
patterns, fatigue, and
depression improvement

102 (mean age
43.7 years)

App (59); no
app (43)

Android and
iOS

Promotes self-manage- 12 weeks
ment of chronic pain
(indirect)

Pain-related impairment, intention to
change behavior, and
pain intensity

Suso-Ribera et Pain Monitor 87
al [51]

App (43); no
app (44)

N/Ac (private)

Improves existent
4 weeks
medical treatments for
patients with chronic
musculoskeletal pain
(indirect)

Pain severity and interference, fatigue, depressed mood, anxiety,
and anger

Licciardone et N/A
al [36]

102 (mean age
51 years)

App (52); no
app (50)

N/A

Self-management of 3 months
health‐related quality of life (indirect)

Change in the SPADEd
cluster score, changes
in low back pain intensity, and back‐related
disability

Geerds et al
[35]

N/A

24 (older adults App (24); no
>60 years)
app (24)

N/A (private)

Monitors postoperative functional outcome after hip fracture (indirect)

12 and 18
weeks after
surgery

Usability

Bailey et al
[47]

Hinge
Health app

10,264 (mean
age 43.6 years)

App (10,264)

N/A (private)

Provides education,
sensor-guided exercise therapy, and behavioral health support with one-on-one
remote health coaching (indirect)

12 weeks

Pain measured by the
Visual Analog Scale,
engagement levels, program completion, program satisfaction, condition-specific pain measures, depression, anxiety, and work productivity

Ryan et al
[48]

Striving app, 290 (40-60
Boning up
years)

App (84); ebook (84); no
app (84)

Android and
iOS (private)

Provides information
and feedback and
monitors behavior

12 months

Bone mineral density
and trabecular bone
scores

Hauser-Ulrich SELMAet al [53]
Chatbot

App (111); no
app (135)

Major outcome indices

Anxiety, depression,
pain catastrophizing,
satisfaction, daily opioid consumption, engagement

change (directe)
Papi et al [32] Nymbl

Sandal et al
[45]

selfBack

https://mhealth.jmir.org/2022/4/e32557
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35 (≥55 years)

51 (mean age
45.5, SD 15.0
years)

App (35)

App (51)

N/A (private)

N/A (private)

Trains balance in the 3 weeks for
older population (indi- all, with oprect)
tional follow-up for 3
weeks

Physical activity level
and adherence and

Improves self-manage- 6 weeks
ment of low back pain
(indirect)

Pain-related disability

IPAQf questionnaire

(RMDQg) and multiple
self-reported outcomes
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Platforma (private or public)

App purpose (direct
or indirect)

7 (53-61 years); App (7)
the system usability was
evaluated by 34
health experts
(mean age
36.64 years)

Android (private)

Easy-to-use tool for a N/A
health practitioner to
record and assess the
physical condition of
older adults (indirect)

Usability questionnaire

31 (≥60 years)

Android and
iOS (public)

Postfracture telerehabilitation (direct)

Motor performance,
functional performance,
and fall efficacy; degree
of independence in

Author

App name

Sample size
(age)

Urena et al
[33]

m-SFT

Li et al [49]

Caspar
Health App
or Website

Experiment
(participant
sample size)

App (15); no
app (16)

Intervention
period

3 weeks

Major outcome indices

ADLh performance
Kim et al [40] Fracture Liai- 60 (>60 years)
son Service

App (60)

Android and
iOS (public)

Fall prediction and
monitoring (direct)

Amorim et al
[37]

Fitbit (activi- 68 (mean age
ty tracker)
58.4, SD 13.4
and IMyears)
PACT app

App (34); no
app (34)

Android and
iOS (public)

Reduces care seeking, 15 months
pain, and disability in
patients with chronic
low back pain after
treatment discharge
(indirect)

Care seeking, pain levels, and activity limitation

Subasinghe et
al [57]

Tap4Bone:
MyFitnessPal, Nike
Training
Club, and
QuitBuddy

35 (mean age
23.1 years)

App (18); no
app (17)

Android and
iOS (public)

MyFitnessPal is a free 9 weeks
calorie counter app
that helps people track
their diet and exercise;
Nike Training Club is
a free app comprising
>100 full-body workouts; QuitBuddy is a
smoking cessation internet-based app (indirect)

Feasibility and compliance

Arkkukangas
et al [34]

OEP app

12 (70-83
years)

App (12)

N/A (private)

Fall prevention (indirect)

Questionnaire and behavior change

Shebib et al
[50]

DCP with
sensors

177 (mean age
43, SD 11
years)

App (113); no
app (64)

N/A (private)

Aids self-management 12 weeks
by engaging patients,
and scales personalized therapy for patient-specific needs
(indirect)

ODIi, Korff Pain, and
Korff disability

Bedson et al
[39]

Keele pain
recorder

21 (>18 years)

App (21)

Android (public)

Records pain levels,
28 days
interference, sleep
disturbance, analgesic
use, mood, and side
effects (indirect)

Usability and acceptability

Hou et al [55]

eHealth

168 (18-64
years)

app (84); no
app (84)

N/A (private)

Telerehabilitation and 3, 6, and 12
self-management inter- months
ventions (indirect)

Disease-specific questionnaire (ODI), Visual
Analog Scale to record
back pain, measures of
mental health and life
status, which included
the EuroQol 5-Dimension health questionnaire

Saran et al
[46]

N/A

927 (20-80
years)

App (927)

N/A (private)

Monitors physical ac- 1 week
tivity (indirect)

Home physical activity

Chhabra et al
[54]

Snapcare

93 mean) age
41.4, SD 14.2
years)

App (45); no
app (48)

Android (private)

Monitors patient’s
12 weeks
daily activity levels
and symptomatic profile (indirect)

Pain and disability

https://mhealth.jmir.org/2022/4/e32557
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Experiment
(participant
sample size)

Platforma (private or public)

App purpose (direct
or indirect)

My Osteo18 (50-65
porosis Jour- years)
ney

App (18)

Android and
iOS (private)

Provides information 12 weeks
and usability questionnaires (direct)

Satisfaction with the
app and risk calculation

Lambert et al
[56]

Physiothera- 80 (34-59
pyExercises years)

App (40); no
app (40)

N/A (private)

Home exercise programs (indirect)

4 weeks

Self-reported exercise
adherence, The PatientSpecific Functional
Scale, degree of disability, and patient satisfaction with health care
service

Rasche et al
[43]

Aachen fall
prevention
app

App (79)

Android and
iOS (private)

Self-assessment of
older patients at risk
for ground-level falls
(indirect)

1 year

Objective fall risk and
the self-assessed subjective fall risk

Park et al [52] Strong bone, 82 (<25 years;
Fit body
women)

App (36); no
app (38)

Android (private)

Provides feedback and 20 weeks
records activity and
nutrition (direct)

Bone mineral density,
minerals, biochemical
markers, food intake
diary, knowledge,
health belief, and selfefficacy

Tay et al [41]

40 (18-25
years)

App (40)

Android and
iOS (private)

Usability questionnaires (direct)

5 days

Dietary calcium intake

109 (18-25
years)

App (59)

iOS (private)

Provides information
and feedback and
monitors behavior
change (direct)

12 weeks

Vitamin D intake,
knowledge, perceptions
of vitamin D, blood
concentrations of
25(OH)D3

Android and
iOS (public)

Delivers the app to
surgeons, trainees,
and other health care
professionals to measure use and evaluate
the impact on patient
care (direct)

Web-based
one-time
evaluation

Rating of app and usability

Author

App name

Jakobsen et al
[31]

Calci-app

Goodman et al VDC-app
[58]

Singler et al
[42]

a

Alhussein & Hadjileontiadis

Sample size
(age)

79 (>50 years)

AOTrauma’s 920 (health pro- App (920)
orthogerifessionals)
atrics

Intervention
period

Major outcome indices

App is available to the public in app stores, or app is not available to the public in app stores.

b

The study has an indirect relation to osteoporosis.

c

N/A: not applicable.

d

SPADE: sleep disturbance, pain, anxiety, depression, and low energy or fatigue.

e

The study or app has a direct relation to osteoporosis.

f

IPAQ: International Physical Activity Questionnaire.

g

RMDQ: Roland-Morris Disability Questionnaire.

h

ADL: activities of daily living.

i

ODI: Oswestry Disability Index.

Characteristics of the Included Studies
All selected articles were published in journals over the
preceding 8 years (2014-2021), with a notable increase in
publications since 2017. The publications comprised feasibility
studies [31-39], design and development articles [40-42,61-63],
and case studies [43-47]. Among these studies, 41% (13/32) of
articles were RCTs [36,37,48-58]. Although most of the articles
have a direct relation to osteoporosis [31,40-42,49,52,57,61-63],
some of the selected articles refer to apps that are useful and
indirectly related to osteoporosis; that is, they are not specifically
designed for osteoporosis yet can be potentially useful in
managing the disease [32,33,35-37,39,45,51,53-55,58]. The
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included mHealth apps can be classified into different research
themes: (1) monitoring apps (tracking patients’ daily nutrition,
exercises, and symptoms) [34-36, 38, 40, 41, 44, 46-48, 50-55,
57-59, 64], (2) assessment apps (providing health professionals
and patients various tests for assessing patients) [32,33], and
(3) measurement apps (measuring certain parameters or variables
related to osteoporosis) [43,61-63]. Among all the selected
studies, only one of the studies conducted by Ravn Jakobsen et
al [65] used participatory design involving all stakeholders,
including researchers, women, physicians, health care
professionals, and app designers, in the design process of the
app named My Osteoporosis Journey. After the development
stage, they also presented the testing of their collaboratively
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designed app with women newly diagnosed with asymptomatic
osteoporosis [31].

Characteristics of the Included Apps From Web-Based
Market
As of May 2021, we found 33 relevant apps for osteoporosis.
Most of the apps identified were found in Google Play (16/33,
48%) and Apple stores (13/33, 39%). Approximately 9% (3/33)
of apps were available in the Amazon app store, 3% (1/33) in
the GetJar app store, and none in the Galaxy app store.
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After removing the overlapping apps across stores, 70% (23/33)
of unique apps remained (Figure 3B). Among them, 56% (13/23)
were developed to provide educational content on osteoporosis.
The educational content covered the diagnosis of the disease,
exercises, medications, and diet. It varied among animated
videos, recorded videos, short articles, guided audio, expert
advice, and graphs.
Table 3 presents all the identified apps in the web-based stores
with their main characteristics, including name, operating
system, description, users, and classification.
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Table 3. Web-based app characteristics.
App name

Operating
system

Description

AACE osteoporosis

iOS

Provides evidence-based information about the diagnosis, evaluation, and Health care Information and edutreatment of postmenopausal osteoporosis for endocrinologists, physicians professionals cation
in general, regulatory bodies, health-related organizations, and interested
laypersons

treatment algorithma

Users

Classification

Calcium Proa

Android and Provides information about calcium, parathyroid, osteoporosis, and vitamin Patients
iOS
D issues; inputs test results for calcium, parathyroid hormone, and vitamin
D; analyzes and graphs tests making them easy to understand; tracking
tools show calcium and vitamin D levels over time and provide feedback
about bone density status; a risk assessment tool for conditions associated
with high blood calcium

Monitoring, education, and assessment

Vitamin-D Proa

iOS

Analyzes and graphs current vitamin D levels, calcium levels, calcium
Patients
versus parathyroid hormone, bone density, and osteoporosis; teaches how
to interpret data and graphs; gives personalized suggestions for next steps;
suggests what new blood tests may be necessary; gives topics to discuss
with the physician

Assessment, monitoring, and education
tool

Osteoporosis Low
Bone Density Weak

Android

Provides information about the causes, symptoms, treatment, and the type Patients
of diet that one should eat to improve bone density

Information and education

Android

Information about all bone diseases

Patients

Information and education

Android

Keeps track of symptoms and flares; it can also track diet, exercise, pain, Patients
sleep, mood, stress; provides paid training courses with videos, guided
audio, and expert advice; sets reminders for appointments and medication;
access and share medical records from anywhere; learn about community
news, current research, and other information

Monitoring, assessment, and management

Calcium Calculatora Android
(by BC Dairy)

Tool to assess, compare, and plan to introduce enough calcium in daily
food

Patients

Monitoring, assessment, and education

Osteoporosisa (by
AZoMedical)

iOS

Provides regularly updated information and news on osteoporosis

Professionals and patients

News

My Osteoporosis
Manager

iOS

Capture detailed information regarding user’s health in a digital journal; Patients
manage medications and treatments; track osteo-specific symptoms and
side effects feedback as easy-to-understand charts that record test results
and medication adherence; access patient education materials; share information with a health care provider

Monitoring, assessment, and management

Osteoporosis (by
Focus Media)

Android

Animated videos for learning about osteoporosis disease

Patients

Information and education

Osteoporosis disease Android

Information about causes, symptoms, treatment, and the type of diet that
one should eat to improve bone density

Patients

Information and education

Osteoporosis (by
health care tips)

Information and education

Patients

Information and education

Postmenopausal Os- Android
teoporosis

Helps in understanding the disease condition through animated videos; it Patients
gives an insight into the structure and formation of bones, changes with
age, and hormonal levels, particularly during menopause; it also provides
information on the onset of osteoporosis, measurement of bone density,
treatment, and self-help guidelines

Information and education

Osteoporosis (by
personal remedies)

Android

Comprehensive and actionable nutrition guidelines for how to deal with Patients
osteoporosis; recipes, food suggestions, alternative therapies, and remedies

Information and education

Calcium Supplements

Android

Information about calcium supplements, including who should take them, Patients
their health benefits, and potential risks

Information and education

Osteoporosis AR

Android

Demonstrates a different fictional patient profile using the augmented re- Patients
ality technique that illustrates patient insights, symptoms they are experiencing, and how these agonizing symptoms affect patient’s quality of life

Information and education

Information about raloxifene

Information

Bones Diet Helpa
Bones diseases and
treatments

a

My Arthritisa

Android

Cure for Osteoporo- Android
sis
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App name

Operating
system

Description

Users

Osteoporosis Risk
Calculator

Android

A risk check that calculates whether the user is at risk of fracture or osteo- Patients
porosis

Measurement and
assessment tool

Hip Fracture Risk
Calculator

iOS

Calculates whether the user is at risk of fracture or osteoporosis based on Patients
patient demographics

Measurement and
assessment tool

Calcium Calculator

iOS

Calculate calcium intake daily

Measurement tool

My Osteo-Team

Android and A social network and support group for those living with osteoporosis;
Patients
iOS
users can acquire practical tips to manage their life with osteoporosis and
insights about treatment or therapies

Patients

Classification

Social network

Low back pain exer- Android
cise

Exercises to reduce low back pain

Patients

Information and education

The spine app

Android

Information about back pain

Patients

Information and education

Fracture

Android

Information about fracture prevention

Patients

Information and education

a

Ranked according to their rating rates, with the highest-ranking rates on the top, and vice versa. The other apps did not have any ratings or reviews.
The ranking rate did not reflect the number of times the app was downloaded, and there was no direct relationship between the number of times an app
was downloaded and its rating.

Mobile Apps Ranking Based on Features
The results of app ranking are presented in Figures 1 and 2. The
apps that scored the highest score (equal to or above the raw
cutoff, 2.7), both in research and in the web-based market,
provided more features, thus, reflecting a more holistic
management of osteoporosis and its symptoms [31,40,52,59].
Apps that scored lower had fewer features or were designed for
a single purpose, such as measuring spine curvature [63] or
BMD [61] (Figure 1A). Approximately 87% (28/32) of the apps
provided feedback to users, and 69% (22/32) allowed users to
share or export their data and to have an individualized plan
based on their individual needs and health goals. Only 3% (1/32)
of apps provided a chatbot [53], and 3% (1/32) used AI [45]
(Figure 1B).
Similarly, apps in the web-based markets that attained large
scores, such as My Arthritis, offered more features to assist
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patients in the management of the disease (Figure 2A).
Approximately 75% (17/23) of the web-based apps had good
aesthetic and minimalistic designs (simpler designs with the
content being the focal points); 70% (16/23) of these apps were
designed for diagnosis purposes (Figure 2B).

ROB and Methodological Quality
For the ROB In Nonrandomized Studies of Interventions
assessment of nonrandomized clinical trials, 75% (12/16) of
studies were at critical ROB, 13% (2/16) at serious risk, and
6% (1/16) at moderate ROB. Among the 13 RCTs assessed
using the Cochrane ROB (version 2.0) tool [19], 3 (23%) studies
showed a low ROB, and 1 (8%) study exhibited some concerns
about the ROB. Approximately 69% (9/13) of RCTs showed a
high ROB. Figure 4 summarizes the results of the bias and
methodological quality assessments for all studies.
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Figure 4. (A) Risk of bias (ROB) assessment for randomized (ROB 2.0) and (B) nonrandomized (ROBIN-I) trials. The studies above the horizontal
black line are above the app's cutoff score (2.7) and vice versa [32,33,35-39,41-65]. ROBINS-I: ROB in Nonrandomized Studies of Interventions.

Comparison Between Various Outcomes Before and
After App Use
BMD T Score
Approximately 6% (2/32) of studies measured BMD T score at
baseline and after 20 weeks [52] and 12 months [48] of using
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the apps. After initiation, a slight decrease in the mean BMD T
score was observed in one of the studies (Hedges g –0.084, 95%
CI –0.461 to 0.293) [52], and a slight increase was reported in
another study (Hedges g 0.108, 95% CI –0.106 to 0.322) [48].
The overall change in mean T score was not significant (Hedges
g 0.06, 95% CI –1.00 to 1.12; Z=0.702; P=.48), with no
heterogeneity (Q=0.810; pQ=0.368; I2=0; Figure 5A).
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Figure 5. Forest plots of Hedges g effect size (95% CI) from individual studies before and after using the app showing changes in (A) bone mineral
density (BMD) T score, (B) vitamin D intake (µg per day), (C) calcium intake (µg per day), and (D) physical activity (hours per week) [37,38,52,54-63].

Intake of Vitamin D (µg per Day) and Calcium (mg per
Day)
Approximately 6% (2/32) of studies compared the average (µg
per day) Vitamin D intake before and after app intervention
[52,58]. There was a decrease in intake in one of the studies
(Hedges g –0.229, 95% CI –0.611 to 0.152) [52], and a moderate
increase in intake was observed in another (Hedges g 0.424,
95% CI 0.101 to 0.749) [58]. The overall change in intake was
not significant (Hedges g 0.1, 95% CI –4.05 to 4.26; Z=0.32;
P=.75), with heterogeneity among the studies (Q=7.11;
pQ=0.008; I2=85.9%; Figure 5B).
Approximately 6% (2/32) of studies measured the differences
in the average mg per day of calcium intake [52,57]. The daily
intake of calcium did not differ significantly before and after
app use (Z=−1.06; P=.29; Hedges g −0.05, 95% CI −0.59 to
0.50), with no heterogeneity (Q=0.09; pQ=0.762; I2=0; Figure
5C).
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Physical Activity (Hours per Week)
Approximately 6% (2/32) of studies measured the average
number of hours per week of physical activities before and after
15 months [37] or 9 weeks [57] of using the apps. After initiation
of the intervention, there was no significant difference observed
(Z=1.78; P=.08; Hedges g 0.09, 95% CI −0.53 to 0.70). There
was no heterogeneity between the 2 studies (Q=0.115; pQ=0.735;
I2=0; Figure 5D).

Physical Function
Approximately 6% (2/32) of studies evaluated physical function
before and after 4 weeks [56] or 3 weeks [49] of using apps.
There was a significant change in physical functioning at the
end of the app interventions (Hedges g 1.08, 95% CI −5.09 to
7.25; Z=2.22; P=.03) with heterogeneity (Q=7.31; pQ=0.007;
I2=86.3%; Figure 6A).
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Figure 6. Forest plots of Hedges g effect sizes (95% CI) from individual studies before and after using the app showing changes in (A) physical function,
(B) well-being, (C) fatigue, and (D) anxiety [37,38,53-55,57-60].

Well-being
Approximately 6% (2/32) of studies observed changes in
well-being from baseline after 12 weeks [53] and 12 months
[55] of using the apps. The improvement in well-being was
nonsignificant (Hedges g 0.17, 95% CI –0.84 to 2.17; Z=1.05;
P=.29), with no heterogeneity (Q=2.36; pQ=0.125; I2=57.6%;
Figure 6B).

Anxiety and Fatigue
Approximately 6% (2/32) of studies measured changes in
anxiety and fatigue at baseline and after 3 months [36] or 4
weeks [51] of intervention. The measured change was not
significant for either anxiety (Hedges g –0.29, 95% CI –6.11
to 5.53; Z=–0.635; P=.53), with heterogeneity (Q=17.39; pQ=0;
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I2=94.3%), or fatigue (Hedges g −0.34, 95% CI −5.84 to 5.16),
with heterogeneity (Q=15.47; pQ=0; I2=93.5%; Figures 6C and
6D).

Pain Intensity
Approximately 25% (8/32) of studies recorded pain intensity
before and after initiation of the interventions
[36,37,49-51,53-55]. Overall, there was a significant decrease
in pain across all studies (Hedges g –1.09, 95% CI –1.68 to
–0.45; Z=−4.09; P<.001), with heterogeneity (Q=99.65; pQ=0;
I2=93%; Figure 7A). A sensitivity analysis was performed to
determine whether individual studies had a significant impact
on the overall result. No significant differences (P=.81) were
observed when excluding individual studies from the analysis
(Multimedia Appendix 1, Table S3).
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Figure 7. Forest plots of Hedges g effect sizes (95% CI) from individual studies before and after using the app showing changes in (A) pain intensity
and (B) disability [37,53,55,57,59,60].

Disability
Approximately 19% (6/32) of studies evaluated disability
[36,37,50,54-56]. The pooled estimate using the random effects
model revealed significantly lower levels of disability (Hedges
g –0.77, 95% CI –1.59 to 0.05; Z=−2.42; P=.02), with
heterogeneity (Q=87.574; pQ=0; I2=94.3%; Figure 7B). The
sensitivity analysis did not reveal any significant differences
(P=.73); Multimedia Appendix 1, Table S4).

Discussion
Principal Findings
The focus of this review was placed on a systematic examination
of the available literature on mHealth technologies and apps
that can support the self-management of osteoporosis and
decision-making for young and older adults. Although some of
these apps showed promising results for the use of mHealth
technologies in osteoporosis management, there is a lack of
evidence in the research to prove the effectiveness of these apps,
as validation studies have not been run on all the included apps.
Most (39/52, 75% apps) of the analyzed mHealth apps did not
conduct premarket prospective multicenter RCTs. This might
be because of the elevated cost of the trials and the long time
required to recruit patients [66,67]. In addition, some apps did
not publish evidence of their usability and acceptability among
users [61,62].
From the scoring system created in Figures 1 and 2, it was
possible to observe gaps in the provided features. For instance,
only the apps available in the research fields provided feedback
to the user, whereas this was not observed in the apps from
web-based app stores. This raises an important issue regarding
patient accessibility to their data and the overall functionality
of these apps.
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Our meta-analysis showed that by using the apps, pain scores
were significantly reduced in 25% (8/32) of studies
[36,37,50,51,53-55,64]. This finding was confirmed by 6%
(2/32) of other studies, which found that apps can be beneficial
for chronic pain management, especially for patients in an
outpatient clinic setting [68,69]. The meta-analysis also showed
reduced levels of disability, which is consistent with the findings
of Briggs et al [70], who reported reduced disability in patients
with osteoarthritis who used digital self-management
interventions. In addition, we found that physical function
significantly improved after using the apps [56,64].
According to our results, app use had no impact on the physical
activity of app users. The meta-analysis also revealed that digital
health interventions had no significant impact on the daily intake
of calcium and vitamin D or on the BMD trabecular score. It is
important to note that patients’ adherence to and compliance
with the use of mHealth apps are pivotal in ensuring improved
health outcomes and successful intervention programs. Some
studies reported a high dropout rate in patients who found the
intervention boring, time consuming [41,58], or infeasible for
daily practice [35]. Another study pointed out that patient
attrition led to nonsignificant results at the end of the study [41].
Therefore, any study should ensure to have a comprehensive
retention plan for both experimental and control groups.
The data yielded by the meta-analysis demonstrated that using
the app had no significant impact on well-being, anxiety, and
fatigue scores. This might be explained by the fact that patients
self-reported these outcomes in all the evaluated studies without
any validation [37,39,44,47,50,54,71], and in many cases, they
tended to exaggerate their symptoms in an attempt to prolong
the intervention period [50]. To avoid problems arising from
self-reporting outcomes, emotionally aware AI techniques could
be applied to determine the behavior and emotional state of the
user by interpreting their facial expressions while interacting
with the app [72] or through emotionally aware chatbots [73].
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 17
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A review of apps related to osteoporosis in the web-based
marketplace resulted in 23 apps. Most of these apps provided
information and education, such as disease definition, common
symptoms, and suggested exercises to strengthen the bones and
enhance physical activity or instructions on healthy nutrition.
In addition, none of these available apps addressed the
management of the disease after fracture, although fracture is
the main complication of osteoporosis. Although osteoporosis
is widespread in society, especially among adults, our findings
revealed that the number of people who downloaded these
osteoporosis-related apps is very limited, as it can barely reach
1000 downloads. Some of these apps did not report any
downloads at all. This also indicates that patients or clinicians
are hesitant toward the adoption of these new technologies.
Unfortunately, these results revealed the poor contribution of
research and development toward the field of mHealth apps
designed for osteoporosis management and the untrustworthy
content that does not have any strong reference [74].
Information privacy is an important issue in mHealth apps
because of the sensitive nature of information gathered from
users [75]. All identified apps in the web-based app stores were
free, with pop-up advertisements every once in a while.
Apparently, this creates a distraction for the user and sets some
doubts about the way the collected data are used (eg, to create
targeted advertisements according to the user’s profile).
Apparently, this needs to be consented to by the user, following
data privacy and security protocols, such as the General Data
Protection Regulation [76].
Our findings show that only one of the identified studies [31]
used a participatory design process to develop their app.
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Cooperative or participatory design involves stakeholders,
designers, researchers, and end users in the early stages of the
design process to ensure that the developed app meets the proper
needs of its intended end users [77]. This entails that all
stakeholders have equal input in the interaction design, which
will nurture a more creative development atmosphere. Moreover,
this cocreation session gives stakeholders a sense of ownership
of the ideas that allow them to comprehend the thinking behind
design decisions and improve their satisfaction levels. The
involvement of health professionals in the design will also
prevent any safety risks arising from inaccurate or unreliable
digital tools [78].

Overcoming Challenges in Osteoporosis mHealth Apps
Overview
This review shows that mHealth apps that use self-management
support principles in primary care have the potential to have a
positive effect on the management of chronic diseases. However,
there is reluctance in the adoption of these digital technologies
in health care. The main obstacles delaying the integration of
these technological tools in osteoporosis care could be
summarized as (1) weak or no involvement of health care
professionals in the design process, (2) reluctance of clinicians
who believe that mHealth apps might replace them, (3) lack of
reliable tools and strict regulations, (4) privacy and security
concerns, (5) data availability and visualization, (6) inconsistent
data collection standards, (7) difficulties in acquiring and
analyzing data, and (8) low retention rates of participants (Table
4).
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Table 4. DRsa and CRsb for overcoming the identified limitations or barriers in digital health technologies for osteoporosis.
Identified limitation or barrier and
related aspect

Recommendation

App designers and developers without supporting information from clinicians, resulting in a very technologically focused and problem-oriented
approach in the design of mHealth apps
Design perspective

•

DR1: involve all the stakeholders in all the stages of user requirements, design, and development using a
participatory design approach (cocreation)

Clinical perspective

•

CR1: active participation in the design, development, and testing stages

Clinicians’ reluctance in adopting mHealth c apps as they envisage that they will replace them
Clinical perspective

•
•
•

CR1: adopt mHealth technologies in daily practices and in clinical care (measurement, assessment, and
recording data)
CR2: recommend trustworthy apps to their patients
CR3: use mHealth apps to effectively communicate with patients and other health care professionals through
the integration of wearables and IoTd

Lack of trustworthy and available smart tools and strict regulations on mHealth tools
Design perspective

•
•

Clinical perspective

•

DR1: use adaptive learning algorithms (eg, AIe and machine or deep learning) in the app to make more
personalized recommendations and treatments
DR2: incorporate clinically validated monitoring, measurement, and assessment tools in the designed app
CR1: evaluate mHealth measurement and assessment tools by concerned clinical experts before disseminating them to public

Underestimation of the security risk and the elevated cost of implementing strong data security and privacy rules
Design perspective

•

DR1: implement stringent security regulations (eg, GDPRf [79]) to protect users’ information from any
data penetration (security and privacy by design)

Available data are provider oriented rather than patient accessible; limited existing guidelines on how to optimize user interfaces for patients,
providers, or both
Design perspective

•
•

DR1: allow patients to access their data (GDPR enforcement in design)
DR2: generate feedback and plans (for diet and exercises) based on the gathered data to keep patients engaged
and motivated

Inconsistent data collection standards, complexity of data, and lack of quality assurance processes (data cannot be verified)
Design perspective

•

DR1: use passive and active gathering of data (medication, symptoms, nutrition management, and physical
exercising), in addition to the data gathered from any wearables or IoT sensors

Clinical perspective

•

CR1: combine conventional clinical assessment with the app assessment

Difficulties in acquiring, analyzing, and applying structured and unstructured data to treat or manage diseases
Design perspective

•

DR1: apply AI-based techniques that help with the prediction, diagnosis, and treatment or management of
diseases

•
•
•
•

DR1: provide valuable feedback to the user
DR2: use simple and straightforward interfaces
DR3: continuously update users’ data
DR4: offer financial incentives for healthy habit changes

Low retention rates of participants
Design perspective

a

DR: design-related recommendation.

b

CR: clinical recommendation.

c

mHealth: mobile health.

d

IoT: Internet of Things.

e

AI: artificial intelligence.

f

GDPR: General Data Protection Regulation.
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To overcome these obstacles, we propose design-related and
clinical recommendations for mHealth apps to support patients
at risk of or diagnosed with osteoporosis in self-management
and involve them in decision-making regarding treatment and
intervention options with clinicians. These guidelines are not
only limited to apps targeting osteoporosis self-management
but can also be applied to any chronic disease self-management
app.

Design-Related Recommendations
Co-design
Before creating an app, we should emphasize the role of end
users, including patients and health professionals, in the
development process. Users should be involved at various points
and levels in the design process to improve their understanding
of their needs, requirements, interactions, and appreciations
before, during, and after developing the app. This co-design
will ensure that the developed app meets end user purposes,
leading to more effective results [80].
Integration of AI and Machine Learning in Data Acquisition
and in Decision-making
An enhanced and intelligent version of the mHealth app can
perform long-term management of osteoporosis through
internet-based coaching using AI and big data analysis. In
addition to health care professionals, AI can play an important
role in the decision-making process and in the entire
self-management process of osteoporosis. Conventional systems
used for processing health data are less accurate and lack
convergence compared with AI-supported systems [81].
Machine learning methods, more specifically adaptive learning
algorithms, integrated into mHealth apps will make them tailored
to an individual’s behavior and characteristics, thus improving
the effectiveness of the intervention [82]. Such smart mHealth
apps could unobtrusively acquire and effectively analyze
sensorial and behavioral cloud-archived big data from adults’
interactions with smart devices (smartphones, smartwatches,
and Internet of Things) in their daily living environment [83].
Owing to the significant advances and progress in AI in the past
few years, chatbots have been gaining momentum in the eHealth
world. Therefore, we believe that a bot framework can be
incorporated with virtual reality technology and low-cost
Internet of Things to create a user engagement schema for
long-term monitoring of osteoporosis, where the patient will be
active and maintain an improved quality of life.
Envisioning of a Smart Tool With User-Centered
Orientation in Osteoporosis Management
An innovative technological tool (mHealth app) should offer
an integrated platform for informed healthy living indoors or
outdoors to assist patients with osteoporosis (or at risk) in
different aspects of life, including physical activity, nutrition,
medication intake, fall prevention, emotional wellness, and
socialization. The design of such tools could include monitoring,
combining both passive (via the interaction with smartphone
or smartwatch or wearables) and active gathering of data (eg,
about medication, nutrition management, and physical
exercising). Then, on the basis of the gathered data, AI-driven
data analysis processes could be involved in providing
https://mhealth.jmir.org/2022/4/e32557

XSL• FO
RenderX

Alhussein & Hadjileontiadis
personalized feedback to the patient and informing the related
physician, guiding personalized recommendations and
interventions for osteoporosis risk assessment [84]. In this way,
the patients will be kept aware of their progress in osteoporosis
self-management over a certain period, notified in case of any
increased risk [85], motivated and engaged in using the app,
and follow the personalized intervention program. The mHealth
app should provide the user with various ways of data
visualization and access at any time, scaffolding a participatory
management of the disease.
Enhanced Security and Privacy Measures
mHealth app developers must ensure that collected user data
are secured to maintain the integrity, availability, confidentiality,
and resilience of the data [86]. Security procedures should
comply with the best practices and regulations (eg, General
Data Protection Regulation [79]). Users should be aware of the
techniques used to safeguard their personal information and the
authentication methods used. These enhanced security measures
will make it possible to leverage mHealth tools in daily practice
for both clinicians and patients.
Improving Participants’ Retention Rates
The success and effectiveness of any mHealth app intervention
are directly related to user retention [87]. Therefore, to attain
the maximum clinical benefit from the app, designers should
ensure that users adhere for the long term to mHealth apps [88].
Various plans could be adopted by designers to re-engage and
retain users. mHealth apps should be designed with simple and
easy-to-use interfaces as many users refrain from using mHealth
apps because of their complicated implementation [89]. Another
approach is to continuously notify users about their progress
and provide them with positive feedback. An app publisher
could also provide users with financial incentives or awards if
they achieve a certain healthy goal; for instance, this incentive
could be free health insurance or a free subscription to the
nearest gym. Applying these design techniques will retain a
larger number of participants, resulting in a better impact of the
mHealth app interventions.

Clinical Recommendations
Adoption of Digital Therapeutics
As patients increasingly turn to mHealth apps and devices,
clinicians must consider the value of these apps and embrace
them to deliver enhanced care. They should adopt more mHealth
technologies in their daily practices or workflows and integrate
the data into electronic medical records. However, physicians
should refrain from recommending apps that have been created
without the involvement of medical experts or appropriate
testing validation, especially if claims made by app developers
are fraudulent. To ensure that their requirements are met and to
deliver better outcomes, physicians should actively participate
in the design, development, and testing of these mHealth apps
[90]. In validated (Food and Drug Administration–approved
and Conformité Européenne–marked) cases only, prescription
of these apps can be envisioned, as a form of digital therapeutics,
along with wearable devices to allow remote and real-time health
monitoring and care delivery [91].
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mHealth Apps for Communication and Continuous
Improvement of Health Care
mHealth apps create a sense of partnership between patients
and health care professionals by allowing patients to play a
more active role in their health care. Moreover, digital health
will improve patients’ engagement with their treatment,
something that physicians have previously struggled to do
between visits [75]. They also allow proper communication
between physicians, patients, and other health care professionals
[92]. These tools, assisted by AI and machine learning, represent
a rich source of data for clinicians that can be used in medical
research to continuously improve the overall delivery of care.
It is important to note that these apps are not designed to replace
clinicians; on the contrary, they support their decision-making
process and workflow. Physicians should not consider these
apps as opponents or competitors but rather as an opportunity
to enable a streamlined high-quality health care delivery process
by capturing and analyzing more data, reaching and monitoring
a larger number of patients remotely, and perpetually advancing
their clinical practices.

Limitations
Despite this in-depth analysis, some limitations can be identified
in this review. In particular, we refrained from excluding studies
based on certain quality criteria, such as study design or sample
size, which resulted in large variations in the measurements of
outcomes. Moreover, there is a lack of apps that only target
osteoporosis; therefore, we included apps that we thought were
useful for osteoporosis. As no articles in any other language
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were identified as eligible, the risk of language bias in our
selection was negligible. Regarding other biases in the selection,
we were cautious in our selection by selecting all related articles
in the fields regardless of their outcomes or study design.
Finally, some feasibility and development studies were included
with the intention of understanding any novel approaches being
tested or developed. Such studies seem promising to achieve
potential outcomes; however, as these apps were either not
tested or tested but with a relatively small sample size, it is
difficult to determine whether such solutions can be adopted in
the mainstream.

Conclusions
Given the identified lack of effective mHealth apps with a
holistic approach to osteoporosis self-management, this review
holds the potential to bridge this gap by proposing a
technological tool that goes beyond apps that simply provide
information about osteoporosis and creates an individualized
care management plan that goes beyond clinical measures. The
latter perspective extends the view of mHealth apps from the
initial focus on promoting specific behavior, such as healthy
nutrition, physical activity, or adherence to medications, to
patients’ engagement and empowerment. Moreover, it
strengthens collaboration between patients and caregivers by
not limiting it to health institutions. In view of the vast quantity
of mHealth apps available, it is important for app developers
and researchers to identify the proper needs of patients with
osteoporosis, adopting a cocreation strategy to create more
patient-centered and effective disease management solutions.

Acknowledgments
This work was supported by Khalifa University of Science and Technology under award number CIRA-2020-031.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist, detailed search terms, and sensitivity
analysis.
[DOCX File , 24 KB-Multimedia Appendix 1]

References
1.
2.
3.
4.
5.
6.

Sözen T, Özışık L, Başaran N. An overview and management of osteoporosis. Eur J Rheumatol 2017;4(1):46-56 [FREE
Full text] [doi: 10.5152/eurjrheum.2016.048] [Medline: 28293453]
Akkawi I, Zmerly H. Osteoporosis: current concepts. Joints 2018;6(2):122-127 [FREE Full text] [doi:
10.1055/s-0038-1660790] [Medline: 30051110]
Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated with osteoporotic fractures.
Osteoporos Int 2006;17(12):1726-1733. [doi: 10.1007/s00198-006-0172-4] [Medline: 16983459]
Ballane G, Cauley JA, Luckey MM, El-Hajj Fuleihan G. Worldwide prevalence and incidence of osteoporotic vertebral
fractures. Osteoporos Int 2017;28(5):1531-1542. [doi: 10.1007/s00198-017-3909-3] [Medline: 28168409]
Reginster JY, Burlet N. Osteoporosis: a still increasing prevalence. Bone 2006;38(2 Suppl 1):S4-S9. [doi:
10.1016/j.bone.2005.11.024] [Medline: 16455317]
Kelley GA, Kelley KS. Dropouts and compliance in exercise interventions targeting bone mineral density in adults: a
meta-analysis of randomized controlled trials. J Osteoporos 2013;2013:250423 [FREE Full text] [doi: 10.1155/2013/250423]
[Medline: 23862095]

https://mhealth.jmir.org/2022/4/e32557

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 21
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
7.

8.
9.
10.

11.

12.
13.

14.

15.
16.

17.

18.

19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

31.

Kothawala P, Badamgarav E, Ryu S, Miller RM, Halbert RJ. Systematic review and meta-analysis of real-world adherence
to drug therapy for osteoporosis. Mayo Clin Proc 2007;82(12):1493-1501. [doi: 10.1016/S0025-6196(11)61093-8] [Medline:
18053457]
Agnihothri S, Cui L, Delasay M, Rajan B. The value of mHealth for managing chronic conditions. Health Care Manag Sci
2020;23(2):185-202. [doi: 10.1007/s10729-018-9458-2] [Medline: 30382448]
Rotheram-Borus MJ, Ingram BL, Swendeman D, Lee A. Adoption of self-management interventions for prevention and
care. Prim Care 2012;39(4):649-660 [FREE Full text] [doi: 10.1016/j.pop.2012.08.006] [Medline: 23148958]
Iribarren SJ, Cato K, Falzon L, Stone PW. What is the economic evidence for mHealth? A systematic review of economic
evaluations of mHealth solutions. PLoS One 2017;12(2):e0170581 [FREE Full text] [doi: 10.1371/journal.pone.0170581]
[Medline: 28152012]
Bradway M, Carrion C, Vallespin B, Saadatfard O, Puigdomènech E, Espallargues M, et al. mHealth assessment:
conceptualization of a global framework. JMIR Mhealth Uhealth 2017;5(5):e60 [FREE Full text] [doi: 10.2196/mhealth.7291]
[Medline: 28465282]
Koetsier J. There are now 8.9 million mobile apps, and China is 40% of mobile app spending. Forbes. 2020. URL: https:/
/tinyurl.com/2p9447by [accessed 2021-05-12]
mHealth new horizons for health through mobile technologies: based on the findings of the second global survey on eHealth:
global observatory for eHealth series - volume 3. World Health Organization Global Observatory for eHealth. 2011. URL:
https://www.who.int/goe/publications/goe_mhealth_web.pdf [accessed 2021-05-12]
Pérez Sust P, Solans O, Fajardo JC, Medina Peralta M, Rodenas P, Gabaldà J, et al. Turning the crisis into an opportunity:
digital health strategies deployed during the COVID-19 outbreak. JMIR Public Health Surveill 2020;6(2):e19106 [FREE
Full text] [doi: 10.2196/19106] [Medline: 32339998]
Latif S, Rana R, Qadir J, Ali A, Imran MA, Younis MS. Mobile health in the developing world: review of literature and
lessons from a case study. IEEE Access 2017;5:11540-11556. [doi: 10.1109/access.2017.2710800]
Barbabella F, Melchiorre MG, Quattrini S, Papa R, Lamura G. In: Richardson E, van Ginneken E, editors. How can eHealth
improve care for people with multimorbidity in Europe?. Copenhagen, Denmark: European Observatory on Health Systems
and Policies; 2017.
Tsamlag L, Wang H, Shen Q, Shi Y, Zhang S, Chang R, et al. Applying the information-motivation-behavioral model to
explore the influencing factors of self-management behavior among osteoporosis patients. BMC Public Health 2020;20(1):198
[FREE Full text] [doi: 10.1186/s12889-020-8292-x] [Medline: 32028930]
Van de Velde D, De Zutter F, Satink T, Costa U, Janquart S, Senn D, et al. Delineating the concept of self-management in
chronic conditions: a concept analysis. BMJ Open 2019;9(7):e027775 [FREE Full text] [doi: 10.1136/bmjopen-2018-027775]
[Medline: 31315862]
Sterne JA, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for assessing risk of bias
in randomised trials. BMJ 2019;366:l4898. [doi: 10.1136/bmj.l4898] [Medline: 31462531]
Castro VM, McCoy TH, Cagan A, Rosenfield HR, Murphy SN, Churchill SE, et al. Stratification of risk for hospital
admissions for injury related to fall: cohort study. BMJ 2014;349:g5863 [FREE Full text] [doi: 10.1136/bmj.g5863] [Medline:
25954985]
Suurmond R, van Rhee H, Hak T. Introduction, comparison, and validation of meta-essentials: a free and simple tool for
meta-analysis. Res Synth Methods 2017;8(4):537-553 [FREE Full text] [doi: 10.1002/jrsm.1260] [Medline: 28801932]
Wasserman S. J Educ Stat 1988;13(1):75-78. [doi: 10.2307/1164953]
Cochran WG. The comparison of percentages in matched samples. Biometrika 1950;37(3/4):256-266. [doi: 10.2307/2332378]
Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med 2002;21(11):1539-1558. [doi:
10.1002/sim.1186] [Medline: 12111919]
Venkatesh V, Thong JY, Xu X. Consumer acceptance and use of information technology: extending the unified theory of
acceptance and use of technology. MIS Q 2012;36(1):157-178 [FREE Full text] [doi: 10.2307/41410412]
Nielsen J, Mack RL. Usability inspection methods. New York, NY: John Wiley & Sons; 1994.
Nielsen J, Molich R. Heuristic evaluation of user interfaces. In: Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems. 1990 Presented at: CHI '90; April 1-5, 1990; Seattle, WA p. 249-256. [doi: 10.1145/97243.97281]
Handel MJ. mHealth (mobile health)-using Apps for health and wellness. Explore (NY) 2011;7(4):256-261. [doi:
10.1016/j.explore.2011.04.011] [Medline: 21724160]
Li J, Zhang C, Li X, Zhang C. Patients’ emotional bonding with MHealth apps: an attachment perspective on patients’ use
of MHealth applications. Int J Inf Manage 2020;51(C):102054. [doi: 10.1016/j.ijinfomgt.2019.102054]
Mendiola MF, Kalnicki M, Lindenauer S. Valuable features in mobile health apps for patients and consumers: content
analysis of apps and user ratings. JMIR Mhealth Uhealth 2015;3(2):e40 [FREE Full text] [doi: 10.2196/mhealth.4283]
[Medline: 25972309]
Ravn Jakobsen P, Hermann AP, Søndergaard J, Wiil UK, Clemensen J. Help at hand: women's experiences of using a
mobile health application upon diagnosis of asymptomatic osteoporosis. SAGE Open Med 2018;6:2050312118807617
[FREE Full text] [doi: 10.1177/2050312118807617] [Medline: 30397471]

https://mhealth.jmir.org/2022/4/e32557

XSL• FO
RenderX

Alhussein & Hadjileontiadis

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 22
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

Papi E, Chiou SY, McGregor AH. Feasibility and acceptability study on the use of a smartphone application to facilitate
balance training in the ageing population. BMJ Open 2020;10(12):e039054 [FREE Full text] [doi:
10.1136/bmjopen-2020-039054] [Medline: 33268409]
Ureña R, Chiclana F, Gonzalez-Alvarez A, Herrera-Viedma E, Moral-Munoz JA. m-SFT: a novel mobile health system to
assess the elderly physical condition. Sensors (Basel) 2020;20(5):1462 [FREE Full text] [doi: 10.3390/s20051462] [Medline:
32155931]
Arkkukangas M, Cederbom S, Tonkonogi M, Umb Carlsson Õ. Older adults' experiences with mHealth for fall prevention
exercise: usability and promotion of behavior change strategies. Physiother Theory Pract 2021;37(12):1346-1352. [doi:
10.1080/09593985.2020.1712753] [Medline: 31910707]
Geerds MA, Nijmeijer WS, Hegeman JH, Vollenbroek-Hutten MM. Mobile app for monitoring 3-month postoperative
functional outcome after hip fracture: usability study. JMIR Hum Factors 2020;7(3):e16989 [FREE Full text] [doi:
10.2196/16989] [Medline: 32924949]
Licciardone JC, Pandya V. Feasibility trial of an eHealth intervention for health-related quality of life: implications for
managing patients with chronic pain during the COVID-19 pandemic. Healthcare (Basel) 2020;8(4):381 [FREE Full text]
[doi: 10.3390/healthcare8040381] [Medline: 33019676]
Amorim AB, Pappas E, Simic M, Ferreira ML, Jennings M, Tiedemann A, et al. Integrating mobile-health, health coaching,
and physical activity to reduce the burden of chronic low back pain trial (IMPACT): a pilot randomised controlled trial.
BMC Musculoskelet Disord 2019;20(1):71 [FREE Full text] [doi: 10.1186/s12891-019-2454-y] [Medline: 30744606]
Daly RM, Gianoudis J, Hall T, Mundell NL, Maddison R. Feasibility, usability, and enjoyment of a home-based exercise
program delivered via an exercise app for musculoskeletal health in community-dwelling older adults: short-term prospective
pilot study. JMIR Mhealth Uhealth 2021;9(1):e21094 [FREE Full text] [doi: 10.2196/21094] [Medline: 33439147]
Bedson J, Hill J, White D, Chen Y, Wathall S, Dent S, et al. Development and validation of a pain monitoring app for
patients with musculoskeletal conditions (The Keele pain recorder feasibility study). BMC Med Inform Decis Mak
2019;19(1):24 [FREE Full text] [doi: 10.1186/s12911-019-0741-z] [Medline: 30683106]
Kim SW, Won YJ, Chae DS, Chang HJ. A new fracture liaison service using the mobile application and IoT sensor. Annu
Int Conf IEEE Eng Med Biol Soc 2019;2019:3486-3489. [doi: 10.1109/EMBC.2019.8857094] [Medline: 31946629]
Tay I, Garland S, Gorelik A, Wark JD. Development and testing of a mobile phone app for self-monitoring of calcium
intake in young women. JMIR Mhealth Uhealth 2017;5(3):e27 [FREE Full text] [doi: 10.2196/mhealth.5717] [Medline:
28270379]
Singler K, Roth T, Beck S, Cunningham M, Gosch M. Development and initial evaluation of a point-of-care educational
app on medical topics in orthogeriatrics. Arch Orthop Trauma Surg 2016;136(1):65-73 [FREE Full text] [doi:
10.1007/s00402-015-2366-8] [Medline: 26646844]
Rasche P, Mertens A, Bröhl C, Theis S, Seinsch T, Wille M, et al. The "Aachen fall prevention App" - a smartphone
application app for the self-assessment of elderly patients at risk for ground level falls. Patient Saf Surg 2017;11:14 [FREE
Full text] [doi: 10.1186/s13037-017-0130-4] [Medline: 28503199]
Bhatia A, Kara J, Janmohamed T, Prabhu A, Lebovic G, Katz J, et al. User engagement and clinical impact of the manage
my pain app in patients with chronic pain: a real-world, multi-site trial. JMIR Mhealth Uhealth 2021;9(3):e26528 [FREE
Full text] [doi: 10.2196/26528] [Medline: 33661130]
Sandal LF, Øverås CK, Nordstoga AL, Wood K, Bach K, Hartvigsen J, et al. A digital decision support system (selfBACK)
for improved self-management of low back pain: a pilot study with 6-week follow-up. Pilot Feasibility Stud 2020;6:72
[FREE Full text] [doi: 10.1186/s40814-020-00604-2] [Medline: 32489674]
Saran T, Pedrycz A, Mucha D, Mucha D. Follow-up monitoring of physical activity after rehabilitation by means of a
mobile application: effectiveness of measurements in different age groups. Adv Clin Exp Med 2018;27(8):1037-1044
[FREE Full text] [doi: 10.17219/acem/69131] [Medline: 29962117]
Bailey JF, Agarwal V, Zheng P, Smuck M, Fredericson M, Kennedy DJ, et al. Digital care for chronic musculoskeletal
pain: 10,000 participant longitudinal cohort study. J Med Internet Res 2020;22(5):e18250 [FREE Full text] [doi:
10.2196/18250] [Medline: 32208358]
Ryan P, Brown RL, Csuka ME, Papanek P. Efficacy of osteoporosis prevention smartphone app. Nurs Res 2020;69(1):31-41
[FREE Full text] [doi: 10.1097/NNR.0000000000000392] [Medline: 31568199]
Li CT, Hung GK, Fong KN, Gonzalez PC, Wah S, Tsang HW. Effects of a home-based occupational therapy telerehabilitation
via smartphone for outpatients after hip fracture surgery: a feasibility randomised controlled study. J Telemed Telecare
2020:1357633X20932434. [doi: 10.1177/1357633X20932434] [Medline: 32594832]
Shebib R, Bailey JF, Smittenaar P, Perez DA, Mecklenburg G, Hunter S. Randomized controlled trial of a 12-week digital
care program in improving low back pain. NPJ Digit Med 2019;2:1 [FREE Full text] [doi: 10.1038/s41746-018-0076-7]
[Medline: 31304351]
Suso-Ribera C, Castilla D, Zaragozá I, Mesas Á, Server A, Medel J, et al. Telemonitoring in chronic pain management
using smartphone apps: a randomized controlled trial comparing usual assessment against app-based monitoring with and
without clinical alarms. Int J Environ Res Public Health 2020;17(18):6568 [FREE Full text] [doi: 10.3390/ijerph17186568]
[Medline: 32916983]

https://mhealth.jmir.org/2022/4/e32557

XSL• FO
RenderX

Alhussein & Hadjileontiadis

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 23
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.
67.
68.
69.

70.
71.

72.
73.

Park YJ, Lee SJ, Shin NM, Shin H, Jeon S, Lee J, et al. Application and effect of mobiletype-bone health intervention in
Korean young adult women with low bone mass: a randomized control trial. Asian Nurs Res (Korean Soc Nurs Sci)
2017;11(1):56-64 [FREE Full text] [doi: 10.1016/j.anr.2017.03.005] [Medline: 28388981]
Hauser-Ulrich S, Künzli H, Meier-Peterhans D, Kowatsch T. A smartphone-based health care chatbot to promote
self-management of chronic pain (SELMA): pilot randomized controlled trial. JMIR Mhealth Uhealth 2020;8(4):e15806
[FREE Full text] [doi: 10.2196/15806] [Medline: 32242820]
Chhabra HS, Sharma S, Verma S. Smartphone app in self-management of chronic low back pain: a randomized controlled
trial. Eur Spine J 2018;27(11):2862-2874. [doi: 10.1007/s00586-018-5788-5] [Medline: 30324496]
Hou J, Yang R, Yang Y, Tang Y, Deng H, Chen Z, et al. The effectiveness and safety of utilizing mobile phone-based
programs for rehabilitation after lumbar spinal surgery: multicenter, prospective randomized controlled trial. JMIR Mhealth
Uhealth 2019;7(2):e10201 [FREE Full text] [doi: 10.2196/10201] [Medline: 30785406]
Lambert TE, Harvey LA, Avdalis C, Chen LW, Jeyalingam S, Pratt CA, et al. An app with remote support achieves better
adherence to home exercise programs than paper handouts in people with musculoskeletal conditions: a randomised trial.
J Physiother 2017;63(3):161-167 [FREE Full text] [doi: 10.1016/j.jphys.2017.05.015] [Medline: 28662834]
Subasinghe AK, Garland SM, Gorelik A, Tay I, Wark JD. Using mobile technology to improve bone-related lifestyle risk
factors in young women with low bone mineral density: feasibility randomized controlled trial. JMIR Form Res
2019;3(1):e9435 [FREE Full text] [doi: 10.2196/formative.9435] [Medline: 30801253]
Goodman S, Morrongiello B, Meckling K. A randomized, controlled trial evaluating the efficacy of an online intervention
targeting vitamin D intake, knowledge and status among young adults. Int J Behav Nutr Phys Act 2016;13(1):116 [FREE
Full text] [doi: 10.1186/s12966-016-0443-1] [Medline: 27836017]
Cairo J, Williams L, Bray L, Goetzke K, Perez AC. Evaluation of a mobile health intervention to improve wellness outcomes
for breast cancer survivors. J Patient Cent Res Rev 2020;7(4):313-322 [FREE Full text] [doi: 10.17294/2330-0698.1733]
[Medline: 33163551]
Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS Med 2009;6(7):e1000097 [FREE Full text] [doi: 10.1371/journal.pmed.1000097]
[Medline: 19621072]
Sulla-Torres J, Gutierrez-Quintanilla A, Pinto-Rodriguez H, Gomez-Campos R, Cossio-Bolanos M. Quality in use of an
android-based mobile application for calculation of bone mineral density with the standard ISO/IEC 25022. Int J Adv
Comput Sci Appl 2020;11(8):158-163. [doi: 10.14569/ijacsa.2020.0110821]
Bernardi HL, da Motta LB. Development of an app as a tool to support research and the prevention of osteoporosis. Rev
Bras Geriatr Gerontol 2018;21(4):408-418. [doi: 10.1590/1981-22562018021.170189]
MacIntyre NJ, Recknor CP, Recknor JC. Spine curve measures taken in individuals with osteoporosis and osteopenia using
the IONmed mobile phone application are highly consistent with digital inclinometer measures. Int Sch Res Notices
2014;2014:1-6. [doi: 10.1155/2014/508414]
Li J, Hodgson N, Lyons MM, Chen KC, Yu F, Gooneratne NS. A personalized behavioral intervention implementing
mHealth technologies for older adults: a pilot feasibility study. Geriatr Nurs 2020;41(3):313-319 [FREE Full text] [doi:
10.1016/j.gerinurse.2019.11.011] [Medline: 31810730]
Ravn Jakobsen P, Hermann AP, Søndergaard J, Wiil UK, Clemensen J. Development of an mHealth application for women
newly diagnosed with osteoporosis without preceding fractures: a participatory design approach. Int J Environ Res Public
Health 2018;15(2):330 [FREE Full text] [doi: 10.3390/ijerph15020330] [Medline: 29438343]
Pham Q, Wiljer D, Cafazzo JA. Beyond the randomized controlled trial: a review of alternatives in mHealth clinical trial
methods. JMIR Mhealth Uhealth 2016;4(3):e107 [FREE Full text] [doi: 10.2196/mhealth.5720] [Medline: 27613084]
Tarricone R, Petracca F, Ciani O, Cucciniello M. Distinguishing features in the assessment of mHealth apps. Expert Rev
Pharmacoecon Outcomes Res 2021;21(4):521-526. [doi: 10.1080/14737167.2021.1891883] [Medline: 33663324]
Thurnheer SE, Gravestock I, Pichierri G, Steurer J, Burgstaller JM. Benefits of mobile apps in pain management: systematic
review. JMIR Mhealth Uhealth 2018;6(10):e11231 [FREE Full text] [doi: 10.2196/11231] [Medline: 30348633]
Pfeifer AC, Uddin R, Schröder-Pfeifer P, Holl F, Swoboda W, Schiltenwolf M. Mobile application-based interventions for
chronic pain patients: a systematic review and meta-analysis of effectiveness. J Clin Med 2020;9(11):3557 [FREE Full
text] [doi: 10.3390/jcm9113557] [Medline: 33167300]
Safari R, Jackson J, Sheffield D. Digital self-management interventions for people with osteoarthritis: systematic review
with meta-analysis. J Med Internet Res 2020;22(7):e15365 [FREE Full text] [doi: 10.2196/15365] [Medline: 32706657]
Sandal LF, Stochkendahl MJ, Svendsen MJ, Wood K, Øverås CK, Nordstoga AL, et al. An app-delivered self-management
program for people with low back pain: protocol for the selfBACK randomized controlled trial. JMIR Res Protoc
2019;8(12):e14720 [FREE Full text] [doi: 10.2196/14720] [Medline: 31793897]
Emotion-aware intelligent systems for sustainable healthcare practices. Engineering in Medicine & Biology Society. URL:
https://www.embs.org/emotion-aware-intelligent-systems-for-sustainable-healthcare-practices/ [accessed 2021-11-22]
Ghandeharioun A, Mcduff D, Czerwinski M, Rowan K. EMMA: an emotion-aware wellbeing chatbot. In: 8th International
Conference on Affective Computing and Intelligent Interaction. 2019 Presented at: ACII '19; September 3-6, 2019;
Cambridge, UK p. 1-7. [doi: 10.1109/acii.2019.8925455]

https://mhealth.jmir.org/2022/4/e32557

XSL• FO
RenderX

Alhussein & Hadjileontiadis

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 24
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
74.
75.
76.
77.
78.

79.
80.

81.
82.

83.
84.

85.
86.
87.

88.
89.

90.
91.
92.

Alhussein & Hadjileontiadis

van Haasteren A, Gille F, Fadda M, Vayena E. Development of the mHealth app trustworthiness checklist. Digit Health
2019;5:2055207619886463 [FREE Full text] [doi: 10.1177/2055207619886463] [Medline: 31803490]
Rowland SP, Fitzgerald JE, Holme T, Powell J, McGregor A. What is the clinical value of mHealth for patients? NPJ Digit
Med 2020;3:4 [FREE Full text] [doi: 10.1038/s41746-019-0206-x] [Medline: 31970289]
Out of control: how consumers are exploited by the online advertising industry. ForbrukerRådet. 2020. URL: https://fil.
forbrukerradet.no/wp-content/uploads/2020/01/2020-01-14-out-of-control-final-version.pdf [accessed 2021-11-29]
Scariot CA, Heemann A, Padovani S. Understanding the collaborative-participatory design. Work 2012;41 Suppl 1:2701-2705.
[doi: 10.3233/WOR-2012-0656-2701] [Medline: 22317129]
Akbar S, Coiera E, Magrabi F. Safety concerns with consumer-facing mobile health applications and their consequences:
a scoping review. J Am Med Inform Assoc 2020;27(2):330-340 [FREE Full text] [doi: 10.1093/jamia/ocz175] [Medline:
31599936]
General data protection regulation (GDPR). Intersoft Consulting. URL: https://gdpr-info.eu/ [accessed 2022-03-17]
Mrklas KJ, Barber T, Campbell-Scherer D, Green LA, Li LC, Marlett N, et al. Co-design in the development of a mobile
health app for the management of knee osteoarthritis by patients and physicians: qualitative study. JMIR Mhealth Uhealth
2020;8(7):e17893 [FREE Full text] [doi: 10.2196/17893] [Medline: 32673245]
Khan ZF, Alotaibi SR. Applications of artificial intelligence and big data analytics in m-health: a healthcare system
perspective. J Healthc Eng 2020;2020:8894694 [FREE Full text] [doi: 10.1155/2020/8894694] [Medline: 32952992]
Aguilera A, Figueroa CA, Hernandez-Ramos R, Sarkar U, Cemballi A, Gomez-Pathak L, et al. mHealth app using machine
learning to increase physical activity in diabetes and depression: clinical trial protocol for the DIAMANTE study. BMJ
Open 2020;10(8):e034723 [FREE Full text] [doi: 10.1136/bmjopen-2019-034723] [Medline: 32819981]
Burton A. Smartphones versus Parkinson's disease: i-PROGNOSIS. Lancet Neurol 2020;19(5):385-386. [doi:
10.1016/S1474-4422(20)30115-0] [Medline: 32333892]
Turchioe MR, Myers A, Isaac S, Baik D, Grossman LV, Ancker JS, et al. A systematic review of patient-facing visualizations
of personal health data. Appl Clin Inform 2019;10(4):751-770 [FREE Full text] [doi: 10.1055/s-0039-1697592] [Medline:
31597182]
Teo CH, Ng CJ, White A. What do men want from a health screening mobile app? A qualitative study. PLoS One
2017;12(1):e0169435 [FREE Full text] [doi: 10.1371/journal.pone.0169435] [Medline: 28060953]
Arora S, Yttri J, Nilse W. Privacy and security in mobile health (mHealth) research. Alcohol Res 2014;36(1):143-151
[FREE Full text] [Medline: 26259009]
Clement I, Lorenz A, Ulm B, Plidschun A, Huber S. Implementing systematically collected user feedback to increase user
retention in a mobile app for self-management of low back pain: retrospective cohort study. JMIR Mhealth Uhealth
2018;6(6):e10422 [FREE Full text] [doi: 10.2196/10422] [Medline: 29875088]
Lin YH, Chen SY, Lin PH, Tai AS, Pan YC, Hsieh CE, et al. Assessing user retention of a mobile app: survival analysis.
JMIR Mhealth Uhealth 2020;8(11):e16309 [FREE Full text] [doi: 10.2196/16309] [Medline: 33242023]
Adu MD, Malabu UH, Malau-Aduli AE, Drovandi A, Malau-Aduli BS. User retention and engagement with a mobile app
intervention to support self-management in Australians with type 1 or type 2 diabetes (My Care Hub): mixed methods
study. JMIR Mhealth Uhealth 2020;8(6):e17802 [FREE Full text] [doi: 10.2196/17802] [Medline: 32525491]
Wyatt JC. How can clinicians, specialty societies and others evaluate and improve the quality of apps for patient use? BMC
Med 2018;16(1):225 [FREE Full text] [doi: 10.1186/s12916-018-1211-7] [Medline: 30501638]
Solomon DH, Rudin RS. Digital health technologies: opportunities and challenges in rheumatology. Nat Rev Rheumatol
2020;16(9):525-535. [doi: 10.1038/s41584-020-0461-x] [Medline: 32709998]
Santo K, Redfern J. The potential of mHealth applications in improving resistant hypertension self-assessment, treatment
and control. Curr Hypertens Rep 2019;21(10):81. [doi: 10.1007/s11906-019-0986-z] [Medline: 31598792]

Abbreviations
AI: artificial intelligence
BMD: bone mineral density
mHealth: mobile health
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
ROB: risk of bias

https://mhealth.jmir.org/2022/4/e32557

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 25
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Alhussein & Hadjileontiadis

Edited by L Buis; submitted 11.08.21; peer-reviewed by I Tchetverikov, S Van Stee, YL Leung, S Bhattacharjee; comments to author
04.11.21; revised version received 18.12.21; accepted 02.02.22; published 21.04.22
Please cite as:
Alhussein G, Hadjileontiadis L
Digital Health Technologies for Long-term Self-management of Osteoporosis: Systematic Review and Meta-analysis
JMIR Mhealth Uhealth 2022;10(4):e32557
URL: https://mhealth.jmir.org/2022/4/e32557
doi: 10.2196/32557
PMID:

©Ghada Alhussein, Leontios Hadjileontiadis. Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org),
21.04.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2022/4/e32557

XSL• FO
RenderX

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 4 | e32557 | p. 26
(page number not for citation purposes)

