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Abstract

Background: The rapid growth in the number of mobile health applications could have profound significance in the prevention
of disease or in the treatment of patients with chronic disease such as diabetes.

Objective: The objective of this study was to describe the characteristics of the most common mobile health care applications
available in the Apple iTunes marketplace.

Methods: We undertook a descriptive analysis of a sample of applications in the “health and wellness” category of the Apple
iTunes Store. We characterized each application in terms of its health factor and primary method of user engagement. The main
outcome measures of the analysis were price, health factors, and methods of user engagement.

Results: Among the 400 applications that met the inclusion criteria, the mean price of the most frequently downloaded paid
applications was US $2.24 (SD $1.30), and the mean price of the most currently available paid applications was US $2.27 (SD
$1.60). Fitness/training applications were the most popular (43.5%, 174/400). The next two most common categories were health
resource (15.0%, 60/400) and diet/caloric intake (14.3%, 57/400). Applications in the health resource category constituted 5.5%
(22/400) of the applications reviewed. Self-monitoring was the most common primary user engagement method (74.8%, 299/400).
A total of 20.8% (83/400) of the applications used two or more user engagement approaches, with self-monitoring and progress
tracking being the most frequent.

Conclusions: Most of the popular mobile health applications focus on fitness and self-monitoring. The approaches to user
engagement utilized by these applications are limited and present an opportunity to improve the effectiveness of the technology.

(JMIR mHealth uHealth 2014;2(2):e19) doi: 10.2196/mhealth.3088
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Introduction

Mobile Devices and mHealth
The development of mobile communications devices such as
smartphones and tablet computers has spurred rapid growth in
the field of mobile health (mHealth), the use of mobile-enabled
applications that collect or deliver health care information and
data. These applications offer the potential for dynamic

engagement of patients and providers in health care and a new
means of improving health outcomes. This technology could
have profound application in the prevention of cardiovascular
disease or in the treatment of patients with chronic disease such
as diabetes and congestive heart failure. The rapid growth in
mHealth has outpaced the science needed to validate the clinical
effectiveness (and safety) of health-related applications. Due
to the proliferation of smartphones and health-centric mobile
applications (app), the US Food and Drug Administration
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recently issued guidance that will apply a similar risk-based
approach to assure the safety and effectiveness of mHealth apps
as other medical devices [1].

mHealth offers a unique opportunity to tailor and customize
care for individual patients on the basis of health needs and
behavioral attributes. Self-monitoring tools and apps are growing
faster than more traditional telemedicine interventions because
of the ubiquity of smartphones and the minimal development
cost of health-related apps in providing flexible, scalable,
mobile, and interoperable platforms [2].

mHealth Patient Engagement
mHealth also promises greater patient engagement, given the
technology’s near instant and always-on functionality, and
continual use for multiple tasks. This concept is critical to the
behavior change required for improved patient outcomes.
However, little is known about the health needs or health
behaviors targeted by current mHealth offerings. Therefore, in
this study, we set out to describe the most popular mHealth
apps, both in purpose and engagement method, available in the
Apple iTunes marketplace.

Methods

Health and Wellness Applications
We sampled a population of health apps that were well
characterized with respect to intended use and download

statistics using the iTunes Store (Apple Inc). Apple screens apps
submitted for distribution through the store for objectionable
content and categorizes them based on functionality and
developers’ descriptions [3]. We analyzed apps in the “health
and wellness” iTunes Store category, which Apple further
grouped on the basis of popularity and other attributes.

We first reviewed each app for potential inclusion in the study.
We required each app to have an English-language description,
to offer its services and functionality in the United States, and
to address a health factor or condition that was gender-neutral
with regard to the user. We sought to identify 100 apps in each
of the following 4 subcategories designated in the iTunes Store:
(1) most popular free apps, (2) most popular paid apps, (3) most
recently added free apps, and (4) most recently added paid apps.
We obtained the sample of apps on March 21, 2012.

For each app that met the inclusion criteria, we reviewed the
description in the iTunes Store to identify the price, the health
factor or condition, and the method of user engagement. For
paid apps, we identified the initial price, but did not consider
the costs of optional or required paid services offered within
the app. Table 1 lists the health factors and their corresponding
definitions. A single app could have more than one health factor.

Table 1. Health factors and primary engagement methods of reviewed apps.

Engagement methodaHealth factor

OtherSelf-

monitoring

Reinforcement

tracking

Goal

setting

Changing

personal

environment

0172200Fitness/training

3127000Health resource

052050Diet/caloric intake

230130Health education

040023Stress management

09006Sleep

08000Mental health

12001Smoking cessation

11000Pain management

353053830All factors

aNo reviewed apps were categorized into the engagement methods of facilitating social support, progress tracking, social presentation or announcement,
and social referencing.

Categorizing the Applications
We also categorized the apps with respect to the type of
behavioral strategy or method of user engagement employed.
We defined user engagement as the psychological framework
used by the app to promote the desired health outcome. We
derived unique categories of user engagement based on the
principles of the transtheoretical model of change and traditional

behavior modification models that consider both individual and
social influences [4-11]. We characterized each app according
to its primary engagement approach and, in some cases, a
secondary engagement approach. The 9 categories of
engagement were as follows: (1) changing personal
environment, the app modifies the environment to encourage
the desired behavior (eg, white or ambient noise, soothing
sounds, or images for meditation); (2) facilitating social support,
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the app creates a group or uses existing groups online or in
person and stresses camaraderie, problem solving, solidarity,
etc; (3) goal setting, the app facilitates goal setting (eg, weight
loss target, fitness goal); (4) progress tracking, the user identifies
a goal and the app creates subsidiary goals or tasks based on
the user-defined goal and logs the user’s progress; (5)
reinforcement tracking, the app allows a third party to assign
reinforcements based on information collected by the app
regarding the user’s health or health behaviors; (6)
self-monitoring, the user tracks his or her behavior in the app
with no explicit reference to a goal, the app is simply a tracking
tool (eg, pedometer); (7) social presentation or announcement,
the app provides implicit social reinforcement, for example, by
announcing an action, achievement, or process via social media
or an app tool; (8) social referencing, the app facilitates indexing
of the user’s behavior in comparison with others, such as in an
online community or social group that uses the same tool; and
(9) other, the app does not fit the other categories.

All categorizations were made on the basis of the description
of features and functionality in the app description in the iTunes
Store. We used descriptive statistics (frequencies, means, and
SDs) to describe characteristics of the apps according to price,
health factors, and behavioral engagement.

Results

Reviewed Applications
We reviewed 550 apps, of which 150 did not meet the inclusion
criteria. Figure 1 shows the number of apps excluded at each
stage of review. The mean cost of the most frequently
downloaded paid apps was US $2.24 (SD $1.30); the mean cost
of the most recently available paid apps was US $2.27 (SD
$1.60).

Figure 2 shows the number of apps that addressed each health
factor. Among the 400 apps in the final cohort, fitness/training
was the most popular health factor, accounting for 174 out of
400 apps surveyed (43.5%). These apps consisted mostly of
predesigned exercise plans or a collection of exercises for the
user to follow. The next two most common categories were
health resource (ie, providing information about a health
resource such as a gym, doctor’s office, or health plan) and
diet/caloric intake, accounting for 60 out of 400 apps (15.0%),
and 57 out of 400 (14.3%) apps surveyed, respectively. The
diet/caloric intake apps most commonly allowed users to track
calories consumed and expended. All of the calorie apps had a
preexisting database of calorie information, but allowed users
to create their own items.

Figure 1. Assessment flowchart.
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Figure 2. Frequency of health factors in reviewed applications. Note: Fitness/training applications are intended to help improve physical fitness, train
for an event, or provide workout/gym plans. Health resource applications locate health resources like doctors, fitness centers, and wait times at medical
providers. Diet/caloric intake applications help track calories, assist with making better dietary choices, and help with meal planning. Health education
applications provide information about health conditions and wellness topics. Stress management applications inform users about ways to manage stress.
Sleep applications inform users on ways to improve sleep patterns. Mental health applications deal with other mental health issues like depression and
anxiety. Quit smoking applications inform users about smoking cessation strategies. Pain management applications inform users about pain management
strategies.

Engagement Approaches
Table 1 categorizes the reviewed apps by their primary
engagement approaches. Self-monitoring was the most common
method of engagement approach, as it was utilized in 299 apps
out of 400 surveyed (74.8%). A total of 83 apps out of 400
(20.8%) used two or more approaches, with self-monitoring
and progress tracking being the most frequent combination.

Discussion

Principal Findings
The results of our study provide a baseline for charting the
evolution of mHealth apps in prevention and in disease
management. Our review of the most frequently used health
apps in the iTunes Store highlighted several trends that provide
insights into the evolution of mHealth and where gaps and
opportunities to improve health status of end users exist. The
apps for monitoring exercise regimens and caloric intake (226
apps out of 400 surveyed) dominated the mHealth arena relative
to apps addressing chronic issues such as sleep, mental health,
and smoking (27 apps out of 400 surveyed). The health apps
that deployed self-monitoring apps beyond fitness/exercising
training were limited.

Although there is an extensive literature on approaches to
behavior change [6-11], and tremendous interest in frameworks
offered by the field of behavioral economics [12,13], we found
only two major methods of engagement in our sample. The
findings echo other recent publications (eg, Cowan et al, Azar
et al) [14,15] in which mobile app developers minimally
incorporate decades of health behavior theory into app design.
These findings reinforce the grassroots entrepreneurial nature

of the market and a general lack of awareness of the literature
among developers [14-16]. The findings may also reflect the
limited insight of consumers into desirable and effective app
features. Other possibilities include that the two major methods
of engagement are the easiest methods from a programming
standpoint and are the methods more likely to be downloaded,
acting as a reinforcement mechanism for app developers.
Finally, it is unknown whether mHealth approaches to behavior
change improve self-monitoring, engagement, or have greater
influence on outcomes than traditional models of intervention.
The lack of data from these apps that can be analyzed for
scientific outcomes further limits opportunities to guide
developers in refining their offerings for maximal impact and
increased market share.

Although the app market depends on national scale for its
financial model, efforts to develop and test apps for specific
health conditions and health behaviors may be another path
toward popularizing effective apps. To improve customization
according to patients’ behaviors, several approaches can be
considered including workshops to introduce and explain health
behavior methodologies to app developers, grant programs tied
to commercialization of behavioral approaches in mHealth, and
efforts to assess the impact of mHealth in clinical practice.

Limitations
Our study has some limitations. We reviewed wellness apps as
a potential model for future apps directed at disease management
as the market progresses, although these later apps may have
more sophisticated approaches to user engagement, and may
not be as limited as the wellness apps we reviewed. We did not
separately review apps in the Android marketplace due to
common apps within the iTunes market, fragmentation in how
software is delivered on the platform, and the lack of similar
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indexing approaches in the Android market. Also, we limited
our review to the most frequently downloaded apps. The less
popular apps may address different health needs and use
different approaches to behavior modification; however, this
fact reinforces the notion that apps with scientific foundations
may have difficulty differentiating themselves in a crowded
marketplace of similar offerings. The market is dynamic and
continuously evolving, and our assessment could be quickly
outdated by new developments.

Conclusions
In conclusion, we found that the most popular mHealth apps
focused on fitness and self-monitoring. The approaches to
patient engagement were limited, presenting an opportunity to
improve the effectiveness of the technology. Investments in
scientific and developer communities together, and incentives
to draw users into specific apps, could alter the dynamics of the
market and have a significant impact on health outcomes.
Further work will be required to develop this technology to the
point where it is most likely to have an impact on patient
outcomes.

Acknowledgments
Damon M Seils, MA, Duke University, assisted with manuscript preparation. Mr Seils did not receive compensation for his
assistance apart from his employment at the institution where the study was conducted. This study was supported in part by a
research agreement between Duke University and Verizon Communications Inc. Verizon had no role in the design and conduct
of the study; collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript.

Conflicts of Interest
Dr Shah reported serving as a consultant for Castlight Health, LLC. Dr Schulman reported receiving research support from
Verizon.

References

1. Food and Drug Administration. Mobile medical applications: Guidance for industry and Food and Drug Administration
staff. 2013 Sep 25. URL: http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/
GuidanceDocuments/UCM263366.pdf [accessed 2014-01-23] [WebCite Cache ID 6MqaJKS1n]

2. Vecchione A. InformationWeek-connecting the business technology community. 2012 Jun 01. Health-monitoring devices
market outpaces telehealth URL: http://www.informationweek.com/healthcare/mobile-wireless/
health-monitoring-devices-market-outpace/240001352 [accessed 2013-10-30] [WebCite Cache ID 6KlMIUfu0]

3. Anonymous. App store review guidelines. 2012. Apple Developer URL: https://developer.apple.com/appstore/resources
[accessed 2012-08-17] [WebCite Cache ID 6KlMR7NF2]

4. Prochaska JO, Velicer WF. The transtheoretical model of health behavior change. Am J Health Promot 1997;12(1):38-48.
[Medline: 10170434]

5. Prochaska JO, Velicer WF, Rossi JS, Goldstein MG, Marcus BH, Rakowski W, et al. Stages of change and decisional
balance for 12 problem behaviors. Health Psychol 1994 Jan;13(1):39-46. [Medline: 8168470]

6. Marcus BH, Dubbert PM, Forsyth LH, McKenzie TL, Stone EJ, Dunn AL, et al. Physical activity behavior change: Issues
in adoption and maintenance. Health Psychol 2000 Jan;19(1 Suppl):32-41. [Medline: 10709946]

7. Ory MG, Jordan PJ, Bazzarre T. The Behavior Change Consortium: Setting the stage for a new century of health
behavior-change research. Health Educ Res 2002 Oct;17(5):500-511 [FREE Full text] [Medline: 12408195]

8. Schwimmer JB. Managing overweight in older children and adolescents. Pediatr Ann 2004 Jan;33(1):39-44. [Medline:
14981868]

9. Perz CA, DiClemente CC, Carbonari JP. Doing the right thing at the right time? The interaction of stages and processes of
change in successful smoking cessation. Health Psychol 1996 Nov;15(6):462-468. [Medline: 8973927]

10. DiClemente CC. Changing addictive behaviors: A process perspective. Current Directions in Psychol Sci 1993
Aug;2(4):101-106. [doi: 10.1111/1467-8721.ep10772571]

11. Prochaska JO, DiClemente CC, Norcross JC. In search of how people change. Applications to addictive behaviors. Am
Psychol 1992 Sep;47(9):1102-1114. [Medline: 1329589]

12. Thaler RH, Sunstein CR. Nudge: Improving decisions about health, wealth, and happiness. New Haven: Yale University
Press; 2008.

13. Freedman DH. The Atlantic. 2012 May 21. The perfected self URL: http://www.theatlantic.com/magazine/archive/2012/
06/the-perfected-self/308970/ [accessed 2013-10-30] [WebCite Cache ID 6KlNzKX15]

14. Cowan LT, Van Wagenen SA, Brown BA, Hedin RJ, Seino-Stephan Y, Hall PC, et al. Apps of steel: Are exercise apps
providing consumers with realistic expectations?: A content analysis of exercise apps for presence of behavior change
theory. Health Educ Behav 2013 Apr;40(2):133-139. [doi: 10.1177/1090198112452126] [Medline: 22991048]

15. Azar KM, Lesser LI, Laing BY, Stephens J, Aurora MS, Burke LE, et al. Mobile applications for weight management:
Theory-based content analysis. Am J Prev Med 2013 Nov;45(5):583-589. [doi: 10.1016/j.amepre.2013.07.005] [Medline:
24139771]

JMIR mHealth uHealth 2014 | vol. 2 | iss. 2 | e19 | p. 5http://mhealth.jmir.org/2014/2/e19/
(page number not for citation purposes)

Sama et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM263366.pdf
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM263366.pdf
http://www.webcitation.org/

                                                6MqaJKS1n
http://www.informationweek.com/healthcare/mobile-wireless/health-monitoring-devices-market-outpace/240001352
http://www.informationweek.com/healthcare/mobile-wireless/health-monitoring-devices-market-outpace/240001352
http://www.webcitation.org/

                                                6KlMIUfu0
https://developer.apple.com/appstore/resources
http://www.webcitation.org/

                                                6KlMR7NF2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10170434&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8168470&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10709946&dopt=Abstract
http://her.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=12408195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12408195&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14981868&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8973927&dopt=Abstract
http://dx.doi.org/10.1111/1467-8721.ep10772571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1329589&dopt=Abstract
http://www.theatlantic.com/magazine/archive/2012/06/the-perfected-self/308970/
http://www.theatlantic.com/magazine/archive/2012/06/the-perfected-self/308970/
http://www.webcitation.org/

                                                6KlNzKX15
http://dx.doi.org/10.1177/1090198112452126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22991048&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2013.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139771&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone applications in supporting
health behavior change: Qualitative study. J Med Internet Res 2013;15(4):e86 [FREE Full text] [doi: 10.2196/jmir.2583]
[Medline: 23598614]

Abbreviations
app: application

Edited by G Eysenbach; submitted 06.11.13; peer-reviewed by UV Albrecht, Y Jing; comments to author 03.12.13; revised version
received 24.01.14; accepted 25.01.14; published 01.05.14

Please cite as:
Sama PR, Eapen ZJ, Weinfurt KP, Shah BR, Schulman KA
An Evaluation of Mobile Health Application Tools
JMIR mHealth uHealth 2014;2(2):e19
URL: http://mhealth.jmir.org/2014/2/e19/
doi: 10.2196/mhealth.3088
PMID: 25099179

©Preethi R Sama, Zubin J Eapen, Kevin P Weinfurt, Bimal R Shah, Kevin A Schulman. Originally published in JMIR Mhealth
and Uhealth (http://mhealth.jmir.org), 01.05.2014. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), 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 http://mhealth.jmir.org/, as well as this copyright and
license information must be included.

JMIR mHealth uHealth 2014 | vol. 2 | iss. 2 | e19 | p. 6http://mhealth.jmir.org/2014/2/e19/
(page number not for citation purposes)

Sama et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.jmir.org/2013/4/e86/
http://dx.doi.org/10.2196/jmir.2583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23598614&dopt=Abstract
http://mhealth.jmir.org/2014/2/e19/
http://dx.doi.org/10.2196/mhealth.3088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25099179&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

