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Abstract

Background: Many preventable behaviors contribute to adolescent mortality and morbidity. Non-adherence to preventive
measures represents a challenge and has been associated with worse health outcomes in this population. The widespread use of
electronic communication technologies by adolescents, particularly the use of text messaging (short message service, SMS) and
mobile phones, presents new opportunities to intervene on risk and preventive risk behavior, but little is known about their
efficacy.

Objective: This study aimed to systematically evaluate evidence for the efficacy of text messaging and mobile phone app
interventions to improve adherence to preventive behavior among adolescents and describe intervention approaches to inform
intervention devel opment.

Methods: This review covers literature published between 1995 and 2015. Searches included PubMed, Embase, CENTRAL,
PsycINFO, CINAHL, INSPEC, Web of Science, Google Scholar, and additional databases. The search strategy sought articles
on text messaging and maobile phone apps combined with adherence or compliance, and adolescents and youth. An additional
hand search of related themes in the Journal of Medical Internet Research was also conducted. Two reviewers independently
screened titles and abstracts, assessed full-text articles, and extracted datafrom articlesthat met inclusion criteria. Included studies
reflect original research—experimental or preexperimental designswith text messaging or maobile phone app interventions—targeting
adherence to preventive behavior among adolescents (12-24 years old). The preferred reporting items of systematic reviews and
meta-analyses (PRISMA) guidelineswere followed for reporting results, and findings were critically appraised against the Oxford
Centre for Evidence-based Medicine criteria

Results. Of 1454 records, 19 met inclusion criteria, including text messaging (n=15) and mobile phone apps (n=4). Studies
targeted clinic attendance, contraceptive use, ora health, physical activity and weight management, sun protection, human
papillomavirus (HPV) vaccination, smoking cessation, and sexual health. Most studieswere performed in the United States (47%,
9/19), included younger adolescents (63%, 12/19), and had sample size <100 (63%, 12/19). Although most studieswere randomized
controlled trials (RCTs; 58%, 11/19), only 5 followed an intent-to-treat analysis. Only 6 of 19 studies (32%) incorporated a
theoretical framework in their design. Most studies reported good feasibility with high acceptability and satisfaction. About half
of the included studies (42%, 8/19) demonstrated significant improvement in preventive behavior with moderate standardized
mean differences. As early effortsin this field to establish feasibility and initial efficacy, most studies were low to moderate in
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quality. Studies varied in sample size and methods of preventive behavior adherence or outcome assessment, which prohibited
performing a meta-analysis.

Conclusions: Despite the promising feasibility and acceptability of text messaging and mobile phone apps in improving
preventive behavior among adolescents, overall findings were modest in terms of efficacy. Further research eval uating the efficacy,
effectiveness, and cost-effectiveness of these intervention approaches in promoting preventive behavior among adolescents is

needed.

(JMIR Mhealth Uhealth 2017;5(4):€50) doi: 10.2196/mhealth.6837
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Introduction

The burden of morbidity and mortality in adolescentsworldwide
is increasing [1-3], and the prevention of communicable and
noncommunicable diseases, particularly those related to
modifiable behavior, has been emphasized as a key component
of adolescent health [4]. Many problem behaviorsin adolescents,
such astobacco, acohol, and other drug use; risky driving; and
unsafe sex are preventable to a large extent [4], and their
associated negative outcomes could be mitigated with preventive
interventions. For adolescents, adherence to preventive measures
represents a challenge in that the immediate and short-term
benefitsare often hard to comprehend and the long-term benefits
may not be fully appreciated.

Several systematic reviews and meta-analyses have found
positive effects of interventions to reduce risk behavior among
adolescents and young adults, including tobacco use [5-7],
alcohol misuse [8-11], drug use [12,13], risky driving [8], and
unsafe sex [14]; as well as interventions to promote health
behaviors, such as use of contraception to prevent pregnancy
[15-17], human papilloma virus (HPV) vaccination [18], oral
hedlth and hygiene[19,20], and nutrition and exercise promotion
[21-23]. The widespread use of electronic communication
technologies by young people, particularly the use of mobile
phones and other mobile devices [24-26], presents new
opportunities to intervene on risk and preventive behavior. To
our knowledge, no recent systematic reviews have been
conducted on the effects of texting (short message service, SMS)
and mobile phone apps—the most widely used technologies by
young people—to improve prevent risk behavior and promote
adherence to preventive health behavior in adolescents. The
objective of this review was to systematically evaluate the
evidence for the efficacy of texting and mobile phone app
interventions in improving adherence to preventive behavior
among adol escents and describe intervention approaches used
in the included studies that would inform future intervention
development.

Methods

Study Design

The protocol for thisreview was registered with the international
prospective register of systematic reviews (PROSPERO;
CRD42015025907) [27] and covered literature published
between 1995 and 2015 with no language limits. The search
strategy looked for all articles on texting, phones, mobile phone

http://mhealth.jmir.org/2017/4/e50/

apps, and portable software combined with adherence or
compliance, and search terms related to child, pediatric,
adolescents, and youth. We intentionally used the Boolean
search term “OR” instead of “AND” to capture the most
comprehensive set of articles possible to which we applied our
eigibility criteria. Wefollowed the guidelinesfor the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) in the reporting of evidence across the studies
reviewed herein [28]. In brief, a medical librarian conducted
the literature search in the following sources:. MEDLINE,
Embase, CENTRAL, CINAHL, PsycINFO, Web of Science,
Center for Review and Dissemination, INSPEC, Proquest
Dissertations, Scopus, Clinical Trials.gov, WHO Clinical Trials,
Controlled-Trials.org, IEEE Explore, and Google Scholar
(Multimedia Appendix 1). An additional hand search of related
themes in the Journal of Medical Internet Research was also
conducted. Two independent reviewers (SB and LK) assessed
abstracts and articles against eligibility criteria and critically
appraised the methodological quality using established criteria
from the Oxford Centre for Evidence-based Medicine [29].
Disagreementswere resolved by discussion or consultation with
acolleague, if needed.

Eligibility Criteria

Eligible studies were original research articles that included
randomized controlled trials, quasi-experimental studies, or
pilot pre-post studies of texting or mobile phone-based apps
designed to improve adherence to preventive or prophylactic
behavior in adolescents aged 12-24 years [30]. Adherence was
defined as “the extent to which a person’s behavior coincides
with medical or health advice” [31,32]. Therefore, the term
“adherence” included both prescribed medications and scheduled
clinic appointments [31-33]. To be included in this review, the
studies had to report at least one primary or secondary outcome
related to adherence to preventive behavior. Studiesfocused on
parents rather than on adolescents, disease monitoring without
intervention, or use of other forms of technology (ie, other than
mobile phone apps or texting) were excluded.

Data Synthesis

We used a standardized form for data extraction. Dataitemsin
the extraction form included the following: first author’s name;
publication year; country; aim of the study; participants’ age
and sex; study design and setting; sample size; selection criteria;
duration of intervention and follow-up; retention rate;
components of study intervention (texting or mobile phone
apps) and comparator (if applicable); adherence measures and

IMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | €50 | p. 2
(page number not for citation purposes)


http://dx.doi.org/10.2196/mhealth.6837
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

outcomes; other related outcome; and theoretical framework.
Data were analyzed and summarized qualitatively and
quantitatively. Standardized mean differences (SMD) with 95%
Clswere cal culated—using means and standard deviations, pre-
and postvalues, or frequencies of outcomes—to evaluate the
efficacy of texting or mobile phone-based apps in improving
adherence to preventive behavior and related outcomes [34].
Data were analyzed using StataCorp (2013, StataCorp LP).

Results

Literature Search

Theliterature search identified 1454 references (Figure 1), and
161 full articles were retrieved. Nineteen articles met all

Badawy & Kuhns

inclusion criteria [35-53]. Most (n=15) included texting
interventions[35-41,43-45,47-49,52,53], and only 4 studies had
mobile phone-based app interventions [42,46,50,51]. The
primary aim of the interventions was to improve adherence to
clinic attendance (primary care, gynecology, mental health)
[35,36], contraception use [37-39], oral health and hygiene in
orthodontic patients [46,47], physical activity and weight
management [48-51], sun-protective measures [52], and HPV
vaccination [53]; or to reduce risky behavior, including unsafe
sex [40-42], smoking [45], and a cohol misuse [43,44].

Figurel. Flow of studiesthrough the review according to the preferred reporting itemsfor systematic reviews and meta-analyses (PRISMA) guidelines.
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o
5
= Records identified through Additional records identified
5.‘5' database searching (n=1137) through other sources (n=286)
=
)
: I I
— Records after duplicates removed
(n=1118)
= Articles identified by >
= hand search
N
g (n=31)
»n Records screened N Records excluded
(n=1149) d (n=988)
—/
A Full-text articles excluded (n=142), as
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== \ * Other technology (n=14): web-based
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed 1000097

For more information, visit www.prisma-statement.org.
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Description of Included Studies

Table 1 summarizes study characteristics (also see Multimedia
Appendix 2). Nine were conducted in the United States
[36-41,47,50,53], 3in Switzerland [35,44,45], 2 in Hong Kong
[48,49], and 1 each in Colombia [42], Wales [43], Italy[46],
New Zeadland [51], and Germany [52]. Most (n=9) were
conducted in aclinic setting [35-39,46,47,53], 3in auniversity
[41-43], 2 invocational schools[44,45], 1in secondary schools
[48], 1 in an emergency department [40], 1 in a clinic and
summer camp [52], 1 in both a clinic and Web-based
environment [50], and 1 at participants’ home[51]. Most (n=12)
enrolled younger adolescents (age =12 and < 18 years)
[35,36,41,45-53], 6 enrolled older adolescents (age =18 and
<24 years) [37,38,40,42-44], and 1 reported only an age range
of 13-21 years[39]. Fourteen studiesindicated regular or mobile
phone ownership or access as 1 of the eligibility criteria
[35-40,42,44-48,51,52], 2 included patients with mobile phones

http://mhealth.jmir.org/2017/4/e50/
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[41,50], and 3 were not explicitly stated or reported [43,49,53].
Sample size ranged from 26 to 999, with a median of 78 and a
mean of 232 participants per study; 12 enrolled < 100
[36,38,40,41,43,46-52], and 7 had =100 participants
[35,37,39,42,44,52,53]. Participants race or ethnicity varied:
majority were white in 5 [38,44,45,50,51], black in 3 [39-41],
Asian in 2 [48,49], Latino in 1 [42], black and Latino in 2
[36,37], and not reported in 6 studies[35,43,46,47,52,53]. Only
6 studies incorporated or were informed by a clear theoretical
framework for their intervention effects, including
Transtheoretical Model [37], Geser's Sociological Framework
[39], Health Belief Model and | nformation Motivation Behavior
Model [40], Health Action Process Approach [45], Stages of
Motivational Readiness for Change Model [48], Addiction
Treatment Model [50], or utilized specific effective
self-regulatory behavior change techniqueswithout an identified
theoretical model [51].
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Table 1. Summary of included studies focused on improving adherence to preventive measures in adolescents.

Badawy & Kuhns

Source (coun-  Aimof interven-  Study design (set-  Ageinyears, (sex)  Group (n) Tech Follow- Retentionrate Grade
try) tion ting) up
Naringeta  Improveatten-  RCT (randomized  |yervention® 17.7  |ntervention  Textmes- 6 Intervention:  Moderate
[35] (Switzer- danceinclinic controlled trid), in- (2.8) (75.9% Fe- (469) sages months 462 (98.5%)
land) vestigator-blinded ) Control (530) Control: 529
(multidisciplinary a (99.8%)
youthdlinic: primary  Control®: 17.7 (3)
care, gynecological  (75.4% Female)
and mental)
Branson et Improve atten- Quasi-experimental  |ytervention® 15.4  |ntervention  Textmes- 3 Intervention:  Moderate
a[36] (United danceinmental  pilot study (large (1.3) (58% Female) (29) sages months 24 (100%)
States) health clinic hospital mental i ori
health clinic) Control®: 14.8 (15) Control (24) Historical .
(42% Female) Control: N/A
Castanoeta  Improvecontinua RCT, investigator-  |qtervention® 20.8  |ntervention  Textmes- 6 Intervention:  Moderate
[37] (United  tion of OCPs blinded (urban fami- (2.5) (480) sages months 346 (72.1%)
States) (oral contracep- |y planning health Control (482 Control: 337
tive pills) center) Control® 20.4 (2.7) (482) (69.9%)
All females
Houet d[38] Increaseadher-  RCT, investigator-  |ptervention®: 22 Intervention  Textmes- 3 Intervention:  Moderate
(United enceto OCPs blinded (Planned (18-31) (41) sages months 36 (88%)
States) Parenthood L eague Control (41 Control: 37
clinic) Control?: 22 (18-30) (41) (90%)
All females
Trent et a Improving Depo- RCT, nonblinded Intervention®: 13-21 Intervention  Textmes- 12 Intervention:  High
[39] (United  Proveraappoint- (large urban academ- b (50) sages months 33 (66%)
States) ment attendance  ic General Pediatric  Control™ 13-21 Control (50) Control: 36
and Adolescent All females (72%)
Medicine Practice)
Suffolettoetal Reducesexrisk  RCT, nonblinded Intervention® 22 (2) Intervention  Textmes- 3 Intervention:  Low
[40] (United  behavior among  (urban tertiary hospi- a (23 sages months 15 (65%)
States) at-risk young tal emergency depart-  Control™: 21 (2) Control (29) Control: 21
adult F9 dis- ment) All females (72%)
charged from
emergency depart-
ment
Corneliuseta Improve HIV Pre-post single-arm | ytervention® 15.4  Intervention  Textmes- 3 Intervention:  Low
[41] (United  knowledgeand  pilot study (universi- (1.7) (52.5% Fe- (40) sages months 36 (90%)
States) atitudestoward  ty) male)
condoms among
African Ameri-
can adolescents
Lopez et a Provide sexual Pre-post single-arm | ytervention® 21 Intervention  App 6 Intervention:  Very low
[42] (Colom-  education and pilot study (universi- (3.6) (53% Female) 227) months 58 (45.7%)
bia) improve knowl-  ty)
edge about the
sexual risk fac-
tors
Moore et al Reducefutureal- RCT, nonblinded Student® 22 (37 Intervention  Textmes- 2 Intervention:  Low
[43] (Wales)  cohol consump-  (university) a (40): Student  sages months ~ Student 20
tion based on da- Nonstudent™ 38.5  (21); nonstu- (95%); nonstu-
taof past alcohol (14.3) dent (19) dent 18 (95%)
expenditure Overdll (33% Fe-  Control (38): Control: Stu-
male) Student (16); dent 14
nonstudent (88%); nonstu-
(22) dent 22
(100%0)
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Source (coun-  Aimof interven-  Study design (set-  Ageinyears, (sex)  Group (n) Tech Follow- Retentionrate Grade
try) tion ting) up
Haug et a Reduceacohol  Pre-post single-arm  Intervention“partici- Intervention  Textmes- 3 Intervention:  Moderate
[44] (Switzer- binge or problem pilot study (vocation- pants’® 18.0 (2.4) (364) sages months 280 (76.9%)
land) drinking a school) (24.5% Female) Control (113) Control: 87
Control “nonpartici- (77.0%)
pants’® 17.8 (1.7)
(19.5% Female)
Haug et al Increasesmoking  Two-arm cluster Intervention® 182  Intervention  Textmes- 6 Intervention: ~ High
[45] (Switzer- cessationandre- RCT, assessor- (2.4) (48.7% Fe- 372 sages months 287 (77.2%)
land) duceci garettes blinded (vocational 4 e) Control (383) Control: 272
consumption school) (71.0%)
Control% 18.3 (2.2) '
(55.1% Female)
Zotti etal [46] Improveoral hy- RCT, assessor- Intervention® 14.1  App (40) App 12 Intervention:  Low
(Italy) giene adherence  blinded (orthodontic (58% Female) Control (40) months 40 (100%)
and oral health  clinicin auniversity a Control: 40
hospital) Control®: 13.6 (58% (100%)
Female)
Bowenetad  Improveadher-  RCT, patient-blind- | ytervention® 155  INtervention  Textmes- 3 Intervention:  Low
[47] (United  encetoora hy-  ed(orthodontic clin- (60% Female) (25) sages months 19 (76%)
States) gieneand reduce icinauniversity Control (25 Control: 21
plague formation  hospital) Control® 14.6 (56% (29) (84%)
Female)
Laueta [48] Promotephysical Quasi-experimental |nytervention® 12,3 |ntervention  Textmes- 2 Intervention:  Low
(Hong Kong)  activity in school  (secondary schools) (0.9) (68% Female) (38) sages months 38 (100%)
age children .
Control® 13.3 (1.1) Control (40) 8%’3;2’)' 40
(63% Female)
Abrahameta Improveweight RCT,investigator-  Intervention “Inter- Intervention  Textmes- 6 Intervention  Low
[49] (Hong management blinded (pediatric net”®: 14.9, 13.7- “Internet” (16) sages months  “Internet”: 16
Kong) obesity clinicof a 162 (44% Female)  Intervention (100%)
:ert' ary care hospi- Intervention “sLMP’ (16) Intervention
) “SLMP"b: 14.1, Control (16) “]S-I(;O,\g/p: 16
13.5-15.3 (38% Fe- (100%)
male) Control: 16
b (100%0)
Cnotrol™: 14.3,13.5-
16 (38% Female)
Pretloweta  Improveweight Pre-postsingleam |ntervention® 16 Intervention ~ App 5 Intervention:  Moderate
[50] (United  management pilot study (universi- (0.43) (43) months 27 (63%)
States) ty hospital clinicand
on the Internet) (65% Femde)
Direito et a Improvefitness  Three-arm, parallel, Intervention“immer- Intervention  App 2 Intervention  Moderate
[51] (New ininsufficiently  RCT, nonblinded sive’® 15,78 (1.11) “immersive’ months  “immersive’:
Zedland) active healthy (participants home) (53% Female) a7 17 (100%)
young people Intervention“nonim- ! Ntervention Intervention
' N Control (18) (94%)
Control; 15.55 Control: 17/18
(1.32) (56% Female) (94%)
Sachse et a Improvesun-pro-  Pre-post single-arm | ytervention® 161 |Ntervention  Textmes- 2 Intervention:  Very low
[52] (Ger- tection knowl- pilot study (summer y, 13-22 (27% Fe- (26) sages months 19 (73%)
many) edge and behav-  cap/clinic) male)
ior
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Source (coun-  Aimof interven-  Study design (set-  Ageinyears, (sex)  Group (n) Tech Follow- Retentionrate Grade
try) tion ting) up
Mathesoneta Increase HPV Pilot Qudity Im- Intervention® 12 Intervention ~ Textmes- 8 Intervention:  Low
[53] (United  (human papillo-  provement project (629% Female) 37) sages months  datanot report-
States) mavirus) vaccina  (urban pediatric c ed

tion seriescom-  clinic) Interested®®: 14 Interested

pletion rate (64% Female) 3

Control®: 14 (429 Control® (232)

Female)

8Age reported as mean (SD, standard deviation).
bAge reported as median ( range, minimum-maximum).

CInterested group included patients or parents enrolled in the project during their clinic visit who did not complete their opt-in process to receive text
message reminders after leaving clinic; historical control included all patients who initiated HPV vaccination series during study period, but were either

not offered or declined to participate in the project.
IN/A: not applicable.

Studies M ethodological Quality

Most (n=11) were RCTs[35,37-40,43.45-47,49,51], 6 pre-post
pilot design [41,42,44,50,52,53], and 2 quasi-experimental
studies [36,48]. Of the RCTs, 7 were
single-blinded—investigator (n=4), assessor (n=2), and patient
(n=1) [35,37,38,45-47,49]; 4 nonblinded [39,40,43,51]; and
none double-blinded. Overall, the quality of theincluded studies
was low to moderate (Table 1). Details of alocation
conceal ment and study blinding were inadequately reported for
most studies. About haf of the RCTs (n=5) used
intention-to-treat analysis [35,37,38,45,51]. AlImost al (n=18)
reported retention rates, which differed across studies from
<80% in 8 [37,38,40,42,44,45,50,52], =80 to <100% in 6
[35,38,41,43,47,51], 100%in 4 [ 36,46,48,49], and not reported
in 1 study [53]. The duration of the interventions ranged from
2 to 12 months as follows. 2-3 months (n=11)
[36-38,40,41,43,44,47,4851,52], 58 months (n=6)
[35,42,45,49,50,53], and 12 months (n=2) [39,46]. Only 2
studies extended follow-up for 2 [37] and 3 months [45] after
the completion of active intervention.

Description of Texting Interventions

Most (n=10) included texting as the only intervention
[35-40,43,45,47,53], whereas 5 included additional components
[41,44,48,49,52]: in-person training sessions in 2 [41,52],
Web-based program in 2 [44,48], Internet-based curriculum in
1 [49], and a facilitator or a coach in 1 study [41]. Texting
interventions varied in frequency, message content, and
directionality of messages (also see Multimedia Appendix 3).
Text reminders for frequent behaviors were sent once daily in
7[37,38,41,43,45,48,52], and once or twiceweekly in 5 studies
[40,44,45,47,49]. Appointment reminderswere sent at differing
frequencies, including 1 day in 2 [35,36] or daily for 3 days
before in 1 [39], or 7 days before, after and on the scheduled
date in 1 study [53]. Text reminders were customized to the
patient’s personal preferences in terms of scheduling (ie, day
or time) in 5 studies [36-39.53], content in 8
[40,41,43-45,48,49,52], or both in 1 study [35]. Text-reminder
directionality was 1-way in 7 [36-38,47,48,52,53] and 2-way
in 8 [35,39-41,43-45,49], with emotion icon (emoji) response
in 1 [49] and according to a sophisticated tailored algorithmin
3 studies[40,44,45]. All text reminders were sent to adolescents

http://mhealth.jmir.org/2017/4/e50/

or young adults, not their parents. Text messages were also a
tool for education in 7 [37,39,41,47,48,52], positive
reinforcement or personalized feedback in 5 [40,44,45,48,49],
goal setting in 3 [40,48,49], and addressing barriersin 1 study
[48]. Most (n=9) provided incentives or a reward system for
patient engagement [36,37,39-41,43-45,48]. One included a
virtual friend “Jackie” who was part of all messages to build
rapport with participants and provide more social support [48],
and noneincluded an explicit motivational approach or targeted
social support network.

Description of Mobile Phone App Interventions

In terms of the mobile phone platforms (also see Multimedia
Appendix 4), 2 used existing commonly used mobile phone app
platforms, “WhatsApp” [46] and “Zombies, Run! 5K Training
app” or “Get Running-Couch to 5k app” [51], whereas 2
included apps devel oped specifically for the study [42,50]. Zotti
et al [46] created an anonymous study group “Brush Game” on
the app where patients shared 2 photographs of themselves
weekly (“selfies’), participated in chat room conversations,
shared materials related to oral hygiene, and viewed a weekly
ranking of the top 5 participants based on chat room
participation and oral hygiene outcomes. In contrast, Direito et
al had participants randomized to either an immersive app
“Zombies, Run! 5K Training” with a game-themed design
embedded with astory where participantsweretrained to collect
supplies and protect atown from zombies, or a nonimmersive
app “Get Running-Couch to 5k” [51]. Both apps consisted of
afully automated 8-week training designed to improve fitness
and ability to run 5 km, provided information on running and
audio instructions on how to perform the training components,
and tracked and displayed participant’s progress throughout the
program; and included the ability to work out with music on
the device's library and links to associated websites to interact
with other users[51]. Participants were encouraged to use their
app 3 times per week and work their way through each of the
workouts, but no cointerventions (ie, emails, phone calls, text
message) or prompts to use the app were utilized [51]. On the
contrary, Lopez et a developed a native app “DoctorChat” as
anintervention that allowed participantsto submit questionson
different sexual and reproductive health issues through their
mobile phones, and to receive personalized, accurate, and
informative responses from health care professiona sand experts
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in the field [42]. Moreover, Pretlow et a [50] utilized a
multifunction app for weight management, in addition to group
meetings and personalized coaching. The app included different
capabilities such as progress reports, peer support, coping skills
and self-management toolbox, fun activity ideasfor distraction,
and mentor communication [50].

Intervention Effects on Adherenceto Preventive
Behavior and Other Outcomes

Most (n=12) reported clinical effects related to adherence to
preventive behavior [40-51], 9 measured actual adherence to
preventive behaviors [35-40.46,50,53], and 5 described other
outcomes as well, including knowledge gain in 3 [41,42,52],
motivational readinessin 1[48], and changein self-management
skillsin 1 study [50] (also see Multimedia Appendices 5 and
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6). Adherence to preventive behavior was evaluated by clinic
attendance in 4 [35,36,39,53], self-report of adherence in 3
[37,40,50], self-report and electronic device to monitor
adherence in 1 [38], and electronic direct observation of
adherence behavior (self-photographs or selfies) in 1 study [46].
All the included studies provided enough information to
calculate standardized outcomes (ie, effect sizes d or SMDs),
except 1[42]. At theend of the active intervention period, about
half (n=8) of the studies reported significant improvement in
adherence to preventive behavior and other related outcomes
with moderate SMDs|[36,37,44-47,52,53]. Table 2 summarizes
SMDsfor al included studies. Several studiesreported findings
for efficacy as well as usability and feasibility. Most (n=11)
reported high levels of satisfaction and acceptability of study
interventions [36-42,48-50,52].
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Table 2. Effect sizesfor the main outcomes of included studies.

Badawy & Kuhns

Source Study outcomes Effect size, d

(intervention) (95% CI)?

Narring et a [35] (Texting) Attendanceto all clinics 0.15 (-0.03t0 0.33)
Attendance to primary care clinic 0.06 (-0.16t0 0.27)
Attendance to gynecological clinic 0.32 (-0.10t0 0.74)
Attendance to mental health clinic 0.32 (-0.21t0 0.85)
Attendance to mental health clinic 0.32 (-0.21t0 0.85)

Branson et al [36] (Texting)

Castano et a [37] (Texting)

Hou et a [38] (Texting)

Trent et al [39] (Texting)

Suffoletto et a [40] (Texting)

Cornelius et a [41] (Texting)

Moore et al [43] (Texting)

Haug et a [44] (Texting)

Haug et a [45] (Texting)

Attendance to mental health clinic

Continued use of OCPS at follow-up: overall
Continued use of OCPs at <187 days

Continued use of OCPs at =188 days

Decreased OCP doses missrate: al participants
Decreased OCP doses missrate: 3 cycles complete
Depo-Provera on-time visit attendance: cycle 1
Depo-Provera on-time visit attendance: cycle 2
Depo-Provera on-time visit attendance: cycle 3
Condom use with last sexual intercourse

Always condom use in last 28 days

Drug or acohol use before last sex

Any unprotected sex with concurrent alcohol use in last 28 days
HIV knowledge

Attitudes toward condoms

Reduction in risky behavior: intercourse
Reduction in risky behavior: illegal drugs
Decrease alcohold use in students

Decrease alcohol use in nonstudents

Reduction in RSOD€ in persons with =1 occasion in the last month
Reduction in RSOD in persons with >2 occasionsin the last month
Reduction in number of standard drinksin atypical week
Reduction in the maximum number of drinks on an RSOD occasion
Reduction in having one or more alcohol-related problems

7-day smoking abstinence at 6 months: total sample

7-day smoking abstinence at 6 months: occasional smokers

7-day smoking abstinence at 6 months: daily smokers

4-week smoking abstinence at 6 months: total sample

4-week smoking abstinence at 6 months: occasional smokers
4-week smoking abstinence at 6 months: daily smokers

Reduction in cigarette consumption at 6 months: total sample
Reduction in cigarette consumption at 6 months: occasional smokers
Reduction in cigarette consumption at 6 months: daily smokers

Smoking quit attempts at 6 months: total sample

0.67 (0.09-1.25)"
0.23 (0.06-0.40)"

0.52 (0.19-0.86)"

0.13(-0.07 t0 0.33)
0.09 (-0.34t0 0.53)
0.13(-0.30t0 0.57)
0.29(-0.19t0 0.77)
0.77 (-0.35t0 0.69)
0.01 (-0.57 to 0.60)
0.32 (-0.29t0 0.93)
0.29 (-0.38t0 0.95)
0.23(-0.53t0 0.99)
0.58 (-0.41to 1.57)
0.42 (-0.03t0 0.86)
0.08 (-0.36 t0 0.52)
0.17 (-0.27 t0 0.60)
0.41 (-0.03t0 0.86)
0.00 (—0.65 to 0.65)
0.13 (-0.48t0 0.75)

0.22 (0.01- 0.42)"

0.16 (-0.02 t0 0.35)
0.14 (-0.02t0 0.31)
0.08 (—0.09 to 0.24)
0.24 (-0.01 t0 0.48)
0.16 (-0.13 t0 0.46)
0.25(-0.21t0 0.71)
0.15 (-0.28 to 0.59)
0.08 (-0.31t0 0.47)
0.38 (-0.27 t0 1.03)
0.39 (-0.21t0 0.98)

0.33 (0.16-0.50)"
0.36 (0.02-0.71)"

0.20 (0.01-0.39)"
0.17 (-0.02-0.36)
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Source
(intervention)

Study outcomes

Effect size, d
(95% CI)?

Smoking quit attempts at 6 months: occasional smokers

Smoking quit attempts at 6 months: daily smokers

Zotti et d [46] (App)? Gingival index at 6 months
Gingival index at 9 months
Gingival index at 12 months
Plague index at 6 months
Plague index at 9 months
Plague index at 12 months
Visible white spots at 9 months
Visible white spots at 12 months

Bowen et al [47] (Texting)

Plague coverage reduction at 12 weeks

Lau et al [48] (Texting)
Abraham et a [49] (Texting)

Self-report of physical activity

Pretlow et al [50] (App)®

Reduction in percent over-BMI in females

Direito et a [51] (App)

Time to complete 1-mile walk or run using a nonimmersive app

Sachse et a [52] (Texting)

Naming =3 of ABCDE (ie, asymmetry, border, color, diameter, and evolution)

mnemonic for skin self-exam

Knowing that it takes hours to recognize sunburns

Matheson et a [53] (Texting) HPVY vaccine dose 2
HPV vaccine dose 2 on-time
HPV vaccine dose 3

HPV vaccine dose 3 on-time

Plague coverage reduction at 4 weeks

Reduction in BMI (body massindex )

Reduction in percent over-BMI in males

Time to complete 1-mile walk or run using an immersive app

Understanding of the meaning of UV-index

1.09 (0.65-1.52)"
0.06 (—0.16 t0 0.29)

0.56 (0.12-1.01)"
1.04 (0.57-1.51)
1.43 (0.94-1.92)"
0.73(0.28-1.18)"
1.50 (1.00-2.00)"
1.40 (0.91-1.89)"
0.67 (0.04-1.30)"
0.63 (0.06-1.20)"
1.62 (0.98-2.26)"

2.40 (1.67-3.12)"

0.31(-0.1410 0.76)
0.09 (-0.61t00.78)
0.17 (-0.55t0 0.88)

0.08 (0.4 t0 0.61)
~0.238 (-0.9t0 0.43)
~0.14 (-0.81 t0 0.54)

1.49 (0.61-2.37)"

1.40 (0.19-2.61)"

0.51 (-0.24t0 1.26)
1.10 (0.67-1.52)"
0.46 (0.06-0.86)"
0.70 (0.14-1.27)"

0.91 (0.24-1.58)"

3positive effect size value meansimprovement in a study outcome, while a negative one means worsening outcome.

bocPs: oral contraceptive pills.
®RSOD: risky single-occasion drinking.

i ngival index score (0-3): 0 being normal gingivaand 3 having severe inflammation and edema, with spontaneous bleeding; plague index score (0-3):
0 being best with no plaques and 3 having plaque covering more than half of the surface; white spots score: (0-3): 0 being no visible white spots and 3

having visible white spots requiring restoration.

€Percent over-BMI was calculated as [(BMI — BMI at 50th percentile for age and sex) / BMI at 50th percentile] x 100.

fuv: ultraviolet.
9HPV: human papillomavirus.
NStatistically significant P<.05.

Effects on Clinic Attendance

Narring et a found no significant differences in
multidisciplinary clinic attendance as a result of text message
remindersin comparison to control at 6-month follow-up across
all clinics (d=0.15; 95% CI —0.03 to 0.33) or by clinic type;
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primary care (d=0.06; 95% CI —-0.16 to 0.27), gynecology
(d=0.32; 95% CI —0.10t0 0.74), or mental health clinics (d=0.32;
95% CI —0.21 to 0.85) [35]. In contrast, Branson et al reported
a significant improvement in their menta health clinic
attendance ratein thetexting intervention group compared with
controlsat 3-month follow-up (d=0.67; 95% CI 0.09-1.25) [36].
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Effects on Contraception

Castano et a found significantly higher ora contraceptive pill
(OCP) continuation rates at 6 months (ie, having taken apill in
last 7 days) in texting intervention arm compared with controls
(d=0.23; 95% CI 0.06-0.40) [37]. The observed effect of the
intervention dissipated over time with the difference in OCP
continuation rates significant at 187 days or less (d=0.52; 95%
Cl 0.19-0.86), but not at 188 days or more (d=0.13; 95% CI
—0.07t00.33) [37]. Incontrast, Hou et a reported no significant
differencesin averagerates of missed OCPsintext intervention
group compared with controls, overall (d=0.09; 95% CI —0.34
to 0.53) and in those who completed 3 cycles or 3-month
follow-up (d=0.13; 95% Cl -0.30t0 0.57) [38]. Similarly, Trent
et al found that on-time Depo-Provera (injectable contraceptive)
completion rate was not significantly different between text
intervention and control groups over 12-month study period in
those who completed cycle 1 (d=0.29; 95% CI —0.19 t0 0.77),
cycle 2 (d=0.77; 95% CI —0.35 to 0.69), or cycle 3 (d=0.01;
95% Cl —0.57 to 0.60) [39].

Effects on Risky Behavior

Testing a texting intervention using a sequence of messages to
assess and then intervene on risk behavior, Suffoletto et a
reported no significant differences between intervention and
control groupsfor condom use at last sexual intercourse (d=0.32;
95% CI —0.29 to 0.93) or proportion of “aways condom use’
over the past 28 days (d=0.29; 95% CI —0.3810 0.95) at 3-month
follow-up [40]. Additionally, there was no significant difference
in observed drug or acohol use before last sex (d=0.23; 95%
Cl —-0.53 to 0.99) and any unprotected sex with concurrent
alcohol useinlast 28 days (d=0.58; 95% CI —0.41to 1.57) [4Q].
Corndliuset a, intheir evaluation of texting intervention among
African American adolescents at 3-month follow-up, failed to
show a significant improvement in human immunodeficiency
virus (HIV) knowledge (d=0.42; 95% CI —0.03 to 0.86), attitudes
toward condoms (d=0.08; 95% CI —0.36 to 0.52), and risky
behavior related to sexual intercourse (d=0.17; 95% Cl —-0.27
t00.60) or illegal drug use (d=0.41; 95% Cl —0.03t0 0.86) [41].
In contrast, Lopez at al developed and evaluated a dedicated
mobile phone app “DoctorChat” as a tool to provide sexual
education [42]. At 6-month follow-up, the authors reported
some improvement in participants’ knowledge about the sexual
risk factors among young adults, but no significant differences
in preventive behavior [42].

In an intervention using a single text message summarizing
alcohol-related expenses by the participants over the prior
month, Moore et a reported no significant reduction in average
units of alcohol consumed at follow-up between intervention
and control groups among students (d=0; 95% CI —0.65t0 0.65)
and nonstudents participants (d=0.13; 95% CI —0.48 to 0.75)
[43]. In contrast, Haug et al utilized a combined intervention
of automatically generated individually Web-based feedback
and text messagestailored for participants' age, sex, and alcohol
drinking behavior [44]. At 3-month follow-up, the authorswere
able to show a significant reduction in the number of risky
single-occasion drinking episodes in persons with at least one
occasion in the last month (d=0.22; 95% CI 0.01-0.42), but not
the number of drinks or alcohol-related problems [44].
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In another study, Haug et a evaluated the efficacy of a 2-way
text message—based intervention on smoking cessation tailored
based on individual smoking behavior and attitudes toward
smoking cessation [45]. The authors showed a significant
reduction in cigarette consumption (ie, the number of cigarettes
smoked) at 6-month follow-up in all participants (d=0.33; 95%
Cl 0.16-0.50), occasional smokers (d=0.36, 95% CI 0.02-0.71),
and daily smokers (d=0.20; 95% CI 0.01-0.39), as well as a
significant increase in the number of smoking quit attemptsin
occasional smokers only (d=1.09; 95% CI 0.65-1.52) [45].
However, there was no significant improvement in either 7-day
or 4-week smoking abstinence among study participants [45].

Effects on Oral Health

Zotti et al utilized an existing commonly used mobile phone
app platform (WhatsA pp) and showed asignificant improvement
in participants’ oral hygiene with lower average gingival index
scores in the intervention group compared with controls at 6
months (d=0.56; 95% CI 0.12-1.01), 9 months (d=1.04; 95%
Cl 0.57-1.51), and 12 months (d=1.43; 95% CI 0.94-1.92) [46].
Intervention participants also had significantly lower plague
index scores at 6 months (d=0.73; 95% CI 0.28-1.18), 9 months
(d=1.50; 95% CI 1.00-2.00), and 12 months (d=1.40; 95% ClI
0.91-1.89) compared with controls[46]. | n addition, the number
of visible white spots was |ower in the intervention group at 9
months (d=0.67; 95% CI 0.04-1.30) and 12 months (d=0.63;
95% CI 0.06-1.20) compared with controls [46]. However, the
frequency of new carieswas not significantly different between
study groups [46]. Testing aless intensive texting intervention,
Bowen et a reported significantly lower average plague
coverage score in the text intervention group compared with
controls at 4-week (d=1.62; 95% CI 0.98-2.26); and 12-week
follow-up (d=2.40; 95% Cl 1.67-3.12) [47].

Effects on Weight Management and Physical Activity

Using a texting reminder approach, Lau et a reported a
nonsignificant increase in the average self-report of physical
activity scoresin theintervention group compared with controls
at 2-month follow-up (d=0.31; 95% CI -0.14 to 0.76) [49].
Abraham et al also failed to show any significant changes in
body mass index (BMI) at 6-month follow-up in the 3 study
groups exposed to a combination of Internet-based educational
program and texting intervention versus control s (d=0.09; 95%
Cl -0.61t00.78) [49]. Similarly, testing a multifunction mobile
phone app, Pretlow et al reported anonsignificant improvement
in self-management skills and weight loss (% over-BMI) at
5-month follow-up in the intervention group compared with
controls, in neither males (d=0.17; 95% CI —0.55 to 0.88) nor
females (d=0.08; 95% CI —0.44t0 0.61) [50]. In contrast, Direito
et a, intheir evaluation of the effect of 2 commercially available
fitness apps—immersive app “Zombies, Run!” and
nonimmersive app “ Get Running-Coach” —on cardiopulmonary
fitness among physically inactive adolescents [51] at 2 month
follow up, failed to show a significant difference in the time
needed to complete 1-mile run or walk using an immersive app
(d=0.24; 95% CI —0.43 to 0.9) or nonimmersive app (d=0.14,
95% CI 0.5 to 0.81) compared with the control group.
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Effects on Sun-Protective Measures

Sachse et a used a combined approach of a single educational
session and texting intervention and reported, at 2-month
follow-up, asignificant increase in participants’ understanding
of the meaning of UV-index (d=1.49; 95% Cl 0.61-2.37), and
their ability to name at least three of the ABCDE mnemonic
(ie, asymmetry, border, color, diameter, evolution) for skin
self-exam (d=1.40; 95% Cl 0.19-2.61), but not in knowing that
it takes hours to recognize sunburns (d=0.51; 95% CI —0.24 to
1.26) compared with their baseline [52].

Effects on Vaccination

Using atexting approach, Matheson et a reported significantly
higher HPV vaccination series completion rate in intervention
group compared with controls for HPV second dose (d=1.10;
95% Cl 0.67-1.52), HPV second dose on time (d=0.46; 95% CI
0.06 to 0.86), HPV third dose (d=0.70; 95% CI 0.14-1.27), and
HPV third dose on time (d=0.91; 95% CI 0.24-1.58) [53].
Similar significant beneficial effects were seen in the
intervention group compared with those who were interested
but not enrolled, regarding their completion rates of HPV second
dose (d=0.93; 95% CI 0.40-1.46) and HPV third dose (d=1.24;
95% Cl 0.05-2.42), but not HPV second dose on time (d=0.46;
95% CI -0.09to0 1.01) or HPV third dose ontime (d=1.17; 95%
Cl -0.03 t0 2.36) [53].

Discussion

Principal Findings

Prevention has been emphasized as a key component of
adolescent health with evidence that many problem behaviors
are amendable to intervention [4] Given the increasing use of
communi cation technol ogies and mobile devices among young
people [24], these media present opportunities for behavioral
intervention. However, few studies have attempted to assess
the efficacy of these approaches over different preventive
behaviors. In this systematic review, we assessed the weight of
evidenceto datefor 2 of the most common maobiletechnologies
used by youth, texting and mobile phone apps, to promote
preventive behaviors.

Overdll, the evidence was modest, but limited with a small
number of studies, relatively small sample sizes, and other
methodological considerations, particularly for statistical
analysis. We identified only 19 studies that met our pre-set
criteria, the vast mgjority of which were texting interventions.
These approaches were used to impact 7 types of behavior
(clinic attendance, contraceptive use, risky behavior, oral health,
physical activity and weight management, sun protection, HPV
vaccination). Most interventions were carried out among
younger adolescents and in clinic settings, which indicates the
potential of clinical settings to adopt innovative
technology-based prevention approaches to address different
types of preventive behaviors.

Although texting was used more frequently than mobile phone
apps to promote preventive behavior, there were many
differencesin the timing and content of texting approach. The
majority of interventions used customized messages aimed at
specific behavioral targets (depending on the preventive
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behavior of interest) and schedules. More than a simple
reminder, texting was used to communicate educational
messages, behavioral goals, and reinforce positive behavior.
Many studies demonstrated both feasibility and satisfaction
with these approaches, which suggests potential for further
development.

Overall results for behavior change are modest, with half of
interventions reviewed herein demonstrating evidence of
efficacy. There was some evidence of efficacy for texting to
promote oral contraceptive adherence, speciaty clinic
attendance, and HPV vaccination. Effects were strongest for
oral health and hygiene with both a multifunction app and a
texting approach, resulting in significant effects. There was
limited evidence of efficacy of either a multifunction app or
texting approach on weight management and physical activity;
or for texting approach to change sexual risk behavior in the
context of substance use. The variability in the observed effects
across different behaviors could be dueto the level of difficulty
and effort required. The challenges and the characteristics
associated with certain behaviors would make them easier or
harder to influence or change over time. Moreresearch isneeded
to measure the level of difficulty of behavior change in a
standardized way and to compare effect sizes across behaviors
and intervention approaches.

A recent review of electronic mediato promote health or safety
behavior change in children (aged <18 years) concluded that
there is good evidence of efficacy for these approaches [54].
Most studiesfocused on pre-teen children and utilized computer
games and videos. The differencein findingsin comparison to
our review may be duein part to our focus on adolescents, for
whom behaviors may be more difficult to change; our focus on
newer technologies, which are still relatively nascent mediafor
health behavior change; and on a wide variety of preventive
behaviors, for which thereisheterogeneity in approach. Mobile
phone approaches, including texting in particular, have been
found to be a feasible and potentia efficacious medium for
increasing levels of health education in adolescents [55];
behavioral targets may be more resistant to change.

Strengths

Our systematic review had a number of strengths. First, in our
review, we followed the recommendations for rigorous
systematic reviews methodology [28,29,56-58]. Second, we
conducted a review with a highly sensitive search strategy
guided by a librarian information specialist with no language
restrictionsto minimize publication bias and identify the largest
possible number of relevant studies. Our search also included
published systematic reviews, clinical tria registries, and various
electronic databases. Third, although our search was limited to
studies published since 1995, we identified no eligible studies
before 2005, and therefore we believe that the possibility of
missing earlier studies is very small. Finaly, 2 authors
completed the review process independently at al stages of the
systematic review.

Limitations

Some potential methodological limitations of our systematic
review warrant discussion. First, similar to any other systematic
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literature review, although our search criteria were planned to
be as comprehensive as possible, the possibility of missing few
relevant articles cannot be excluded. Second, to identify the
strongest available evidence, weincluded only articlesthat were
published in peer-reviewed journals, and therefore there could
be a publication bias with the tendency to report positive study
results [59]. Third, the study sample size and ages, and the
definition of adherenceto preventive behaviorsand other related
outcomes varied. These limitations prohibited a meta-analysis
from being performed [60]. Fourth, a number of the included
studies had relatively small sample sizes and short follow-up
period. Finally, the number of the studiesthat met our predefined
criteria was relatively small; however, this is likely the result
of the available evidence and published studies in the field.

Conclusions

In conclusion, despite the promising feasibility and acceptability
data of texting and mobile phone apps in improving preventive

Badawy & Kuhns

behavior among adol escents, the evidence for actual behavior
change is modest, with most studies of relatively low to
moderate quality. However, the field of mobile health research
isan evolving onewith promising resultsthat suggest apotential
impact on improving health outcomes, given the growing
evidence and the ubiquitous access to mobile technology. The
variability in the observed effects across studies could be rel ated
to the nature of different behaviors and the heterogeneity of
intervention approaches. Further research of these intervention
approaches with rigorous research designsis needed to evaluate
their efficacy, effectiveness, and cost-effectivenessin promoting
preventive behavior among adolescents. These research efforts
would be crucia to inform the evidence base on the use of
texting and mobile phone apps as tools for behavior change
among adolescents.

Acknowledgments

Thereareno sources of funding to disclose. We thank Dr Mohamad Sinno (Department of Pediatrics, University of Kansas School
of Medicine, Wichita, KS) and Dr Saraa Kaviany (Department of Pediatrics, Advocate Children’s Hospital, Oak Lawn, IL) for
their help with data extraction. We also thank Ms Linda O’ Dwyer (Galter Health Sciences Library, Northwestern University
Feinberg School of Medicine, Chicago, IL) for her support with the literature search.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Updated search strategies.

[PDE File (Adobe PDF Fil€), 157K B-Multimedia Appendix 1]

Multimedia Appendix 2
Eligibility criteria of the included studies.

[PDE File (Adobe PDF File), 70KB-Multimedia Appendix 2]

Multimedia Appendix 3
Detailed description of text message interventions.

[PDE File (Adobe PDF File), 169K B-Multimedia Appendix 3]

Multimedia Appendix 4
Detailed description of mobile phone app interventions.

[PDE File (Adobe PDF File), 41KB-Multimedia Appendix 4]

Multimedia Appendix 5
Outcomes of text message interventions.

[PDFE File (Adobe PDF File), 65K B-Multimedia Appendix 5]

Multimedia Appendix 6
Outcomes of mobile phone app interventions.

[PDE File (Adobe PDF Fil€), 49K B-Multimedia Appendix 6]

http://mhealth.jmir.org/2017/4/e50/

JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4| €50 | p. 13
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app1.pdf&filename=72748985701c8b543818eba34bd3606c.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app1.pdf&filename=72748985701c8b543818eba34bd3606c.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app2.pdf&filename=cf1f2f41f3f3cfa9c6c02f42ff5bc2e5.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app2.pdf&filename=cf1f2f41f3f3cfa9c6c02f42ff5bc2e5.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app3.pdf&filename=eb1cc1c535e42dc936a7d796febad810.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app3.pdf&filename=eb1cc1c535e42dc936a7d796febad810.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app4.pdf&filename=490f3868d737390d2dbadf06e4a6abf5.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app4.pdf&filename=490f3868d737390d2dbadf06e4a6abf5.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app5.pdf&filename=9adee10d2c745275c9479816749882b5.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app5.pdf&filename=9adee10d2c745275c9479816749882b5.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app6.pdf&filename=344ea96e9a1c45d31608a4238cbe44e5.pdf
https://jmir.org/api/download?alt_name=mhealth_v5i4e50_app6.pdf&filename=344ea96e9a1c45d31608a4238cbe44e5.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Badawy & Kuhns

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Gore FM, Bloem PJ, Patton GC, Ferguson J, Joseph V, Coffey C, et a. Global burden of disease in young people aged
10-24 years. a systematic analysis. Lancet 2011 Jun 18;377(9783):2093-2102. [doi: 10.1016/S0140-6736(11)60512-6]
[Medline: 21652063]

Mokdad AH, Forouzanfar MH, Daoud F, Mokdad AA, El BC, Moradi-Lakeh M, et al. Global burden of diseases, injuries,
and risk factors for young people's health during 1990-2013: a systematic analysis for the Global Burden of Disease Study
2013. Lancet 2016 Jun 11;387(10036):2383-2401. [doi: 10.1016/S0140-6736(16)00648-6] [Medline: 27174305]

Patton GC, Coffey C, Sawyer SM, Viner RM, Haller DM, Bose K, et a. Global patterns of mortality in young people: a
systematic analysis of population health data. Lancet 2009 Sep 12;374(9693):881-892 [FREE Full text] [doi:
10.1016/S0140-6736(09)60741-8] [Medline: 19748397]

Catalano RF, Fagan AA, Gavin LE, Greenberg MT, Irwin CE, Ross DA, Shek Daniel T L. Worldwide application of
prevention science in adolescent health. Lancet 2012 Apr 28;379(9826):1653-1664 [FREE Full text] [doi:
10.1016/S0140-6736(12)60238-4] [Medline: 22538180]

Curry SJ, Mermelstein RJ, Emery SL, Sporer AK, Berbaum ML, Campbell RT, et al. A national evaluation of
community-based youth cessation programs: end of program and twelve-month outcomes. Am J Community Psychol 2013
Mar;51(1-2):15-29. [doi: 10.1007/s10464-012-9496-8] [Medline: 22395364]

Patnode CD, O'Connor E, Whitlock EP, Perdue LA, Soh C, Hollis J. Primary care-relevant interventions for tobacco use
prevention and cessation in children and adolescents: a systematic evidence review for the U.S. Preventive Services Task
Force. Ann Intern Med 2013 Feb 19;158(4):253-260. [doi: 10.7326/0003-4819-158-4-201302190-00580] [Medline:
23229625]

Sussman S, Sun P. Youth tobacco use cessation: 2008 update. Tob Induc Dis 2009 Jan 30;5:3 [EREE Full text] [doi:
10.1186/1617-9625-5-3] [Medline: 19183452]

Steinka-Fry KT, Tanner-Smith EE, Hennessy EA. Effects of brief alcohol interventions on drinking and driving among
youth: a systematic review and meta-analysis. JAddict Prev 2015;3(1) [FREE Full text] [Medline: 26221619]

Samson JE, Tanner-Smith EE. Single-session alcohol interventionsfor heavy drinking college students: asystematic review
and meta-analysis. J Stud Alcohol Drugs 2015 Jul;76(4):530-543 [EREE Full text] [Medline: 26098028]
Bhochhibhoya A, Hayes L, Branscum P, Taylor L. The use of the internet for prevention of binge drinking among the
college population: a systematic review of evidence. Alcohol Alcohol 2015 Sep;50(5):526-535 [FREE Full text] [doi:
10.1093/alcalc/agv047] [Medline: 26047832]

Strem HK, Adolfsen F, Fossum S, Kaiser S, Martinussen M. Effectiveness of school-based preventive interventions on
adolescent acohol use: a meta-analysis of randomized controlled trials. Subst Abuse Treat Prev Policy 2014 Dec 13;9:48
[FREE Full text] [doi: 10.1186/1747-597X-9-48] [Medline: 25495012]

Carney T, Myers B. Effectiveness of early interventions for substance-using adolescents: findings from a systematic review
and meta-analysis. Subst Abuse Treat Prev Policy 2012 Jun 14;7:25 [FREE Full text] [doi: 10.1186/1747-597X-7-25]
[Medline: 22697269]

Jensen CD, Cushing CC, Aylward BS, Craig JT, Sorell DM, Steele RG. Effectiveness of motivational interviewing
interventions for adol escent substance use behavior change: a meta-analytic review. J Consult Clin Psychol 2011

Aug; 79(4):433-440. [doi: 10.1037/a0023992] [Medline: 21728400]

Johnson BT, Scott-Sheldon Lori A J, Huedo-Medina TB, Carey MP. Interventions to reduce sexual risk for human
immunodeficiency virus in adolescents; a meta-analysis of trials, 1985-2008. Arch Pediatr Adolesc Med 2011

Jan; 165(1):77-84 [FREE Full text] [doi: 10.1001/archpediatrics.2010.251] [Medline: 21199984]

HalpernV, Lopez LM, Grimes DA, Stockton LL, Gallo MF. Strategies to improve adherence and acceptability of hormonal
methods of contraception. Cochrane Database Syst Rev 2013 Oct 26(10):CD004317. [doi:
10.1002/14651858.CD004317.pub4] [Medline: 24163097]

Lopez LM, Grey TW, Chen M, Denison J, Stuart G. Behavioral interventions for improving contraceptive use among
women living with HIV. Cochrane Database Syst Rev 2016 Aug 09(8):CD010243. [doi: 10.1002/14651858.CD010243.pub3]
[Medline: 27505053]

Smith C, Gold J, Ngo TD, Sumpter C, Free C. Mobile phone-based interventionsfor improving contraception use. Cochrane
Database Syst Rev 2015;6:CD011159. [doi: 10.1002/14651858.CD011159.pub2] [Medline: 26115146]

Walling EB, Benzoni N, Dornfeld J, Bhandari R, Sisk BA, Garbuitt J, et a. Interventions to improve HPV vaccine uptake:
a systematic review. Pediatrics 2016 Jul;138(1). [doi: 10.1542/peds.2015-3863] [Medline: 27296865]

Aljabaa A, McDonald F, Newton JT. A systematic review of randomized controlled trials of interventions to improve
adherence among orthodontic patients aged 12 to 18. Angle Orthod 2015 Mar;85(2):305-313. [doi: 10.2319/031214-184.1]
[Medline: 25045779]

Newton JT, Asimakopoulou K. Managing oral hygiene as arisk factor for periodontal disease: a systematic review of
psychological approachesto behaviour change for improved plaque control in periodontal management. J Clin Periodontol
2015 Apr;42 Suppl 16:S36-$46. [doi: 10.1111/jcpe.12356] [Medline: 25639708]

http://mhealth.jmir.org/2017/4/e50/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4| €50 | p. 14

(page number not for citation purposes)


http://dx.doi.org/10.1016/S0140-6736(11)60512-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21652063&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(16)00648-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27174305&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S0140-6736(09)60741-8
http://dx.doi.org/10.1016/S0140-6736(09)60741-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19748397&dopt=Abstract
http://europepmc.org/abstract/MED/22538180
http://dx.doi.org/10.1016/S0140-6736(12)60238-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22538180&dopt=Abstract
http://dx.doi.org/10.1007/s10464-012-9496-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22395364&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-158-4-201302190-00580
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23229625&dopt=Abstract
http://tobaccoinduceddiseases.biomedcentral.com/articles/10.1186/1617-9625-5-3
http://dx.doi.org/10.1186/1617-9625-5-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19183452&dopt=Abstract
http://europepmc.org/abstract/MED/26221619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26221619&dopt=Abstract
http://europepmc.org/abstract/MED/26098028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26098028&dopt=Abstract
http://alcalc.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=26047832
http://dx.doi.org/10.1093/alcalc/agv047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26047832&dopt=Abstract
http://substanceabusepolicy.biomedcentral.com/articles/10.1186/1747-597X-9-48
http://dx.doi.org/10.1186/1747-597X-9-48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25495012&dopt=Abstract
http://substanceabusepolicy.biomedcentral.com/articles/10.1186/1747-597X-7-25
http://dx.doi.org/10.1186/1747-597X-7-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22697269&dopt=Abstract
http://dx.doi.org/10.1037/a0023992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21728400&dopt=Abstract
http://europepmc.org/abstract/MED/21199984
http://dx.doi.org/10.1001/archpediatrics.2010.251
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21199984&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD004317.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24163097&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD010243.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27505053&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD011159.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26115146&dopt=Abstract
http://dx.doi.org/10.1542/peds.2015-3863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27296865&dopt=Abstract
http://dx.doi.org/10.2319/031214-184.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25045779&dopt=Abstract
http://dx.doi.org/10.1111/jcpe.12356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25639708&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Badawy & Kuhns

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Hynynen S, van Stralen MM, Sniehotta FF, Araljo-Soares V, Hardeman W, Chinapaw MJ, et al. A systematic review of
school-based interventions targeting physical activity and sedentary behaviour among older adolescents. Int Rev Sport
Exerc Psychol 2016 Jan 1;9(1):22-44 [FREE Full text] [doi: 10.1080/1750984X.2015.1081706] [Medline: 26807143]
Lavelle HV, Mackay DF, Pell JP. Systematic review and meta-analysis of school-based interventions to reduce body mass
index. J Public Health (Oxf) 2012 Aug;34(3):360-369 [FREE Full text] [doi: 10.1093/pubmed/fdr116] [Medline: 22267291]
SilveiraJA, Taddei JA, GuerraPH, Nobre MR. The effect of participation in school-based nutrition education interventions
on body mass index: a meta-analysis of randomized controlled community trials. Prev Med 2013 Mar;56(3-4):237-243.
[doi: 10.1016/j.ypmed.2013.01.011] [Medline: 23370048]

Lenhart A. Pew Research Center. Teens, Social Media & Technology Overview URL: http://www.pewinternet.org/2015/
04/09/teens-sacial -medi a-technol ogy-2015/ [accessed 2016-08-07] [WebCite Cache ID 6jaddHT8x]

Smith A. Pew Research Center. 2015. U.S. Smartphone Use in 2015 URL: http://www.pewinternet.org/2015/04/01/
us-smartphone-use-in-2015/ [accessed 2016-06-10] [WebCite Cache ID 6lInLhY 2S]

Badawy SM, Thompson AA, Liem RI. Technology access and smartphone app preferences for medication adherencein
adolescents and young adults with sickle cell disease. Pediatr Blood Cancer 2016 May;63(5):848-852. [doi:
10.1002/pbc.25905] [Medline: 26844685]

Badawy S. CRD. Text messaging and smartphone app interventions to improve adherence in adolescents and young adults:
a systematic review and meta-analysis URL : http://www.crd.york.ac.uk/PROSPERO/display record.

asp?l D=CRD42015025907 [accessed 2016-10-16] [WebCite Cache ID 61117DjV{]

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. JClin Epidemiol 2009 Oct;62(10):1006-1012. [doi: 10.1016/j.jclinepi.2009.06.005] [Medline: 19631508]
Howick J. CEBM. 2011. OCEBM L evelsof Evidence URL: http://www.cebm.net/index.aspx20=5653 [accessed 2016-10-16]
[WebCite Cache ID 6lIIRIMKV]

Department of Child and Adolescent Health and Development. World Health Organization. 2001. The second decade:
improving adolescent health and devel opment URL : http://apps.who.int/irig/bitstream/10665/64320/1/WHO FRH_ADH_98.
18 Rev.1.pdf [accessed 2016-10-16] [WebCite Cache ID 6l11hRvXw]

Haynes R. Introduction. In: Haynes RB, Taylor DW, Sackett DL, editors. Compliance in Health Care. Baltimore, MD:
Johns Hopkins University Press; 1979:1-7.

Christensen A. Patient Adherence to Medical Treatment Regimens. New Haven, CT: Yale University Press; 2004.

Sabate E. World Health Organization. Adherence to long-term therapies: evidence for action URL : http://apps.who.int/iris/
bitstream/10665/42682/1/9241545992.pdf [accessed 2016-10-16] [WebCite Cache ID 60KAGcsV7]

Lipsey MW, Wilson DB. Practical Meta-Analysis (Applied Social Research Methods). Thousand Oaks, CA: Sage
Publications; 2000.

Narring F, Junod PN, Dominicé DM, Camparini RN, Humair J, Broers B, et a. Text-messaging to reduce missed appoi ntment
in ayouth clinic: arandomised controlled trial. J Epidemiol Community Health 2013 Oct;67(10):888-891. [doi:
10.1136/jech-2013-202510] [Medline: 23761412]

Branson CE, Clemmey P, Mukherjee P. Text message remindersto improve outpatient therapy attendance among adolescents:
apilot study. Psychol Serv 2013 Aug;10(3):298-303. [doi: 10.1037/a0026693] [Medline: 23937089]

Castafio PM, Bynum JY, Andrés R, Lara M, Westhoff C. Effect of daily text messages on oral contraceptive continuation:
arandomized controlled trial. Obstet Gynecol 2012 Jan;119(1):14-20. [doi: 10.1097/A0G.0b013e31823d4167] [Medline:
22143257)

Hou MY, Hurwitz S, Kavanagh E, Fortin J, Goldberg AB. Using daily text-message reminders to improve adherence with
oral contraceptives: arandomized controlled trial. Obstet Gynecol 2010 Sep;116(3):633-640. [doi:
10.1097/A0G.0b013e3181eb6b0f] [Medline: 20733446]

Trent M, Thompson C, Tomaszewski K. Text messaging support for urban adolescents and young adults using injectable
contraception: outcomes of the depotext pilot trial. J Adolesc Health 2015 Jul;57(1):100-106 [FREE Full text] [doi:
10.1016/j.jadoheal th.2015.03.008] [Medline: 26002432]

Suffoletto B, Akers A, McGinnisKA, Calabria J, Wiesenfeld HC, Clark DB. A sex risk reduction text-message program
for young adult females discharged from the emergency department. J Adolesc Health 2013 Sep;53(3):387-393. [doi:
10.1016/j.jadoheal th.2013.04.006] [Medline: 23707402]

Cornelius JB, Dmochowski J, Boyer C, St LJ, Lightfoot M, Moore M. Text-messaging-enhanced HIV intervention for
African American adolescents: afeasibility study. J Assoc Nurses AIDS Care 2013;24(3):256-267 [FREE Full text] [doi:
10.1016/j.jana.2012.06.005] [Medline: 23122907]

Lopez C, Ramirez DC, Vaenzuela Jl, Arguello A, Saenz JP, Trujillo S, et al. Sexual and reproductive health for young
adultsin Colombia: teleconsultation using mobile devices. IMIR Mhealth Uhealth 2014 Sep 25;2(3):e38 [FREE Full text]
[doi: 10.2196/mhealth.2904] [Medline: 25263432]

Moore SC, Crompton K, van GS, van den Bree M, Bunney J, Lydall E. A feasibility study of short message service text
messaging as a surveillance tool for alcohol consumption and vehicle for interventions in university students. BMC Public
Health 2013;13:1011 [FREE Full text] [doi: 10.1186/1471-2458-13-1011] [Medline: 24160674]

http://mheal th.jmir.org/2017/4/e50/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | €50 | p. 15

(page number not for citation purposes)


http://europepmc.org/abstract/MED/26807143
http://dx.doi.org/10.1080/1750984X.2015.1081706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26807143&dopt=Abstract
http://jpubhealth.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22267291
http://dx.doi.org/10.1093/pubmed/fdr116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22267291&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2013.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23370048&dopt=Abstract
http://www.pewinternet.org/2015/04/09/teens-social-media-technology-2015/
http://www.pewinternet.org/2015/04/09/teens-social-media-technology-2015/
http://www.webcitation.org/

                                            6jaddHT8x
http://www.pewinternet.org/2015/04/01/us-smartphone-use-in-2015/
http://www.pewinternet.org/2015/04/01/us-smartphone-use-in-2015/
http://www.webcitation.org/

                                            6lInLhY2S
http://dx.doi.org/10.1002/pbc.25905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26844685&dopt=Abstract
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015025907
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015025907
http://www.webcitation.org/

                                            6lIl7DjVt
http://dx.doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631508&dopt=Abstract
http://www.cebm.net/index.aspx?o=5653
http://www.webcitation.org/

                                            6lIlRJmKV
http://apps.who.int/iris/bitstream/10665/64320/1/WHO_FRH_ADH_98.18_Rev.1.pdf
http://apps.who.int/iris/bitstream/10665/64320/1/WHO_FRH_ADH_98.18_Rev.1.pdf
http://www.webcitation.org/

                                            6lIlhRvXw
http://apps.who.int/iris/bitstream/10665/42682/1/9241545992.pdf
http://apps.who.int/iris/bitstream/10665/42682/1/9241545992.pdf
http://www.webcitation.org/

                                            6oKAGcsV7
http://dx.doi.org/10.1136/jech-2013-202510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23761412&dopt=Abstract
http://dx.doi.org/10.1037/a0026693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23937089&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0b013e31823d4167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22143257&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0b013e3181eb6b0f
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20733446&dopt=Abstract
http://europepmc.org/abstract/MED/26002432
http://dx.doi.org/10.1016/j.jadohealth.2015.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26002432&dopt=Abstract
http://dx.doi.org/10.1016/j.jadohealth.2013.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23707402&dopt=Abstract
http://europepmc.org/abstract/MED/23122907
http://dx.doi.org/10.1016/j.jana.2012.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23122907&dopt=Abstract
http://mhealth.jmir.org/2014/3/e38/
http://dx.doi.org/10.2196/mhealth.2904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25263432&dopt=Abstract
http://www.biomedcentral.com/1471-2458/13/1011
http://dx.doi.org/10.1186/1471-2458-13-1011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24160674&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Badawy & Kuhns

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

Haug S, Schaub MP, Venzin V, Meyer C, John U, Gmel G. A pre-post study on the appropriateness and effectiveness of
aWeb- and text messaging-based intervention to reduce problem drinking in emerging adults. J Med Internet Res
2013;15(9):e196 [FREE Full text] [doi: 10.2196/jmir.2755] [Medline: 23999406]

Haug S, Schaub MP, Venzin V, Meyer C, John U. Efficacy of atext message-based smoking cessation intervention for
young people: a cluster randomized controlled trial. JMed Internet Res 2013;15(8):e171 [FREE Full text] [doi:
10.2196/jmir.2636] [Medline: 23956024]

Zotti F, Dalessandri D, Salgarello S, Piancino M, Bonetti S, Visconti L, et al. Usefulness of an app inimproving oral hygiene
compliancein adolescent orthodontic patients. Angle Orthod 2016 Jan;86(1):101-107. [doi: 10.2319/010915-19.1] [Medline:
25799001]

Bowen TB, Rinchuse DJ, Zullo T, DeMaria ME. The influence of text messaging on oral hygiene effectiveness. Angle
Orthod 2015 Jul;85(4):543-548. [doi: 10.2319/071514-495.1] [Medline: 25343689]

Lau EY, Lau PW, Chung P, Ransdell LB, Archer E. Evaluation of an internet-short message service-based intervention for
promoting physical activity in Hong Kong Chinese adolescent school children: a pilot study. Cyberpsychol Behav Soc
Netw 2012 Aug;15(8):425-434. [doi: 10.1089/cyber.2012.0161] [Medline: 22897473]

Abraham AA, Chow W, SoH, Yip BH, Li AM, KumtaSM, et al. Lifestyle intervention using an internet-based curriculum
with cell phone remindersfor obese Chinese teens: arandomized controlled study. PL oS One 2015;10(5):e0125673 [FREE
Full text] [doi: 10.1371/journal.pone.0125673] [Medline: 25946465]

Pretlow RA, Stock CM, Allison S, Roeger L. Treatment of child/adolescent obesity using the addiction model: asmartphone
app pilot study. Child Obes 2015 Jun;11(3):248-259 [FREE Full text] [doi: 10.1089/chi.2014.0124] [Medline: 25760813]
Direito A, Jiang Y, Whittaker R, Maddison R. Apps for improving fithess and increasing physical activity among young
people: the AIMFIT pragmatic randomized controlled trial. JMed Internet Res 2015;17(8):€210 [FREE Full text] [doi:
10.2196/jmir.4568] [Medline: 26316499]

Sachse MM, Bottcher S, Pape L, Wagner G, Mehls O, Klaus G, et a. Face-to-face sun protection training and text messages
improve sun protection behaviour in adolescent organ transplant recipients: HIPPOIlino feasibility study. ActaDerm Venereol
2016 Mar;96(3):341-345 [FREE Full text] [doi: 10.2340/00015555-2234] [Medline: 26336924]

Matheson EC, Derouin A, Gagliano M, Thompson JA, Blood-Siegfried J. Increasing HPV vaccination series completion
rates viatext message reminders. J Pediatr Health Care 2014;28(4):e35-e39. [doi: 10.1016/.pedhc.2013.09.001] [Medline:
24200295]

Hieftje K, Edelman EJ, Camenga DR, Fiellin LE. Electronic media-based health interventions promoting behavior change
in youth: a systematic review. JAMA Pediatr 2013 Jun;167(6):574-580 [ FREE Full text] [doi:
10.1001/jamapediatrics.2013.1095] [Medline: 23568703]

L'Engle KL, Mangone ER, Parcesepe AM, Agarwal S, Ippoliti NB. Mobile phone interventions for adolescent sexual and
reproductive health: a systematic review. Pediatrics 2016 Sep;138(3). [doi: 10.1542/peds.2016-0884] [Medline: 27553221]
Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011].:
The Cochrane Collaboration URL: http://www.cochrane-handbook.org/ [accessed 2016-02-16] [WebCite Cache ID
6llm75Y RF]

Centre for Reviews and Dissemination. 2009. Systematic Reviews. CRD's Guidance for Undertaking Reviews in Health
Care (Internet) URL: https.//www.york.ac.uk/media/crd/Systematic Reviews.pdf [accessed 2016-10-16] [WebCite Cache
ID 6lImTISHS]

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015 Jan;4:1 [FREE Full text] [doi:
10.1186/2046-4053-4-1] [Medline: 25554246]

Dubben H, Beck-Bornholdt H. Systematic review of publication biasin studies on publication bias. BMJ 2005 Aug
20;331(7514):433-434 [FREE Full text] [doi: 10.1136/bmj.38478.497164.F7] [Medline: 15937056]

Bartolucci AA, Hillegass WB. Overview, strengths, and limitations of systematic reviews and meta-analyses. In: Chiappelli
F, CaldeiraBrant XM, Neagos N, Oluwadara OO, Ramchandani MH, editors. Evidence-Based Practice: Toward Optimizing
Clinical Outcomes. Berlin: Springer-Verlag; 2010:17-33.

Abbreviations

BMI: Body Mass Index

ED: Emergency Department

HI1V: Human Immunodeficiency Virus

HPV: Human Papillomavirus

OCP: Ora Contraceptive Pills

PRISMA: Preferred Reporting Items of Systematic Reviews and Meta-analyses
RCT: Randomized Controlled Trial

RSOD: Risky Single-occasion Drinking

SD: Standard Deviation

http://mheal th.jmir.org/2017/4/e50/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | €50 | p. 16

(page number not for citation purposes)


http://www.jmir.org/2013/9/e196/
http://dx.doi.org/10.2196/jmir.2755
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23999406&dopt=Abstract
http://www.jmir.org/2013/8/e171/
http://dx.doi.org/10.2196/jmir.2636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23956024&dopt=Abstract
http://dx.doi.org/10.2319/010915-19.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25799001&dopt=Abstract
http://dx.doi.org/10.2319/071514-495.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25343689&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2012.0161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22897473&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0125673
http://dx.plos.org/10.1371/journal.pone.0125673
http://dx.doi.org/10.1371/journal.pone.0125673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25946465&dopt=Abstract
http://europepmc.org/abstract/MED/25760813
http://dx.doi.org/10.1089/chi.2014.0124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25760813&dopt=Abstract
http://www.jmir.org/2015/8/e210/
http://dx.doi.org/10.2196/jmir.4568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26316499&dopt=Abstract
https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-2234
http://dx.doi.org/10.2340/00015555-2234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26336924&dopt=Abstract
http://dx.doi.org/10.1016/j.pedhc.2013.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24200295&dopt=Abstract
http://europepmc.org/abstract/MED/23568703
http://dx.doi.org/10.1001/jamapediatrics.2013.1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23568703&dopt=Abstract
http://dx.doi.org/10.1542/peds.2016-0884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27553221&dopt=Abstract
http://www.cochrane-handbook.org/
http://www.webcitation.org/

                                            6lIm75YRF
http://www.webcitation.org/

                                            6lIm75YRF
https://www.york.ac.uk/media/crd/Systematic_Reviews.pdf
http://www.webcitation.org/

                                            6lImTISH8
http://www.webcitation.org/

                                            6lImTISH8
http://www.systematicreviewsjournal.com/content/4//1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
http://europepmc.org/abstract/MED/15937056
http://dx.doi.org/10.1136/bmj.38478.497164.F7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15937056&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Badawy & Kuhns

SMD: Standardized Mean Differences
SMS: Short Message Service

ST1: Sexually Transmitted Infection
UV: Ultraviolet

Edited by G Eysenbach; submitted 17.10.16; peer-reviewed by N Shah, A McEneny-King, T Sanchez, comments to author 21.01.17;
revised version received 16.02.17; accepted 05.03.17; published 19.04.17

Please cite as:

Badawy SM, Kuhns LM

Texting and Mobile Phone App Interventions for Improving Adherence to Preventive Behavior in Adolescents: A Systematic Review
JMIR Mhealth Uhealth 2017;5(4): €50

URL: http://mhealth.jmir.org/2017/4/€50/

doi: 10.2196/mhealth.6837

PMID: 28428157

©Sherif M Badawy, LisaM Kuhns. Originally published in IMIR Mhealth and Uhealth (http://mhealth.jmir.org), 19.04.2017.
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 origina work, first published in IMIR mhealth and uhedlth, is properly cited. The complete bibliographic information,
alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mhealth.jmir.org/2017/4/e50/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4| €50 | p. 17
(page number not for citation purposes)

RenderX


http://mhealth.jmir.org/2017/4/e50/
http://dx.doi.org/10.2196/mhealth.6837
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28428157&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

