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Abstract

The aim of this systematic review of reviews is to identify mobile text-
messaging interventions designed for health improvement and behavior
change and to derive recommendations for practice. We have compiled and
reviewed existing systematic research reviews and meta-analyses to orga-
nize and summarize the text-messaging intervention evidence base, identify
best-practice recommendations based on findings from multiple reviews,
and explore implications for future research. Our review found that the
majority of published text-messaging interventions were effective when ad-
dressing diabetes self-management, weight loss, physical activity, smoking
cessation, and medication adherence for antiretroviral therapy. However, we
found limited evidence across the population of studies and reviews to in-
form recommended intervention characteristics. Although strong evidence
supports the value of integrating text-messaging interventions into public
health practice, additional research is needed to establish longer-term in-
tervention effects, identify recommended intervention characteristics, and
explore issues of cost-effectiveness.
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INTRODUCTION

In 1984, before the development and proliferation of mobile phones, more than half of the world’s
population lived in countries with one telephone for every 100 people, whereas two-thirds of all
people worldwide had no access to telephones (20). Thirty years later, mobile penetration has
reached 90% in developing countries, there are almost 7 billion mobile phone subscriptions
worldwide, and the global mobile penetration rate reached 96% (21). Among the most frequently
utilized interpersonal mobile communication channels is called short message service (SMS), or
text messages, involving the creation and real-time exchange of alphanumeric messages of 160
characters or fewer. A related, albeit less used, mobile channel is called multimedia message
service (MMS), involving the mobile exchange of images and videos. These forms of messaging
have become ubiquitous, and an estimated three-quarters of all mobile users use text messaging
(23). In the United States, texting among adult mobile users in 2011 was higher among Hispanics
(83%) and African Americans (76%) than Whites (70%) (51). In 2013, 1.91 trillion text messages
were sent in the United States (5), and more than 8 trillion text messages were sent worldwide
(28). However, texting rates have dipped slightly in recent years following the availability of free
mobile-messaging applications (or apps) such as WhatsApp, Kik, and Facebook Messenger.

In addition to their frequent use and enormous reach, text and multimedia messaging have
many other characteristics that make them well suited for public health interventions. Although
text-messaging interventions (T'MIs) may be scalable at a relatively low cost, and simple TMIs
can reach large groups of people at a low cost per person, more complex interventions may
have a higher per capita cost. TMIs also have the potential to incorporate qualities often asso-
ciated with more effective health communication interventions, such as tailoring, interactivity,
personalization, and/or high message repetition (37). Furthermore, text messages appeal to users’
addiction-like desire to receive messages and the unconscious pleasure of the dopamine release
associated with this reward (45). As a result, it has been found that 99% of received mobile text
messages are opened, and 90% of all mobile text messages are read within three minutes of being
received (22).

Text messaging for health can be considered part of the larger strategy of mobile health
(mHealth), which is the application of mobile technologies, including phones, tablets, telemon-
itoring, and tracking devices, to support and enhance the performance of health care and public
health practice. According to Head et al. (16), the first study using text messaging for health was
published in 2002 (31), and it has since been followed by dozens of other published studies and
hundreds of largely unpublished pilot projects. The first systematic review of texting for health
was published in 2009 (10) and was subsequently followed by more than 20 published systematic
reviews and meta-analyses, each one addressing a slightly different aspect of the application of text
messaging for improving or protecting health. The first known systematic review of reviews was
published in 2014 and explored findings from reviews of TMIs and health care delivery, including
13 systematic reviews, 3 of which focused on clinical appointment reminders; however, only two
databases were searched (PubMed and Cochrane Library) (19).

In the present study, we have endeavored to bring some organization and order to this rapidly
growing TMI literature by conducting a systematic review of the highest-quality published sys-
tematic reviews and meta-analyses that assessed studies relating primarily to public health research
and practice. Therefore, the purpose of our systematic review of reviews is to evaluate the evi-
dence of the effects of TMIs on health outcomes and behavior change in community settings
across all countries, based on reviews of published studies that examined health behaviors, health
outcomes, and TMI characteristics (i.e., message frequency, personalization and tailoring of mes-
sages, interactivity) using various study design characteristics. In doing so, we aimed to capture
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comprehensively and accurately what can be learned from slightly more than a decade of research
on TMIs and to identify areas in the greatest need for additional research over the next decade,
to help mobile-based health interventions reach their full public health potential.

METHODS

Data Sources and Search Strategy

To identify all existing TMI systematic reviews and meta-analyses, we searched for reviews pub-
lished in English in the following databases (all years/months were considered, i.e., filters restrict-
ing years of publication were not used): PubMed, CINAHL (plus with full text), Cochrane Library,
PsycINFO, EMBASE, Web of Science, Communication & Mass Media Complete, Global Health
Database, and WHO Global Health Library. MeSH terms, thesaurus terms, and Emtree terms
were searched and included along with key terms in each database search. Multiple combinations
of search terms and Boolean operators relevant to SMS, cellular phone, literature review, and
meta-analysis were queried. (The complete list of search terms and search strategy are provided
in Supplemental Table 1. Follow the Supplemental Material link from the Annual Reviews
home page at http://www.annualreviews.org.)

OpenGrey, Gray Literature Report, K4Health, and Google Scholar were searched to find
any unpublished reviews, and reference lists of relevant reviews were searched to identify any
additional reviews not captured by the selected database searches. Prior to the searches, several
authors reviewed all search terms, and a health science reference librarian verified the search
strategy for each database.

Review Selection

Search results were imported into bibliographic citation management software to aggregate rel-
evant review articles and to exclude duplicate references. Two authors independently reviewed
all article titles and abstracts identified from the electronic searches to determine if the returned
articles were related to TMI reviews. Their respective article lists were then combined. Relevant
full-text review articles were reviewed by two authors and assessed against the inclusion and exclu-
sion criteria described below. Disagreements between authors were resolved through discussion
with the third author.

Inclusion and Exclusion Criteria

We included in our sample only English-language literature reviews, narrative reviews, systematic
reviews, and meta-analytical reviews. Included review articles must have assessed individual studies
that delivered and evaluated SMS/MMS interventions either as stand-alone programs or combined
with other intervention strategies. Reviews focused on TMIs targeted to adults were included,
whereas those focused on TMIs for youth or adolescents were excluded. Reviews that exclusively
assessed health communication modalities other than SMS or MMS, such as mobile apps or
emails, were excluded. To be included for further review, the collected review articles must also
have addressed behaviors and/or outcomes related to public health, such as health promotion,
disease prevention, or chronic disease self-management. Reviews without reported findings on
health behaviors or clinical outcomes were excluded. Reviews that focused on TMI studies that
exclusively addressed clinical diagnoses, clinical treatments, or clinical appointment reminders
were excluded. Finally, we excluded reviews not meeting predefined criteria for methodological

quality.
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Outcome Measures

We selected review studies (i.e., review, systematic, narrative, or meta-analysis) that reported
health outcomes targeting individual-level disease prevention, health promotion, and/or chronic
disease self-management behaviors. As primary outcome measures, we included all outcomes
related to health status or health behavior change (e.g., smoking cessation, medication adherence,
increased physical activity).

Secondary outcome measures reported in the examined reviews included the following variables
and TMI parameters: SMS frequency (daily, weekly, etc.), SMS interactivity (one-way versus two-
way), personalization and/or tailoring of SMS, use of theory in SMS composition and delivery,
duration of individual studies, SMS only versus SMS plus other intervention components, and
statistical significance of individual studies as reported by the authors of the reviews.

Study Quality Assessment

We assessed the quality of each review in our sample of reviews using the Overview Quality
Assessment Questionnaire (OQAQ) (13, 35). Two authors independently assessed each potentially
relevant review for inclusion in the final analysis. Any disagreements between authors on the
OQAQ were resolved by discussion and were verified by the third author. Reviews were coded
and included for detailed analysis only if their OQAQ score was >14 (range 0-18) (13, 41).

Data Extraction

We extracted data on TMI effectiveness, behavior and health outcomes, and TMI components.
Two separate matrices were then created. The first summary matrix included health issue(s)
addressed by the review (e.g., weight loss, HIV, diabetes), study designs included in each review,
type of literature review, number of studies and total participants included, primary and secondary
outcome results, review authors’ future research recommendations, assessment of risk of bias, and
assessment of the quality of the evidence.

We created the second summary matrix with the data extracted from all the relevant indi-
vidual studies within each review. This matrix included health issue(s) addressed by the TMI,
study design, significant health or behavioral outcomes, SMS frequency (daily, weekly, etc.), SMS
interactivity (one-way versus two-way), personalization and tailoring of TMI (SMS content or
delivery matching each receiver’s preferences or characteristics), theoretical basis for TMI, study
duration, and intervention components (SMS only or SMS plus other intervention features). To
maintain consistency in the reporting of data, meta-analysis effect sizes were replaced with reports
of significant findings, extracting data from the original article when necessary. Individual studies
that appeared in multiple reviews were included in the summary table only once.

All three authors independently extracted the aforementioned data from a subset of the review
studies included into the constructed matrices (12), which were then cross-checked by alterna-
tive authors to confirm the data and matrix categories. Any discrepancies were discussed and
resolved jointly among the three authors; the original study was reviewed if needed to resolve the
discrepancy.

Analysis

Analyses of studies were extracted, reviewed, and reported in a systematic format. The PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist was used to
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synthesize and report findings, except for items that were not relevant for a systematic review of
reviews (25).

RESULTS

Search Results

Studies identified and compiled through database searches resulted in 1,669 potentially relevant
reviews; however, 1,609 studies were excluded after a screening of titles and abstracts because they
were not TMI reviews addressing health promotion, disease prevention, or chronic disease self-
management. For the remaining 60 studies, full text articles were retrieved and assessed against
the inclusion and exclusion criteria. Only 25 of the 60 studies met the criteria and were further
quality-assessed and rated using the OQAQ. An additional 10 review studies were excluded due to
low quality scores on the OQAQ (2, 3,7, 8, 24, 26, 30, 44, 48, 50). Two of the 10 reviews contained
multiple manuscripts reporting on the same interventions, and OQAQ scores from these 2 reviews
were averaged to account for this occurrence (7, 8). Figure 1 provides the systematic review of
reviews study flow diagram illustrating process and results. The list of excluded studies is provided
in Supplemental Table 2.

In total, 15 systematic reviews and/or meta-analyses, representing multiple individual SMS-
intervention studies, met all selection and quality criteria. Table 1 includes our summary findings
of the systematic review of reviews and Supplemental Table 3 summarizes the findings from
89 relevant individual studies included within the 15 reviews. All of the selected and summarized
reviews were published between the years 2009 and 2014. Six of the 15 included reviews conducted
or included meta-analyses (9, 11, 16, 18, 40, 47).

The reviews we included and coded assessed studies with diverse study designs [e.g., ran-
domized controlled trial (RCT), quasi-experimental design (QED), pretest/posttest (PTPT), and
observational] and a wide range of study sizes (ranging from 10 to 5,800 participants). Reviews
included 228 mHealth intervention studies on a variety of health-behavior topics related to health
promotion, disease prevention, and chronic disease self-management. Several reviews focused on
a wide range of health topics (4, 10, 11, 16, 43), whereas other reviews narrowly targeted studies
of specific health behaviors, such as medication adherence [i.e., antiretroviral therapy (ART) or
tuberculosis (T'B) treatment adherence] (9, 18, 32, 36, 42), self-management of chronic conditions
(6), physical activity and weight loss (34, 38, 40), and smoking cessation (47).

The individual studies reviewed in the 15 review articles were coded and summarized based
on their descriptions in the review articles and occasionally through a full-text review of the
original studies. These studies were coded into Supplemental Table 3 to identify and remove
duplicate studies that appeared in multiple reviews. We found a total of 228 studies coded in the
15 reviews, of which 168 were considered relevant. Individual SMS studies that were eliminated
included studies that did not directly relate to public health issues (e.g., appointment reminder
interventions) or feasibility or usability studies that did not test the effect of SMS on health or
behavioral outcomes. The 168 relevant studies contained 79 duplicates; thus, we identified in total
89 unique studies related to TMIs.

Studies varied in intervention complexity; the majority of them messaged participants at least
once daily, if not more, and used interactive, two-way communication. The majority of studies
also utilized tailoring or personalization, but few utilized a behavior change theory. Roughly half
of the studies used text only, whereas other studies included text messaging in addition to other
technology and intervention activities. Intervention duration spanned from nine days to two years,
with the majority of studies lasting from three to six months.
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Figure 1

Review of reviews study flow diagram. Reproduced from Reference 29. For more information visit
http://www.prisma-statement.org. Abbreviations: SMS, short message service; OQAQ, Overview Quality
Assessment Questionnaire.

Study Quality, Risk of Bias, and Quality of Evidence

Review quality was rated using the OQAQ, which returned an average score of 16.47 for all 15
systematic reviews included in our final sample (35). The average OQAQ score for the 10 excluded
studies was 11.8. Supplemental Table 4 reports the results of the OQAQ scores by study and
question items, and it also includes the OQAQ scoring criteria for quality assessment of systematic
reviews and meta-analyses. Many of the excluded studies scored low on the OQAQ due to a lack
of assessment of the risk of bias in included studies (i.e., selection bias, performance and detection
bias, attrition bias, and reporting bias), in accordance with the Cochrane Handbook for Systematic
Reviews of Interventions, and/or due to a failure to assess the quality of the evidence (i.e., high,
moderate, low, or very low) (17). We then assessed the risk of bias and quality of evidence of
research findings to determine the extent to which study findings could be confidently applied
to make recommendations for public health practice. The findings on quality, bias, and OQAQ
scores appear in Table 1 (1).
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Text-Messaging Intervention Effectiveness by Health Issue

Five of the 15 reviews focused on a diverse range of disease prevention and health promotion top-
ics (4, 10, 11, 16, 43), including smoking cessation, physical activity, weight loss, and/or chronic
disease self-management (Table 1). In terms of overall effectiveness, all five of these crosscutting
reviews reported that the majority of the reviewed studies found TMIs to have statistically signif-
icant positive effects on health outcomes and/or behaviors. Cole-Lewis & Kershaw (4) reported
that eight out of nine sufficiently powered studies found statistically significant effects on behavior
change for disease prevention and chronic disease self-management; the greatest amount of evi-
dence concerned TMIs for diabetes self-management. In our study-level analyses, we identified
16 unique TMI studies focused on diabetes (Supplemental Table 3). Fjeldsoe et al. (10) reported
similar findings related to TMIs for behavior change. They found that 8 out of 14 studies showed
statistically significant effects, and 5 studies reported positive behavioral trends but were not suf-
ficiently powered (effect sizes ranged from 0.09 to 1.38 based on the 6 studies reporting sufficient
data and control groups). Vodopivec-Jamsek et al. (43) conducted a systematic review on the use
of TMIs for preventive health care and reported that three out of four studies found statistically
significant clinical or behavioral outcomes.

Freeetal. (11)included a wide range of mHealth studies related to disease self-management and
health behavior change, including TMI-based studies. A meta-analysis conducted on two studies
using SMS for smoking cessation found significantly improved quit rates at six months [pooled
estimate of relative risk (RR) = 2.16; 95% CI: 1.77, 2.62; p < 0.0001] (11). Two of three other
TMI-based smoking cessation studies showed statistically significant improvements, but studies
on weight loss and simple medication reminders showed no significant benefits (11).

Head etal. (16) conducted a meta-analysis on TMIs for health promotion, including 19 studies
and 5,958 participants, and found that SMS-based interventions for health promotion had an effect
size (d) 0f 0.329 (95% CI: 0.274, 0.385; p < 0.001). They also found that interventions were most
successful on smoking cessation (d = 0.447; 95% CI: 0.367, 0.526; p < 0.001), physical activity
(d = 0.509;95% CI:0.236, 0.781; p < 0.001), and, to a lesser extent, weight loss and primary care
appointments (16). Furthermore, SMS interventions targeting preventive medication adherence
and other health behaviors were not as common or successful (16). Finally, Head et al. (16)
reported that SMS tailoring, personalization, and decreasing message frequency were significantly
associated with greater intervention efficacy.

Physical Activity and Weight Loss

Three of the 15 reviews primarily examined physical activity, diet, and/or weight loss (34, 38, 40).
Siopis et al. (40) reported that 6 out of 13 studies found a statistically significant clinical outcome,
and a meta-analysis of 6 of the 13 studies included in the review found that receivers of SMS-based
interventions had seven times greater weight loss on average than non-SMS control participants
(95% CI = —3.41, —0.93; p = 0.001). Shaw et al. (38) reported that 11 out of 14 reviewed
studies reported a statistically significant reduction in weight, 5 out of 10 reported a statistically
significant reduction in body mass index, 3 out of 6 reported a statistically significant increase
in physical activity, and 2 out of 3 studies reported a statistically significant reduction in blood
pressure. O'Reilly et al. (34) reported that 5 out of 8 studies that used SMS for physical activity
assessment and/or promotion reported statistically significant findings; all studies were considered
of moderate or strong quality.

A few characteristics of SMS interventions were reported in the studies on physical activity/
weight loss, such as use of theory, message frequency, and text only versus text plus other
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intervention components. Shaw et al. (39) reported that one out of three studies found a
statistically significant increase in self-efficacy, and five out of six studies that sent at least one SMS
per day showed improvements in physical activity. Furthermore, SMS was found to be feasible
and acceptable as an intervention medium for messages about diet and physical activity. Siopis
et al. (40) reported that SMS frequency varied across studies, and daily to weekly texting seemed
to increase program retention. O’Reilly et al. (34) reported that SMS stand-alone interventions
and SMS interventions combined with mobile journaling both showed positive effects.

When examining the individual TMI studies appearing in the 15 reviews and controlling
for duplicates (Supplemental Table 3), we identified 19 studies related to promoting physical
activity. Of these, 7 were exclusively focused on physical activity, 11 were focused on physical
activity and diet, and 3 also added weight loss, medication, or sedentary behaviors as additional
areas of focus. Overall, 11 out of the 19 studies examining TMIs for physical activity reported
statistically significant effects on outcomes and/or behaviors, whereas the remaining 8 did not
find significant effects. These studies were diverse in their designs, sample sizes (ranging from
40 to 357), and durations (ranging from two weeks to one year). Moreover, these studies were
similarly diverse in their intervention characteristics, with no clear association between design
or characteristics and intervention effects. There were also six individual TMI studies focused
on weight loss, with five out of six reporting statistically significant effects on health outcomes
and/or behaviors. These studies were of similar size, design, and characteristic diversity of the
physical activity studies. The one weight loss study without significant effects (33) was not coded
for individual intervention characteristics when it was reviewed (40).

Medication Adherence

Five of the 15 reviews focused on medication adherence, which is an important public health
issue (49). Park et al. (36) included a wide range of chronic conditions (e.g., diabetes, asthma,
HIV/AIDS) for which SM'S messages were tested for medication adherence and found that 18 out
of 29 studies using TMIs reported statistically significant improvements in medication adherence
rates or biomarkers; however, 11 studies reported no differences. The authors note that many of
these 11 nonsignificant studies used basic and repetitive SMS content compared to more varied
and motivational content in the studies with positive outcomes.

Three of the five adherence-related reviews focused on the effectiveness of SMS for HIV care,
particularly ART (9, 18, 42). Finitsis et al. (9) conducted the most updated meta-analysis, thus
utilizing the most up-to-date evidence among the three reviews on ART; considering eight studies
with a combined 1,551 participants, they found that SMS interventions significantly improved
average adherence outcomes (k = 9; OR = 1.39;95% CI = 1.18, 1.64) and biological outcomes
(k = 3;OR = 1.56;95% CI = 1.11, 2.20). Horvath et al. (18) also conducted a meta-analysis but
included only two high-quality studies and found similar positive findings. Van Velthoven et al.
(42) conducted a systematic review and reported that two of the three ART adherence intervention
studies included in their review showed statistically significant positive results.

Nglazi et al. (32) assessed the use of SMS for TB treatment adherence. The results of this
four-study review are mixed and, because of low study quality, the evidence of effectiveness is
inconclusive (32). However, the authors note that three RCT's are under way in Canada, Pakistan,
and China that may contribute to the literature on SMS for TB treatment adherence (32).

Many SMS intervention characteristics were tested in the individual studies included in the
five reviews on medication adherence. Park et al. (36) reported that positive effects on medication
adherence occurred in all studies that applied tailored or personalized messages and that the
majority of reviewed studies reported high participant satisfaction (>80%) in receiving SMS
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messages for health management. Finitsis etal. (9) reported that larger effects were associated with
SMS on ART adherence that were sent less frequently than daily and that used bidirectionality,
personalization, and tailoring to participants’ clinical needs. Horvath et al. (18) reported that long
and short SMS messages sent at weekly intervals for ART adherence worked equally well, and
that one of the included trials found high-quality evidence that weekly SMS could significantly
reduce HIV viral load. Finally, Van Velthoven et al. (42) reported that SMS was perceived to be an
acceptable mode to receive HIV information as well as to communicate among health care workers.

Individual TMI studies focused on medication adherence were the most common, with 33
unique studies present after the removal of duplicates (Supplemental Table 3). Of these 33
studies, 20 reported statistically significant effects on health outcomes and/or behaviors, including
5 out of 10 targeting HIV medication adherence and 3 out of 3 targeting asthma adherence. Study
designs, sizes, durations, and characteristics varied considerably, with no clear and consistent
association between design or intervention characteristics and intervention effects.

Other Health Issues

One of the 15 reviews specifically analyzed effects of SMS on smoking cessation (47). Whittaker
etal. (47) conducted a meta-analysis of five studies with a combined 9,100 participants and found
that mobile phone interventions increased long-term quit rates compared with control programs
(RR = 1.71;95% CI = 1.47 to 1.99; p = 0.001; > = 79%). Furthermore, all studies included in
this review presented long-term outcomes at six months as self-reported point prevalence and/or
continuous abstinence (47).

In total, we identified eight individual TMI studies focused on smoking cessation (Supple-
mental Table 3), with six out of eight of these studies reporting statistically significant effects
on health outcomes and/or behaviors. Seven out of eight of these studies used RCT designs, and
sample sizes in some studies were considerably larger than in other TMI trials, with the largest one
including 5,800 participants. The two studies without significant effects were among the smallest
studies in this category, with 174 (15) and 226 (46) participants, respectively.

Finally, the last of the 15 reviews assessed TMIs for self-management of chronic conditions
(i.e., asthma, diabetes, hypertension) (6). De Jongh et al. (6) reported that two out of four studies in
their systematic review found statistically significant improvements in health outcomes and three
out of four found statistically significant improvements in disease self-management behaviors.
Although the evidence was considered of low quality, they also found that two out of two studies
found increased patient satisfaction, and two out of two studies found improved health services
utilization.

All of the 16 individual TMI studies we identified that focused specifically on diabetes, con-
trolling for duplicates that appeared in multiple reviews, reported statistically significant effects
on health outcomes and/or health behaviors (Supplemental Table 3). Sample sizes for these
16 studies were relatively small (n = 18-215), study durations varied from three weeks to one
year, and study designs included nine RCTs, three QEDs, and four PTPTs. These 16 studies also
featured a wide range of SMS intervention characteristics. SMS frequency varied from multiple
messages per day to one message per week, and only 1 of the 16 studies was specifically noted for
using theory (14), although other theory-informed studies may not have been noted as such in the
review papers. Eleven out of the 16 studies reported that the SMS interventions were interactive,
compared to 5 that were not, and 13 reported using personalized text messages. Finally, 4 of the
16 studies focused on stand-alone text interventions, whereas the other 12 combined SMS with
other intervention modalities. All other individual TMI studies for chronic disease management
either fell into the category of medication adherence (asthma) or were represented by only one
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individual study and labeled as “other” in Supplemental Table 3 (e.g., hypertension, bulimia
nervosa).

Future Research on Text-Messaging Interventions

The authors of the 15 reviews articulated their recommendations for future research based on
the findings and especially the gaps in the studies they reviewed (Table 1). We have aimed to
summarize and synthesize these recommendations here.

Although a few individual TMI studies attempted to assess intervention characteristics, very
few of the reviews and meta-analyses were able to draw strong conclusions on what characteristics
worked better than others. As a result, many of the review authors’ recommendations focused
on the need to assess the relative effectiveness of specific TMI delivery characteristics, such as
frequency of messaging, timing of delivery, duration of interventions, interactivity of SMS inter-
ventions, and impact of complementary interventions and communication modalities (4, 9, 10,
16, 32, 34, 38, 40, 43, 47). However, Head et al. (16) found no significant differences between
interventions using text only and interventions using text plus other components (i.e., Web, print
materials, human counseling). A number of review authors also called for more research on the
use of behavior change theories for TMIs, including theories that can address qualities of SMS
delivery and address specific health behaviors (10, 16, 36), and they solicited an exploration of the
potential risks and unintended consequences associated with TMIs (6, 32, 43).

Another common recommendation from review authors was the need for more rigorous study
designs, including greater use of RCTss, larger and more representative sample sizes, and inclusion
of different age groups, settings, contexts, and geographic locations (4, 6, 10, 11, 18, 32, 36, 38,
40, 42, 43, 47). Many authors also noted the almost complete lack of research on cost-benefit and
cost-effectiveness in the TMI literature to date and called for future research to focus on these
factors, especially in developing countries when possible (4, 9, 11, 32, 36, 40, 42, 43, 47). Other
recommendations for future research were more specific to particular TMI health behaviors. For
instance, additional recommendations for future research pertaining to SMS for increasing ART
adherence included the need for more research with adolescent populations, with individuals caring
for HIV-positive children and infants, on technology access, and in developed and middle-income
countries (18, 42). Reviews assessing TMIs for physical activity and weight loss recommended
that future studies attempt to over-recruit male participants because they have been significantly
underrepresented in the research conducted to date (38, 40).

DISCUSSION

The near ubiquitous ownership of mobile phones, coupled with the massive use of mobile phone
messaging worldwide, has sparked a growth in mHealth applications, such as those using TMIs,
in public health research and practice. To help organize and understand the research that has
been conducted to date, we systematically identified all published literature review studies that
examined TMIs for addressing disease prevention, health promotion, and/or chronic disease self-
management. We also sought to expand on the findings from a recent systematic review of reviews
conducted by Househ (19) on the impact of TMIs for healthcare. Furthermore, we aimed to report
comprehensively and interpret what has been learned in slightly more than a decade of research
on TMIs and to provide research recommendations that may help mobile phone messaging reach
its full potential as an effective method for public health interventions.

Although research on TMIs for changing health behaviors and improving health outcomes has
begun rather recently, this area of research has expanded rapidly since 2002, consistent with the
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rapid development and worldwide diffusion of mobile technology. As the number of published
TMI studies began to increase, the first systematic review on behavior change interventions deliv-
ered by mobile phone SMS was published in 2009 (10). This review was quickly followed by many
other reviews attempting to synthesize research findings on the applications of TMIs to a variety
of health care topics and health behaviors. For example, The Cochrane Collaboration published a
series of four reviews analyzing the effects of mobile phone messaging on health care delivery and
utilization (6). The very large volume of published reviews and meta-analyses on text messaging
for health demonstrates the enormous potential of this novel, high-reach, highly accessible, and
relatively low-cost communication strategy; it also attests to the strong desire among researchers
and practitioners to determine its efficacy and to gather evidence to inform best practices.

Despite its rapid growth, however, this area of research and practice is still in its adolescence,
and it remains difficult to interpret and synthesize research findings across diverse study designs,
health topics, and study purposes to effectively translate findings into best practices. Therefore,
our review did not aim to synthesize best practices where the strength or specificity of evidence was
lacking or mixed, but it focused instead on summarizing the published research review literature
on TMIs and organizing it by targeted health topics, health outcomes and behaviors, and SMS
intervention characteristics.

Almost all of the 15 reviews and meta-analyses that we coded found that the reviewed TMI
studies, using extremely diverse intervention characteristics, had significantly positive effects on
diverse health behaviors. These results were further confirmed upon review of the original TMI
studies included in these reviews and removal of the duplicates that appeared in multiple reviews.
Several of the reviews we analyzed also conducted meta-analyses, which permit more meaningful
numerical comparisons across studies in a standard form and allow for more inferential findings
and evidence for practice (27). All of the meta-analyses we reviewed concluded that TMIs had
a statistically significant positive effect on health outcomes and/or health behaviors. Overall, the
majority of reviews we reviewed reported low-to-moderate quality of evidence (i.e., few findings
were reported as high-quality evidence by review study authors) to demonstrate the effectiveness
of TMIs on health behavior outcomes. Frequently mentioned limitations across the reviews in-
cluded lack of rigorous study designs, small sample sizes, short intervention durations, and lack
of representative study populations and environments. Furthermore, to bridge the gap between
mobile technological advancements and delays in RCT TMI findings, more adaptive and iterative
study design and evaluation methods could be implemented, such as the Multiphase Optimization
Strategy (MOST) and the Sequential Multiple Assignment Randomized Trial (SMART) (34).

An interesting finding from some of the reviews published more recently is the inclusion
or discussion of interventions using MMS. Since MMS is a newer, more advanced version of
mobile messaging that lacks the high level of access and high frequency of use of SMS, we did
not account for this term in our search strategy. Moreover, MMS is not yet an indexed MeSH
term in PubMed, whereas SMS is; however, a few reviews included MMS within their TMI study
samples, whereby recipients would receive nontext information such as links, images, or videos
(46). Although a few reviews included descriptions of SMS and MMS in their introductions as
examples of mobile messaging (6, 43), the other reviews did not make this distinction, which
made it extremely difficult to distinguish TMI components. It is likely that MMS will become
a more frequent feature of future TMIs for public health, especially as most mobile users shift
to smartphones with more advanced messaging capabilities. In addition, new mobile messaging
services, such as Facebook Messenger, Kik, WhatsApp, SnapChat, and Instagram, all have
functions that emulate and often surpass both SMS and MMS functionality, including the
ability to add searchable tags or hashtags to content. Future research on TMIs for public health
must also explore the potential intended and unintended consequences of these emerging and
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innovative mobile messaging tools, especially among their most frequent users such as younger
audiences.

Although inferring patterns and making recommendations on specific TMI characteristics is
a challenging task given the diverse array of studies and reviews, we did find somewhat consistent
evidence that TMIs generally resulted in significant positive benefits in the areas of diabetes
self-management, physical activity, weight loss, smoking cessation, and medication adherence for
ART. Inclusion criteria across the reviews were mixed, with some reviews including only specific
health topics or specific designs, analyzing TMI only as a stand-alone intervention, or addressing
health care administration (e.g., basic appointment reminders) as opposed to public health issues.
Regarding TMI characteristics, the reported results were mixed, and many of the reviews included
studies with diverse or missing data on TMI components; however, some reasonable conclusions
related to TMI characteristics could be reached. For example, greater effects were associated with
text messages on ART adherence that were sent less frequently than daily (such as weekly) and
that used bidirectionality, personalization, and tailoring to clinical needs (18). Positive findings
were associated with all health promotion or medication adherence TMI studies using tailored
or personalized messages (36). Daily to weekly TMI message frequency for weight loss appeared
to increase program retention (38, 40). Although these findings are important to consider when
planning interventions in these areas, we could not infer whether increasing TMI complexity
with characteristics such as personalization, tailoring, and varying delivery frequency is likely
to increase intervention costs. Furthermore, caution toward unintended consequences of TMIs
should be considered before applying them to other health areas.

Most notable to us were the findings from the most recently published meta-analyses and
systematic reviews, because the earliest published reviews had fewer published studies to consider
and may have included greater numbers of pilot studies with smaller samples and/or less rigorous
study designs. For example, Fjeldsoe et al. (10) reported that TMIs showed positive short-term
outcomes in 13 out of 14 studies on diverse health issues and that intervention characteristics such
as tailoring and interactivity were important features of TMIs. In contrast, Head et al. (16), given
the benefit of more published TMI research, were able to conduct a meta-analysis of the efficacy
of TMIs for health promotion using only studies using RCTs. They found that smoking cessation
and physical activity outcomes were most amenable to change through TMIs. Additionally, they
found that message tailoring and personalization were significantly associated with increased TMI
efficacy. Whereas the older and more health topic—focused reviews were not able to conduct meta-
analyses due to a lack of available studies with rigorous designs and ample data, we would expect
this challenge to diminish as a greater number of rigorous TMI studies are funded, conducted, and
published. To this end, a majority of reviews reported on numerous ongoing TMI studies with
more rigorous designs, such as larger scale RCT's. Free etal. (11) also listed several studies that were
published after the search of their review was completed and were not included in their analysis.

Based on our review findings and the synthesized recommendations from the review authors,
we believe that future studies of TMIs for health, including systematic reviews and meta-analyses,
should seek to focus on specific health behaviors and outcomes, populations, settings, and TMI
characteristics, including MMS components, rather than offer broad overviews of a variety of
TMIs, mobile technologies, and health outcomes. This will allow for more practical and applicable
findings. Future research on cost-effectiveness is also essential, particularly in developing countries
and/or for more sophisticated intervention designs and characteristics. Furthermore, the variability
of outcome measures and follow-up assessment durations makes it difficult, if not impossible, to
make comparisons and reach conclusions across studies. Therefore, consensus among researchers
is needed to identify and adopt standardized outcome measures and to set standardized follow-up
assessment periods, such as six weeks, to facilitate future comparative assessments.
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When considering the results from our review of reviews, it is important to note that this
study was primarily limited to capturing and reporting information that appeared in systematic
reviews and meta-analyses, with full-text individual studies only accessed to fill major data gaps
or to assess differences regarding specific studies coded in multiple reviews. The broad variation
in the scope and specificity of the TMI components reported complicated our task to synthesize
the information across a large number of reviews. For example, very few reviews reported on the
use of behavior theory in TMIs, so it is possible that a greater number of studies utilized behavior
theory, but this information was not reported in many reviews and was therefore not available to
us.

Additionally, interpretation of our review of review findings should consider the potential
omissions and errors that may be present in our coding and findings as a result of unreported errors
in the original reviews and/or underlying studies. We sought to minimize errors of interpretation
through dual coding and resolution with a third coauthor at each step of our data extraction
process. Furthermore, the presence of accurately coded duplicate studies across reviews and our
efforts to resolve unclear and disparate study descriptions by consulting the original studies all
contributed to the accuracy of our data.

Finally, in our attempt to be as comprehensive as possible, we sought to include all reviews that
assessed the effectiveness of TMIs on health outcomes and behaviors, which led to the inclusion
of reviews that were not specifically focused on SMS and/or included other mHealth components
in addition to SMS (11, 34). The diversity of review paper types and the inclusion of non-SMS
studies in our review paper sample presented particular difficulty in the interpretation of results, as
review authors provided inconsistent methods for reporting and synthesizing their TMI findings.

CONCLUSIONS

Mobile phones have become the mostaccessible form of mediated communication in world history,
and text messaging has become one of the most frequently used forms of mobile communication.
Public health researchers have sought to capitalize on this potentially game-changing commu-
nication modality by developing and testing TMIs designed to provide information that results
in improved health outcomes and/or changed health behaviors. In slightly more than a decade
of innovative research, dozens of studies and more than 20 systematic reviews and meta-analyses
have been conducted to explore the potential of TMIs for public health. This systematic review of
reviews identified and coded the results of the highest-quality reviews and found that the majority
of published TMIs were effective at addressing diabetes self-management, weight loss, physical
activity, smoking cessation, and medication adherence for ART. Limited evidence exists to deter-
mine the most efficacious intervention characteristics, and more research is needed to determine
best practices, to assess longer-term effects in more diverse populations, and to determine the
cost-benefit and cost-effectiveness of TMIs.
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