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Abstract

Background: Text-based programs have been shown to effectively address a wide variety of health issues. Although little
research examines short message service (SMS) text messaging program characteristics that predict participant retention and
attrition, features of SMS text message programs, such as program duration and intensity, message content, and the participants’
context, may have an impact. The impact of stop messages—messages with instructions for how to drop out of an SMS text
message program—may be particularly important to investigate.

Objective: The aim of this study was to describe attrition from Text2BHealthy, a text-based nutrition and physical activity
promotion program for parents of low-income elementary school children, and to determine the impact of message content and
number of stop messages received on attrition.

Methods: Using data from 972 parents enrolled in Text2BHealthy, we created Kaplan-Meier curves to estimate differences in
program duration for different SMS text message types, including nutrition, physical activity, stop, and other messages. Covariates,
including rurality and number of stop messages received, were included.

Results: Retention rates by school ranged from 74% (60/81) to 95.0% (132/139), with an average retention rate of 85.7%
(833/972) across all schools. Program duration ranged from 7 to 282 days, with a median program duration of 233 days and an
average program duration of 211.7 days. Among those who dropped out, program duration ranged from 7 to 247 days, with a
median program duration of 102.5 days. Receiving a stop message increased the probability of attrition compared with receiving
messages about nutrition, physical activity, or other topics (hazard ratio=51.5, 95% CI 32.46-81.7; P<.001). Furthermore, each
additional stop message received increased the probability of attrition (hazard ratio=10.36, 95% CI 6.14-17.46; P<.001). The
degree of rurality also had a significant effect on the probability of attrition, with metropolitan county participants more likely
to drop out of the program than rural county participants. The interaction between SMS text message type and total number of
stop messages received had a significant effect on attrition, with the effect of the number of stop messages received dependent
on the SMS text message type.

Conclusions: This study demonstrates the potential of SMS text message programs to retain participants over time. Furthermore,
this study suggests that the probability of attrition increases substantially when participants receive messages with instructions
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for dropping out of the program. Program planners should carefully consider the impact of stop messages and other program
content and characteristics on program retention. Additional research is needed to identify participant, programmatic, and contextual
predictors of program duration and to explicate the relationship between program duration and program efficacy.

(JMIR Mhealth Uhealth 2019;7(1):e9967) doi: 10.2196/mhealth.9967
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Introduction

Background
Using text messages, also known as short message service
(SMS), to deliver or supplement health interventions has
increased in popularity in recent years. SMS text messages are
an appealing mode of program delivery largely because they
can be easily and inexpensively used to reach a broad audience
[1]. In the United States, approximately 95% of adults own a
cell phone [2] and 81% of US adults with cell phones use SMS
text messages [3]. SMS text messages may also be a useful tool
for accessing underserved populations and addressing health
disparities. Low-income and minority populations use cell
phones at rates that equal or exceed those of their higher-income
and white counterparts [2].

Text-based programs have been successfully used to address a
wide variety of health issues such as weight loss [4], smoking
cessation [5], diabetes management [6], and sexual health [7].
Exposure to health-related SMS text messages has also been
effective in promoting participants’adherence to a program and
maintaining healthy behavior changes [8]. A meta-analysis
investigating the efficacy of SMS text message–based health
promotion interventions found that the overall weighted mean
effect size on health outcomes among the 19 randomized
controlled trials included in analysis was d=0.329 (95% CI
0.274-0.385; P<.001), indicating a small effect across studies
[9].

Although many studies have shown that retention is generally
high in SMS text message programs [8,10-12], retention rates
also vary quite widely. The aforementioned meta-analysis found
that mean retention at follow-up among the included studies
was 86% [9]. In another meta-analysis, which investigated the
efficacy of weight management programs that incorporated
SMS text messages, the retention rate at the postintervention
stage among the 14 included studies ranged from 46% to 96%
[13].

Understanding when and why participants tend to drop out of
SMS text message programs is imperative for effective program
planning. There is some evidence that when participants drop
out, they do so early in the program; Coa and Patrick found that
among those who dropped out of a diet and physical activity
SMS text message program, 65% (54/83; 28% of all users) did
so within the first 2 weeks [14]. As SMS text message programs
vary widely in content, frequency, relevance, tone, theoretical
underpinnings, and other characteristics, we do not know
whether timing of dropout is related to these characteristics or
whether participants are simply tired of SMS text message
programming over time. Knowing typical timing of dropout

can help researchers prioritize content delivery and develop
evaluation plans that maximize time with the majority of
participants. Though there are several factors that could
potentially impact attrition, such as message content and
frequency, these factors remain unexamined, making it difficult
to provide guidance concerning program development and
features that hinder retention.

Objectives
The purpose of this study was to describe attrition from
Text2BHealthy, an SMS text message-based healthy eating and
physical activity promotion program. Due to the lack of existing
research about attrition from SMS text message programs,
certain features of Text2BHealthy thought to be most likely to
influence attrition were selected for examination. For example,
in the program, several types of message content were delivered,
including messages about nutrition, physical activity, and stop
messages. Stop messages provide participants with instructions
for withdrawing from the program. Due to a concern of the
program funding agency about participants without SMS text
messaging in their data plans incurring costs to receive program
messages, stop messages were a required feature of the program.
It is unknown whether and how much such messages increase
attrition. In addition, the Text2BHealthy program was tailored
to particular elementary schools located throughout the state of
Maryland. These schools varied widely in terms of the degree
of rurality of the area. Participants in rural areas might be less
likely to drop out of a text-based health promotion program as
rural areas tend to have fewer health services and programs
available [15].

In this study, we sought to discern (1) how long participants
remained in the program before dropping out; (2) whether
particular types of messages, particularly stop messages,
increased the likelihood that participants will drop out of the
program; (3) whether the number of stop messages received
increased the likelihood that participants will drop out of the
program; (4) whether school rurality was associated with
attrition; and (5) whether the impact of the number of stop
messages received differs by message type.

Methods

Text2BHealthy Program
Text2BHealthy is a Maryland Supplemental Nutrition Assistance
Program-Education (SNAP-Ed) nutrition and physical activity
promotion program delivered by SMS text messages to parents
of elementary school children [16]. Parents received message
content tailored to their children’s school and local community.
Program participants received 2 to 3 messages per week.
Messages provided information and actionable nudges about
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nutrition and physical activity as well as a variety of other
related content. Although Text2BHealthy did not typically solicit
responses to most messages, participants were occasionally
asked to respond to simple evaluation questions or set goals via
text response. Participants were able to remove themselves from
the program at any time by texting stop to the program short
code or responding to any message with a message that included
stop. As required by the program funding agency, SMS text
messages informing participants about how to leave the program
were sent approximately every 6 weeks.

Participants and Recruitment
Participants included in this study were 972 parents of children
attending a selection of low-income elementary schools with
youth SNAP-Ed programs in Maryland and participating in the
Text2BHealthy program. Parents were recruited through school
events and program promotional items sent home at the
beginning of the school year. They were enrolled by either
providing their phone number to program staff or enrolling
themselves through a keyword texted to a short code. Data for
this study came from the September 2012 to June 2013 program
year, which includes enrolled parents from 10 elementary
schools in 5 Maryland counties and Baltimore City. Parents
could enroll in and drop out of Text2BHealthy at any point
during the program year.

Variables and Measures
The outcome of interest for this study was attrition from the
Text2BHealthy program (ie, survival time in days). Attrition
data were recorded by the Web platform that was used to send
messages to participants. When participants sent an SMS text
message to the program phone number indicating that they
wanted to be removed from the program, the Web platform
would automatically and instantly remove them from the list of
participants to receive SMS text messages and record the date
and time that they left the program. Program enrollment date
and dropout date were used to calculate program duration (ie,
survival time) in days.

Survival analyses were conducted to examine differences in
participant attrition from the program. The primary predictor
for survival time, in days, was message type. Message type was
created by coding the last SMS text message received (either
the last message before dropout or the last message sent during
the program year) into 5 categories: nutrition; physical activity;
stop messages describing how to drop out of the program; stop
messages combined with content about nutrition or physical
activity; and a variety of other content that included evaluation
questions, goal-setting, and healthy event notifications and other
messages not explicitly addressing nutrition and physical activity
actions (see Table 1).

Several covariates were included in the models, including
rurality and the number of stop messages received during the
program year. Rurality was determined for each school using
the United States Department of Agriculture’s 2013 Rural-Urban
Continuum Codes (RUCC; the year the data were collected) for
the county where the school was located. These codes range
from 1 to 9, with 1 to 3 indicating metropolitan areas and 4 to
9 indicating nonmetropolitan areas [17].

Statistical Analysis
Frequencies were used to determine retention rates. Mean and
median program durations were calculated to determine how
long participants remained in the program before dropping out.
Kaplan-Meier curves were created to estimate differences in
participant attrition for different message types. Additional
models that included total number of stop messages received,
RUCC, and interactions between message type and total number
of stop messages received were run. Using the survival package,
Cox proportional hazards models were fit to estimate hazard
ratios. A graphical inspection of the residuals was done to test
the proportional hazards assumption. Pairwise comparisons
were conducted to determine the effect of the number of stop
messages by message type. All analyses were run in R Statistical
Computing Package (v 3.2.1, R Foundation for Statistical
Computing).

Table 1. Message types, frequency, and examples of the last message received.

Message exampleMessages sent, nMessage content type

Some students made mango salsa in nutrition class last week. All children have a copy of the
recipe in their backpack today. Give it a try!

587Nutrition

It’s going to be almost 50 degrees this afternoon! Enjoy some time outside with the kids after
school. Take a walk with your family or play a game of catch!

170Physical activity

Text2BHealthy is a free program from the University of Maryland. If this program does not fit
into your text plan, or you no longer want messages reply STOP.

55Stop

Broccoli is in season and $1.79 per pound at [local grocery store]. Steam or eat raw with low fat
dip. Kids love broccoli! Msg & Data Rates May Apply. Reply STOP to quit.

14Nutrition with stopa

It’s December & it’s warm outside! Children love the extra time to play outside before dinner.
Msg & Data Rates May Apply. To quit receiving messages, reply STOP.

16Physical activity with stopa

Take the family downtown this Saturday & Sunday for the Book Festival. Read, dance & hear
from chefs & food experts.

130Otherb

aNutrition with stop and physical activity with stop were combined because of the small number of messages in each category.
bOther message types represent a broad variety of content that could not be classified into 1 of the 5 predominant message content types. Other messages
include evaluation questions and survey reminders, goal setting, and general community health event notifications.
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Results

Descriptive Statistics
There were 972 participants during the 2012 to 2013 program
year. Among the 10 participating schools, the average free and
reduced meals (FARM) rate, indicating the percentage of
students in the school receiving free or reduced price meals,
was 80.9%. According to the 2013 RUCC [17], 7 out of 10
(70%) schools were located in metro counties, with populations
of 1 million or more, whereas 1 school was located in a metro
county with a population of fewer than 250,000, and 2 schools
were located in a nonmetro county, with urban populations
between 2500 and 19,999. Retention rates by school ranged
between 74% (60/81) and 95.0% (132/139), with an average
retention rate of 85.7% (833/972) across all schools. Program
duration ranged from 7 to 282 days, with a median program
duration of 233 days and average program duration of 211.7
days (see Table 2). In total, 14.3% (139/972) of participants
dropped out of the program. Among those who dropped out,
program duration ranged from 7 to 247 days, with a median
program duration of 102.5 days.

Survival Analysis
Kaplan-Meier survival curves indicate differences in program
attrition by SMS text message type (see Figure 1). A log rank

test was used to examine differences in attrition among SMS

text message types (χ2
3=916.6; P<.001). Among those who did

drop out of the program, participants were more likely to drop
out after having received a stop message, followed by a stop
message paired with nutrition or physical activity content and
then by physical activity content alone. Participants were least
likely to drop out after receiving a nutrition message. On the
basis of these findings, Cox proportional hazards models were
fit to estimate the effect of several covariates on program
attrition.

Model 1 examines the predictive effect of SMS text message
type on program attrition (see Table 3). As seen in Figure 1,
stop messages are associated with a high probability of program
attrition (hazard ratio=51.5, 95% CI 32.46-81.7; P<.001). The
addition of covariates to the model attenuates this relationship;
however, the magnitude of the effect of stop messages remains
substantial in comparison with nutrition messages. In model 2,
which examines SMS text message type and the total number
of stop messages received, the hazard ratio decreases
substantially to 10.36 (95% CI 6.14-17.46; P<.001). In addition,
model 2 shows that the more stop messages a participant
receives, the greater the probability of attrition. In model 3,
rurality of the program site impacts attrition, as the addition of
the RUCC increases the hazard ratio to 11.60 (95% CI
6.78-19.84; P<.001).

Table 2. School characteristics.

Duration (days), medianDuration (days), mean (SD)Retention rate (%)RUCCbFARMa rate (%)School (n=participants)

234202.31 (71.6)861971 (participants, n=65)

241223.93 (52.2)856632 (n=46)

219198.42 (64.2)831773Sc (n=99)

219198.91 (69.1)801773Ed (n=55)

233215.45 (47.7)84.9191.24 (n=119)

243213.12 (60.2)86.3377.75 (n=139)

240229.38 (34.5)971996 (n=95)

226183.25 (71.6)851757 (n=68)

240230.14 (33.3)95.0192.48 (n=139)

221195.03 (75.5)761739 (n=66)

227213.89 (61.4)7466310 (n=81)

233211.66 (58.8)85.7—e80.9Total (N=972)

aFARM: free and reduced meals. Students are eligible for free school meals if household annual income falls below 130% of the federal poverty
guidelines. Students are eligible for reduced price meals if household annual income falls between 130% and 185% of the federal poverty guidelines.
FARM rates are school-level data that represent the entire population of each school, not the Text2BHealthy participant sample.
bRUCC: Rural-Urban Continuum Code. RUCC 1: fringe counties of metro areas of 1 million population or more (metro county); RUCC 3: counties in
metro areas of fewer than 250,000 population (metro county); RUCC 6: urban population of 2500 to 19,999, adjacent to a metro area (nonmetro county).
c3S: Spanish language messages sent to participants at school 3. These 2 groups were kept separate because 3 participants from school 3 elected to
receive both English and Spanish messages. These 2 groups were kept separate because 3 participants from school 3 elected to receive both English
and Spanish messages.
d3E: English language messages sent to participants at school 3. These 2 groups were kept separate because 3 participants from school 3 elected to
receive both English and Spanish messages.
eNot applicable.
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Figure 1. Kaplan-Meier survival curves by message type.

Living in a metro county with populations under 250,000
(RUCC=3) is associated with higher probability of dropping
out of the program (hazard ratio=4.27, CI 2.33-7.83; P<.001),
whereas living in a nonmetro county with a population between
2500 and 19,999 people (RUCC=6) is associated with lower,
but statistically insignificant probability of dropping out of the
program (hazard ratio=0.63, CI 0.39-1.02; P>.05), respectively,
compared with living in a metro county with populations greater
than 1 million (RUCC=1).

In model 4, the final model in this analysis, interaction terms
between the total number of stop messages and SMS text
message types are included. The effect of the interaction term

was explored through pairwise comparisons by message type
(see Pairwise Comparisons by Message Type section). The
addition of all the covariates and the interaction terms to the
model leads to a 99% decrease in the effect of stop message
only from model 1, and the association is no longer statistically
significant (P>.05). The interaction between stop messages and
the total number of stop messages received, however, has the
largest effect on likelihood of dropping out of the program
(hazard ratio=3.31, 95% CI 2.35-4.64; P<.001), suggesting a
possible moderating effect of the total number of stop messages
on the association between receiving stop messages and attrition
rate in the program.
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Table 3. Predictors of attrition by message type.

P valueModel 4e (95% CI)P valueModel 3d (95% CI)P valueModel 2c (95% CI)P valueModel 1b (95% CI)Variablea

.0010.17 (0.06-0.49).710.88 (0.45-1.74).410.76 (0.39-1.47).0032.50 (1.36-4.58)Physical activi-
ty message

.100.43 (0.16-1.16)<.00111.60 (6.78-19.84)<.00110.36 (6.14-17.46)<.00151.5 (32.46-81.7)Stop message

.060.21 (0.04-1.08).070.45 (0.19-1.08).981.00 (0.46-2.22).111.82 (0.87-3.80)Other message

<.0010.02 (0.01-0.03)<.0010.03 (0.02-0.04)<.0010.04 (0.02-0.05)——fTotal stop mes-
sages received

<.0013.05 (1.65-5.64)<.0014.27 (2.33-7.83)————County RUCCg

of 3

.0030.45 (0.27-0.76).060.63 (0.39-1.02)————County RUCC
of 6

.0031.76 (1.21-2.57)——————Physical activi-

tyh × total stop

<.0013.31 (2.35-4.64)——————Stop messageh

× total stop

.211.43 (0.82-2.50)——————Other messageh

× total stop

aHazard ratios for cox proportional hazard models.
bUnadjusted model.
cModel 1+Total number of stop messages.
dModel 2+County RUCC.
eModel 3+Interaction term between message type and total number of stop messages.
fNot applicable.
gRUCC: Rural-Urban Continuum Code.
hInteraction term.

Table 4. Pairwise comparisons by message type for 2 levels of total stop messages received.

6 stop messages, hazard ratios (95% CI)3 stop messages, hazard ratios (95% CI)Pairwise comparison

1.84 (0.89-2.55)0.62 (0.44-0.89)Other versus nutrition

5.1 (1.68-8.64)0.91 (0.73-1.23)Physical activity versus nutrition

2.74 (1.79-3.14)1.47 (1.09-1.88)Physical activity versus other

557.6 (506.33-604.51)15.44 (12.92-18.31)Stop versus nutrition

110.1 (76.33-132.63)16.89 (9.61-22.04)Stop versus physical activity

303.89 (230.45-374.69)24.84 (12.3-37.5)Stop versus other

Pairwise Comparisons by Message Type
The effect of the number of stop messages differs by SMS text
message type (see Table 4). To further explore these
relationships, 2 different values representing the 10th and 90th
percentile for total number of stop messages received were
chosen. These values were used to estimate the hazard ratios
for different pairwise comparisons of message types. The effect
of the number of stop messages received had differing effects
for different pairwise comparisons. Most notably, the impact
of the number of stop messages was particularly pronounced
when comparing the probability of dropout after receiving a
stop message with the probability of dropping out after receiving
another type of message. For example, the stop message and
nutrition message comparison shows that receiving a stop
message had a 15 times greater probability of resulting in a

dropout than receiving a nutrition message with 3 stop messages
received, but once 6 stop messages had been received, receiving
a stop message had a 557 times greater probability of resulting
in a dropout than a nutrition message. A similar pattern was
observed when comparing stop and physical activity messages
as well as stop and other types of messages.

Discussion

Principal Findings and Comparison With Previous
Work
The objective of this study was to examine the effect of SMS
text message type and number of stop messages received on
attrition in Text2BHealthy, a text-based health promotion
program. We found that overall attrition differed by message
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type; in particular, sending a stop message substantially
increased the risk of participants dropping out of the program
compared with other types of messages, including nutrition,
physical activity, and others. Although providing information
about how to withdraw from a program might be necessary, the
way in which this information is provided has important
implications for program attrition.

Most participants did not drop out of Text2BHealthy; 85.7%
(833/972) were retained through the end of the school year,
indicating possible exposure to key messages over a lengthy
period. This is consistent with other literature, including 2
meta-analyses that found a mean retention rate of 86% [9] and
rates ranging from 46% to 96% [13] across a variety of
text-based programs. However, depending on the participant
burden in specific program designs, high retention might reflect
that passively remaining in a text-based program is easier than
taking action to drop out. Future research should move beyond
looking at retention to also explore the extent of participants’
active engagement (eg, opening, reading, and acting on SMS
text messages received). In addition, program characteristics
such as planned program duration, participant burden, frequency
of messages, message timing, and difficulty of changing the
targeted health behaviors may influence retention. Studies
isolating these factors for comparison and meta-analyses that
examine program characteristics are needed.

We also found that the median program duration for participants
who dropped out of the program was high (102.5 days), meaning
that many participants were exposed to a substantial amount of
program content despite ultimately unenrolling from the
program. This observation is inconsistent with research
conducted by Coa and Patrick [14], showing that attrition tends
to occur within the first 2 weeks of a program. Although it is
unclear why results from these studies differ, program planners
should assess the likelihood of attrition at various points in their
own programs, take into account when program fatigue is likely
to occur when determining program length, and consider
overenrolling participants to limit the impact of attrition on
program evaluation. SMS text message program formats are
both effective in the short term [18,19] and beneficial in
extending contact with participants beyond an initial intervention
period [20], but more research is needed to examine the
conditions under which participants tolerate longer program
durations.

In examining the context of program participants, we found that
parents living in rural counties were less likely to drop out than
parents living in more metropolitan counties. This finding may
be explained by the relative scarcity of health services and
programs in rural areas. Participants in rural areas may be less
likely to drop out of a text-based health promotion program, as
rural areas tend to have fewer health services and programs
available [15]. It is likely that many other contextual factors
may impact attrition, but more research is needed to identify
such factors and mitigate their unique impact in SMS text
message programs. If limited program availability in rural areas
is both a motivation to use SMS text message programs with
isolated populations and an explanation of high retention, related
characteristics of limited access to resources, health disparities,
and isolation such as socioeconomic status, race or ethnicity,

immigration status, basic literacy, and exposure to other
programs should be examined in future research.

We found that the effect of the number of stop messages
received during the program period differs by SMS text message
type. In particular, receiving 6 stop messages results in greater
probabilities of attrition for all SMS text message types than
receiving 3 stop messages, suggesting a possible dose-response
relationship between number of stop messages received and the
likelihood of dropping out of the program. In addition, the
interaction between stop messages and the total number of stop
messages received yields the largest effect on attrition compared
with the interaction between other message types and the number
of stop messages received. Although we were unable to find
any other research examining the effect of stop message receipt
on attrition, these findings might echo dose-response
observations in another study showing that number of messages
received was associated with positive behavior changes related
to weight management [20]. These findings are also consistent
with previous research emphasizing the importance of message
characteristics, including content and the number of SMS text
messages received, in achieving high retention rates in SMS
text message–based health promotion programs [21-23].

Program planners needing to send instructions on how to drop
out of a program should consider limiting the number of times
this information is provided, as it is possible that a greater
frequency of such information has negative implications for
program retention. In addition, a better understanding of the
ways in which participants’ characteristics impact probability
of dropping out after receiving a stop message could also
improve retention. In particular, certain participants might be
more responsive to stop messages, such as those who join many
text-based programs and those with limited facility with SMS
text messaging who might drop out accidentally or
misunderstand the intention of the stop message. Furthermore,
future research may identify the best ways of informing
participants about how to remove themselves from the program
and illuminate which groups of participants may be expected
to already know how to remove themselves from any SMS text
message program.

Limitations
This study has a number of important limitations. First, we were
unable to control for individual demographic characteristics
that might explain differences in attrition. Second, although the
data analysis accounts for different frequencies with which
particular messages were sent, the relatively small number of
messages combining nutrition content with a stop message and
physical activity with a stop message signifies a small number
of possible dropout events to observe, resulting in limited or
inadequate statistical power. We, therefore, combined these 2
SMS text message types with stand-alone stop messages into 1
group for analysis, which may obscure differences that might
have been detected with more observations. It is also possible
that certain messages within a message category impacted
attrition differentially, but because of somewhat varied content
across schools, we were unable to examine attrition probabilities
for each unique message. Third, although we are able to link
attrition events to the most recently sent message, this does not
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necessarily indicate that a participant chose to drop out of the
program because of the content of this particular message. In
addition, program data indicate only that messages were sent
to a functioning cellular number, not whether participants read
the messages they receive or whether the messages were
impactful. Therefore, participant retention is not itself an
indication of either participant engagement or program efficacy.

Conclusions
This study of attrition in the Text2BHealthy program
demonstrates the potential of SMS text message programs to
retain participants over a long program duration. In examining
the patterns of attrition, we have provided evidence that the

probability of attrition increases when participants receive SMS
text messages with instructions about withdrawing from the
program. Program planners should carefully consider how and
how often to provide such information to minimize its effect
on retention and determine other possible message content and
characteristics that may undermine retention. Despite substantial
progress in understanding best practices in SMS text message
program design and implementation, more research is needed
to determine participant, programmatic, and contextual
predictors of program duration and attrition to mitigate their
impact in SMS text message programs. Furthermore, the
relationship between program duration and attrition and targeted
behavioral outcomes also necessitates examination.
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