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Abstract

Objective—This systematic review was conducted to determine user satisfaction and
effectiveness of smartphone applications and text messaging interventions to promote weight
reduction and physical activity.

Methods—Studies of smartphone applications and text messaging interventions related to the
cardiovascular risk factors of physical inactivity and overweight/obesity published between
January 2005 and August 2010 were eligible. Studies related to disease management were
excluded. Study characteristics and results were gathered and synthesized.

Results—A total of 36 citations from CINAHL, EMBASE, MEDLINE, PsycINFO, and PubMed
were identified; 7 articles were eligible for inclusion. The most frequent outcome measured in the
studies was change in the weight of participants (57%). More than half of the studies (71%)
reported statistically significant results in at least 1 outcome of weight loss, physical activity,
dietary intake, decreased body mass index, decreased waist circumference, sugar-sweetened
beverage intake, screen time, and satisfaction or acceptability outcomes.

Conclusions—All of the technology interventions that were supported by education or an
additional intervention demonstrated a beneficial impact of text messaging or smartphone
application for reduction of physical inactivity and/or overweight/obesity. More rigorous trials that
determine what parts of the technology or intervention are effective as well as establishment of
cost-effectiveness are necessary for further evaluation of smartphone and text messaging
interventions.
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Background

Heart disease is the leading cause of death worldwide. In data published by the World Heath
Organization, 17.5 million deaths were attributed to cardiovascular disease in 2005.1
Interventions to aid in the prevention of heart disease are targeted primarily at reduction of
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modifiable risk factors. Modifiable risk factors include smoking, physical inactivity, obesity,
poor nutrition, high blood pressure, and abnormal blood lipid levels. Advancements in
mobile phone technology have made it a desirable method for health promotion and disease
prevention,? including the prevention of heart disease by targeting specific risk factors.

Mobile phones are the primary mode of communication for most of the population
worldwide. Between 2005 and 2010, the number of mobile phone subscribers rose from 2
billion to more than 5 billion.3 Many developed countries have reached subscription levels
greater than 100%, whereas developing countries are not far behind, with an expected 73%
of the population subscribing at the end of 2010.2 Mobile phone users are taking advantage
of the capabilities of their device, such as short messaging service (SMS). Also known as
text messaging, SMS is a fast, cheap, and efficient way for people to communicate via
mobile phone. Although rates of text messaging differ by country and by gender and age
within countries, a staggering rise the in number of messages sent has been noted in the past
3 years.3 In the United States, text messages sent monthly have risen from 7.2 billion in June
2005 to 173.2 billion in June 2010,% with 72% of the adult population with a mobile phone
sending and receiving text messages.®

Smartphone subscription has also been on the rise. Research suggests that smartphones will
make up most of the mobile devices used in the United States by the end of 2011.% These
devices are capable of providing an “inexpensive handheld computer that enables users to
accomplish tasks anywhere, anytime.”” There are thousands of applications related to health
behavior and healthcare available to smartphone users.” With this technology at the
consumers’ fingertips, it allows researchers opportunities to create or use specific
applications related to health promotion or disease prevention.

Multiple studies have reported benefits to using technology to enhance interventions for
weight loss.28 Specifically, studies report that the use of technology (Web sites and e-mail)
is easily integrated into the lives of participants and allows for better flexibility for
physicians and other healthcare providers when providing counseling and care to patients.8
Favorable outcomes of face-to-face interventions have been enhanced by the use of the
Internet and mobile phones.2 However, there is limited reported evidence to the benefit of
smartphone applications and text messaging programs to enhance behavioral modification
related to weight loss and physical activity. There has not been a systematic review
conducted on mobile phone technology specifically related to the cardiovascular disease risk
factors of increased weight and physical inactivity. Therefore, this systematic review was
conducted to determine user satisfaction and effectiveness of smartphone applications and
text messaging interventions in promoting weight reduction and physical activity.

Searching and Study Selection

The electronic databases searched were CINAHL, PubMed, EMBASE, MEDLINE, and
PsycINFO. These databases were searched for studies conducted between January 2005 and
August 2010. The search was limited to English-language publications. The following text-
word and MeSH terms were used: coronary or heartor cardiovascularand smartphone or
mobile phone or cell phone and health promotion or health behavior. The search was limited
to quasi-experimental study designs and randomized controlled trials. A total of 223
abstracts were reviewed to determine if inclusion and exclusion criteria were met. Of the
223 abstracts, 36 studies were identified that needed further review (Figure). Full-text
articles were read for those needing further review, and 7 studies were determined to meet
review criteria. The major reasons for exclusion were as follows: The article focused on a
factor other than weight loss or physical activity, such as smoking cessation; the article
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focused on management of a disease process (heart failure and diabetes) rather than
prevention; or the research study did not use smartphone or mobile phone technology to
deliver the intervention. For the purposes of this review, a text messaging intervention is
defined as an intervention delivered on a mobile phone, in which the participants receive an
automated or personalized message via an SMS. A smartphone application intervention is
defined as one that uses a program downloaded onto a participant’s mobile device that has
numerous interfaces and specialized capabilities relating to its primary function.

Data Collection

Results

Data from full-text articles were extracted, including type of study, population, sample size,
study methods, outcomes, measures, and results (Table).

The sample sizes of the studies ranged from 36 to 927 participants. There were only 2
conducted studies that involved participants younger 18 years and only 1 study that was
focused specifically on a pediatric population. None of the reported studies included
participants older than 65 years. Eighty-six percent of the studies included both men and
women, although only 1 study reported outcomes by sex. A majority (57%) of the studies
were conducted outside the United States.

A text messaging intervention was implemented in 5 of the 7 studies,810.11.13.14 with the
remaining 2 studies implementing a smartphone application intervention. The 2 studies that
examined the effects of a smartphone application examined the application as a stand-alone
intervention.®12 Three of the studies examined text messaging as the primary intervention
but supported by education, in-person weigh-ins, or telephone calls.8-13.14 Two of the
studies that examined text messaging examined the effects of text messages that were part of
a larger intervention and were supportive to a specific weight management program.10:11 All
of the studies in the review measured user satisfaction or acceptability of the intervention
along with a variety of outcomes. The most frequently measured outcome was change in
weight (57%), followed by physical activity (43%), change in body mass index (BMI)
(29%), change in waist circumference (29%), nutrition or diet adherence (29%), change in
fat mass (14%), sugar-sweetened beverage intake (14%), and screen time (14%). Of the 7
studies, 5 reported statistically significant results in at least 1 outcome. Length of studies
ranged from 4 weeks to 1 year. Only 2 studies had multiple follow-up periods.813

The text messaging intervention studies varied with frequency of text messages sent during
the intervention period. The minimum sent was 1 weekly, whereas the maximum was an
unlimited amount the participant could receive per day. Two studies were participant driven,
meaning the participant sent a message and then received an immediate response®14; the
other studies did not allow participants to send messages. No consistent relationship was
observed between amount of text messages received and change in outcomes. However,
both studies that were participant driven reported statistically significant results in at least 1
outcome. The 2 studies that examined text messages as a supplemental piece to a larger
intervention (weight loss program) reported significant outcomes for weight, BMI, and waist
circumference or acceptability for text messages to help with weight loss.1%11 The 3 studies
that examined text messaging as the primary intervention but with other materials

(education, group meetings, etc) reported at least 1 significant outcome related to weight
loss.8:13.14

All of the studies measured user satisfaction and acceptability related to the intervention or

program. Two studies examined differences in user satisfaction between programs 9-14;
neither study had significant differences in mobile phone group versus other group/s (Web-
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based or paper diaries and control). Five studies presented percentages of participants who
were satisfied with the intervention in terms of recommending to friends and family or
helping reach weight goals. These 5 studies reported that more than 50% of the participants
were satisfied in 1 or both of these categories.

There were 2 studies that examined participant use of a smartphone application. 212 The
smartphone applications both had the capabilities to record daily calorie intake and
consumption, record daily exercise, and show status of daily goals. The SmartDiet
application had the capabilities to provide participants with a diet and exercise game, as well
as an avatar that was altered according to the weight change of the participant.12 The other
smartphone interface had the capabilities to report how team members were doing, show the
results of the opposite team, send messages and reminders, and answer questionnaires. This
study reported no significant differences (other than satisfaction), whereas the SmartDiet
application reported significant decreases in fat mass, weight, and BMI.

Discussion

This systematic review reveals that text messaging or smartphone applications are well
accepted by participants and may provide beneficial effects on reducing weight, decreasing
waist circumference, decreasing BMI, decreasing fat mass, increasing physical activity,
decreasing sugar-sweetened beverage intake, decreasing screen time, and encouraging
healthier eating patterns. Of the 4 studies that measured the outcome of change in body
weight, all reported a statistically significant decrease in weight in the group receiving the
intervention. In addition, all studies that measured waist circumference and BMI reported
significant results in these outcomes. Therefore, results show that weight, waist
circumference, and BMI may be the outcomes researchers should focus on when developing
programs or interventions using this type of technology.

The differences in the intervention strategies made comparisons across studies difficult. All
of the interventions delivered in the reviewed studies differed on interfaces, mode of
delivery of message, types of messages, dosage of intervention, and goals. Therefore,
conclusions cannot be drawn about the type of technological intervention that is best
designed to decrease the cardiovascular risk factors of weight and physical inactivity. It is
unclear if technology interventions that act as stand-alone interventions are more effective
than technology interventions that are combined with other tools for health behavior change,
such as education or group sessions. However, it appears that text messaging interventions
are effective when supported by other methods or are incorporated into an already existing
program. There is no evidence to suggest that text messages as a standalone intervention are
effective. In additions, the generalizability of results from the studies may be limited due to
small sample sizes, homogenous samples, lack of reporting findings separate for male and
female participants, and underrepresentation of ethnic minorities. Only 1 study reported a
power calculation to determine appropriate sample size; therefore, caution should be taken
when interpreting the statistical results of these studies. Many studies did not mention the
reliability and validity of the instruments they used to measure outcomes.

Another important factor to consider is the strength of the evidence reported from these
studies. Not all of the studies were randomized controlled trials, introducing potential biases,
including sample selection biases and instrumentation biases. Those that were randomized
controlled trials also had limitations that should be noted when examining the reported
results. For example, the studies conducted by Patrick et al'3 and Shapiro et al4 had other
factors built into the intervention, aside from the technology being reviewed in this article.
These other factors included in-person visits, calls from a healthcare provider, and mailings.
Therefore, it cannot be determined which part/s of the intervention led to the reported
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outcomes. It should also be considered that high attrition14 and differences in the
characteristics of participants who withdrew® were noted in some studies. Although
randomized controlled trials provide the best evidence from which conclusions can be
drawn, the limitations of each study should be carefully considered when doing so.
Randomized controlled trials with large, heterogeneous samples need to be conducted using
these intervention strategies alone to draw stronger conclusions based on the reported
evidence.

There were several limitations to this systematic review. The review was limited to studies
in the past 5 years. Studies not referenced in PubMed, CINAHL, EMBASE, MEDLINE, or
PsycINFO and unpublished studies were not identified; therefore, the study is subject to
publication bias. A major limitation to the generalizability and the ability to synthesize
results is that 4 of the 7 studies were conducted outside the United States. Therefore, studies
focusing on particular cultures and using culture specific measurement tools cannot be
generalized to populations in other countries.

There are also limitations in the use of technology for the cardiovascular risk factors of
weight loss and physical inactivity that should be addressed. This type of technology often
requires a patient or participant to have a mobile phone with text messaging capabilities or a
smartphone with a data plan. This limits generalizability to only those people who can afford
the technology. Therefore, this type of intervention may not address the needs of certain
low-income populations or those without mobile devices.

Another limitation to the use of this type of intervention is the lack of sufficient evidence on
the effectiveness of mobile phone technology in children or elderly people. There is limited
research in children and adolescents, as only 2 studies in this review enrolled participants
younger than 18 years, and only one of these focused solely on children. In addition, only 1
study reported enrolling participants up to the age of 65 years, and there is no research to
date that examines people older than 65 years. Without further research, it is unknown
whether this type of intervention can be integrated into the lifestyles of elderly people or
whether they would choose to engage in this type of technology. Therefore, the results of
this review indicate that the positive effects of this technology on weight loss and physical
activity should be generalized to only the middle-aged.

Implications for Future Research

The results of this systematic review raise several questions that should be answered in
future research. How can smartphone and text messaging interventions benefit children and
adolescents? Will text messaging and smartphone applications be effective interventions in
elderly people? Is a text messaging intervention more or less beneficial than a smartphone
application in reducing weight and increasing physical activity? Would the combination of a
smartphone and text messaging be more beneficial than either intervention alone? Are
smartphone interventions effective in low—socioeconomic status subgroups? What are the
long-term outcomes of smartphone and text messaging interventions? How can successful
interventions be translated to populations? What is the cost-effectiveness of this type of
intervention?

This innovative technology has many implications for cardiovascular nurses in future
practice and research. A primary step for nurses is to explore common applications that are
available for patient use. Cardiovascular nurses should be encouraged to inquire about
patient use or interest in this type of technology and may also need to provide education
related to applications.1® In the future, nurses may be called upon to monitor patient
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progress and help provide feedback to patients. There are multiple avenues for nursing
involvement with this type of technology, including becoming an integral part of answering
the above questions for future research.

Conclusion
M

ost of the trials demonstrated a beneficial impact of text messaging or smartphone

application interventions for reduction of cardiovascular risk factors, including physical
inactivity and overweight/obesity. There is a need for additional, rigorous trials with larger

Sal
SC

mple sizes across multiple populations with subgroup analyses to further develop this
ience.
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