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Abstract

Despite the increased health risks of a sedentary lifestyle, only 49 % of American adults
participate in physical activity (PA) at the recommended levels. In an effort to move the PA field
forward, we briefly review three emerging areas of PA intervention research. First, new
intervention research has focused on not only increasing PA but also on decreasing sedentary
behavior. Researchers should utilize randomized controlled trials, common terminology,
investigate which behaviors should replace sedentary behaviors, evaluate long-term outcomes, and
focus across the lifespan. Second, technology has contributed to an increase in sedentary behavior
but has also led to innovative PA interventions. PA technology research should focus on large
randomized trials with evidence-based components, explore social networking and innovative
apps, improve PA monitoring, consider the lifespan, and be grounded in theory. Finally, in an
effort to maximize public health impact, dissemination efforts should address the RE-AIM model,
health disparities, and intervention costs.
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Rationale and purpose

Physical inactivity is related to numerous health problems including increased risk of heart
disease, hypertension, and stroke (AHA, 2015). However, based on self-report, only 49.2 %
of American adults engage in physical activity at the recommended levels (CDC, 2015), and
25 % of Americans are completely sedentary (defined as engaging in no leisure-time
physical activity; CDC, 2014). Objective data obtained via an accelerometer (i.e., a small
device that is worn and objectively measures activity) indicates that Americans perform just
5.7-10.3 min/day of moderate-to-vigorous physical activity in bouts of 10 min or longer (as
recommended for a public health benefit; PA Guidelines Advisory Committee, 2008;
Troiano et al., 2008). Per day averages were calculated based on four to 7 days of data
(depending on how many valid days of data were available for each participant). It is an
exciting time for physical activity research given evolving technology for intervening upon
PA, a new focus on novel behavioral targets (e.g., sedentary behavior), and increased
attention on scaling evidence-based interventions for maximal public health impact.

The purpose of this paper was to explore emerging areas in physical activity intervention
research based on this writing team’s consensus supported by input from members of the
Society of Behavioral Medicine’s Physical Activity Special Interest Group. The emerging
themes identified included: (1) Interventions targeting sedentary behavior; (2) examining the
efficacy of technology-based physical activity interventions; and (3) dissemination of
physical activity interventions. First, research examining the efficacy of interventions
specifically targeting sedentary behavior has increased in recent years (Neuhaus et al.,
2014a; Prince et al., 2014). This research indicates that replacing sedentary activities with
moderate-to-vigorous physical activity (MVPA) has a profound impact on health outcomes.
However, additional benefits can be conferred by replacing sedentary time with less intense
activity including standing (Healy et al., 2015) and light-intensity physical activity (Buman
et al., 2013). Sedentary behavior has thus emerged as a novel and independent behavioral
target for interventions.

The second line of research identified was the efficacy of technology-based physical activity
interventions (Bort-Roig et al., 2014; Fanning et al., 2012). As technology continues to
advance, it is becoming easier to integrate new and emerging platforms, software, and
devices into physical activity interventions. As consumers increase their use of technology;, it
is important for researchers to better understand how technology can be used to promote
physical activity, and how best to partner with technology companies to integrate “off the
shelf” products with theory-based interventions. Finally, how best to expand and evaluate the
dissemination of efficacious physical activity interventions to real world settings is an
emerging area that was explored. Dissemination is essential for reaching the large number of
sedentary adults and youth and maximizing the public health impact of our efforts. In
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summary, the overall goal of this paper was to critically evaluate the intervention studies
conducted in these three areas and outline specific recommendations for future research.

Interventions targeting sedentary behavior

Summary and critical evaluation of current state of knowledge

Sedentary behavior is defined as, “Any waking behavior characterized by an energy
expenditure less than 1.5 METs while in a sitting or reclining posture (e.g., watching
television, driving, working on a computer; Sedentary Behaviour Research Network, 2012).
As noted, sedentary behavior is related to several health conditions including increased risk
of cardiovascular disease, cancer, diabetes, and weight gain (Thorp et al., 2011; Wilmot et
al., 2012) even when MVPA is controlled (Thorp et al., 2011). It is important to note that
sedentary behavior is not or only slightly negatively correlated with MVPA (Buckworth &
Nigg, 2004), indicating the relative independence of the two behaviors. Sedentary behavior
also increases the risk of premature mortality by 49 % (Wilmot et al., 2012). Results also
indicate that sedentary behavior is related to a 73 % increased risk of metabolic syndrome,
regardless of physical activity level (Edwardson et al., 2012). Despite these negative health
consequences, Americans sit on average 7.5 h per day as measured by an accelerometer
(Matthews et al., 2008). Working adults spend 66 % of the workday sitting (Ryan et al.,
2011). One study found that two-thirds of sitting events last longer than 20 min at a time
(Ryan et al., 2011). Intervention research on sedentary behavior is especially challenging
due to a lack of consensus regarding recommended targets and guidelines and limitations
related to self-report and accelerometers (e.g., difficulty differentiating between standing and
sitting, expensive).

Currently the US Physical Activity Guidelines for Americans explicitly recognize the need
to “minimize the amount of time spent being sedentary for extended periods” but provide
few behavioral targets to reach this goal (USDHHS, 2008). Australian and Canadian
governments have issued additional and more specific guidance including limiting
electronics use in youth and breaking up prolonged sitting periods in adults (Australian
Government Department of Health, 2014; Canadian Society for Exercise Physiology, 2012).
However, there is still a lack of international consensus regarding guidelines for sedentary
behavior. A 2010 review of national guidelines found seven countries have established
sedentary behavior guidelines, but only three have set quantified limits. This is likely due to
the lack of data available to inform the setting of sedentary behavior guidelines specific to
each country. The majority of these guidelines focus exclusively on children and young
people, and the quantified limits appear to be based solely on expert opinion (Ekelund et al.,
2010). There still remains limited data on precisely how much sedentary behavior is too
much and how sedentary behavior is optimally reduced and broken up.

A recent meta-analysis examined the effect of interventions on both physical activity and
sedentary behavior (Prince et al., 2014). The authors concluded there was consistent support
for large reductions in sedentary time as a result of interventions that focus on reducing
sedentary behavior, but little evidence supporting reductions in sedentary behavior as a result
of interventions targeting physical activity. This meta-analysis identified several studies that
targeted older adults. One study found that older adults (n = 41) randomized to a nurse-
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delivered intervention based on social cognitive theory reduced their sedentary time by 68
min per day (based on step counts on a pedometer and activPAL) relative to the controls
(Mutrie et al., 2012). In another study, older adults (n = 478) who were randomly assigned to
a home-based intervention based on social cognitive theory reported 57 fewer minutes of
sitting per day than the controls (Burke et al., 2013).

A recent meta-analysis examined the efficacy of active workstations on decreasing sedentary
behavior in the workplace (Neuhaus et al., 2014a). Active workstations can include sit-stand
desks (i.e., desks that move up and down to accommodate both sitting and standing),
treadmill desks (i.e., walking on a treadmill while working at a desk), or a pedal or stepping
device that is placed under the desk. Nineteen field-based studies and 19 laboratory trials
were identified in this meta-analysis. Results indicated that active workstations led to a 77-
min reduction of sedentary time during an 8-h workday. The active workstations also
resulted in a smaller waist circumference and improved psychological well-being. There
were minimal reductions in work performance and little improvement in health-related
outcomes (e.g., weight, musculoskeletal symptoms, fatigue, biomarkers) as a result of the
active workstations, although most of the studies were not powered to detect the effect of
active workstations on work productivity or health outcomes. One study did find that
participants reported feeling more energetic, relaxed, and calm when using the sit-stand
workstations rather than the traditional workstations (Dutta et al., 2014). Several of the
studies examining the efficacy of sit-stand workstations are limited by non-randomized
designs and short-term interventions (Alkhajah et al., 2012; Dutta et al., 2014). One of the
few randomized trials examining sit-stand workstations found that participants (n = 47)
randomized to a sit-stand condition for 8 weeks reported an 80-min decrease in sitting time
(assessed via an ecological momentary assessment diary), a 73-min increase in standing
time, and a decrease in cholesterol levels relative to a control (Graves et al., 2015).

The efficacy of technology-based interventions for reducing sedentary time have also been
evaluated (Bond et al., 2014; King et al., 2013; Dantzig et al., 2013). For example, King et
al. (2013) found that adults ages 45 and older (n = 80) who received one of three mobile
apps decreased their sedentary time (defined as self-reported sedentary activities such as
reading, television watching, and working at a desk) over 8 weeks. One limitation was that
this study did not have a true control group and subjective measures of activity time were
used. Another study included three different apps that resembled a fuel gauge and reminded
participants (n = 30), who were overweight or obese, when it was time to take a break from
sitting (Bond et al., 2014). Although there were no differences between the three conditions,
all groups decreased their sedentary time (defined as activity that was less than light
intensity based on objective monitoring) over the 7 days. A strength of this study is that
participants wore a mini armband (i.e., wireless multi-sensor monitor that was worn on the
tricep and estimated energy expenditure and intensity) to objectively measure sedentary
behavior.

Particularly relevant to behavioral scientists, few sedentary behavioral interventions have
applied existing evidence-based behavioral strategies to address sedentary behavior. Given
the relative independence of sedentary behavior from physical activity, it is unclear if
strategies for increasing physical activity are directly applicable to sedentary behaviors (e.g.,
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goal setting, reinforcement). More evidence is needed regarding efficacious theory-based
behavioral strategies for reducing sedentary behavior. As technology continues to evolve and
becomes even more important in daily life, it is imperative for researchers to design studies
that will lead to a better understanding of the role technology can play on reducing both
sedentary behavior and increasing physical activity.

Research recommendations/future directions

The sedentary behavior research area is a relatively new area of research, which has received
increased attention in recent years (Neuhaus et al., 2014a; Prince et al., 2014). For example,
the National Heart, Lung, and Blood Institute (NHLBI) and National Institute on Aging
(NIA) hosted a joint workshop entitled, “Influences on Sedentary Behavior and
Interventions to Reduce Sedentary Behavior (Manini et al., 2015; Rosenberg et al., 2015).”
They also concluded that sedentary behavior should be considered as a distinct concept from
physical activity. To follow is a discussion of specific research recommendations for
sedentary behavior research which includes recommendations made by the NHLBI/NIA
panel, other researchers, and the authors of this manuscript.

Large, randomized trials—Large-scale randomized controlled trials targeting sedentary
behavior are needed to better understand whether behavioral interventions can produce
sustained effects on sedentary time, what is meaningful in regards to sedentary time
reduction, and whether these effects are robust enough to produce improvements in
important health outcomes. As noted, the majority of studies examining interventions
targeting sedentary behavior included small sample sizes, and many of the studies lacked
randomization (Neuhaus et al., 2014a; Prince et al., 2014). Related, because many sedentary
behaviors are context-specific (e.g., schools, worksites), it is often difficult or impossible to
maintain independence between individuals; thus, cluster-randomized designs are likely
necessary when intervening in certain contexts. Several studies examined the effect of the
intervention on health outcomes, but very few were powered to detect differences on these
outcomes (Neuhaus et al., 2014a). It will be important for future studies to not only include
large, randomized designs but to also examine important health outcomes that are related to
a sedentary lifestyle (e.g., blood glucose levels, blood pressure, biomarkers, quality of life).

Replacement behaviors—It is important for researchers to conduct studies that lead to a
better understanding of what types of behaviors optimally replace sedentary behavior.
Specifically, studies should specify whether sedentary behavior is being replaced by sleep,
light, moderate, or vigorous intensity activities given this can have important implications
for health outcomes. Buman et al. (2013) examined the effect of reallocating sedentary time
on cardiovascular risk using biomarker data obtained from NHANES data. Results indicated
that there was a 2-25 % improvement in risk for every 30 min shifted from sedentary
behavior to MVPA and a 2-4 % improvement when reallocated to light activity.
Additionally, studies that focus on decreasing sedentary time specifically in the workplace
should examine if sedentary time increases or decreases outside of work (i.e., compensatory
or transfer effects, for a more in depth discussion of the concepts of compensation and
transfer see the Multiple Behavior Manuscript of this issue). Koepp et al. (2013) conducted a
study in which participants were given treadmill desks to decrease sedentary behavior at
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work. Sedentary time significantly decreased from baseline to 6 and 12 months, and overall
physical activity throughout the entire day increased from baseline to 6 and 12 months.
These findings indicate that physical activity outside of the workday does not decrease as a
result of having an active workstation.

Long-term outcomes—The meta-analysis conducted by Neuhaus et al. (2014a) found
that of the 38 studies examined, only three studies examined sedentary behavior beyond the
initial intervention period. Consequently, there is a need for studies to examine long-term
sedentary behavior once the novelty of the intervention (e.g., sit-stand workstations, mobile
apps) decreases. For example, it is unclear what the long-term compliance rates are for the
sit-stand desks. It is possible that sit-stand desks could lead to discomfort as a result of
postural variety (Gregory & Callaghan, 2008). Therefore, despite decreasing sedentary time,
sit-stand workstations could lead to long-term musculoskeletal pain. Some studies reported
negative feedback regarding the sit-stand workstations (Neuhaus et al., 2014b) and thus, the
acceptability of these workstations should be further examined. For example, one study
found that participants reported disadvantages to the workstations including decreased desk-
space and not having the ability to adjust the distance between their eyes and the computer
screen (Neuhaus et al., 2014b). However, this same study found that acceptability of the
workstations was high and another study found that sit-stand desks resulted in less
discomfort (Karakolis & Callaghan, 2014). Additional studies are needed to better
understand the long-term effect of sedentary-reducing interventions such as sit-stand
workstations.

Evaluate interventions across the lifespan—Manini et al. (2015) recommend that the
acceptability, feasibility, and effectiveness of sedentary behavior interventions be evaluated
across the lifespan. Full-time employment verses retirement can result in very different types
of sitting behaviors throughout the day. Furthermore, according to one study adults stand on
average 75 min less and sit 100 min more on workdays compared to non-workdays
(McCrady & Levine, 2009). As technology continues to evolve and becomes more important
across the lifespan, the role technology can play on decreasing sedentary behavior and
increasing physical activity should be explored.

Use of technology to promote physical activity

Summary and critical evaluation of current state of knowledge

Technology as a health promotion tool has evolved significantly over the past 10-20 years
(Lupton, 2015). However, technology has also been blamed for the significant increase in
sedentary behavior over the past 50 years (Clark & Sugiyama, 2015). Video games,
computers, televisions, mobile devices, and sedentary occupations have all contributed to an
increase in both sedentary behavior and obesity (Church et al., 2011; Clark & Sugiyama,
2015). Technology has several advantages over more traditional face-to-face approaches;
these interventions allow for continual self-monitoring and access, reduce barriers of
transportation and time, increase standardization of protocols and decrease potential for
forgetting, and have the potential to be portable in the case of smartphone interventions.
Additionally, technology-based interventions have the potential to be more cost-effective,
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accessible, and convenient (Thomas & Bond, 2014; Khalysis et al., 2010; Bacigalupo et al.,
2013) compared to traditional interventions.

To combat the public health problems related to technological advances, researchers have
explored how to use technology as a way to enhance health and quality of life (Lupton,
2015). Physical activity in particular is one health behavior that has been the focus of several
technology-based intervention research studies (Bort-Roig et al., 2014; Fanning et al., 2012;
Norman et al., 2013). Earlier generations of technology used computer-based approaches
(e.g., Internet) to create tailored communications to promote physical activity (Marcus et al.,
2007; Hurling et al., 2007; Napolitano et al., 2003). These approaches have the potential for
application to new and emerging technologies, platforms, and devices. Other studies have
examined the capability of online social networks for delivering programs and interventions.
For example, Cavallo et al. (2012) randomly assigned 134 young adults to receive access to
a physical activity website (n = 67) or the same website supplemented with self-monitoring
and enrollment in a Facebook group. While there were increases in social support and
physical activity in both groups, there were no differences between the treatment arms.

As technology has evolved, more recent technology-based interventions have focused on the
use of mobile phones as a strategy for motivating individuals to become physically active
(Bort-Roig et al., 2014). Approximately 90 % of Americans have a mobile phone (Pew
Internet, 2014a) and 64 % have a smartphone (e.g., cellular phone that performs several of
the functions of a computer including accessing the Internet), compared to 35 % who owned
a smartphone in 2011 (Pew Internet, 2015). As of 2014, 84 % of those earning <$30,000 a
year reported having a cell phone (Pew Internet, 2014a) and 85 % of young adults own a
smartphone (Pew Internet, 2015). Importantly, more than half of smartphone owners have
used their phones to search for health information in the past year (Pew Internet, 2015).
Given the high use of mobile and smartphones and the increasing popularity of
smartwatches, this venue may be an ideal platform for the administration of physical activity
interventions. For example, a review by Pratt et al. (2012) found that mobile phones in
middle to upper income countries have similar effects on physical activity when compared to
planned physical activity interventions in clinical and community settings.

Preliminary evidence indicates that interventions using mobile phones may increase physical
activity (King et al., 2015). For example, Fanning et al. (2012) conducted a meta-analysis
examining the efficacy of mobile phones for physical activity promotion. The duration of the
interventions ranged from 2 to 52 weeks with an average of 14.6 weeks. This meta-analysis
found that mobile phone interventions had a moderate, positive effect on physical activity;
however, there were several limitations related to the studies. Only four of the seven studies
identified were classified as having “good” quality methodology (quality was based on
sampling, population and study description, measurement, data analysis, interpretation, and
additional limitations), indicating additional research is needed.

A more recent review examining the efficacy of smart-phone technology found that a
majority of studies reported an increase in physical activity (Bort-Roig et al., 2014).
However, of the 13 intervention articles identified in this review, only six reported on
physical activity behavior change. Five of these six studies reported steps per day rather than
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minutes per week of physical activity, which is problematic given steps can be inaccurate for
non-walking activities. Only four of the 13 studies reported a theoretical framework that
guided the intervention. Four of the studies were pre-posttest designs and only one had a
control condition. Taken together, there is a strong need for theory-based large randomized
controlled trials using objective physical activity measures.

A recent study reviewed the content of commercially available smartphone apps
(Middelweerd et al., 2014); 41 apps were identified from iTunes and 23 from Google Play.
The apps used five behavior change strategies on average (range was from 2 to 8), which is
less than the eight that are reported in traditional behavioral interventions on average
(Abraham & Michie, 2008). The most common types of strategies included feedback, self-
monitoring, and goal setting. Other evidence-based treatment components (barriers
identification, relapse prevention, role modeling, motivational interviewing, and stress
management) were not used in any of the apps. Thus, there appears to be a disconnect
between behavioral strategies shown to be efficacious in face-to-face studies and the
implementation of these strategies in technology-delivered interventions. It is important for
future investigators to combine the potential of these approaches, perhaps by integrating
existing technologies into theory-based interventions for physical activity adoption and
maintenance.

Recent studies have examined if “wearable” devices (i.e., electronic devices that are worn
and monitor activity such as the Fitbit; Xu et al., 2015) can increase physical activity
monitoring and adherence. For example, Cadmus-Bertram et al. (2015) found that the
median participant wore their Fitbit for 10 or more hours per day on 95 % of the intervention
days (16 week intervention) and Xu et al. (2015) showed similar (almost 100 %) rates for
daily Fitbit wear over 28 consecutive days. In another study, Arigo (2015) found that
participants increased their physical activity from baseline to 6 weeks after completing an
online intervention that included wearable technology and social networking. The
limitations of these studies is that they did not include a control group, had relatively small
sample sizes, and were short in duration. Additional research examining wearable devices is
needed.

In summary, there is evidence that technology-based interventions, most recently
interventions using smart-phones and wearable physical activity monitors, are efficacious for
increasing physical activity. However, there have been significant measurement and
methodological limitations of these studies. Large scale randomized controlled trials are
needed when technology-supported interventions have promising preliminary evidence,
when the intervention components have been clearly defined and implemented, and there is
promise for future scalability. Other high quality designs (e.g., adaptive designs, multiphase
optimization designs) are recommended if researching different intensities or a different
component of technologically based tailoring (see Riley et al., 2015). Specific research
recommendations related to technology are summarized in more detail below.

Research recommendations/future directions

Similar to the sedentary behavior intervention literature, the examination of technology-
related interventions is a somewhat new area of research and thus, there is a strong need for
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additional studies. King et al. (2015) recently differentiated between “me” and “we”
contexts for examining technology-related interventions. The “me” domain refers to
personal-level contexts and behaviors, including self-monitoring and using apps to intervene
at the individual level for physical activity behavior change. The “we” domain refers to
aggregated data across people and large-scale contexts. This domain is based on an
environmental and population science-based perspective examining the interaction between
the physical and social environmental contexts. It can include web-based tools such as
Google Earth and apps that involve electronic games for outdoor walking. One example of a
“we” domain is the System for Observing Play and Recreation in Communities (SOPARC),
which was designed for evaluating park and recreation areas with respect to physical activity
levels (McKenzie et al., 2006). This online tool is available via a mobile app and includes a
protocol, mapping strategies, coding forms, and training materials. These two domains
should be considered when conducting research in the technology area and implementing
the recommendations below for future research.

Need for large-scale randomized trials—The examination of technology-based
interventions is a relatively new area of research for physical activity promotion and there
have been few large-scale randomized trials in this area. This is not surprising given the
relatively emergent nature of this field of research. There is a need for large-scale
randomized trials examining the efficacy of technology-based intervention on physical
activity behavior. There is significant room for improvement for future studies when
compared to the existing literature in this area. However, in some areas it may be necessary
to first examine interventions via smaller pilot studies to establish preliminary efficacy prior
to the large randomized trial.

Include evidence-based components—Khaylis et al. (2010) identified five essential
components that should be incorporated into all technology-based interventions. These
include: (1) Counselor feedback; (2) self-monitoring; (3) structured program; (4) individual
tailoring; and (5) social support. Counselor feedback can include either adjunct face-to-face
meetings or it can be electronic feedback via text messaging or emails. Self-monitoring
could include wearing electronic devices that objectively monitor physical activity or
documenting physical activity using online dairies. The program should be structured in that
participants should be prompted via email and/or text messages to engage in the evidence-
based behavior change strategies shown to be efficacious in the literature. Individually
tailored refers to setting personalized goals via an app, website, email, or text message,
and/or receiving messages based on the person’s current level of physical activity. Social
support can include chat rooms, online meetings, message boards, and electronic bulletin
boards. Each of these five components should be included in future studies when examining
the efficacy of technology-based interventions.

Consider minority group status when designing interventions—In seminal
articles published several years ago, Dishman (1988) and Marcus et al. (2006) both
discussed the importance of considering the influence of minority group status on physical
activity behavior. Despite these recommendations, few studies have examined technology-
based interventions specifically designed for minority groups. However, one recent study by
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Marcus et al. (2016) did find that inactive Latinas randomly assigned to a culturally
competent Internet-based intervention increased their physical activity levels relative to a
wellness control. There is a strong need for adequately powered trials such as the Marcus
study that considers cultural competency in technology-based intervention studies.
Additionally, research indicates that a majority of studies have been conducted in upper-
income countries and therefore, additional studies are needed in low and middle income
countries (Pratt et al., 2012).

Consistency in physical activity reporting—The heterogeneity in the reporting of
physical activity makes it is difficult to compare across studies (Lewis et al., 2016). For
example, there is variation regarding how objective device data is processed and wear times
of the device can vary across studies. Researchers analyzing objective data should provide a
detailed description of how the data was processed and include cut-point information related
to how varying levels of physical activity were determined. Furthermore, studies report
physical activity in total minutes, MET-minutes, activity counts, steps per day, and
kilocalories. The reporting typically varies from per day to per week. There is a need for
consistency in the reporting of physical activity across studies, which would allow for
streamlined comparisons when evaluating the relative efficacy of varying types of
technology. We recommend reporting physical activity in minutes per week as this relates to
the national recommendations.

Explore the use of social networking—The use of social networking as a component
of technology-based intervention should be explored further. Research indicates that 40 % of
smartphone users utilize their phone for social networking (Pew Internet, 2014b). This can
involve contact with other participants in the study via a study website, apps, text messages,
or emails. Other individuals can provide a source of support for adopting and maintaining
physical activity. However, social networking in studies can be challenging given ethical
concerns such as the loss of confidentiality among participants. There is a need to convene
expert panels on the issue of social networking to better understand the confidentiality and
consenting issues that can occur as a result of sharing via social networking and social media
platforms.

Need for innovative apps—There is a need for new and innovative apps that can be used
to increase physical activity. These could include video gaming and other ways to increase
the perceived enjoyment of engaging in physical activity. Segar et al. (2011) have suggested
that exercise should be “rebranded” in that physical activity should be promoted for its
immediate rather than its long-term effects. Physical activity has been historically promoted
as a means to prevent long-term problems such as cardiovascular disease and cancer;
however, research indicates that participants are more likely to adhere to physical activity if
they focus on the immediate benefits of physical activity such as increased energy, improved
mood, and a sense of accomplishment (Segar et al., 2011; Stevens & Bryan, 2012). Stevens
and Bryan (2012) suggest that smartphone apps could be designed to monitor daily
improvements in constructs related to quality of life. For example, the apps could focus on
the affective benefits of physical activity and marketing these benefits through the use of
these apps. The authors suggest that it will be especially important for future studies to
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culturally tailor the content of the apps to the needs and barriers of African-American and
Latinos given the lower levels of physical activity among minority groups.

Improve physical activity monitoring—Advancements in technology have led to
improved monitoring of physical activity. Specifically, devices with accelerometers can
provide fairly accurate physical activity data. However, there are still problems with these
devices including: (1) Low compliance; (2) many devices cannot be worn with certain
activities such as swimming; (3) the large amount of computer processing space required for
streaming accelerometer data; and (4) the use of proprietary algorithms and lack of complete
validation. It will be important for researchers to further examine which type of objective
monitor exhibits the highest compliance and accuracy in order to have consistency in the
type of monitor used across the physical activity intervention studies. Of note, given the high
penetration rate of smartphones and other commercially available wearable devices, it will
be important for future studies to consider using the trade-offs of precision versus adherence
for objective measures of physical activity behavior, and whether commercially available
devices may best be used as intervention tools, outcome measures, or both.

In order to obtain timely self-report data, researchers should consider adding Ecological
Momentary Assessment (EMA) to their study protocols in addition to objective monitors to
obtain real time information not detected by objective measures and for situations when the
device has malfunctioned or was not worn. Another area of physical activity monitoring to
be explored is the use of technology to assess activity in the environment. Sensor technology
and force plates in free living environments/structures (stairs, cross walks, playground
structures) can record use and energy expended while someone is on a structure. For
example, where stairs and escalators are side by side, the amount of energy expended for
each structure can be collected before and after a stimulus control intervention
implementation. The intensity of use of a playground structure can be measured by sensors
evaluating the optimal distance of the structure to the school doors, or of the structure in
relation to other structures to maximize energy expended. This allows researchers to
quantify which structures promote more activity and which structures are more related to
sedentary behavior. In summary, Troiano et al. (2012) suggested that there is not one gold
standard for physical activity assessment. They recommend that when assessing physical
activity, researchers should consider the purpose of the assessment, population being
studied, and theoretical constructs being assessed.

Consider the lifespan—It is important to conduct studies that lead to a better
understanding of how various technology-related strategies should be implemented across
the lifespan. For example, research indicates that older participants view text messaging as
unfavorable compared to other age groups (Nguyen et al., 2009), although this will likely
change over time. Another study found that competition-based strategies were viewed
negatively by adolescent girls (Toscos et al., 2008). It is also important to conduct long-term
randomized trials utilizing lifespan developmental research designs (i.e., examining the
influence of developmental changes over time) to better understand how technology use
interacts with aging processes. For examples, researchers should examine how cognitive and
motor decline over time can influence the use of technology. These research studies could be
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two fold in that the efficacy of the technology is tested while also studying aging (e.g.,
usability, mobility strengths and limitations, biopsychosocial processes). It is also important
to consider challenges researchers may encounter when physical activity and technology
interventions are conducted separately, that likely will compound when approaches are
integrated (e.g., aging stereotypes, discrimination, technology self-efficacy, cognitive-motor
decline). Even though considering the lifespan has been recommended in previous seminal
articles in the field; few researchers have adequately considered lifespan in their studies as
noted by Dishman (1988) and Marcus et al. (2006).

Use of theory—There is a strong need for studies that are grounded in theory (Rhodes &
Nigg, 2011; Symons Downs et al., 2013). However, a recent review conducted specifically
on smartphone interventions indicated that very few studies integrated behavioral change
theories into their interventions (Bort-Roig et al., 2014). A promising step forward is the
Michie et al. (2013) systematic approach to link specific behavior-change intervention
techniques to theoretical constructs (Gainforth et al., 2015). Recent research has challenged
the importance of traditional theoretical constructs such as self-efficacy (Lewis et al., 2015),
suggesting that newer theoretical constructs (e.g., enjoyment, affective responses to physical
activity) should be explored (Rhodes & Kates, 2015; Williams & Evans, 2014). Once
theory-based behavior strategies are successfully integrated into technology-based
interventions and efficacy is firmly established, the goal will be widescale dissemination to
the public.

Dissemination of physical activity interventions

Summary and critical evaluation of current state of knowledge

The ultimate goal of physical activity interventions should be eventual dissemination of the
intervention once an evidence base of efficacy has been established. In newer areas of
research, such as smartphone interventions, dissemination may be premature in some cases.
However, there are several physical activity interventions that are likely ready for
dissemination, and strategies for improved dissemination should be explored.

Recently there has been an increased emphasis on disseminating evidence-based physical
activity and other health interventions. For example, the National Institutes of Health (N1H)
has emphasized the importance of disseminating efficacious interventions in order to make a
public health impact. There are several funding and training opportunities that have been
created by the NIH Office of Behavioral and Social Sciences Research (OBSSR) in order to
increase dissemination and implementation research. For example, the Training Institute for
Dissemination and Implementation Research in Health (TIDIRH) has held an annual
conference since 2011 that focuses on dissemination and implementation research. There are
currently three grant mechanisms funded by the OBBSR entitled “Dissemination and
Implementation Research in Health (i.e., RO1, R03, R21).” Thus, dissemination and
implementation research has become a priority at the National Institutes of Health and
physical activity researchers should respond to this priority.

The RE-AIM model is a common model used in dissemination research and is designed to
measure the public health impact of a particular intervention or program (Glasgow et al.,
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1999). This model consists of five dimensions including reach, efficacy, adoption,
implementation, maintenance. Reach refers to the percentage of individuals who access the
program relative to the number of individuals who could have accessed the program. Reach
also includes how representative the sample is among those who accessed the program
compared to the overall sample who could have accessed the program. Efficacy refers to the
positive and negative consequences of a program relative to a control condition; behavioral,
quality of life, and participant satisfaction variables should all be assessed. Adoption refers
to the representativeness of the particular setting (e.g., worksite, community) that
implements the program and the proportion of targeted settings that were reached.
Implementation refers to the extent to which the program was implemented as intended in a
real-world setting. Program effectiveness is thought to be an interaction between efficacy
and implementation. Finally, maintenance refers to continuing to deliver the program in the
organizational and/or community setting over the long-term. Examples of how these
principles have been implemented within physical activity dissemination studies are
summarized below.

Folta et al. (2015) conducted a national dissemination of the 12-week Strong Women-
Healthy Hearts program using the RE-AIM framework. This program was designed to
improve CVD risk factors, including physical activity, among midlife and older women who
were sedentary and overweight or obese. The program had been shown to be efficacious in a
previous trial (Folta et al., 2009). Half of the 1-h sessions consisted of either walking or
exercising to an aerobics dance video and the other half focused on diet and weight control.
To implement the program, health educators received program delivery training at the
National Extension Association of Family and Consumer Sciences (NEAFCS) annual
meeting. Results indicated that the program reached 0.15 % of the total targeted population.
The adoption rate was 48 %, which was defined as the number of trained extension
educators who conducted the program. Regarding maintenance, 27 % of the leaders
conducted another session within 1 year of the first study. This study made a significant
contribution to the literature by being one of the few physical activity intervention studies
that thoroughly examined the RE-AIM components. Whether these levels attained are
meaningful or large will become clear as more dissemination efforts are documented.

In another example, Nigg et al. (2012) disseminated a physical activity and nutrition
program for children. The program, called “Fun 5,” was integrated in the after-school
setting. The goal was for the students to engage in physical activity three times per week for
at least 30 min each session. Regarding reach, the percentage of schools implementing Fun 5
increased by 52 % from year 1 to year 5 to a total of 164 sites (90 % of all sites), which was
an increase of 14,061 students. The specific 5-year reach goals (80 % of all elementary after
school sites) of the study were met in year 3. Effectiveness was evidenced by an increase in
observed and self-reported physical activity from year 1 to year 4. Regarding adoption,
implementation indicators were high (>4/5) for every subsequent year for the new sites
coming on board. Maintenance was confirmed by implementation indicators remaining high
(>4/5) for all continuing sites. Physical activity participation at least three times per week
stayed consistently high during the 4 years of dissemination. This dissemination study was
delivered in a school-setting where the target audience was clearly defined. It is important to
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better understand barriers that affect dissemination in other types of community-based
settings.

Researchers have argued that the reliance on trained research staff to deliver the
interventions significantly limits dissemination of physical activity interventions (Buman et
al., 2011). These staff members can meaningfully increase the cost of an intervention and
may be focused on gathering data or following a protocol, rather than on optimal treatment
delivery. Therefore, studies have examined physical activity interventions delivered by non-
research staff—specifically peer volunteers. Peer volunteers may enhance self-efficacy
among participants by providing vicarious experiences from someone who is comparable in
age, life experience, and background (Buman et al., 2011). These types of interventions have
the potential to make a significant public health impact, given they may be less costly than
traditional interventions with trained professionals (Castro et al., 2011; Martin Ginis et al.,
2013).

Buman et al. (2011) randomized older adults to either a 16-week group-based program led
by peer volunteers (based on self-determination and social cognitive theories) or a standard
community intervention (two educational sessions, access to an exercise facility, and
pedometers). Both groups significantly increased their physical activity and
cardiorespiratory fitness from baseline to 16 weeks, and the intervention group was more
likely to maintain their activity at the 18 month follow-up than the standard condition. One
limitation is that the groups differed regarding intervention content and therefore, the
efficacy related to the peer volunteers is unknown. In another peer volunteer study, results
indicated that adults ages 50 and older who were randomly assigned to either a telephone-
based intervention led by professional staff or the same intervention led by peers increased
their physical activity level at 6 and 12 months relative to an attention control condition
(Castro et al., 2011). Both physical activity interventions were similar regarding the quality
of the intervention delivered, indicating that same-aged peers may be a viable alternative to
trained professional staff both in terms of the intervention fidelity and program efficacy.

Although dissemination findings are promising, there are significant challenges in the
dissemination of effective PA interventions. First, there is a need for consistent outcome
measures to allow for comparisons between the dissemination and efficacy trials. Second, it
is unclear which mechanism of dissemination (e.g., smartphone, interactive voice systems,
Internet) is most appropriate for which population. For example, it is possible that age may
influence preference for the various modalities. Finally, it is important to have consistent
documentation of implementation, adoption, and maintenance. In the following section we
outline specific recommendations for future work in physical activity dissemination
research.

Research recommendations/future directions

There is a significant gap between what we know from a research perspective and what is
being delivered in community and practice settings (OBSSR, 2015). Researchers
recommend that the RE-AIM model or other dissemination focused models be used to guide
dissemination research; however, these models at times have not been used or have been
used incorrectly in a majority of studies. For example, research indicates that grant proposals
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are not doing an adequate job of addressing the RE-AIM model. Kessler et al. (2012)
reviewed 42 dissemination and implementation grant applications submitted to the National
Institute of Health that proposed using the RE-AIM model. This study found that <10 %
included thorough measures of all RE-AIM components. Regarding published studies,
Antikainen and Ellis (2011) conducted a study reviewing the external validity of 57 theory-
based physical activity intervention trials based on the RE-AIM framework. These articles
were more likely to report on issues related to internal than external validity. They were also
more likely to report on issues related to individuals rather than an organization. A majority
of studies utilized healthy, motivated participants, which reduced the generalizability of
these studies. This review study outlines several recommendations regarding future physical
activity research using the RE-AIM model. These and other recommendations are outlined
in more detail below.

Reach—There is frequently confusion regarding how to correctly calculate reach (Kessler
et al., 2012). As mentioned previously, reach is calculated by the number of participants
enrolled in the program by the number of participants who received the message regarding
the program. For example, if an email announcing the program was sent to 500 potential
participants and 100 individuals responded but only 25 enrolled, the reach would be 5 %, not
20 %. Future studies should calculate reach based on the total number enrolled.

Based on the Antikainen and Ellis (2011) review, general physical activity intervention
studies were less likely to report on the total population who were reached than school-based
programs (reach was reported for 20.4 % of the general physical activity studies and 59.3 %
for the school-based studies). This is not surprising given it is easier to identify the target
audience in a school setting versus the general population. However, future studies should
specifically identify the community from which the participants are recruited and report on
the percentage reached by the intervention. Several studies use “reactive recruiting” in which
participants respond to a study advertisement and therefore, researchers are unable to
determine how many individuals the advertisement has reached. This has become even more
problematic with online advertising where the recruitment advertisement could appear to
individuals outside the targeted community. Using technology such as electronic medical
records (EMR) for recruitment purposes could be helpful in identifying the exact number of
participants in the targeted population.

According to the Antikainen and Ellis (2011) review, only one of the 57 studies reviewed
reported on how representative the study sample was in comparison to the target population.
It will be important for future studies to report the demographics of their participants and to
be designed so that comparisons can be made to the target population. It would be
problematic for an intervention to only reach individuals with certain demographic
characteristics. For example, a physical activity intervention reaching Caucasians but not
African-Americans would bias dissemination of the intervention. Finally, future studies
should carefully consider the number of exclusion criteria used for the study (Antikainen &
Ellis, 2011). The study becomes less likely to generalize to real world settings as the number
of exclusion criteria increases.
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Efficacy—As stated earlier, efficacy refers to the positive and negative consequences of a
program relative to a control condition; behavioral, quality of life, and participant
satisfaction variables should all be assessed. To determine if a study is efficacious,
comparisons should be made across studies for physical activity behavior. However, similar
to the technology-based trials, there is significant variability in the reporting of physical
activity across the trials. The physical activity reporting can include physical activity
minutes, Kilocalories, fitness testing, and steps. Furthermore, the timeframe can vary from
per day to per week. There is a need for consistency in physical activity reporting to allow
for comparisons across studies. Uniform reporting would allow for a better evaluation of
physical activity outcomes when programs are disseminated to real world settings. Objective
assessment of physical activity may not be feasible in real-world settings; however, the units
of physical activity reported could still be consistent between the original efficacy trials and
dissemination trials. This is especially challenging with the use of streaming accelerometer
data. Researchers should consider reporting physical activity in minutes per week because
this unit of measurement most closely aligns with the national physical activity guidelines
and translates best to real world settings using physical activity questionnaires and
interviews.

Adoption—The adoption component of the RE-AIM model is the least reported dimension
in physical activity dissemination research (Antikainen & Ellis, 2011). The setting in which
the program is delivered should be thoroughly explained. Ideally, studies should calculate
the participation rate of the volunteers by dividing the number of volunteers who participate
in delivering the program by the number of volunteers who were invited (Blackman et al.,
2013). Studies often use settings that are of convenience (e.g., university settings) and
therefore, adoption cannot be tested in these interventions. Future studies should implement
studies in real world settings such as physician offices, workplaces, schools, and community
centers (Antikainen & Ellis, 2011).

Implementation—Approximately one-third of physical activity dissemination studies
report on process information (Antikainen & Ellis, 2011). Intervention studies should report
on fidelity to both the intervention protocol and its related theory (Nigg & Paxton, 2008). In
a majority of studies, treatment fidelity information was not included perhaps due to not
collecting the fidelity information or lack of journal space. Future studies should involve
protocols that include process evaluations, which could include peer observations (i.e.,
volunteers observing each other’s delivery of the program), audio or video recordings of
sessions (i.e., supervisors listening to audio or video session recordings and providing
feedback to the volunteers), and researchers interviewing or administering questionnaires to
the volunteers to assess their understanding of the program.

Maintenance—Long-term maintenance of the physical activity programs are reported in
about 25 % of the dissemination studies (Antikainen & Ellis, 2011). For future studies,
researchers should systematically define what is considered maintenance and track the long-
term maintenance of their program. For example, the Strong Women-Healthy Heart program
tested maintenance by documenting if their program was implemented again in the next
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year. Even though this was a relatively short-term monitoring of maintenance, this study did
operationally define maintenance and track the maintenance over time (Folta et al., 2015).

Kessler et al. (2012) make general recommendations that research proposals address all five
criteria when implementing the RE-AIM framework. If only two or three are used, a
justification should be included. They also recommend including a brief table summarizing
definitions that are specific to their study for each of the RE-AIM components. Kessler et al.
(2012) also recommend evaluating health disparities, assessing unforeseen consequences
(both negative and positive), calculating costs of the program, and employing mixed
methods approaches whenever possible. Future studies should consider other frameworks
and models as guiding frameworks integrating research findings into practice. For example,
the Practical, Robust Implementation and Sustainability Model (PRISM) is an alternate
framework that describes key elements to assess when considering implementation outside
the context of a research study (Feldstein & Glasgow, 2008). This framework takes into
consideration the: (1) Intervention from an organizational perspective; (2) intervention from
a patient perspective; (3) external environment; and (4) implementation and sustainability
infrastructure.

Reaching the underserved—The National Physical Activity Plan includes several
suggestions regarding how to increase the reach of physical activity interventions to
underserved individuals (APHA, 2016). Healthcare strategies include ensuring that under-
served groups have equal or better access to physical activity interventions delivered in a
clinical setting when compared to general patients. Additionally, local, state, and national
funding should be provided to increase physical activity opportunities in schools and
preschools for underserved individuals. Other physical activity promotion strategies include
increasing active transportation, improving land use infrastructure, creating physical activity
facilities, and creating safe neighborhoods to promote physical activity among underserved
individuals.

Conclusions

The purpose of this paper was to summarize the literature and provide recommendations for
three emerging areas of physical activity intervention research. These areas included
interventions targeting sedentary behavior, technology-based physical activity interventions,
and the dissemination of efficacious physical activity interventions. Research indicates that
interventions are effective for reducing sedentary time; however, limitations of these studies
have included small sample sizes, a lack of randomization, short-term intervention, lack of
racial/ethnic diversity, and subjective measures of physical activity in some studies. Future
studies should use common terminology, explore optimal replacement behaviors for
sedentary behaviors, examine long-term outcomes, include large randomized trials, and
consider the lifespan. Because a majority of these studies have been conducted in the
workplace, other settings should be explored.

There is growing evidence that technology-based interventions, such as smartphone
interventions, are effective for increasing physical activity. However, these studies have
significant measurement and methodological limitations. Large-scale, randomized studies
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that include long-term follow-up are needed to better understand the role technology can
play in physical activity promation. Specifically, future studies should include evidence-
based components, have consistency in physical activity reporting, explore the use of social
networking, examine innovative apps, improve physical activity monitoring, consider the
lifespan, and utilize a theoretical framework. Additionally, researchers have not adequately
addressed recommendations that were proposed decades ago (e.g., Dishman, 1988; Marcus
et al., 2006) such as considering the lifespan and minority status. These factors should also
be considered in future studies.

Finally, based on our review of the literature, there are very few evidence-based physical
activity interventions that have been disseminated and evaluated using the recommended
RE-AIM model. Public health impact is dependent on the extent to which efficacious
physical activity interventions are disseminated with fidelity into real world settings,
maintained, and institutionalized. However, researchers should carefully consider the
efficacy of the intervention prior to dissemination. For example, smartphone physical
activity interventions are relatively new and lack rigorous studies and therefore, may not be
ready for dissemination. In conclusion, we would like to leave the readers with one overall
important question that should be considered in all physical activity intervention research.
What is the point of conducting behavioral intervention trials if there are no eventual plans
for dissemination? To make a significant public health impact, researchers need to step up
their efforts to improve the dissemination of physical activity programs, and consider
eventual dissemination in all stages of the research process. One problem is physical activity
intervention researchers may not be familiar with how to conduct dissemination research.
Therefore, it will be important for these researchers to collaborate with dissemination
experts once efficacy has been established and the next step towards dissemination is
warranted.

Acknowledgments

The authors thank the Society of Behavioral Medicine Physical Activity SIG members who reviewed this
manuscript including James Sallis, Danielle Arigo, Lisa Cadmus-Bertram, and Mathilda Coday. This manuscript
was significantly improved due to the detailed feedback they provided on the first version of this manuscript.

References

Abraham C, Michie S. A taxonomy of behavior change techniques used in interventions. Health
Psychology. 2008; 27:379. [PubMed: 18624603]

Alkhajah TA, Reeves MM, Eakin EG, Winkler EA, Owen N, Healy GN. Sit-Stand workstations: A
pilot intervention to reduce office sitting time. American Journal of Preventive Medicine. 2012;
43:298-303. [PubMed: 22898123]

American Heart Association. Physical activity improves quality of life. 2015. Retrieved from http://
www.heart.org/HEARTORG/GettingHealthy/Physical Activity/StartWalking/Physical-activity-
improves-quality-of-life_UCM_307977_Article.jsp#.Vo7YLcYrK70

American Public Health Association. Supporting the national physical activity plan. 2016. Retrieved
from http://apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/
2014/07/11/16/36/supporting-the-national-physical-activity-plan

Antikainen I, Ellis R. A RE-AIM evaluation of theory-based physical activity interventions. Journal of
Sport and Exercise Psychology. 2011; 33:198-214. [PubMed: 21558580]

J Behav Med. Author manuscript; available in PMC 2018 February 01.


http://www.heart.org/HEARTORG/GettingHealthy/PhysicalActivity/StartWalking/Physical-activity-improves-quality-of-life_UCM_307977_Article.jsp#.Vo7YLcYrK70
http://www.heart.org/HEARTORG/GettingHealthy/PhysicalActivity/StartWalking/Physical-activity-improves-quality-of-life_UCM_307977_Article.jsp#.Vo7YLcYrK70
http://www.heart.org/HEARTORG/GettingHealthy/PhysicalActivity/StartWalking/Physical-activity-improves-quality-of-life_UCM_307977_Article.jsp#.Vo7YLcYrK70
http://apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2014/07/11/16/36/supporting-the-national-physical-activity-plan
http://apha.org/policies-and-advocacy/public-health-policy-statements/policy-database/2014/07/11/16/36/supporting-the-national-physical-activity-plan

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lewis et al.

Page 19

Arigo D. Promoting physical activity among women using wearable technology and online social
connectivity: A feasibility study. Health Psychology and Behavioral Medicine. 2015; 3:391-4009.

Australian Government Department of Health. Australia’s physical activity and sedentary behaviour
Guidelines. 2014. Retrieved from http://www.health.gov.au/internet/main/publishing.nsf/content/
health-pubhlth-strateg-phys-act-guidelines

Bacigalupo R, Cudd P, Littlewood C, Bissell P, Hawley MS, Buckley Woods H. Interventions
employing mobile technology for overweight and obesity: An early systematic review of
randomized controlled trials. Obesity Reviews. 2013; 14:279-291. [PubMed: 23167478]

Blackman KC, Zoellner J, Berrey LM, Alexander R, Fanning J, Hill JL, et al. Assessing the internal
and external validity of mobile health physical activity promotion interventions: A systematic
literature review using the RE-AIM framework. Journal of Medical Internet Research. 2013;
15:e224. [PubMed: 24095951]

Bond DS, Thomas JG, Raynor HA, Moon J, Sieling J, Trautvetter J, et al. B-mobile-a smartphone-
based intervention to reduce sedentary time in overweight/obese individuals: A within-subjects
experimental trial. PLOS One. 2014; 9:¢100821. [PubMed: 24964010]

Bort-Roig J, Gilson ND, Puig-Ribera A, Contreras RS, Trost SG. Measuring and influencing physical
activity with smartphone technology: A systematic review. Sports Medicine. 2014; 44:671-686.
[PubMed: 24497157]

Buckworth J, Nigg CR. Physical activity, exercise, and sedentary behavior in college students. Journal
of American College Health. 2004; 53:28-34. [PubMed: 15266727]

Buman MP, Giacobbi PR Jr, Dzierzewski JM, McCrae CS, Roberts BL, Marsiske M. Peer volunteers
improve long-term maintenance of physical activity with older adults: A randomized controlled
trial. Journal of Physical Activity and Health. 2011; 8:5S257-S266. [PubMed: 21918240]

Buman MP, Winkler EA, Kurka JM, Hekler EB, Baldwin CM, Owen N, et al. Reallocating time to
sleep, sedentary behaviors, or active behaviors: Associations with cardiovascular disease risk
biomarkers, NHANES 2005-2006. American Journal of Epidemiology. 2013; 179:323-334.
[PubMed: 24318278]

Burke L, Lee AH, Jancey J, Xiang L, Kerr DA, Howat PA, et al. Physical activity and nutrition
behavioural outcomes of a home-based intervention program for seniors: A randomized controlled
trial. International Journal of Behavioral Nutrition and Physical Activity. 2013; 10:14. [PubMed:
23363616]

Cadmus-Bertram L, Marcus BH, Patterson RE, Parker BA, Morey BL. Use of the fitbit to measure
adherence to a physical activity Intervention among overweight or obese, postmenopausal women:
Self-monitoring trajectory during 16 Weeks. JIMIR mHealth and uHealth. 2015; 3:96. [PubMed:
26586418]

Canadian Society for Exercise Physiology. Canadian physical activity guidelines, Canadian sedentary
behaviour guidelines. 2012. Retrieved from http://www.csep.ca/CMFiles/Guidelines/
CSEP_Guidelines_Handbook.pdf

Castro CM, Pruitt LA, Buman MP, King AC. Physical activity program delivery by professionals
versus volunteers: The TEAM randomized trial. Health Psychology. 2011; 30:285-294. [PubMed:
21553972]

Cavallo DN, Tate DF, Ries AV, Brown JD, DeVellis RF, Ammerman AS. A social media-based
physical activity intervention: a randomized controlled trial. American Journal of Preventive
Medicine. 2012; 43:527-532. [PubMed: 23079176]

Centers for Disease Control. 2014 State indicator report on physical activity. 2014. Retrieved from
http://www.cdc.gov/physicalactivity/downloads/pa_state_indicator_report_2014.pdf

Centers for Disease Control. Early release of selected estimates based on data from the national health
interview survey, 2014. 2015. Retrieved from http://www.cdc.gov/nchs/data/nhis/earlyrelease/
earlyrelease201506_07.pdf

Church TS, Thomas DM, Tudor-Locke C, Katzmarzyk PT, Earnest CP, Rodarte RQ, et al. Trends over
5 decades in US occupation-related physical activity and their associations with obesity. PL0oS
One. 2011; 6:e19657. [PubMed: 21647427]

Clark, B., Sugiyama, T. Prevalence, trends, and correlates of sedentary behavior. In: Kanosue, K.,
editor. Physical activity, exercise, sedentary behavior and health. Tokyo: Springer; 2015.

J Behav Med. Author manuscript; available in PMC 2018 February 01.


http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines
http://www.csep.ca/CMFiles/Guidelines/CSEP_Guidelines_Handbook.pdf
http://www.csep.ca/CMFiles/Guidelines/CSEP_Guidelines_Handbook.pdf
http://www.cdc.gov/physicalactivity/downloads/pa_state_indicator_report_2014.pdf
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201506_07.pdf
http://www.cdc.gov/nchs/data/nhis/earlyrelease/earlyrelease201506_07.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lewis et al.

Page 20

Dantzig S, Geleijnse G, Halteren AT. Toward a persuasive mobile application to reduce sedentary
behavior. Personal and Ubiquitous Computing. 2013; 17:1237-1246.

Dishman RK. Exercise adherence research: Future directions. American Journal of Health Promotion.
1988; 3:52-56. [PubMed: 22206240]

Dutta N, Koepp GA, Stovitz SD, Levine JA, Pereira MA. Using sit-stand workstations to decrease
sedentary time in office workers: A randomized crossover trial. International Journal of
Environmental Research and Public Health. 2014; 11:6653-6665. [PubMed: 24968210]

Edwardson CL, Gorely T, Davies MJ, Gray LJ, Khunti K, Wilmot EG, et al. Association of sedentary
behaviour with metabolic syndrome: A meta-analysis. PLoS One. 2012; 7:€34916. [PubMed:
22514690]

Ekelund, U., Gorely, T., Griffiths, M., Jago, R., Oppert, JM., Raats, M., et al. Sedentary behaviour and
obesity: Review of the current scientific evidence. 2010. Retrieved from https://www.gov.uk/
government/uploads/system/uploads/attachment_data/file/213745/dh_128225.pdf

Fanning J, Mullen SP, McAuley E. Increasing physical activity with mobile devices: A meta-analysis.
Journal of Medical Internet Research. 2012; 14:e161. [PubMed: 23171838]

Feldstein AC, Glasgow RE. A practical, robust implementation and sustainability model (PRISM).
Joint Commission Journal on Quality and Patient Safety. 2008; 34:228-243. [PubMed: 18468362]

Folta SC, Lichtenstein AH, Seguin RA, Goldberg JP, Kuder JF, Nelson ME. The strong women-
healthy hearts program: Reducing cardiovascular disease risk factors in rural sedentary,
overweight, and obese midlife and older women. American Journal of Public Health. 2009;
99:1271. [PubMed: 19443826]

Folta SC, Seguin RA, Chui KK, Clark V, Corbin MA, Goldberg JP, et al. National dissemination of
strong women-healthy hearts: A community-based program to reduce risk of cardiovascular
disease among midlife and older women. American Journal of Public Health. 2015; 105:2578-
2585. [PubMed: 26469644]

Gainforth HL, West R, Michie S. Assessing connections between behavior change theories using
network analysis. Annals of Behavioral Medicine. 2015; 49:754-761. [PubMed: 26002108]

Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of health promotion
interventions: The RE-AIM framework. American Journal of Public Health. 1999; 89:1322-1327.
[PubMed: 10474547]

Graves LE, Murphy RC, Shepherd SO, Cabot J, Hopkins ND. Evaluation of sit-stand workstations in
an office setting: A randomised controlled trial. BMC Public Health. 2015; 15:1145. [PubMed:
26584856]

Gregory DE, Callaghan JP. Prolonged standing as a precursor for the development of low back
discomfort: An investigation of possible mechanisms. Gait and Posture. 2008; 28:86-92.
[PubMed: 18053722]

Healy GN, Winkler EA, Owen N, Anuradha S, Dunstan DW. Replacing sitting time with standing or
stepping: Associations with cardio-metabolic risk biomarkers. European Heart Journal. 2015;
36:2643-2649. [PubMed: 26228867]

Hurling R, Catt M, De Boni M, Fairley BW, Hurst T, Murray P, et al. Using internet and mobile phone
technology to deliver an automated physical activity program: Randomized controlled trial.
Journal of Medical Internet Research. 2007; 9:e7. [PubMed: 17478409]

Karakolis T, Callaghan JP. The impact of sit—stand office workstations on worker discomfort and
productivity: A review. Applied Ergonomics. 2014; 45:799-806. [PubMed: 24157240]

Kessler RS, Purcell EP, Glasgow RE, Klesges LM, Benkeser RM, Peek CJ. What does it mean to
“employ” the RE-AIM model? Evaluation and the Health Professions. 2012; 36:44-66. [PubMed:
22615498]

Khaylis A, Yiaslas T, Bergstrom J, Gore-Felton C. A review of efficacious technology-based weight-
loss interventions: Five key components. Telemedicine and E-Health. 2010; 16:931-938.
[PubMed: 21091286]

King AC, Glanz K, Patrick K. Technologies to measure and modify physical activity and eating
environments. American Journal of Preventive Medicine. 2015; 48:630-638. [PubMed: 25891063]

J Behav Med. Author manuscript; available in PMC 2018 February 01.


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/213745/dh_128225.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/213745/dh_128225.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lewis et al.

Page 21

King AC, Hekler EB, Grieco LA, Winter SJ, Sheats JL, Buman MP, et al. Harnessing different
motivational frames via mobile phones to promote daily physical activity and reduce sedentary
behavior in aging adults. PLOS One. 2013; doi: 10.1371/journal.pone.0062613

Koepp GA, Manohar CU, McCrady-Spitzer SK, Ben-Ner A, Hamann DJ, Runge CF, et al. Treadmill
desks: A 1-year prospective trial. Obesity. 2013; 21:705-711. [PubMed: 23417995]

Lewis ZH, Lyons EJ, Jarvis JM, Baillargeon J. Using an electronic activity monitor system as an
intervention modality: A systematic review. BMC Public Health. 2015; 15:585. [PubMed:
26104189]

Lewis BA, Williams DM, Frayeh A, Marcus BH. Self-efficacy versus perceived enjoyment as
predictors of physical activity behaviour. Psychology & Health. 2016; 31:456-469. [PubMed:
26541890]

Lupton D. Health promotion in the digital era: A critical commentary. Health Promotion International.
2015; 30:174-183. [PubMed: 25320120]

Manini TM, Carr LJ, King AC, Marshall S, Robinson TN, Rejeski WJ. Interventions to reduce
sedentary behavior. Medicine and Science in Sports and Exercise. 2015; 47:1306-1310. [PubMed:
25222818]

Marcus BH, Hartman SJ, Larsen BA, Pekmezi D, Dunsiger Sl, Linke S, et al. Pasos Hacia La Salud: A
randomized controlled trial of an internet-delivered physical activity intervention for Latinas.
International Journal of Behavioral Nutrition and Physical Activity. 2016; 13:1. [PubMed:
26733186]

Marcus BH, Lewis BA, Williams DM, Dunsiger S, Jakicic JM, Whiteley JA, et al. A comparison of
Internet and print-based physical activity interventions. Archives of Internal Medicine. 2007;
167:944-949. [PubMed: 17502536]

Marcus BH, Williams DM, Dubbert PM, Sallis JF, King AC, Yancey AK, et al. Physical activity
intervention studies what we know and what we need to know: A scientific statement from the
American Heart Association Council on Nutrition, physical activity, and metabolism
(Subcommittee on Physical Activity); Council on cardiovascular disease in the Young; and the
Interdisciplinary Working Group on Quality of Care and Outcomes Research. Circulation. 2006;
114:2739-2752. [PubMed: 17145995]

Martin Ginis KA, Nigg CR, Smith AL. Delivery of physical activity interventions through peer
mentoring: an overlooked opportunity for physical activity promotion. Translational Behavioral
Medicine: Practice, Policy and Research. 2013; 3:434-443.

Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR, et al. Amount of time
spent in sedentary behaviors in the United States, 2003-2004. American Journal of Epidemiology.
2008; 167:875-881. [PubMed: 18303006]

McCrady SK, Levine JA. Sedentariness at work: How much do we really sit? Obesity. 2009; 17:2103—
2105. [PubMed: 19390526]

McKenzie TL, Cohen DA, Sehgal A, Williamson S, Golinelli D. System for Observing Play and
Recreation in Communities (SOPARC): Reliability and feasibility measures. Journal of Physical
Activity and Health. 2006; 3:5208. [PubMed: 20976027]

Michie S, West R, Spring B. Moving from theory to practice and back in social and health psychology.
Health Psychology. 2013; 32:581-585. [PubMed: 23646841]

Middelweerd A, Mollee JS, van der Wal C, Brug J, Te Velde SJ. Apps to promote physical activity
among adults: A review and content analysis. International Journal of Behavioral Nutrition and
Physical Activity. 2014; 11:97. [PubMed: 25059981]

Mutrie N, Doolin O, Fitzsimons CF, Grant PM, Granat M, Grealy M, et al. Increasing older adults’
walking through primary care: Results of a pilot randomized controlled trial. Family Practice.
2012; doi: 10.1093/fampra/cms038

Napolitano MA, Fotheringham M, Tate D, Sciamanna C, Leslie E, Owen N, et al. Evaluation of an
internet-based physical activity intervention: A preliminary investigation. Annals of Behavioral
Medicine. 2003; 25:92-99. [PubMed: 12704010]

Neuhaus M, Eakin EG, Straker L, Owen N, Dunstan DW, Reid N, et al. Reducing occupational
sedentary time: A systematic review and meta-analysis of evidence on activity-permissive
workstations. Obesity Reviews. 2014a; 15:822-838. [PubMed: 25040784]

J Behav Med. Author manuscript; available in PMC 2018 February 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lewis et al.

Page 22

Neuhaus M, Healy GN, Dunstan DW, Owen N, Eakin EG. Workplace sitting and height-adjustable
workstations: A randomized controlled trial. American Journal of Preventive Medicine. 2014b;
46:30-40. [PubMed: 24355669]

Nguyen HQ, Gill DP, Wolpin S, Steele BG, Benditt JO. Pilot study of a cell phone-based exercise
persistence intervention post-rehabilitation for COPD. International Journal of Chronic Obstructive
Pulmonary Disease. 2009; 4:301. [PubMed: 19750190]

Nigg C, Geller K, Adams P, Hamada M, Hwang P, Chung R. Successful dissemination of fun 5—A
physical activity and nutrition program for children. Translational Behavioral Medicine. 2012;
2:276-285. [PubMed: 24073124]

Nigg, CR., Paxton, R. Conceptual perspectives used to understand youth physical activity and
inactivity. In: Smith, AL., Biddle, SJH., editors. Youth physical activity and inactivity: Challenges
and solutions. Champaign, IL: Human Kinetics; 2008. p. 79-113.

Norman, GJ., Kolodziejczyk, J., Hekler, EB., Ramirez, ER. How to deliver physical activity messages.
In: Nigg, CR., editor. ACSM’s behavioral aspects of physical activity and exercise. Philadelphia,
PA: Wolters Kluwer/Lippincott Williams & Wilkins; 2013. p. 149-187.

Office of Behavioral and Social Sciences Research. Dissemination and Implementation. 2015.
Retrieved from http://obssr.od.nih.gov/scientific-programs/activeprograms/
dissemination_implementation

Pew Internet. Mobile technology fact sheet. 2014a. Retrieved from http://www.pewinternet.org/fact-
sheets/mobile-technology-fact-sheet/

Pew Internet. Social networking fact sheet. 2014b. Retrieved from http://www.pewinternet.org/fact-
sheets/social-networking-fact-sheet/

Pew Internet. US Smartphone use in 2015. 2015. Retrieved from http://www.pewinternet.org/files/
2015/03/P1_Smartphones_0401151.pdf

Physical Activity Guidelines Advisory Committee. Physical activity guidelines advisory committee
report. Washington, DC: U.S. Department of Health and Human Services; 2008.

Pratt M, Sarmiento OL, Montes F, Ogilvie D, Marcus BH, Perez LG, et al. The implications of
megatrends in information and communication technology and transportation for changes in global
physical activity. The Lancet. 2012; 380:282-293.

Prince SA, Saunders TJ, Gresty K, Reid RD. A comparison of the effectiveness of physical activity
and sedentary behaviour interventions in reducing sedentary time in adults: A systematic review
and meta-analysis of controlled trials. Obesity Reviews. 2014; 15:905-919. [PubMed: 25112481]

Rhodes R, Nigg CR. Advancing physical activity theory: A review and future directions. Exercise and
Sport Sciences Reviews. 2011; 39:113-119. [PubMed: 21705861]

Rhodes RE, Kates A. Can the affective response to exercise predict future motives and physical
activity behavior? A systematic review of published evidence. Annals of Behavioral Medicine.
2015; 49:715-731. [PubMed: 25921307]

Riley WT, Serrano KJ, Nilsen W, Atienza AA. Mobile and wireless technologies in health behavior
and the potential for intensively adaptive interventions. Current Opinion in Psychology. 2015;
5:67-71. [PubMed: 26086033]

Rosenberg DE, Lee IM, Young DR, Prohaska TR, Owen N, Buchner DM. Novel strategies for
sedentary behavior research. Medicine and Science in Sports and Exercise. 2015; 47:1311-1315.
[PubMed: 25222817]

Ryan CG, Dall PM, Granat MH, Grant PM. Sitting patterns at work: Objective measurement of
adherence to current recommendations. Ergonomics. 2011; 54:531-538.

Sedentary Behaviour Research Network. Letter to the editor: Standardized use of the terms
“sedentary” and “sedentary behaviours”. Applied Physiology, Nutrition and Metabolism. 2012;
37:540-542.

Segar ML, Eccles JS, Richardson CR. Rebranding exercise: Closing the gap between values and
behavior. International Journal of Behavioral Nutrition and Physical Activity. 2011; 8:21884579.

Stevens CJ, Bryan AD. Rebranding exercise: There’s an App for that. American Journal of Health
Promotion. 2012; 27:69-70. [PubMed: 23113774]

J Behav Med. Author manuscript; available in PMC 2018 February 01.


http://obssr.od.nih.gov/scientific-programs/activeprograms/dissemination_implementation
http://obssr.od.nih.gov/scientific-programs/activeprograms/dissemination_implementation
http://www.pewinternet.org/fact-sheets/mobile-technology-fact-sheet/
http://www.pewinternet.org/fact-sheets/mobile-technology-fact-sheet/
http://www.pewinternet.org/fact-sheets/social-networking-fact-sheet/
http://www.pewinternet.org/fact-sheets/social-networking-fact-sheet/
http://www.pewinternet.org/files/2015/03/PI_Smartphones_0401151.pdf
http://www.pewinternet.org/files/2015/03/PI_Smartphones_0401151.pdf

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lewis et al.

Page 23

Symons Downs, D., Nigg, CR., Hausenblas, HA., Rauff, EL. Why do people change physical activity
behavior. In: Nigg, CR., editor. ACSM’s behavioral aspects of physical activity and exercise.
Philadelphia, PA: Wolters Kluwer/Lippincott Williams & Wilkins; 2013. p. 1-38.

Thomas JG, Bond DS. Review of innovations in digital health technology to promote weight control.
Current Diabetes Reports. 2014; 14:1-10.

Thorp AA, Owen N, Neuhaus M, Dunstan DW. Sedentary behaviors and subsequent health outcomes
in adults: A systematic review of longitudinal studies, 1996-2011. American Journal of Preventive
Medicine. 2011; 41:207-215. [PubMed: 21767729]

Toscos, T., Faber, A., Connelly, K., Upoma, AM. Encouraging physical activity in teens Can
technology help reduce barriers to physical activity in adolescent girls?. Pervasive computing
technologies for healthcare, 2008. Pervasive Health 2008. Second international conference on;
IEEE; 2008. p. 218-221.

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the United
States measured by accelerometer. Medicine and Science in Sports and Exercise. 2008; 40:181.
[PubMed: 18091006]

Troiano RP, Pettee Gabriel KK, Welk GJ, Owen N, Sternfeld B. Reported physical activity and
sedentary behavior: Why do you ask. Journal of Physical Activity and Health. 2012; 9:S68-S75.
[PubMed: 22287450]

U.S. Department of Health and Human Services (USDHHS). Physical activity guidelines for
Americans 2008. Washington, D.C: ODPHP; 2008. p. 1-61.Publication No. U00362008

Williams DM, Evans DR. Current emotion research in health behavior science. Emotion Review. 2014;
6:282-292.

Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. Sedentary time in adults
and the association with diabetes, cardiovascular disease and death: Systematic review and meta-
analysis. Diabetologia. 2012; 55:2895-2905. [PubMed: 22890825]

Xu, X., Tupy, SJ., Miller, AL., Correll, D., Nigg, CR., Tivis, R., et al. Successful adherence and lessons
learned when using the Fitbit: A 4-week daily dairy study of physical activity among community
adults. Mountain West clinical translational research—infrastructure network conference; Las
Vegas, NV. 2015.

J Behav Med. Author manuscript; available in PMC 2018 February 01.



	Abstract
	Rationale and purpose
	Interventions targeting sedentary behavior
	Summary and critical evaluation of current state of knowledge
	Research recommendations/future directions
	Large, randomized trials
	Replacement behaviors
	Long-term outcomes
	Evaluate interventions across the lifespan


	Use of technology to promote physical activity
	Summary and critical evaluation of current state of knowledge
	Research recommendations/future directions
	Need for large-scale randomized trials
	Include evidence-based components
	Consider minority group status when designing interventions
	Consistency in physical activity reporting
	Explore the use of social networking
	Need for innovative apps
	Improve physical activity monitoring
	Consider the lifespan
	Use of theory


	Dissemination of physical activity interventions
	Summary and critical evaluation of current state of knowledge
	Research recommendations/future directions
	Reach
	Efficacy
	Adoption
	Implementation
	Maintenance
	Reaching the underserved


	Conclusions
	References

