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Abstract
The dominant paradigm of changing multiple health behaviors (MHBs) is based on treating,
assessing, and studying each behavior separately. This study focused on individuals with co-
occurring baseline health-risk behavior pairs and described whether they changed over time on
both or only one of the behaviors within each pair. Data from five randomized trials of computer-
tailored interventions (CTIs) that simultaneously treated MHBs were analyzed. The differences
between treatment and control proportions that achieved paired action and singular action at 24
months follow-up, and the proportional contribution of paired action to overall change on each
behavior, were assessed across 12 behavior pairs (including energy balance, addictive, and
appearance-related behaviors). CTIs consistently produced more paired action across behavior
pairs. Paired action contributed substantially more to the treatment-related outcomes than singular
action. Studying concurrent changes on MHBs as demonstrated allows the effect of
simultaneously treating MHBs to be assessed.
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INTRODUCTION
One of the greatest challenges facing the field of health behavior change is how to most
effectively treat multiple health behavioral risks in order to prevent chronic diseases. Most
of the US population has been reported to have co-occurring multiple behavioral risks [1, 2]
resulting in disproportionately higher rates of morbidity, disability, and premature mortality
[3–6]. The presence of multiple risk behaviors has been shown to have a negative synergistic
influence on health. For example, physical inactivity combined with a poor diet greatly
increases the likelihood of cardiovascular disease, type 2 diabetes, and cancer [7, 8]. The
risk of head and neck cancers is multiplied with tobacco and alcohol use, to an extent that is
greater than the sum of the two risks individually [9, 10].
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Beyond the health repercussions, excess behavioral risks also have serious cost implications.
Modifiable health risks, such as tobacco use, stress, and overweight status, are associated
with both short-term increases in the likelihood of incurring health expenditures and the
magnitude of those expenditures [11]. For example, in large worksite samples, employees’
excess risk factors have predicted incremental increases in pharmaceutical, disability, and
overall medical costs [11–15]. Longitudinal data have also shown that effectively treating
two behaviors in an individual reduces medical costs by approximately $2,000 per year [14].
Consequently, targeting change in multiple health-risk behaviors offers the potential for
greater health benefits, enhanced disease prevention, and reduced health care costs. Of
particular significance is that multiple health-risk behaviors are initiated and established
during adolescence, including declines in physical activity and healthy diet practices and
increases in stress, smoking, and alcohol use [16, 17].

There is growing programmatic research demonstrating that multiple health-risk behaviors
can be changed simultaneously within high-risk populations. A previous attempt to review
multiple health behavior change (MHBC) interventions in primary care found that there was
insufficient literature available to review and large gaps in the field’s knowledge base [18].
In response to such knowledge gaps, the recent National Institutes of Health (NIH) science
of behavior change meeting summary report identified simultaneously changing multiple
behaviors as a top NIH priority [19]. There has been an increase in recent years in MHBC
research as a result of the funding initiatives of NIH and several of its institutes [20]. For
example, research applying computer-tailored interventions (CTIs) based on the
transtheoretical model (TTM) simultaneously treated multiple health-risk behaviors and
demonstrated significant impacts on multiple health behaviors with adults and adolescents
[21–25]. Empirically based tailoring is especially relevant in population-based interventions
when not everyone is prepared to change their risk behavior(s). Fully TTM-tailored CTIs
assess each TTM construct (stage of change, pros, self-efficacy, and processes of change)
and provide feedback based on an individual’s scores on each construct. Moderate tailoring
only includes assessments and feedback on stage, decisional balance, and efficacy, while
minimal tailoring may only include feedback based on stage of change [23, 24, 26, 27].

There are increasing efforts in the field to simultaneously treat a set of multiple behavioral
risks. In most of these projects, however, each behavior in the set is still treated separately,
analyzed separately, and studied separately [28]. In previous research, for example, we
treated each behavior with a separate module, analyzed changes in each behavior separately,
and reported significant effects on each separate behavior [21–23, 29]. An earlier attempt to
examine behavior change in the context of co-occurring risks analyzed data from some of
these same studies but assessed whether a single behavior outcome (smoking cessation) was
consistent across smokers who were simultaneously treated for either zero, one, or two
identified co-occurring risks [30]. More recently, when we studied the predictors of
successful changes in a set of multiple health-risk behaviors, we analyzed the consistency of
four effects (i.e., treatment, stage, severity, and effort) on each behavior separately rather
than on any combination of behaviors [31]. The science and practice of behavior change are
still fundamentally based on a separate behavior paradigm rather than a multiple behavior
paradigm.

One way to start conceptualizing multiple behavior changes is by studying individuals with
co-occurring behavioral risks and whether they change one or more of those behaviors over
time. To help the field begin the shift toward a multiple behavior paradigm, this study
focuses on those individuals with pairs of co-occurring health-risk behaviors at baseline and
will describe the longitudinal behavior changes observed within each assessed behavior pair.
Figure 1 provides a representation of the four possible outcome patterns, given co-
occurrence of a pair of baseline behavioral risks: paired action (the outcome when
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individuals change both behaviors during the same time period), singular action (i.e., the
outcome when individuals change on only one behavior in the pair, either behavior A or B),
and no change in either behavior. In this illustration, the size of the individual circles shows
the total amount of change for each behavior. The degree of overlap of the two circles
indicates the amount of paired action (Fig. 1a) and could, in principle, range from no overlap
(i.e., individuals change only one behavior; Fig. 1b) to complete overlap (all individuals who
change do so only on both behaviors; Fig. 1c). This study assessed and compared the
consistency and magnitude of the differences between treatment and control groups on both
paired and singular action rates for a number of health behavior pairs. This study also
explored the differential contribution of paired action to the total amount of change on each
behavior in treatment versus control groups for the same health behavior pairs.

The current study builds on two earlier studies on coaction, defined as the extent to which
change on one behavior (e.g., diet) was associated with increased odds of change on a
second behavior (e.g., physical activity) at the same follow-up time point [32]. The first
study examined coaction in adults with pairs of co-occurring baseline health risks, including
an addictive behavior (smoking), energy balance behavior (diet), and sun protection
behavior that is often appearance related. Despite the differences among these behaviors,
significant coaction was revealed in the treatment group, whereas there was minimal or no
coaction in the control group. The combined 24-month coaction odds ratios (ORs) were 1.77
(95 % confidence interval 1.39, 2.25) for the treatment group and 1.09 (0.81, 1.46) for the
control group [32]. The second study assessed coaction in energy balance behaviors in three
separate samples: high school students, middle school students, and adults. Again, most of
the coaction ORs for the control groups were around 1.0, indicating minimal or no coaction.
In contrast, the ORs for the treatment groups were in the 2.5 range, indicating substantial
coaction (S. S. J., unpublished data, 2012).

Although coaction is a promising phenomenon that also requires co-occurrence of at least
two baseline risks, its focus is on the extent to which change on one behavior is associated
with change on a second behavior at the same follow-up time point. Coaction ORs do not
show the actual proportions of participants who changed both behaviors or only one of their
co-occurring baseline risk behaviors, nor do they allow direct comparisons of specific
behavior change rates to be made between groups. Working with primary data from the
same set of studies, this study assessed paired and singular action rates for treatment and
control groups across 12 pairs of health behaviors and described the magnitude of the
difference between treatment and control groups on paired action and singular action. First,
it compared the proportions within treatment and control groups who changed both
behaviors in a pair for which they were at risk at baseline (e.g., physical activity and diet).
Next, this study compared the proportions that changed just one of the pair of behaviors but
not both (i.e., singular action), separately in treatment and control groups. The two previous
studies on coaction compared the associations (ORs) between change on one behavior and
taking action on a second behavior for treatment versus control groups. The present study on
paired action and singular action provides an alternative and, perhaps, more intuitive way of
describing the phenomena of multiple behavior change in the same sample of individuals
with co-occurring baseline risk pairs. This study also presents effect sizes for the magnitude
of the differences between treatment and control groups on the rates of paired and singular
action. Finally, this study examined the differences between treatment and control groups on
the contribution to overall change on each behavior in a pair from individuals who achieved
paired action.

Given that the five randomized trials analyzed in this study differed on important variables
such as treatment intensity (e.g., full, moderate, and minimal tailoring), populations (adults
and adolescents), and behaviors (e.g., energy balance and addictive), we will explore
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possible relationships between some of these types of variables to paired and singular action.
Previous meta-analyses support the effectiveness of tailoring in health interventions based
on several different models of behavior change [33, 34]. In terms of population
characteristics, neither age nor gender has been found to be significant moderators for single
behavior outcomes [33, 34]. Of the three factors mentioned, types of behaviors have made
the biggest differences in single behavior outcomes ranging from about 25 % for smoking
[35] to about 45 % for energy balance behaviors [23] to 65 % for affective behaviors [29,
36]. Extrapolating from these single behavior results, we would expect to see greater
differences in paired and singular action rates depending on the types of behaviors included
in the pairs, rather than across population types.

Based on previous research on coaction and the overall outcomes of these multiple health
behavior studies, we predicted that intervention would produce consistently higher rates of
paired action on an absolute basis when comparing treatment to control groups and that
these effects would be statistically significant. Based on the overall outcomes of these
interventions, we expected that the treatment groups would also show consistently more
singular action than the control groups, with significant intervention effects. We had no
empirical basis to predict whether the treatment effect sizes would be greater for paired
action (i.e., simultaneous changes on two behaviors) or for singular action taken on only one
of the behaviors in a pair. By extension, we expected that the effect of simultaneously
treating pairs of health-risk behaviors would be reflected by greater proportional
contributions from paired action to the overall amount of change on each treated behavior
when comparing treatment to controls.

METHODS
Participants and procedure

Data from five randomized trials were available for analysis. Study 1 included 4,158
students from 20 middle schools in a northeastern state [mean age= 11.40 years (SD=0.69);
47.8 % female, 65.0 % White, 3.8 % Black, 15.6 % Hispanic, and 25.9 % other]. A
computerized, TTM-tailored multiple energy balance behavior intervention program was
offered to a randomized comparison group of students in ten schools participating in a larger
study [25, 37]. Details of the intervention have been reported previously [24]. The targeted
behaviors were physical activity (PA; 60 min daily), fruit and vegetable (FV) consumption
(five servings daily), and reducing TV time to less than 2 h per day (TV). Students in the
treatment arm received a combination of fully TTM-tailored interventions for physical
activity and alternating moderately tailored and stage-matched interventions for fruit and
vegetable intake and TV time [24]. This study did not have a true control group. Students in
the ten comparison group schools received the same number of TTM CTI sessions for
substance use prevention instead of energy balance behaviors. Students completed annual
health risk assessments, including stage of change for each behavior, and participated in one
intervention session during year 1, three sessions during year 2, and one session in year 3.
There were 2,416 students at baseline who were at risk for two or more targeted behaviors
(PA, FV, and TV). Analyses reported here include complete case data from the first 2 years
of the study.

In study 2, a national sample of 1,277 overweight and moderately obese adults (mean
age=45.37; mean BMI=30.75; 47.6 % female, 79.1 % White, 6.5 % Black, 7.0 % Hispanic,
and 7.2 % other) was randomized to receive either usual care or fully tailored TTM feedback
reports for up to three risk behaviors based on the national guidelines at the time: healthy
eating (reducing caloric intake by 500 calories per day and total fat intake to less than 30 %
of calories), regular exercise (30 min of moderate exercise on at least five days a week), and
managing emotions without eating. Intervention group participants received four fully
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tailored reports that provided feedback on stage of change, decisional balance, self-efficacy,
and up to six stage-matched processes, and a stage-matched manual addressing energy
balance behaviors and fruit and vegetable consumption. Participants did not receive tailored
feedback on FV. Additional details about the participants, intervention, and design have
been reported elsewhere [23]. Control participants completed assessments at baseline and 6
months. Follow-up assessments were conducted with all participants at 12 and 24 months. A
total of 1,200 participants were at risk for two or more of the behaviors (exercise, healthy
eating, emotional eating, and FV) at baseline.

Sample 3 pooled treatment and control participants from three separate randomized
controlled trials in our National Cancer Institute Center grant which used common
interventions, procedures, measures, and assessment schedules, in trials that recruited
parents, primary care patients, and employees who were at risk for at least one targeted
behavior (smoking, diet, and sun protection) [21, 22, 38, 39]. The demographics and stage
distributions for the combined treatment and control groups (N= 9,461) were comparable
[32], so it was reasonable to pool the data from all three trials. The majority were married,
non-Hispanic Caucasian females with a mean age of 44 years. The total group of
participants was least prepared to change smoking (21.8 % in preparation), then diet (33.0 %
in preparation), and most prepared to change sun protection (43.9 % in preparation).
Assessments were conducted at baseline, 12 and 24 months. Participants randomized to the
intervention group received fully tailored TTM CTIs mailed to their homes for all targeted
behaviors that they were at risk for (e.g., only smokers got feedback on smoking) at
baseline, 6 and 12 months. In addition to the CTIs, participants in the treatment group also
received a stage-matched multiple behavior change manual at baseline that presented
principles for progressing from one stage to the next and how to apply these change
principles across multiple behaviors. A total of 5,517 participants at baseline had at least two
of the three risk behaviors (smoking, diet, and sun protection). All primary studies were
approved by the Institutional Review Boards at the University of Rhode Island (studies 1
and 3) and Pro-Change Behavior Systems, Inc. (study 2), respectively.

Measures
The main measure for behavior change was the percentage in each group who progressed
from pre-action (i.e., precontemplation, contemplation, or preparation) stages at baseline to
action or maintenance stages at follow-up. This approach provides a common metric for
progressing from not being at public health criteria for the behavioral risk (e.g., smoking at
baseline) to being at criteria at follow-up [e.g., point prevalence (action) or prolonged
abstinence (maintenance) at follow-up].

Analysis
Paired action and singular action for each of the two behaviors were assessed at 24 months
follow-up on complete cases who were at risk at baseline for each pair of behaviors being
assessed. Twelve behavior dyads were assessed at 24 months, resulting in 12 comparisons
for paired action and 24 comparisons for singular action. The contribution of paired action to
change on each of the two behaviors was assessed at 24 months for the same behavior
dyads, resulting in 24 comparisons.

Paired action proportions were compared between treatment and control groups for each
behavior dyad. Singular action proportions were also compared between treatment and
control groups for each behavior dyad. For each behavior in a pair, the proportional
contribution from paired action to overall change on each behavior was determined and
compared between treatment and control groups for each behavior dyad.
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Effect sizes (ESs) for the difference in magnitude between treatment and control group
proportions were computed separately for paired action, singular action, and contribution of
paired action to overall change on each behavior, for each behavior dyad assessed (Cohen’s
h for proportions, comparable to Cohen’s d for interpretation [40–42]). Individual ESs (h)
for behavior pairs were combined using standard meta-analytic techniques [43, 44] to obtain
aggregate ESs for the differences between treatment and control groups on paired action,
singular action, and proportional contribution from paired action to overall change on each
behavior at 24 months.

The 24-month completion rates among participants with two or more baseline risks were
65.9 % (N=1,591) for study 1, 50.7 % (N=608) for study 2, and 65.5 % (N=3,611) for study
3, respectively. The baseline characteristics of dropouts and completers were similar,
confirming assumptions of the missing at random model. Sensitivity analyses were
performed in which individual ESs for each behavior pair were computed for all participants
who were at risk at baseline for two or more behaviors, based on imputing the last
observation carried forward (i.e., 12 months when available or baseline), then compared to
the ESs found in complete case analyses.

RESULTS
Table 1 shows that across all 12 behavior dyads at 24 months, the treatment groups
produced more paired action than the control or comparison groups, with significant
differences for 9 of the 12 comparisons (75 %). Using meta-analytic procedures, the ESs (h)
comparing treatment to control/comparison group outcomes for paired action at 24 months
were combined across all 12 behavior pairs. The combined ES was significant for paired
action at 24 months, h̄ = 0.28(95% CI 0.24, 0.32).

Table 2 shows that the treatment groups also produced more singular action than the control
groups. On an absolute basis, 16 of the 24 comparisons (66.7 %) favored treatment groups.
Singular action proportions were significantly higher in the treatment group in 4 of the 24
comparisons (16.7 %). The ESs (h) comparing singular action proportions in treatment to
control groups at 24 months were combined across all 12 behavior pairs. The combined ES
for singular action at 24 months was also significant, h̄ = 0.08(0.05, 0.11), although much
smaller compared to the paired action ES.

Figure 2 shows that in adolescents, the treatment ESs for paired action were consistently
higher than the treatment ESs for singular action for each pair of behaviors. Figure 2 also
shows that for both energy balance and cancer prevention behaviors in adults, the treatment
ESs for paired action were also consistently higher than the treatment ESs for singular action
in all nine assessed behavior pairs. It is worth noting that the results at 12 months follow-up
for these same studies were quite similar, with significant albeit slightly smaller effects
consistently in favor of the treatment group for paired action, h̄ = 0.21(0.18, 0.25), and
singular action, h̄ = 0.06(0.04, 0.09).

Comparing across studies, two of the energy balance pairs in adults (i.e., healthy eating and
physical activity, and healthy eating and emotional eating) had the highest rates for paired
action (30.5 and 33.0 %, respectively). The two smallest effect sizes for paired action at 24
months were observed with behavior pairs in adults that included smoking (study 3;
smoking and sun protection, h=0.16; and smoking and diet, h= 0.13). Further exploration
suggested that with weight management in adults (study 2), the three behavior pairs that
received full TTM tailoring had substantial effect sizes for paired action at 24 months, h̄ =
0.45(0.30, 0.60). In comparison, the three pairs that included fruit and vegetable
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consumption that received no TTM tailoring (FV and exercise, healthy eating, or emotional
eating) had smaller effect sizes, h̄ = 0.24(0.10, 0.37) for paired action at 24 months.

The proportional contribution of paired action to overall change on each behavior was
consistently greater in the treatment than control groups across all 12 behavior pairs at 24
months. The aggregate contribution of paired action to total amount of change on each
behavior was approximately 39.5 % in treatment compared to 22.4 % in the control or
comparison groups. The combined ES across 12 behavior dyads was substantial and
significant at 24 months, h̄ = 0.37(0.34, 0.40).

These results based on complete case analyses were found to be robust in sensitivity
analyses that also included all participants at baseline as randomized to study conditions in
the original trials. The patterns of individual ESs for the difference between treatment and
control groups on paired action, singular action, and contribution of paired action to overall
change on each behavior were highly consistent in direction, magnitude, and significance.

DISCUSSION
TTM interventions consistently produced higher rates of paired action on an absolute basis
than did the assessment-only control or comparison groups. There were no exceptions to this
prediction with 12 out of 12 comparisons favoring treatment conditions. Paired action rates
were significantly higher in the treatment than in control or comparison groups in 9 out of
12 comparisons. These comparisons were consistent despite the fact that the studies
analyzed involved different types of populations (e.g., adolescents and adults), behaviors
(e.g., energy balance, addictive, and appearance related), and treatment intensities (e.g., full,
moderate, and minimal tailoring). These uniform results suggest that treatment-enhanced
paired action is a robust phenomenon. The magnitude of the pooled ES for paired action (h̄ =
0.28) indicates a substantial effect of simultaneously treating multiple behaviors in
individuals with pairs of co-occurring health-risk behaviors.

For singular action, the pooled ES at 24 months (h̄ = 0.08) indicates a significant but very
small treatment effect in addition to the effects on paired action. Taken together, these
results suggest that when treating individuals for co-occurring pairs of behavioral risks,
those who change both behaviors in a pair (paired action) often contribute substantially more
(h̄ = 0.37) to the combined population-level treatment effects than those who change on just
one of the behaviors in the pair (singular action). These results suggest that TTM-tailored
multiple behavior treatments produce some synergy with behavior pairs. In this context then,
the significant but low rates of singular action for the treatment groups simply mean that
most of the treatment-related outcome is reflected in the paired action results.

A closer exploration of paired action in different types of behaviors suggests that more
paired action was produced with two energy balance behaviors that could be expected to be
more closely related (e.g., healthy eating and emotional eating, 33.0 %; and physical activity
and healthy eating, 30.5 %) than with pairs of cancer risk behaviors that might not be
expected to be related (e.g., smoking and diet, 4.7 %; and smoking and sun protection, 4.4
%). These results suggest that simultaneously treating certain types of behavior pairs (e.g.,
energy balance) may produce greater synergy compared to pairs that include a difficult
behavior like smoking. Results from study 2 showing that paired action rates were higher in
pairs of energy balance behaviors that received full TTM tailoring for both behaviors,
compared to pairs where one behavior received full tailoring and the other (FV) received
non-tailored recommendations from a multiple behavior manual, may suggest that within the
same population, more intensive treatment as measured by the degree of tailoring delivered
may produce greater paired action with energy balance behaviors.
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Taken together, what tentative conclusions can be drawn? First, treatment-enhanced paired
action looks to be a robust phenomenon in participants with co-occurring behavioral risk
pairs, which is reflected by absolute rate differences between treatment and control groups
and significant treatment effects on paired action. Treatment further increases singular
action (i.e., taking effective action on just one behavior in a pair) in those who did not
achieve paired action. Finally, treatment-enhanced paired action contributes substantially to
the overall population-level treatment effects in individuals with co-occurring behavioral
risks. This would be represented on a Venn diagram by circles with larger areas in the
treatment group and a greater degree of overlap between the circles, as shown in Fig. 1d.
These observations could not have been derived from research based on the separate
behavior paradigm. Comparing paired action rates and the proportional contributions from
paired action to the overall amount of change on each treated behavior between treatment
and control groups allows direct examination of the effect of simultaneously treating pairs of
health-risk behaviors. In this study, we used behavior pairs to demonstrate that studying
individuals with co-occurring behavioral risks and whether they change one or more of those
behaviors provides richer information about concurrent changes on multiple health
behaviors. In principle, this approach could also be extended to studying individuals with
more than two co-occurring behavioral risks and the combinations of outcomes on those
behaviors. This is an advantage over coaction analyses, which is limited to studying
outcomes for pairs of behaviors.

These results from examining pairs of behaviors may be one important step towards a new
paradigm for multiple health behavior change research that could complement the separate
behavior paradigm that currently dominates this field. In all of our research to date on single
and multiple behavior change, the control groups have not been static over time but rather
showed modest improvements in behaviors that were greater than the changes that would be
expected from secular trends alone. Almost always, treatment conditions showed
significantly greater percentages in action or maintenance by final follow-up because the
TTM-tailored interventions were able to accelerate the process of behavior change. In spite
of our initial hypotheses that some coaction would occur naturally in the control groups due
to increased self-efficacy or motivation from successful action taken on one behavior, we
found that coaction essentially occurred only in the treatment groups. We believe that with a
new paradigm for studying outcomes combined across multiple risk behaviors, beginning
with pairs as we have demonstrated here, we are more likely to find evidence for treatment-
enhanced synergy where changes on one or more behaviors are closely linked to changes on
other behaviors.

These treatment effects on paired and singular action related to types of behaviors,
populations, and treatment are suggestive but speculative, given the limited number of
comparisons available in this study. This was especially apparent for both the treatment type
(one level; TTM CTIs only) and treatment intensity (tailoring) factors. Hopefully, as more
studies accumulate with different levels of tailoring, future analyses can shed more light on
this potentially important variable. Given the potential importance of such effects for the
science and practice of multiple behavior change, future research needs to include many
additional types of behaviors, populations, and treatments that may moderate the effects on
paired action. Our use of complete case analyses of paired and singular action is offset by
the absence of meaningful differences between participants with two or more behavioral
risks at baseline who were retained in the study and those who were not retained over time,
and especially by the sensitivity analyses that found comparable results.

This study represents preliminary findings in a program of research that can better determine
which patterns of multiple behavior change outcomes are most consistent, robust, and
synergistic, and which vary the most across different factors related to the complexities of
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multiple behavior change. Such research can contribute towards a new paradigm based on
combined behaviors that can complement the current paradigm based on treating, assessing,
and studying each behavior separately.
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Implications

Research

More multiple behavior change studies are needed across a wider range of behaviors,
populations, treatments, and time frames. Concurrent change in multiple behaviors
should be assessed in the context of co-occurring risks to determine the consistency,
robustness, and synergy in patterns of multiple behavior change outcomes.

Practice

Practitioners should consider co-occurring behavioral risks and select evidence-based
treatments that simultaneously target those behaviors, in order to maximize synergy in
multiple behavior change.

Policy

Policies and interventions that demonstrate effectiveness in enhancing multiple behavior
change should be endorsed.
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Fig 1.
Visual representation of possible outcomes given a pair of behavioral risks at baseline
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Fig 2.
Treatment effect sizes (h) for paired action and singular action at 24 months. Paired paired
action, PA exercise, FV fruit and vegetable consumption, HE healthy eating, ED managing
emotional distress without eating, Smk smoking, Sun sun protection
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